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PURPOSE 

Evaluate whether GCL lot number 97082002 complies with the shear strength requirements given in the GCL specification 
(Section 02772, Paragraph 2.01.E.3). The evaluation is based on the shear test results hrn GCL QA sample no. 04 and GCL 
QC sample no. 02. 

J 
- - METHOD_- ~- ___ - -- _ _ _  _ _  __._ _____- 

The method for evaluating the GCL samples is outlined in RCI number 1702-006R The method involves the following 
basic steps. I 

1. 

2. 

3. 

4 
Use shear test results fiom the GCL samples to establish the envelopes of measured peak and largedisplacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 

J S H E A R  TEST RESULTS 

I I I I 5psi I 20psi I 45psi I 
GCL Internal 

GCLIGMB 

Peak QA 04 5.9 J 11.1 I 18.94 
QC 02 3.81'"J 9.28f 18.06 1 

Average QA04-QC02 5.90 J 10.19 18.48 J 
Large-displacement QA 04 2.7 4 3.4 J 4.1 / 

QC 02 3.25"'/ 2.70 J 3.98 4 

Average QA04-QC02 2.70 3.05 4 4.04 J 
Peak . OA 04 2.3 f 7.7 J 15.0 

Interface I Large-displacement I I 1.7 J I 10.0 J 

0 
(I) Shear strength values for QC sample 02 at 5 psi normal stress were measured using a shear displacement rate of 0.04 
in/min which is faster than the rate used for all other tests. The measured values were therefore not used to compute the / 
average shear strength for the slope stability analysis. 

GQO 166-04/F9730107.DOC 

- -- - 



Q. GEOSYNTEC CONSULTANTS Page of 4% 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. 
The analyses output files and figures showing critical slip surfaces are presented in Appendix C. 

I Sample No. I Test Type I Filename I Factorofsafety I Comply? ] 

GQO 1 66-ME9730 107.DOC 
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01997 GeoSynlec Coiisululnls 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 41 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-04). GCL's initial moisture content was 9.3%. GCL's 
-final-moisture-content-ranged-from -75 %-to-87-%-for-the-test-series;-and -- . -- -__--____ 

-- ___ ~ _ _  

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5,20, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQol66-04. I IF97301 07 1 97.10.29 



*I997 GeoSynrec Consultants 

TEST PROCEDURES AND CONTllTIONS 
TEST SERIES NUMBER 4G 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-04) with woven geotextile against geomembrane. GCL’s initial 
moisture content was 9.0%. GCL’s final moisture content ranged from 70 to 112% for the 
test series: 

~ . _ _ _ _  -__-- _ _ _ _  __ -_ 

80-mil NSC textured HDPE geomembrane (GM-8); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid subitrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providmg a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

0 Test normal stresses: 5 ,  20, and 45 psi. 

0 

0 

Constant shear displacement rate: 0.004 in/&. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

0 Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

G40166-O4.1 IF9730107 2 97.10.29 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 
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SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

1500 

1 ow) 

500 

FIGURE NO. 1-1 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 07 
FILE NO. 

TEST SERIES NUMBER 41: INTERNAL STRENGTH OF 
BENTORX NS GCL GCL-04) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

TEST CONDITIONS - a,, = 5.0 psi - un = 20.0 psi 
WCCL a,, = 45.0 psi 

-------------- 

SOAKING: 168 hrs ut 3 psi 
CONSOLIDATION: 48 hm at each Stress 
SHEAR RATE: 0.004 in./rnln. 

1 1 1 1 1 1 1 1 1 1 1 1 1 ( 1 1 1 1 1  

D ISP IACEM ENT (in .) 
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

(2) For each test, slidin 
to occur within the 8 C L  



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

t 

TEST SERIES NUMBER 41: INTERNAL SlRENGTH OF 
BENTOFIX NS GCL GCL-04) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

- 
MEASURED SHEAR STRENGTHS 

a n  = 5.0 psi, ~ p d c  = 5.9 psi, TU = 2.7 psi 
On = 20.0 psi. T- 11.1 psi, 7 m  = 3.4 psi 
a n  = 45.0 PSI, 7- = 18.9 psi, 7~ = 4.1 psi 

SOAKING 168 hrs at 3 psf 4 

CONSOUDATION: 48 hrs at each stress 
SHEAR RAE 0.004 in./min. 

.- - 
0 1  I I I I I I , ,  1 1 ~ 1 ~ 1 ~ 1 ~ 1  

0 5 10 15 20 25 30 35 40 45 t 
NORMAL STRESS (psi) 

an le and adhetslon were detsrmined fmm a best-flt line drawn thmu h the b3 data. Caution should be exercised In using the strength paramefern 

NOTES: (1) The reported Mal-stress shear strength parameters of frlctlon 

outside the mnge of 

- ~QQQBIO - 

_ _  

DATE TESED: 3 TO 12 SEPTEMBER 1997 
~ ~~~ ~ 

I FIGURENO. 1-3 
I - GEOSYNTEC CONSULTANTS PROJECT NO. 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

1.- 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- 
1.- 

L. GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

-I 

FIGURE NO. 1-3 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 07 
FILE NO. 

TEST SERIES NUMBER 4G: BENTORX NS GCL 
WITH WOVEN GEOTMTlLE AGAINST GEOMEMBRA E / 

GCL-04) 

-81 
6 

SO-mil-~tSc TMTURED HDPE GEOMEMBRANE GM- , 
5000 4 UNDER SOAKED AND CONSOLIDATED CONDITIO ri S 

TEST CONDITIONS - a, = 5.0 psi - un = 20.0 psi - cr, = 45.0 psi 

SOAKING 168 hrs at 3 psi 

-------------- 4500 

v) 

W CONSOLIDATION: 48 hm at each stress 
u SHEAR RATE: 0.004 In./rnln. 

3000 

K 

- I f  

SEE NOTE (2) 

- - -  - 
1 ( 1 1 1 1 1 I I  

0.0 0.3 0.6 0.9 1.2 1.5 1.8 21 2.4 2.7 2 
DISPIACEM ENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 
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SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIW 

- - - - _ _ _ _  - ___ -___ 50- _ _  

FIGURE NO. 1-4 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 
FILE NO. 

F9730 1 07 

L 

TEST SERIES NUMBER 4G: BENTOFlX NS GCL GCL-04) 
WITH WOVEN GEOTMnLE AGAINST GEOMEMBRA 6 E / 
UNDER SOAKED AND CONSOUDATED CONDITIO r! S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-8) 

MEASURED SHEAR STRENGTHS - 

................................... 
a, = 5.0 psi, T,,- = 2.3 psi, T~ = 1.7 psi 
un = 20.0 psi. 7- = 7.7 psj. TU) = 5.1 psi 
a, = 45.0 psi, T~ = 15.0 psi, T~ = 10.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at wch stress 

/ 

0 / 1 1 1 1 1 1 1 1 1 ) 1 ( 1 1 1 1 1 1 1  

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

an le and adhedon were determined from a bast-fft line drawn thmu h the 
tea data. Caution should be exercised In uslng the strength paramefern 
for opplicatlons lnvolvlng normal stresses outslde the range of 
stresses cowred the test series. 
(2) The l a y  dlep$cement shear strength (T ) waa calculated 
usin 
@ %tiding ie., ehear fallure was observed to occur within the 

NOTES: (1) The mported total-stress shear strength pamrnetsrs of friction 

the s ear orce at a sheur displaceme3 of 2 in. for each test. 

2 L rather I; an the intende interface. 
_. 

-- ___ 

I 

<@Q!fJfjW 
DATE TESTED: 6 TO 15 SEPTEMBER 1997 
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INSMIITAL FORM 

[7 EXPRESS MAIL 

GENTLEMEN: 

WE ARE SENDING YOU 
rhe following irems: 

I d m a c h e d  ( I Under seoarate cover 

THESE ARE T2ANSMfTTED AS CHECKED BEL0 W: 

/ I For Aooroval I J Resubmlr-cooies for approval 

( d r  Your Use I I Approved as NO:M I I SubmlK cooies for dis;ribution 

' I ADproved as Submirred 

( I For Review and Commenr ( I Rerurned for Correcrions I I Rerum correcred prmrs 

I I For Bids Due '9- f l  

REMARKS 



a a 
0 cv 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* * 
* slope Stability Analysis 
* using the 
* Method of Slices 

* Copyright (C) 1992 6 96 
* Interactive Software Designs, Inc 
* Moscow, ID 83843, U.S.A. 

* 

* All Rights Reserved * 
* * 
* Ver. 5.201 96 6 1202 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

SEGMENT BOUNDARY COORDINATES 

13 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

1 . o  153.0 129.0 
2 . o  94.1 136.5 
3 136.5 91.4 224.8 
4 224.8 93.2 285.0 
5 285.0 94.4 313.0 
6 313.0 95.0 330.0 

y-right 
(ft) 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

1 
91.4 3 
93.2 3 
94.4 3 
95.0 3 

100.0 3 

153.0 

I(B@OWD 



3 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg Ru (psf No. 

.ooo  . o  0 1 1 2 5 . 0  1 2 5 . 0  2 0 0 . 0  
2-1-2 5~0-1-2 5-0 
3 1 2 5 . 0  1 2 5 . 0  . o  .oo , 0 0 0  . o  0 

2 5 . 0 0 /  -000 . o  0 . Oj-3 0 ~ 0 0 -  

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf (psf 

1 - 1 0 0 0 . 0  .o  
2 . o  .o  
3 

5 6 4 8 0 . 0  2 6 6 1 . 1  
6 1 0 0 8 0 . 0  2 6 6 1 . 1  

4 2 8 8 0 . 0  7 2 0 . 0  1 1 4 6 7 . 4  8 4 9 . 6  1 

Trial failure 
the following 

Point 
No. 

surface specified by 
8 coordinate points : 

x-surf y-surf 
(ft) (ft) 

2 8 6 . 7 2  
2 7 8 . 0 1  
2 7 7 . 8 0  
2 2 4 . 8 0  
1 6 1 . 0 6  
1 6 0 . 9 0  
1 2 1 . 9 7  
1 2 1 . 1 1  

9 9 . 8 1  
9 4 . 2 6  
9 4 . 0 6  
9 3 . 0 0  
9 1 . 7 3  
9 1 . 9 0  

1 5 3 . 0 0  
1 5 4 . 4 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width alpha beta weight 
(ft) (ft) (ft) (ft) (lb) 

1 285.86 99.26 - 6 4  1 .72  -32.50 6.34 1 3 8 .  
2 2 8 1 . 5 1  96 .49  4.73 6 .99  -32.50 1 9 . 1 2  4128.  
3 277 .90  94 .16  8.30 . 2 1  -43.60 1 9 . 1 2  2 1 8 .  
4 273 .90  93 .98  9.87 7 .80  -1 .15  1 9 . 1 2  9619.  
5- 260700 9-377 0-1-5-;-0 0-2 O Y O  0---1~1-5---1-9~2-9-- 3-7490. 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

240.00 93 .30  22.35 20.00 
227 .40  93.05 26.96 5.20 
217.40 , 92.85 30.66 14 .80  
200 .00  9 2 . 5 1  37 .09  20.00 
180 .00  9 2 . 1 1  44.44 20.00 
165 .53  9 1 . 8 2  49.75 8.94 
1 6 0 . 9 8  91 .82  51.34 .16 
1 5 5 . 4 5  1 0 0 . 4 5  44.64 1 0 . 9 0  
1 3 9 . 5 0  1 2 5 . 4 9  2 4 . 5 1  21 .00  
125 .48  1 4 7 . 4 8  6.18 7.03 
121 .54  1 5 3 . 7 5  .66 .86 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 16.9146 2,5994 
3 17.0148 2 . 6 0 4 1  
4 17.0114 2.6040 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force 
2 17.1955 2,5819 
3 '  17 .1925  2.5818 

Iter # Theta FOS-f orce 

-1 .15  
-1 .15  
-1.14 
-1.14 
-1.14 
-1.14 
46 .73  
.57.50 
57.50 
57.50 
60.05 

1 9 . 0 3  
19 .29  
19 .29  
1 9 . 2 9  
1 9 . 0 3  
1 9 . 2 9  
1 9 . 2 9  
1 9 . 2 9  
1 5 . 9 5  
1 0 . 7 1  
1 0 . 7 1  

FOS moment 
2,6657 
2.5994 
2 . 6 0 4 1  

FOS moment 
2,5744 
2 . 5 8 1 9  

55865.  
17523 .  
56716.  
92735.  

111107 .  
55591.  

1027 .  
60820.  
64347.  

5432.  
71 .  



17.2366 2.5774 
17.2359 2.5774 

2 
3 

2.5756 
2.5774 

- 
Nonlinear M-C Iteration Number - 4 

Iter # Theta FOS force FOS moment 
1 17.2359 2,5775 2,5774 

Iter # Theta FOS force FOS moment 
1 17.2359 2,5775 2,5774 

SLICE INFORMATION ... continued : 
Slice Sigma c-value phi U-base U-top P-top Delta 

(psf) (psf 1 (1b) (Ib) (lb) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

136.3 .o  30.00 
1052.6 200.0 25.00 
2396.5 643.7 15.96 
1374.6 643.71 15.964 
2044.6 643.7 15.96 
3005.2 512.4 18.34 
3611.2 512.4 18.34 
4097.2 512.4 18.34 
4942.9 512.4 18.34 
5908.4 512.4d 18.34’ 

4394.5 512.4 18.34 
3197.1 200.0 25.00 
1730.0 200.0 25.00 
393.7 200.0 25.00 
44.8 -0 30.00 

6599.8 2661.14 . o o  J 

0. 
0. 
0. 
0 .  
0. 
0. 
0. 
0. 
0. 
0 .  
0 .  
0 .  
0 .  
0. 
0. 
0. 

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0. 
0. 
0 .  
0 .  
0 .  

0 .  
0. 
0 .  
0. 
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

slice 
# 

Base 
x-coord 

(ft) 
~- 

1 
2 
3 
4 
5 
6 

- 
285.86- 
281.51 
277.90 
273.90 
260.00 
240.00 

7 227.40 

Normal 
Stress 
(psf 1 

_ . -  

13-6 .3- 
1052.6 
2396.5 
1374.6 
2044.6 
3005.2 
3611.2 

Vertical 
Stress 
(psf 1 

. - - -. .. . . .- 

80.4-- 
590.6 

1037.4 
1233.3 
1874.5 
2793.2 
3369.8 

Pore Water 
Pressure 

(psf 1 
- .. - - - . . . . . 

.o  

. o  

. o  

. o  

. o  

. o  

. o  

. o o  

.oo  

. o o  

. o o  

.oo  

. o o  
- 0 0  
. oo  
.oo  
. o o  
.oo  
. o o  
. o o  
. o o  
. o o  
. o o  

Shear 
Stress 
(psf 1 

- - .- . . . - - - __ 
30.5 

268.0 
515.7 
402.3 
476.6 
585.4 
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8 
9 

10 
11 
12 
13 
14 
15 
16 

217.40 
200.00 
180.00 
165.53 
160.98 
155 -45 
139.50 
125.48 
121.54 

4097.2 
4942.9 
5908.4 
6599.8 
4394.5 
3197.1 
1730.0 
393 - 7  
44.8 

3832.2 
4636.8 
5555.3 
6218.2 
6417.8 
5579.9 
3064.1 
772.7 
83.1 

.o  

.o  

. o  

. o  

.o  

.o  

. o  

. o  

. o  

725.9 
834.7 
958.9 

1032.4 
764.1 
656.0 
390.6 
148.8 
10.0 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

285.00 
278.01 
277.80 
270.00 
250.00 
230.00 
224.80 
210.00 
190.00 
170.00 
161.06 
160.90 
150.00 
129.00 
121.97 
121.11 

17.24 
17.24 
17.24 
17.24 
17.24 
17.24 
17.24 
17.24 
17.24 
17.24 
17.24 
17.24 
17.24 
17.24 
17.24 

. o o  

211. 
7080. 
7696. 

11205. 
22042. 
35559. 
39564. 
52077. 
71618. 
94163. 

105058. 
104404. 
54625. 
3513. 

61. 
0. 

.81 
3.43 
3.42 
4.52 
7.28 
9.86 

10.49 
12.27 
14.62 
16.93 
17.98 
17.97 
14.36 
4.51 
.61 
.93 

1.29 
8.16 
8.44 

11.30 
18.70 
26.00 
27.92 
33 -39 
40.79 
48.09 
51.40 
51.28 
37.99 
11.03 
1.33 
.oo 

.633 

.421 

.405 

.400 

.389 

.379 

.376 

.367 

.358 

.352 

.350 
-350 
.378 
.409 
.461 
. o o o  

Total Normal Stress = 3051.10 (psf) 

Shear Stress - - 579.00 (psf) 
Pore Water Pressure = .oo  (psf) 

Total Length of failure surface = 201.79 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

~ - -~ _ ~ _ _ ~  ~ . -  - - . - -  - -  . 

FACTOR OF SAFETY = 2.578 I 
Total shear strength available 
along specified failure surface = 301.143+03 lb 
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* 
* Slope stability Analysis * 
* using the * 
* Method of Slices * 

* Copyright (C) 1992 - 96 * 
* Interactive Software Designs, Inc. * 

* All Rights Reserved * 

* * 

* 
* _- * Moscow, ID 83843, U.S.A. 

__ - - ~- - _ _  

* * 
* Ver. 5.201 96 - 1202 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

SEGMENT BOUNDARY COORDINATES 

13 SURFACE boundary segments 

Segment x-left y- lef t x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right 
No. (f t 1. _ _  - -. .( f t) - (ft) 

1 . o  153.0 129.0 
2 . o  94.1 136.5 
3 136.5 91.4 224.8 
4 224.8 93.2 285.0 
5 285.0 94.4 313.0 
6 313.0 95.0 330.0 

y-right 
(ft) 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

y-right Soil Unit 
( f t . Below..Segment 

153.0 1 
91.4 3 
93.2 3 
94.4 3 
95.0 3 
100.0 3 

0e)OQ);G’;p 



3 Soil unit(s1 specified 

1269 

Pore Pressure Water Soil Unit Weight Cohesion Friction 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf (deg 1 Ru (psf No. 

25.00  .ooo .o  0 

3 1 2 5 . 0  1 2 5 . 0  .o  .oo  .ooo .o  0 
- -30Too-/- -ooo- ~ 0 

1 1 2 5 . 0  1 2 5 . 0  
---2--12 5 :or- i 2  5:-0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf) 

1 
/ 

1 -1000.  O J  . o  
2 . o /  . o  
3 720 .0 f  331 .2  
4 2880.  O f  1 1 0 8 . 8  
5 6480.0’ 2160.0’ 
6 10080 .0  ’ 2160.0  

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

292 .31  
284.78 
284.58 
224.80 / 
164 .88  
164 .69  
1 2 5 . 8 1  
125 .42  

. . .  

99.19  
94 .40  
94 .19  
9 3 . 0 0 /  
91 .78  
91 .97  

153 .00  
153 .68  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
slice x-base y-base height width alpha beta weight 

(ft) (ft) (ft) (ft) (lb) 

1 
2 
3 
4 

6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15  
1 6  

-5- 

288 .65  
284 .89  
284 .68  
277 .29  

240.00 
227.40 
217.40 
200.00 
180 .00  
167 .44  
164 .78  
157 .34  
139 .50  
127 .40  
1 2 5 . 6 1  

-2-6KO-0- 

96.86 2 . 7 3  7 . 3 1  -32 .45  
94.47 5 . 5 7  .22  -32 .45  
94.29 5 . 8 2  .20  -46.40 
94.04 8 . 6 3  1 4 . 5 8  -1.14 

93.30 22 .35  20.00 -1 .14  
93 .05  26 .96  5 . 2 0  -1 .14  
92 .85  30 .66  1 4 . 8 0  -1 .17  
92 .50  37 .10  20 .00  -1.17 
92.09 44 .46  20 .00  -1.17 
91 .83  49 .06  5 . 1 2  -1.17 
91 .88  49 .95  .19  45 .00  

103 .50  40 .93  1 4 . 6 9  57.50 
1 3 1 . 5 1  1 8 . 4 9  21 .00  57 .50  
150 .50  2 . 8 1  3 . 1 9  57 .50  
153 .34  .30 .39  60 .07  

-9 3T7 0 ~ ~ ~ 5 ~ 0 ~ 0 ~ 2 ' 0 ~ 0 ~ 0 ~ 1 ~ 1 ~ 4 ~  

Nonlinear M-C Iteration Number - 1 

6 .34  
1 9 . 1 2  
1 9 . 1 2  
1 9 . 1 2  

3-972 9- 
1 9 . 0 3  
1 9 . 2 9  
1 9 . 2 9  
1 9 . 2 9  
1 9 . 0 3  
1 9 . 2 9  
1 9 . 2 9  
1 9 . 2 9  
1 5 . 9 5  
1 0 . 7 1  
1 0 . 7 1  

2495.  
1 5 6 .  
1 4 2 .  

15724.  

55869.  
17523.  
56722.  
92762. 

111155. 
31401.  

1205 .  
75139.  
48534.  

1119 .  
15. 

-3 749 8 . 

Iter # Theta FOS force FOS moment 
2 17 .9957 2,1482 2T1510 
3 17 .9995  2 .1483  2.1482 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force FOS moment 
2 18 .0122 2,1457 . 2,1453 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta 
1 18.0122 

FOS force 
2,1457 

FOS moment 
2,1453 

SLICE INFORMATION . . .  continued : I 
Slice Sigma c-value phi U-base U-top Delta 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

13 
14 
15 
16 

-i 2- 

638.2 
1344 7 
1807.7 
1165.1 
2016.3 
2996.6 
3605.5 
4095.4 
4946.6 
5918.4 
6524.0 

2807.6 
1232.6 
131.8 
19.9 

-4 3 4 6T8-- - 

. o  
200.0 
72. Of 
72.0 
72.0 

267.8 
267.8 
267.8 
267.8 
267.81 
2160.01 
-2 6 778- 
200.0 
200.0 
200.0 

.o  

30.00 
25.00 
19.80/ 
19.80 
19.80 
16 -28 
16.28 
16.28 
16.28 
16.28J 

* O O J  
-1-6~2 8-- 
25.00 
25.00 
25.00 
30.00 

(lb) 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

-0:- 
0 .  
0. 
0. 
0. 

(lb) 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 

---.OF 
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0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 

~ -0- - 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf (psf 1 (psf 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

288.65 
284.89 
284.68 
277.29 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
167.44 
164.78 
157.34 
139.50 
127.40 
125.61 

638.2 
1344.7 
1807.7 
1165.1 
2016.3 
2996.6 
3605.5 
4095.4 
4946 -6 
5918.4 
6524.0 
4346.8 
2807.6 
1232.6 
131.8 
19.9 

341.3 
696.3 
727.4 
1078.5 
1874.9 
2793.4 
3369.8 
3832.6 
4638.1 
5557.8 
6133.0 
6243.7 
5116.0 
2311.2 
350.7 
37.7 

.o  
- 0  
. o  
. o  
.. 0 
. o  
. o  
. o  
. o  
.o  
.o  
.o  
.o  
.o  
. o  
.o  

171.7 
385.4 
336.9 
229.0 
371.8 
532.6 
615.5 
682.2 
798.0 
930.3 

1006.7 
716.4 
703.4 
361.1 
121.8 

5.4 

2%2 

-00 
. oo  
* 00 
-00 
-00 
-00 
.oo  
.oo 
-00 
.oo  
. o o  
-..oo-. .- 

.oo 

.oo  

.oo 

.oo  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

- (ft) - (degrees) (lb) - (ft) - (ft) 

1 285.00 18.01 4439. 3.51 5.46 .643 
2 284.78 l8.01 4732. 3.50 5.68 .617 
3 284.58 18.01 5192. 3.45 5.96 .579 
4 270.00 18.01 9059. 5.93 11.30 .525 
5 250.00 18.01 17723. 8.25 18.70 -441 
6 230.00 18.01 30179. 10.32 26-00 o o o ~ ~ o  



7 224.80 
8 210.00 
9 190 .00  

1 0  170 .00  
11 164.88  
1 2  164 .69  
1 3  1 5 0 . 0 0  
1 4  129 .00  
15 1 2 5 . 8 1  
1 6  125 .42  

1 8 . 0 1  
1 8 . 0 1  
1 8 . 0 1  
1 8 . 0 1  
1 8 . 0 1  
1 8 . 0 1  
1 8 . 0 1  
1 8 . 0 1  
1 8 . 0 1  

.oo 

33937. 
45851. 
64752. 
86850. 
92985. 
92249. 
35048. 

296. 
11. 
-1. 

1 0 . 8 7  
1 2 . 5 0  
1 4 . 7 5  
1 7 . 0 3  
17 .62  
1 7 . 6 3  
1 3  - 2 0  

2 . 0 7  
.28  

- .57 

1 2 6 9  
27.92  
33 .40  
4 0 . 8 1  
48 .12  
5 0 . 0 1  
49 .89  
31 .97  

5 . 0 1  
- 6 0  
. o o  

9 4 %  
.389  
.374  
- 3 6 1  
- 3 5 4  
.352  
.353  
.413  
.414  
- 4 5 6  
-000 

Total Normal Stress = 2869.84 (psf) 

Shear Stress - - 545.64 (psf) 
Pore Water Pressure = .oo (psf) 

- -  

Total Length of failure surface = 202 .35  feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973)  
procedure gives a 

FACTOR OF SAFETY = 2.146 / 
Total shear strength available 
along specified failure surface = 236.903+03 lb 
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Problem Description : OSDF Final Long Term - Large Displ. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 

15 SURFACE boundary segments 

Segment x-left y-left x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

- Segment x-left y-left - x-right y-right -s-oil Unit- - 
No. (ft) (ft) (ft) (ft) Below Segment a 
1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105-0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 000034 



5 189.0 106.0 410.0 142.8 
6 410.0 142.8 467.0 148.5 
7 467.0 148.5 555.0 152.9 
8 183.0 105.0 220.0 100.0 
9 220.0 100.0 300.0 100.8 

10 300.0 100.8 410.0 102.0 
11 410.0 102.0 555.0 103.5 

11269 

3-So-i-l-u~it-(-s-)-sp-e-c if ked 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

. o o o  . o  0 
2 125.0 125.0 . o  30.00 . o o o  . o  0 
1 125.0 125.0 

3 125.0 125.0 . o  * 00 -000 . o  0 
25.00 J 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 . o  
2 . o  . o  
3 720.01 
4 2880.0 439.2 
5 6480.0 581.8 
6 10080.0 581.8 

388-8 J 
J 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A SINGLE FAILURE SURFACE HAS BEEN SPECIFIED FOR ANALYSIS 

Trial failure surface specified by 
the following 9 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 167.10 114.18 

3 220.00 99.80 
100.60 f 101.80 

4 300.00 
5 409.90 
6 431.64 102.08 
7 431.79 102.23 
8 460.88 . 147.89 
9 468.07 . 160.35 

- .  _ . 2  . IS?-. go.. . ~ . -. 105: . ~. 00 - ..- __._ . 

/ * 
000035 



1269 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

x-base 
(ft) 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
394.95 
409.95 
420.82 
431.72 
446.34 
462.94 
466.54 

y-base height 
(ft) (ft) 

109.59 5.92 
104.58 12.75 
101.98 18.44 
99.90 24.80 

100.10 27.95 
100.30 31.05 
100.50 34.20 
100.71 37.34 
100.93 40.42 
101.15 43.55 
101.36 46.69 
101.64 50.55 
101.80 52.89 
101.94 53.84 
102.16 54.72 
125.06 33.27 
151.46 8.53 
157.69 2.58 

width 
(ft) 

15.90 
6.00 

31.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
29.90 

.10 
21.64 

.15 
29.09 
4.12 
3.07 

alpha 

-30.01 
-8.00 
-8.00 

.57 
-57 
-57 
.57 
.63 
.63 
.63 
.63 
.63 
.74 
-74 

45.00 
57.50 
60.02 
60.02 

beta 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
5.71 
5.71 
5.71 
5.71 
2.86 

weight 
(lb) 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93352. 

101056. 
108885. 
116714. 
188949. 

661. 
145641. 

1026. 
120991. 
4395. 
992. 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force FOS moment 
2 7.6015 1,5554 1T5783 
3 7.6255 1.5559 1.5554 

SLICE INFORMATION . . .  continued : 
0 

Sigma c-value phi U-base U-top P-top Delta 
(psf 1 (psf) - (Ib) (lb) (lb) 

Slice 

cpgoB);:Q, 



1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13- 
1 4  
1 5  
1 6  
1 7  
1 8  

____ 

1122 .8  . o  30 .00  
1698.9 372 .0  1 .34  
2426.0 3 7 2 . 0 1  1 . 3 4 /  
3131.6 3 2 5 . 1  2 . 2 7  
3526.0 3 2 5 . 1  2.27 
3914.2 3 2 5 . 1  2 . 2 7  
4308.7 3 2 5 . 1  2 . 2 7  
4 7 0 1 . 1  3 2 5 . 1  2 . 2 7  
5087 .0  3 2 5 . 1  2 . 2 7  
5 4 7 9 . 1  3 2 5 . 1  2 .27  
5871.2 3 2 5 . 1  2 . 2 7  
6355.7 325.1J 2.27J 

-6 6-4-5 .2--5-8178 1 - 7 0  0 J-- 
6763.8 581.8 .oo  
5760.3 3 2 5 . 1  2 . 2 7  
2535.4 .O 25 .00  

584.3 .o  30 .00  
1 7 7 . 0  .o  30 .00  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0-F 
0. 
0. 
0. 
0. 
0. 

- ____  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
-0 
0. 
0. 
0. 
0. 
0. 

0 .  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

- 

. o o  

. o o  

. o o  
-00 
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  

-00 
. o o  
. o o  
-00 
. oo  

--.-o 0- _.__ 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure . Stress 

(ft) (psf) (psf 1 (psf) (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
17  
1 8  

1 7 5 . 0 5  
186 .00  
204.50 
230.00 
250.00 
270.00 
290.00 
310 .00  
330.00 
350 .00  
370 .00  
394.95 
409.95 
420.82 
431.72 
446.34 
462.94 
466.54 

1 1 2 2 . 8  
1 6 9 8 . 9  
2426 .0  
3131 .6  
3526 .0  
3914 .2  
4 3 0 8 . 7  
4 7 0 1 . 1  
5087.0 
5 4 7 9 . 1  
5871 .2  
6355 .7  
6645 .2  
6763 .8  
5760 .3  
2535 .4  

584.3 
1 7 7 . 0  

739 .6  
1594 .4  
2304.8 
3100 .0  
3493.8 
3881.3 
4275 .0  
4667 .6  
5052.8 
5444.3 
5835 .7  
6319.4 
6611.4 
6730.2 
6839.6 
4159.2 
1 0 6 6 . 6  

323 .0  

. o  

. o  

. o  

.o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

.o  

. o  

. o  

.o 

. o  

. o  

. o  

4 1 6 . 6  
2 6 4 . 6  
2 7 5 . 5  
2 8 8 . 7  
2 9 8 . 7  
308 .6  
318 .6  
3 2 8 . 6  
338 .5  
348 .4  
358 .4  
3 7 0 . 8  
373 .9  
3 7 3 . 9  
3 5 5 . 6  
7 5 9 . 9  
216 .8  

6 5 . 7  

. -  _ _  - 

siice Right Force Interslice Force -Boundary- Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 183 .00  7 . 6 3  17087 .  5 . 6 6  1 1 . 8 3  .478 
2 189 .00  7 . 6 3  20134.  6 .33 1 3 . 6 8  .463 
3 220.00 7.63' 39413.  9 .67 23 .20  . 4 1 7 .  



4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 ~ - ~ ~ - -  
18 

____ 

240.00 
260.00 
280.00 
300.00 
320.00 
340.00 
360.00 
380.00 
409.90 
410.00 
431.64 
431.79 
460.88 
465 ;-00 - -  

468.07 

7.63 
7.63 
7.63 
7.63 
7.63 
7.63 
7.63 
7.63 
7.63 
7.63 
7.63 
7.63 
7.63 
-7T-6 3-- 

.oo 

44607. 
49923. 
55360. 
60921. 
66516. 
72225. 
78049. 
83988. 
93079. 
93108. 
99370. 
98552. 
4053. 

-74-47- 
-3. 

10.88 
12.08 
13.25 
14.42 
15.57 
16.71 
17.84 
18.96 
20.61 
20.62 
21.86 
21.91 
4.35 

-- -274 5-- - 
-10.87 

26.40 
29.50 
32.60 
35.80 
38.88 
41.96 
45.14 
48.23 
52.88 
52.90 
54.78 
54.65 
11.90 

. o o  
5; 17- -__ 

Total Normal Stress = 3893.75 (psf) 
Pore Water Pressure = .oo  (psf) 
Shear Stress - - 393.53 (psf) 

Total Length of failure surface = 336.12 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.556 / 
Total shear strength available 
along specified failure surface = 205.813+03 lb 

.412 
-409 
.407 
.403 
.400 
.398 
.395 
-393 
.390 
.390 
.399 
.401 
.366 
-. 4-75- ~ 

. o o o  

- . . .. . - . . 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * * 
* Slope Stability Analysis 

* * Method of Slices * * 
* Copyright (C) 1992 - 96 
* Interactive Software Designs, Inc. * * Moscow, ID 83843, U.S.A. * * 

* * All Rights Reserved * * 
* Ver. 5.201 96 - 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* 
* 

* using the * 

____.___ ~ __ 

Problem Description : OSDF Final Long Term - Large Displ. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 

15 SURFACE boundary segments 

Segment x-left y- lef t x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154 - 7  
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 

- - 

Segment x-left y-left x-right y-right Soil Unit 

1 60.0 .. 

2 120.0 
3 150.0 
4 183.0 

90.0 120.0 100.0 
100.0 150.0 105.0 
105.0 183.0 105.0 
105.0 189.0 106.0 

2 
2 .  



1269 
5 189.0 106 - 0 410.0 142.8 
6 410.0 142 - 8 467.0 148.5 
7 467.0 148.5 555.0 152.9 
8 183.0 105.0 220.0 100.0 
9 220.0 100.0 300.0 100.8 

10 300.0 100.8 410.0 102.0 
11 410.0 102.0 555.0 103.5 

a 
1 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

.ooo .o  0 

.ooo . o  0 

.ooo . o  0 
25.00/ 

1 125.0 125.0 
2 125.0 125.0 .o  30.00 
3 125.0 125.0 .o .oo 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 J .o 
2 . o /  .o 1 

4 2880.0/ 734.4 J 
3 720.0’ 244.8 1 

5 6480.0 f 1440.0 / 
6 10080.0 1 1440.0 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 

3 
4 
5 
6 
7 
8 

- . 2 . -  

167.10 114.18 

220.00 99.80 
300.00/ l00.60/ 
388.52 101.60 
388.69 101.77 
415.16 143.32 
422.46 155.95 

183.00 - 105.00 - - - 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sl-iEe--- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

X 

(ft) 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
384 -26 
388.60 
399 * 35 
412.58 
418.81 

109.59 5.92 15.90 
104.58 12.75 6.00 
101.98 18.44 31.00 
99.90 24.80 20.00 

100.10 27.95 20.00 
100.30 31.05 20.00 
100.50 34.20 20.00 
100.71 37.34 20.00 
100.94 40.41 20.00 
101.16 43.54 20.00 
101.39 46.66 20.00 
101.55 48.86 8.52 
101.68 49.45 .17 
118.50 34.43 21.31 
139.27 15.69 5.16 
149.63 5.95 7.30 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 8.5194 214574 
3 8.5382 2.4582 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
1 8.5382 2,4582 

SLICE INFORMATION ... continued : 0 slice Sigma c-value phi U-base 

1 996.2 . o :  30.00 0. 
2 1684.7 81.6 12.77 0. 

-30.01 
-8.00 
-8.00 

.57 

.57 

.57 

.57 

.65 

.65 

.65 

.65 

.65 
45.00 
57.50 
57.50 
59.96 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

FOS moment 
2,4893 
2.4574 

FOS moment 
2,4574 

_ _  - 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93343. 

101028. 
108838. 
116648. 
52034. 
1051. 
91710. 
10119. 
5428. 

U-top P-top Delta 
(lb) (lb) 

0. 0. .oo 
0. 

O 0000&3 



3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15 

-1-6- 

2430.9 8 1 . 6 f  
3140 .1  1 6 9  - 9 1  
3537.7 1 6 9 . 9  
3928.9 1 6 9 . 9  
4326.5 1 6 9 . 9  
4721.0 1 6 9 . 9  
5108.9 1 6 9 . 9  
5503.1  1 6 9 . 9  
5897.3 1 6 9 . 9  
6174.7 1 6 9 . 9  
5027 .1  1 6 9 . 9  
2859.7 .o  
1303  .O - 0  

.~ 4-5-66TO---YO- 

1 2 . 7 7 i  
1 1 . 0 9  
1 1 - 0 9  
1 1 - 0 9  
1 1 . 0 9  
11 .09  
11 .09  
1 1 . 0 9  
11 .09  
11 .09  
1 1 . 0 9  
25 .00  
25.00 -3.0.,o.o 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

--0 -.-- 

0. 
0 .  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
-0-. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

-o.~--~ -~ 

. o o  
-00 
-00 
-00 
-00 
.oo 
-00 
-00 
-00 
-00 
. oo  
.oo  
* 00 
-.-0 0 -- 

Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

Slice Base 

(ft) (psf 1 (psf 1 (psf) (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15 
1 6  

175 .05  
186 .00  
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
384.26 
388.60 
399 .35  
412 .58  
418 .81  

996.2 
1684 .7  
2430.9 
3140 .1  
3537.7  
3928.9  
4326.5  
4721.0 
5108 .9  
5 5 0 3 . 1  
5897.3  
6174.7 
5 0 2 7 . 1  
2859.7  
1 3 0 3 . 0  

456 .0  

739 .6  
1594.4  
2304.8 
3100.0 
3493.8 
3881.3  
4275.0 
4667 .1  
5051.4  
5441.9  
5832.4 
6107.3  
6 1 8 1 . 1  
4303.6  
1961 .0  

743 .5  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

. o  

.o  

. o  

. o  

.o  

.o  

.o  

234.0  
1 8 8 . 5  
257 .3  
319 .5  
351 .2  
382 .4  
4 1 4 . 1  
4 4 5 . 5  
4 7 6 . 5  
507 .9  
539 .3  
5 6 1 . 5  
470 .0  
542 .5  
247 .2  
1 0 7 . 1  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 
2 

- 3  
4 
5 
6 
7 
8 
9 

1 0  

183 .00  8 .54  
189 .00  8 .54  
220.00 - 8 .54  
240.00 8 .54  
260.00 8 .54  
280.00 8 . 5 4  
300 .00  8 .54  
320.00 8 .54  
340.00 8 .54  
360 .00  8 .54  

13013.  
15594.  
34370.  
40197. 
46584.  
53523.  
61022. 
68954. 
77423.  
86438. 

5 . 7 9  
6 . 4 3  
9 . 4 7  

1 0 . 7 1  
1 1 . 8 5  
1 2 . 9 4  
1 3 . 9 9  
1 5 . 0 0  
1 5 . 9 9  
1 6 . 9 6  

1 1 . 8 3  
1 3 . 6 8  
23 .20  
26 .40  
29 .50  
32 .60  
35 .80  
3 8 . 8 7  
41 .95  
45 .12  

.489  

.470  

.408  

.406 

.402 

.397  

. 3 9 1  

.386 



11 380.00 8.54 95998. 17.92 48.20 .372 
12 388.52 8.54 100234. 18.32 49.52 .370 
13 388.69 ' 8.54 99451. 18.32 49.38 .371 

15 415.16 8.54 5029. 5.76 11-90 .485 
14 410.00 8.54 14412. 6.95 19.48 .357 

16 422.46 00 -2. - -26 -00 . ooo  

Total Normal Stress = 3517.70 (psf) 
PErTWStTPressure = 
Shear Stress - - 390.42 (psf) 

.0-0-(psf 1- ___- 

Total Length of failure surface = 288.34 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.458 J 
Total shear strength available 
along specified failure surface = 276.733+03 lb 

000045 
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PURPOSE 

05 I 

Evaluate whether GCL QA sample no. 05 complies with the shear strength requirements given in the GCL specification ] 
(Section 02772, Paragraph 2.01.E.3). 

GCL Internal NPKOSAS 4 2.4 J YES ,/ 
GCUGMB Interface NPKOSBS J 2.0 d YES 

METHOD 
~~ - ._ _ _  ~~~ -. ~~ ~- - ___ - .~~ ______.~ ~~. 

The method for evaluating the GCL sample is outlined in RCI number 1702-006R The method involves the following basic 
steps. 

1. Use shear test results from the GCL sample to establish the envelopes of measured peak and large-displacement / 
internal and interface shear strength. 

2. Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 3. 

SHEAR TEST RESULTS 

The results of the GCL internal shear and GCUgeomembrane interface shear tests performed on QA sample no. 05 are 
shown in the following table. The laboratory test results are presented in Appendix A. 

QA Sample Case 
No. 

O5 I Peak 

~~ 

Test Type Measured Shear Strengths 

5 psi I 20psi 45 psi 

GCL Internal I O(I) psi I 11.8psi J I 15.3psi J 

GCL-Internal o(I) / 5.2 J 6.1 J 

GCL/GMB Interface o(') / 3.9 J 8.0 

STABILITY ANALYSES RESULTS 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. 
The analyses output files and figures showing critical slip surfaces are presented in Appendix B. 

Test Type 1 Filename I Factor ofsafety I Comply? I 

I I I 

_ _  I . .  GCUGMB Interface I NLDOSBSJ I . 2.1 J I . YES( 1 

(I) Shear strength values for QA sample 05 at 5 psi normal stress were not available at the time that this calculation package 
was prepared. These values were assumed to equal zero. This assumption is conservative in the context of RCI 1702-006R. ' - 
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*I997 GcoSyntec Coiisullaiils 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 51 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-05). GCL’s initial moisture content was 9.7%. GCL’s 
final-moisture-content-ranged-from-77 %-to-80 %-for-the-test-series ;-and 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 20 and 45 psi. 

Constant shear displacement rate: 0.004 in/min. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQOl66-04.11F9730116 1 97.11.04 
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TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 5G 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

4/34 

Bentofix NS GCL (GCL-05) with woven geotextile against geomembrane. GCL's initial 
moisture content was 9.9%. GCL's final moisture content ranged from 65 to 69% for the 
t z t a e s ;  

SO-mil NSC textured HDPE geomembrane (GM-10); and 

lower shear box: beddug layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidationconditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test n o d  stress. 

0 Test normal stresses: 20 and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

GQO 166-04. I IF97301 16 2 97.11.04 
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DATE TESTED: 18 TO 27 OCTOBER 1997 - FIGURE NO. A- 1 
I 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 

I- - GEOSYNTEC CONSULTANTS F9730116 

FILE NO. cS0OOa SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

TEST SERIES NUMBER 51: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-05) UNDER SOAKED AND 
CONSOLIDATED CON 6 mONS 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hra at each stress 
SHEAR RAE 0.004 In./mln. 

~ ~ ~ ~ ~ ~ i ~ l ~ l ~ l ~ l l ~ l ~  

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 
DISPLACEMENT (in.) 

I 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

2 Internal shear failure within GCL was observed. 
3 Partial internal shear failure within GCL was observed. 

~ ~ and shear stresses. 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- -  50---- -- 

TEST SERIES NUMBER 51: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-05) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

MEASURED SHEAR STRENGTHS - ................................... 
a, = 20.0 psi, T- = 11.8 psi, TU = 5.2 psi 
0, = 45.0 psi, TW = 15.3 psi, T~ = 6.1 psi 

6, = 8’; = 1290 sf. - 1.000 & ,pf; i? = 1.000 
(....PEAK : 
q . u J  Lo STRENGTH: a, = 2 * = 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hw at each stress 
SHEAR RATE: 0.004 in./min. SEE NOTE (3) 

.- - 
_ - - - - d  

0 5 10 15 20 25 30 55 40 45 ! 
NORMAL STRESS (psi) 

NOTE3 (1) The reported tatal-stress shear strength parametcrrs of friction 
an le and adhesion were determfned from a best-fft ilne drawn thmu h the 
tea data. Caution should be exercised in using the strength parame?ers 

normal stresses outside the range of 

of 2 in. for each test. 

- - - - - -  - -  .-. - - -~ - - -  ~~ . .- ~ - . -. . . - .. . ... - -  -- - -  

DATE TESTED: 18 TO 27 OCTOBER 1997 - FIGURE NO. A-2 
PROJECT NO. GQO166-04.1 I- - GEOSYNTEC €ONSULTANTS 
DOCUMENT NO. F9730116 
FILE NO. 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

8000 

TEST SERIES NUMBER 
WITH WOVEN 
80-mil NSC 

5000 UNDER SOAKED AND 
- 

- u,, = 20.0 psi 
n 4000 - o,, = 45.0 psi 
v) 

fl 
SOAKING: 168 hrs at 3 psi 

W CONSOUDATTON: 48 hm at each stress 0 SHEAR RATE: 0.004 In./mln. 

L I 

(2) 1500 

1000 

' 1 1 1 ' 1 1 1 ' 1 ' 1 1 1 ' 1 1 1 '  

DISPLACEMENT (in.) 
0.0 0.3 0.8 0.9 1.2 1.5 1.8 21 2.4 2.7 I 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (i.e., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

DATE TESTED: 10 TO 28 OCTOBER 1997 
A-3 FIGURE NO. - 

c- PROJECT NO. GQOl66-04.1 - GEOSYNTEC CONSULTANTS 
DOCUMENT NO. F9730116 
FILE NO. SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
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L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

8/31 

PROJECT NO. mol 66 - (34 1 
~~~ ~ 

DOCUMENT NO. 

FILE NO. 
F9730116 

cbO0B.z-q 

FLUOR D, NlEL FERt’.,4LD 
ON-SITE DISPOSAL FAClLlW 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

TEST SERIES NUMBER 5G:  BENTOFIX NS GCL (GCL-05) 
WITH WOVEN GEOTMnLE AGAINST GEOMEMBRANE / 
80-mil NSC TMTURED HDPE GEOMEMBRANE GM-IO) 
UNDER SOAKED AND CONSOLIDATED CONDITIO A S 

MEASURED SHEAR STRENGTHS 
- 

----------------------------------- 
u, = 20.0 psi, 7- = 6.4 psi, T~ = 3.9 psi 
a, = 45.0 psi, 7- = 14.2 psi, T~ = 8.0 psi 

PEAK : 6, = 
ID SrRENm: a, 

170. a 
= gqp 

= 3 0  
a L D =  

1 .ooo 
= 1.000 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./rnin. 

- o p I l  1 1  1 1  1 I I 1 1  I 1 1  I 1 1  1 I 

0 5 10 15 20 25 30 35 40 45 ! 
NORMAL STRESS (psi) 

- _ _ _ _ -  - - - - - - - - -  
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XSTABL File: NPK05AS 10-30-97 11:59 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 

Copyright (C) 1992 6 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* All Rights Reserved * 

* * 

* * 

*-- - _ _ _ - - ~ -  -___- ---pp--pp..* ______ _ _  

* * 
* Ver. 5.201 96 6 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

Segment x-left y-left x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (f t )  (ft) -(ft) Below Segment 

.o  153.0 129.0 153.0 1 
3 

1 
2 . o  94.1 136.5 91.4 
3 136.5 91.4 224.8 93.2 3 
4 224.8 93.2 285.0 94.4 3 
5 285.0 94.4 313.0 95.0 3 
6 313.0 95.0 330.0 100.0 3 
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3 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

. ooo  . o  0 

.ooo . o  0 

.ooo . o  0 
25-00/ 

1 125.0 125.0 200.0 
2-12 5 ~ 0 - 1 2  5-0 . 0 1-3 OTO 0 
3 125.0 125.0 .o  .oo 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soi-l(s)  

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf) (psf 1 

1 -1000.0 . o  
2 -0 .o  

4 2880.0 1699.2 
5 6480.0 2203.2 
6 10080.0 2203.2 

3 720.01 ‘ O J  

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 292.24 
2 284.70 
3 284.49 
4 
5 149.87 
6 149.68 
7 110.61 
8 108.35 

224.80~ 

99.20 
94.39 
94.19 
93.00 
91.47 J 
91.67 

153.00 
156.91 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



1 2 6 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width alpha beta weight 
(ft) (ft) (ft) (ft) (lb) 

1 
2 
3 
4 

-- 5 -- 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15 
1 6  

288 .62  
2 8 4 . 8 5  
284 .60  
277 .24  

240 .00  
227 .40  
217 .40  
200 .00  
1 8 0 . 0 0  
1 6 0 . 0 0  
1 4 9 . 9 3  
1 4 9 . 7 7  
1 3 9 . 3 4  
1 1 9 . 8 0  
1 0 9 . 4 8  

-2.6.0,(yo--- 

96 .89  2 . 7 1  
94 .49  5.57 
94 .29  5.85 
94 .05  8 . 6 4  

--9 3 . ~ 7  0 -- 157 0 0- 
93 .30  2 2 . 3 5  
93 .05  2 6 . 9 6  
92 .85  3 0 . 6 6  
92 .49  3 7 . 1 1  
92 .09  44 .46  
91 .68  5 1 . 8 2  
91 .47  55.55 
91 .57  5 5 . 4 9  

1 0 7 . 9 0  42 .14  
1 3 8 . 5 7  1 6 . 1 7  
1 5 4 . 9 5  1 . 7 4  

7 .24  - 3 2 . 5 1  6 . 3 4  2452.  
.30  - 3 2 . 5 1  1 9 . 1 2  209 .  
. 2 1  -43 .60  1 9 . 1 2  1 5 4 .  

1 4 . 4 9  -1 .14  1 9 . 1 2  15654 .  

20 .00  -1 .14  1 9 . 0 3  55867 .  
5 . 2 0  -1 .14  1 9 . 2 9  1 7 5 2 3 .  

1 4 . 8 0  -1.17 1 9 . 2 9  56723.  
20 .00  -1 .17  1 9 . 2 9  92766.  
20 .00  -1 .17  1 9 . 0 3  111162 .  
20 .00  -1 .17  1 9 . 2 9  129558 .  

.13 -1.17 1 5 . 9 5  903 .  
- 1 9  4 6 . 4 7  1 5 . 9 5  1 3 1 8 .  

20 .68  57 .50  1 5 . 9 5  108944 .  
1 8 . 3 9  57 .50  1 0 . 7 1  37179 .  

2 . 2 6  5 9 . 9 5  1 0 . 7 1  4 9 1 .  

-20,00 - l.T14- ~ -19,29~-37.4.9.6 ~- 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force FOS moment 
2 17 .1288  2,3838 213945 
3 17 .1380  2 .3842 2 . 3 8 3 8  

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force FOS-moment 
2 17 .1389  2,3620 2 - 3 6 1 9  

- 

Iter # Theta FOS force FOS moment 
1 17 .1389  2,3620 2,3619 

SLICE INFORMATION . . .  continued : 
u- top P-top Delta slice Sigma c-value phi U-base 

OOOOGO 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

13 
1 4  
15 
1 6  

------1:2- - - 

591.8  
1258 .0  
1 4 9 7 . 5  
1132 .4  
2030.6  
3051.7  
3643.2  
4119.3  
4946.3  
5890.4 
6827.6  
72 9 671- 
4769 .7  
2978 .0  
1 1 0 4 . 9  

1 1 5 . 7  

- 0  3 0 . 0 0  
200 .0  2 5 . 0 0  

- 5 6 6 . 4 l  3 8 . 1 9 1  
-566 .4  38 .19  
-566 .4  38 .19  
1296.01 7 . 9 7 /  
1296 .0  7 . 9 7  
1296 .0  7 . 9 7  
1296 .0  7 . 9 7  
1 2 9 6 . 0  7 . 9 7  

-2 2 03~2-----1-0 0- 
1 2 9 6 . 0  7 . 9 7  

200 .0  25 .00  
200 .0  25 .00  

. o  3 0 . 0 0  

/ 2203.2 /  * 00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 

- - 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

-ox-- ~- 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0;- 
0. 
0. 
0. 
0. 

. o o  

. o o  

. o o  
-00 
. oo  
. o o  
* 00 
. o o  
. o o  
. o o  
. o o  
. 00----- 
-00 
. o o  
-00 
. o o  

~. - - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER'S (1973)  - TOTAL Stresses at center of slice base 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15  
1 6  

288 .62  
284 .85  
284 .60  
277.24 
260 .00  
240 .00  
227 .40  
217 .40  
200 .00  
180 .00  
1 6 0  .. 00 
1 4 9 . 9 3  
1 4 9 . 7 7  
139 .34  
1 1 9 . 8 0  
1 0 9 . 4 8  

5 9 1 . 8  
1 2 5 8 . 0  
1 4 9 7 . 5  
1 1 3 2 . 4  
2030.6  
3 0 5 1 . 7  
3643 .2  
4 1 1 9 . 3  
4 9 4 6 . 3  
5890 .4  
6827 .6  
7 2 9 6 . 1  
4 7 6 9 . 7  
2978.0  
1 1 0 4 . 9  

1 1 5 . 7  

338.7 
6 9 5 . 8  
731.3 

1 0 8 0 . 4  
1 8 7 4 . 8  
2793 .4  
3369.8  
3832.6  
4638 .3  
5558.1 
6477 .9  
6943 .4  
6936.8  
5 2 6 8 . 1  
2021 .7  

217 .4  

-0 
. o  
-0 
. o  
-0 
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
-0 
.o  

1 4 4 . 7  
3 3 3 . 0  
2 5 9 . 0  
1 3 7 . 4  
4 3 6 . 5  
7 2 9 . 6  
7 6 4 . 6  
7 9 2 . 9  
8 4 1 . 9  
8 9 7 . 8  
9 3 2 . 8  
9 3 2 . 8  
8 3 1 . 4  
6 7 2 . 6  
3 0 2 . 8  

2 8 . 3  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

. -  if t 1 (degrees) (lb) (ft) ( f t ).. 

1 285 .00  1 7 . 1 4  3954.  3 . 4 2  5 . 4 2  .632  
2 284 .70  1 7 . 1 4  4310.  3 . 4 1  5 .71  .597  
3 284 .49  1 7 . 1 4  4680.  3 . 4 0  5 . 9 9  .567  
4 270 .00  1 7 . 1 4  7105.  6 . 1 8  1 1 . 3 0  .547  
5 250 .00  1 7 . 1 4  17088 .  7 . 2 2  1 8 . 7 0  .386  
6 230 .00  1 7 . 1 4  33631.  8 . 6 2  , 2 6 . 0 0  .332  

a 



1 2 6 9  "/3; 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

224.80 
210.00 
190.00 
170.00 
150.00 
149.87 
149.68 
129.00 
110.61 
108.35 

17.14 
17.14 
17.14 
17.14 
17.14 
17.14 
17.14 
17.14 
17.14 

-00 

38187. 
51770. 
71503. 
92812. 

115252. 
115400. 
114567. 
27956. 
406. 

0. 

9.20 
11-01 
13.64 
16.33 
19-09 
19.11 
19-10 
11.79 
1.61 
- -06 

27.92 
33.40 
40.81 
48.12 
55.53 
55.57 
55.42 
28.87 
3.48 
.oo 

.329 
-330 
* 334 
.339 
.344 
.344 
.345 
.408 
.462 
. o o o  

Total Normal Stress = 3218.61 (psf) 

Shear Stress - - 599.22 (psf) 
Pore Water Pressure = .oo  (psf) 

Total Length of failure surface = 221.39 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.362 J 

Total shear strength available 
along specified failure surface = 313.333+03 lb 
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Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 
Segment x-left y-left x-right y-right Soil Unit 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119 * 1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 

1 -0 153.0 129.0 153.0 1 
2 .o  94.1 136.5 91.4 3 
3 136.5 91.4 224.8 93.2 3 
4 224.8 93.2 285.0 94.4 3 
5 285.0 94.4 313.0 95.0 3 
6 313.0 95.0 330.0 100.0 3 J 

Below Segment 
. -  

(ft) .. - . 
- -  No. (ft) (ft) (ft) 

a 
O O O O i ; ~  



Soil Unit Weight Cohesion Friction Pore Pressure Water 
Uni t Moi s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf) 

1 - 1 0 0 0 . 0  .o  
2 . o  .o  

4 2 8 8 0 . 0  9 2 1 . 6  
5 6 4 8 0 . 0  - 2 0 4 4 . 8  
6 1 0 0 8 0 . 0  2 0 4 4 . 8  

3 7 2 0 . 0 1  .o  I 

Trial failure surface specified by 
the following 7 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 2 9 3 . 2 7  9 9 . 0 8  
2 2 8 5 . 1 7  9 4 . 4 0  
3 2 8 4 . 9 7  9 4 . 2 0  
4 2 2 4 . 8 0 /  9 3 . 0 0 i  
5 1 7 5 . 5 6  9 2 . 0 3  
6 1 7 5 . 4 0  9 2 . 1 9  
7 1 3 8 . 3 7  1 5 0 . 3 2  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF 'ANALYSIS: Spencer ( 1 9 7 3 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base 
(ft) 

1 
2 
3 
4 
5 

7 
8 
9 

1 0  
11 
1 2  
13  
1 4  

--6- - 
- . ~- 

289.22  
285 .09  
2 8 4 . 9 8  
2 7 7 . 4 8  
260 .00  

- 2 4 0 ~ 0 0  -- 

227 .40  
217 .40  
200 .00  
1 8 2 . 7 8  
1 7 5 . 4 8  
1 7 2 . 7 0  
1 6 0 . 0 0  
1 4 4 . 1 8  

y-base 
(ft) 

96.74  
9 4 . 3 1  
9 4 . 2 1  
9 4 . 0 5  
9 3 . 7 0  

-93 T3-0 
9 3 . 0 5  
92 .85  
9 2 . 5 1  
92 .17  
9 2 . 1 1  
9 6 . 4 3  

1 1 6 . 3 7  
1 4 1 . 1 9  

height 
(ft) 

2 . 7 9  
5 . 6 8  
5 . 7 9  
8 . 5 5  

1 5 . 0 0  

26 .96  
30 .66  
3 7 . 0 9  
43 .42  
46 .00  
42 .64  
27 .13  

7 . 4 7  

--2-2-;-3 5- 

width 
(ft) 

8 .10  
- 1 7  
- 0 3  

1 4 . 9 7  
20 .00  

-2-070 0- 
5 . 2 0  

1 4 . 8 0  
20 .00  
1 4 . 4 4  

.16  
5 . 4 0  

2 0 . 0 0  
1 1 . 6 3  

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 1 8 . 8 7 8 3  1,9564 
3 1 8 . 8 6 6 0  1 . 9 5 6 0  

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force 
2 1 8 . 8 3 8 4  1,9539 

alpha 

-30 .02  
-45 .00  
-45 .00  

- 1 . 1 4  
-1 .14  

- 1 . 1 4  
-1.13 
-1.13 
-1.13 
4 5 . 0 0  
5 7 . 5 0  
5 7 . 5 0  
5 7 . 5 0  

---1-.~4- 

beta 

6 . 3 4  
6 . 3 4  

1 9 . 1 2  
1 9 . 1 2  
1 9 . 2 9  

1 9 . 2 9  
1 9 . 2 9  
1 9 . 2 9  
1 9 . 0 3  
1 9 . 0 3  
1 9 . 0 3  
1 9 . 2 9  
1 5 . 9 5  

-19-..03-- . 

FOS moment 
1,9404 
1 . 9 5 6 4  

FOS moment 
1,9547 

weight 
(lb) 

2825.  
1 2 1 .  

2 2 .  
16008 .  
37495.  

.-5 5 8.67..- 
1 7 5 2 3 .  
56713.  
92721.  
78371.  

931 .  
28771.  
67834.  
10856 .  

Iter # Theta FOS force FOS moment 
1 18 .8384  1,9539 1,9547 

SLICE INFORMATION . . .  continued : 

Slice Sigma c-value phi U-base U-top P-top Delta 
(psf) (psf 1 (lb) (lb) (lb) 

1 656.6  .o  . 3 0 . 0 0  0 .  0 .  0 .  .oo 

19.0006'3 



2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

- ________. 

1362.3 
1401.5 
1107.4 
1988.3 
2990 -4 
3606.5 
4100.0 
4959.4 
5805.1 
3970.0 
2845.6 
1785.8 
441.7 

-307.2 23.11 
-307.2 23.11 
-307.2 23.11 
-307.2! 23.111, 

23-04 17.33J 
23.0 17.33 
23.0 17.33 
23.0 17.33 
23.0 17.33 
23.0 17.33 

200.0 25.00 
200.0 25.00 
200.0 25.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

. o o  

. o o  
-00 
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
-00 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 ( p s f )  (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

289.22 
285.09 
284.98 
277.48 
260.00 
240.00 
227.40 
217.40 
200.00 
182.78 
175.48 
172.70 
160.00 
144.18 

656.6 
1362.3 
1401.5 
1107.4 
1988.3 
2990.4 
3606.5 
4100.0 
4959.4 
5805.1 
3970.0 
2845.6 
1785.8 
441.7 

348.8 
709.4 
723.8 

1069.3 
1874.7 
2793.4 
3369.8 
3832.0 
4636.1 
5427.3 
5749.8 
5329.8 
3391.7 
933.4 

. o  

. o  
-0 
. o  
. o  
. o  
. o  
. o  
. o  
. o  
.o  
.o  
. o  
. o  

194.0 
140.3 
148.8 
84.6 

276.9 
489.3 
587.7 
666.5 
803.7 
938.7 
645.7 
781.5 
528.5 
207.8 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

285.17 
285.00 
284.97 
270.00 
250.00 
230.00 
224.80 
210.00 
190.00 
175.56 
175.40 
170.00 
150.00 

18.84 
18.84 
18.84 
18.84 
18.84 
18.84 
18.84 
18.84 
18.84 
18.84 
18.84 
18.84 
18.84 

4908. 
5178. 
5227. 
6914. 

13605. 
25205. 
28829. 
40514. 
59562. 
75630. 
75061. 
54039. 
5965. 

3.72 
3.75 
3.75 
7.59 
9.30 

10.58 
11-01 
12.41 
14.50 
16.08 
16.09 
14 -43 
7.14 

5.58 
5.77 
5.81 

11.30 
18.70 
26.00 
27.92- 
33.39 
40.79 
46.05 4 

45.95 
39.33 
14.93 

.667 

.650 

.646 

.671 

.498 

.407 

.394 

.372 

.356 

.349 

.350 

.367 

.478 



a 

1 2 6 9  
14 138.37 .oo -3. 59.50 . o o  

Total Normal Stress = 2607.29 (psf) 

Shear Stress - - 495.06 (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 188.22 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.954 1 
Total shear strength available 
along specified failure surface = 182.073+03 lb 
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Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 
123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 
- 

Segment x-left y-left x- right y- right Soil Unit- 
No. (ft) (ft) (ft) (ft) Below Segment 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 



5 189.0 106.0 410.0 142.8 
6 410.0 142.8 467.0 148.5 
7 467.0 148.5 555.0 152.9 
8 183.0 105.0 220.0 100.0 

100.0 300.0 100.8 9 220.0 
300.0 100.8 410.0 102.0 10 

11 410.0 102.0 555.0 103.5 

-- 3- soi-l-unit-( s)-specif ied- -- ---_ 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 125.0 125.0 . o  25.00 * 000 . o  0 

3 125.0 125.0 . o  .oo .ooo  . o  0 
2 125.0 125.0 .O/ 30.00j . ooo  .o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
N o .  (psf 1 (psf 1 

1 -1000.0 . o  
2 .o  
3 720.01 
4 
5 

:: / 
2880.0 748.8 
6480.0 878.4 

6 10080.0 878.4 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
N o .  (ft) (ft) 

1 
2 
3 -  
4 
5 
6 
7 
8 

167.10 
183.00 
220.00 
300.00 
407.12/ 
407.37 
434.97 
442.26. 

114.18 
105.00 
99.80 

100.60 
101.72 
101.97 
145.30 
157.93 

/ 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 175.05 109.59 5.92 15.90 -30.01 9.46 
2 186.00 104.58 12.75 6.00 -8.00 9.46 
3 204.50 101.98 18.44 31.00 -8.00 9.46 
4 230.00 99.90 24.80 20.00 .57 9.65 
5 250.00 100.10 27.95 20.00 .57 9.37 
6 270.00 -100.30 31.05 20.00 .57 9.37 
7 290.00 100.50 34.20 20.00 -57 9.65 
8 310.00 100.70 37.35 20.00 .60 9.37 
9 330.00 100.91 40.44 20.00 .60 9.37 

10 350.00 101.12 43.58 20.00 .60 9.65 
11 370.00 101.33 46.72 20.00 .60 9.37 
12 393.56 101.58 50.38 27.12 .60 9.46 
13 407.25 101.85 52.40 .25 45.00 9.46 
14 408.69 104.04 50.45 2.63 57.50 9.46 
15 422.48 125.70 30.25 24.97 57.50 5.71 
16 438.61 151.61 5.95 7.29 60.00 5.71 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 8.0052 2,0371 
3 8.0278 2.0378 

Iter # Theta FOS force 
1 8.0278 2,0378 

SLICE INFORMATION . . .  continued : 
slice Sigma c-value phi U-base 

(psf 1 (psf 1 (1b) 0 
1 
2 

1034.5 .o  . 30.00 0. 
1673.2 -249.6 . 19.12 0. 

FOS moment 
2,0690 
2.0371 

FOS moment 
2,0371 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93364. 

101091. 
108943. 
116795. 
170794. 

1643. 
16579. 
94415. 
5421. 

U-top P-top Delta 
(lb) (lb) 

0. 
0. 

0. . o o  
0. . o o  



3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15 

2435 .2  
3144 .3  
3538 .4  
3926 .3  
4 3 2 0 . 4  
4713 .4  
5 1 0 0 . 1  
5 4 9 3 . 1  
5886 .0  
6344 .3  
5429 .4  
4072.4  
2442.0  

I 
1 -249.6' 1 9 . 1 2  

645 .14 .  2 . 0 6  
6 4 5 . 1  2 . 0 6  
6 4 5 . 1  2 . 0 6  
6 4 5 . 1  2 ..06 
6 4 5 . 1  2 .06  
6 4 5 . 1  2 . 0 6  
6 4 5 . 1  2 . 0 6  
6 4 5 . 1  2 .06  
6 4 5 . 1  2 . 0 6  
6 4 5 . 1  2 . 0 6  

.O 2 5 . 0 0  

. o  25.00  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. . o o  
0. . o o  
0. . o o  
0. -00 
0. . o o  
0. . oo  
0. . o o  
0. . o o  
0. . o o  
0. . oo  
0. -00 
0. . o o  
0. . o o  

Slice Base Normal Vertical Pore Water Shear 
x-coord Stress Stress Pressure Stress # 

(ft) (psf 1 (psf) (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
15 
1 6  

1 7 5 . 0 5  
1 8 6 . 0 0  
204 .50  
230 .00  
250 .00  
270 .00  
290 .00  
3 1 0 . 0 0  
330 .00  
350 .00  
370 .00  
393 .56  
4 0 7 . 2 5  
408 .69  
4 2 2 . 4 8  
4 3 8 . 6 1  

1 0 3 4 . 5  
1673 .2  
2435.2 
3144.3  
3538.4  
3926 .3  
4320.4  
4713.4  
5 1 0 0 . 1  
5 4 9 3 . 1  
5886.0  
6344.3  
5429.4  
4072.4  
2442 .0  

4 3 8 . 7  

739 .6  
1 5 9 4 . 4  
2304 .8  
3100 .0  
3493 .8  
3881.3 
4 2 7 5 . 0  
4 6 6 8 . 2  
5 0 5 4 . 5  
5 4 4 7 . 2  
5839 .8  
6297 .7  
6549 .4  
6 3 0 5 . 7  
3781.1 

7 4 3 . 6  

. o  

.o 

.o 
-0 
.o  
.o  
-0 
. o  
.o  
. o  
. o  
. o  
.o  
. o  
. o  
. o  

2 9 3 . 1  
1 6 2 . 2  
2 9 1 . 8  
3 7 2 . 1  
3 7 9 . 1  
3 8 5 . 9  
3 9 2 . 9  
3 9 9 . 8  
4 0 6 . 7  
4 1 3 . 6  
4 2 0 . 6  
4 2 8 . 7  
4 1 2 . 5  
9 3 1 . 9  
558.8 
1 2 4 . 3  

Slice 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

.- . .. ~. ~ 

Right 
x-coord 

(ft) 

1 8 3 . 0 0  
1 8 9 . 0 0  
220 .00  
240 .00  
260 .00  
280 .00  
300 .00  
320 .00  
340 .00  
3 6 0 . 0 0  

Force 
Angle 

(degrees) 

8 . 0 3  
8 . 0 3  
8 . 0 3  
8 . 0 3  
8 . 0 3  
8 . 0 3  
8 . 0 3  
8 . 0 3  
8 . 0 3  
8 . 0 3  

Interslice 
Force 
(lb) 

1 4 3 0 0 .  
16707 .  
36557 .  
43438 .  
50380.  
57383. 
64446.  
71527.  
78664.  
85858. 

Force 
Height 
(ft) 

5 . 7 2  
6 . 4 6  
9 .32  

1 0 . 2 6  
1 1 . 3 0  
1 2 . 3 9  
1 3 . 5 1  
1 4 . 6 7  
1 5 . 8 4  
1 7 . 0 2  

Boundary 
Height 
(ft) 

11.83 
1 3 . 6 8  
2 3 . 2 0  
2 6 . 4 0  
2 9 . 5 0  
3 2 . 6 0  
3 5 . 8 0  
3 8 . 8 9  
4 1 . 9 8  
4 5 . 1 7  

Height 
Ratio 

. 483  

.473  
- 4 0 2  
.389  
-383 
.380  
.377  
.377  
.377 
.377 

(br[Il)Q)75 



11 380.00 8.03 93109. 18.21 48.26 -377 

14 410.00 8.03 .87261. 19-10 48.60 .393 

16 442.26 .oo -2. -1.50 .oo . o o o  

12 407.12 8.03 103033. 19.84 52.50 -378 
13 407.37 8.03 101762. 19.87 52.29 .380 

15 434.97 8.03 4677. 5.80 11.90 .487 a 

Total Normal Stress = 3692.78 (psf) 

Shear Stress - - 397.96 (psf) 
. OO---(.psf-)- __ - _-- - -___ __ --Pore -Water --Pres sure--=---- -~ - -___ 

Total Length of failure surface = 309.16 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER’S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.038 / 
Total shear strength available 
along specified failure surface = 250.723+03 lb 



e 

II 
Q) 
0 
U 
I 
3 
v, 

CC 

c 
0 
-I 

U 
C 
G 
G 

v, 
0 

- 
.- 

n 

v, 
[1L 
W 
0 
Z 
W 
LL 
v, 

a 

I a I I I I I I I I 

- . .  

0 
0 
rc) 

0 0 
0 0 
M hl 

(+k) SIXV-A 

0 
0 

0 

0 
' 0  co 

0 
0 a 

0 
0 
rc) 
n 

Q) 
Q) 

+ 

Y- 

0- 
2!4 

a 
X 

I 
X 

0 
0 
M 

0 



0 
- 0  
t 

- - 
-0- 
- 0  m 

0 
- 0  

nl 
I 
I 
I ,  
I 
I 
I 

0 
- 0  m 

0 
- 0  
t 

0 
- 0  m 

0 
- 0  

hl 

1 0  
l ' l ' l ' l ' l ' l ' l ' l ' l ' l ' l '  0 - 

I- 

I I 

000000000000 
o a 0 0 b a m * m h l -  c- 

I - 
(Sd!>l) S33tJOj 3311s 

0 
0 

0 
- 0  

rT) 

0 
- 0  * 

n 

Q, 
Q, 

c 

w- 
W 

---0 m-- 
- o n  

'C)E 
0 
0 
0 
I 

X 
0 

- 0  
nl 

0 
0 In 1 

0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
b a I O * m N -  

\ * 
co 
0 
cv 

II 
a, 
0 
U 

Y- 
I 
3 

v> 



XSTABL File: NLD05BS 10-30-97 12:14 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* X S T A B L  * 
* Slope Stability Analysis * 
* using the * 

* Copyright (C) 1992 6 96 * 
*. Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. 

* All Rights Reserved * 

* Method of Slices * 
* '  * 

* __ ~ 

* * 
* Ver. 5.201 96 6 1202 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

15 SURFACE boundary segments 

Segment x-left y-left x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133 -0 
136.4 
139.7 
143.0 
146 -4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 
. _ .  

Segment x-left y-left x-right y-right - Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 

000079 



5 189 .0  106 .0  
6 410 .0  1 4 2 . 8  
7 467 .0  1 4 8 . 5  
8 1 8 3 . 0  105 .0  
9 220.0 1 0 0 . 0  

1 0  300 .0  1 0 0 . 8  
11 410 .0  1 0 2 . 0  

410 .0  142 .8  
467 .0  1 4 8 . 5  
555 .0  152 .9  
220 .0  1 0 0 . 0  
300 .0  1 0 0 . 8  
410 .0  1 0 2 . 0  
555 .0  . 1 0 3 . 5  

3-Soi-1- un i-t (-s-)-spe c i-f -i ed-- ~ __ - - 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf 1 No. 

25 .00  -000 -0 0 1 1 2 5 . 0  125 .0  

3 1 2 5 . 0  1 2 5 . 0  -0 -00 . o o o  . o  0 
2 1 2 5 . 0  1 2 5 . 0  . o  3 O . 0 O J  . o o o  . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 . o  
2 .o  .o  

561.6  
1152 .0  

3 
4 
5 
6 10080.0  1152 .0  

J 7 2 0 . 0  J 2880.0 
6480.0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A SINGLE FAILURE SURFACE HAS BEEN SPECIFIED FOR ANALYSIS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10  
183 .00  
220.00 
300.00 
389.94/  
390.10 
416 .65  
4 2 3 . 9 5 .  

. .  - 

114 .18  
105 .00  

99 .80  
100 .60  
101 .63  1 
101 .78  
1 4 3 . 4 7  
156 .10  

.. 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 175.05 109.59 5.92 15.90 -30.01 
2 186.00 104.58 12.75 6.00 -8.00 
3 204.50 101.98 18.44 31.00 -8.00 
4 230.00 99.90 24.80 20.00 .57 
5 250.00 100.10 27.95 20.00 -57 
6 270.00 100.30 31.05 20.00 .57 
7 290.00 100.50 34.20 20.00 .57 
8 310.00 100.71 37.34 20.00 .66 
9 330.00 100.94 40.41 20.00 .66 
10 350.00 101.17 43.53 20.00 .66 
11 370.00 101.40 46.65 20.00 .66 
12 384.97 101.57 48.96 9.94 .66 
13 390.02 101.71 49.66 .16 43.15 
14 400.05 117.41 35.64 19.90 57.51 
15 413.33 138.25 16.78 6.65 57.51 
16 420.30 149.78 5.95 7.30 59.96 

- -  

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 8.1738 210633 
3 8.2017 2.0642 

Iter # Theta FOS force 
1 8.2017 210642 

- -  

SLICE INFORMATION . . .  continued : 
slice sigma c-value phi U-base 

(psf 1 (psf) (lb) 

1 1034.5 . o  ~ 30.00 0. 
2 1661.8 -187.2 ' 14.57 0. 

--beEa-- 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

FOS moment 
2,0994 
2.0633 

FOS moment 
210633 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93339. 

101016. 
108818. 
116621. 
60827. 
1005. 

886'37. 
13951. 
5427. 

U-top P-top Delta 
( l b )  ( l b )  

0. 0. . o o  
0. 0. . oo  

00008% 



3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13  
1 4  
1 5  

2414.4  
3134 .7  
3 5 3 2 . 1  
3923.2  
4320 .6  
4714 .6  
5 1 0 1 . 9  
5 4 9 5 . 5  
5 8 8 9 . 1  
6 1 8 0 . 1  
5 1 5 2 . 7  
2876 .7  
1 3 5 4 . 8  

- 1 8 7 . 2 1  1 4 . 5 7 1  
89.3f  9 . 3 1 1  
8 9 . 3  9 . 3 1  
8 9 . 3  9 . 3 1  
8 9 . 3  9 . 3 1  
8 9 . 3  9 . 3 1  
8 9 . 3  9 . 3 1  
8 9 . 3  9 . 3 1  
8 9 . 3  9 . 3 1  
8 9 . 3  9 . 3 1  
8 9 . 3  9 . 3 1  

.o  25 .00  

.O 2 5 . 0 0  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. . o o  
0. -00 
0. . o o  
0. . o o  
0. -00 
0. -00 
0. . o o  
0. -00 
0. . o o  
0. . o o  
0. . o o  
0. . o o  
0. . oo  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf) (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13  
1 4  
15 
1 6  

1 7 5 . 0 5  
1 8 6 . 0 0  
204 .50  
230 .00  
250 .00  
270 .00  
290 .00  
310 .00  
330 .00  
350 .00  
370 .00  
384 .97  
390 .02  
4 0 0 . 0 5  
4 1 3 . 3 3  
4 2 0 . 3 0  

1 0 3 4 . 5  
1 6 6 1 . 8  
2414.4 
3134.7  
3 5 3 2 . 1  
3923 .2  
4320.6  
4714 .6  
5101 .9  
5495 .5  
5 8 8 9 . 1  
6 1 8 0 . 1  
5152 .7  
2876 .7  
1 3 5 4 . 8  

4 3 9 . 2  

7 3 9 . 6  
1 5 9 4 . 4  
2304 .8  
3 1 0 0 . 0  
3 4 9 3 . 8  
3881.3 
4275 .0  
4 6 6 6 . 9  
5 0 5 0 . 8  
5 4 4 0 . 9  
5831 .0  
6119 .4  
6208.0  
4 4 5 4 . 6  
2097 .9  

7 4 3 . 4  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  
-0 
.o  
.o  
.o  
. o  
. o  

289 .4  
1 1 8 . 6  
2 1 3 . 4  
2 9 2 . 3  
3 2 3 . 9  
3 5 4 . 9  
3 8 6 . 5  
4 1 7 . 8  
4 4 8 . 6  
4 7 9 . 9  
511.1 
5 3 4 . 3  
4 5 2 . 6  
6 4 9 . 9  
3 0 6 . 1  
1 2 2 . 9  

Slice 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

- . _  

Right 
x-coord 

(ft) 

1 8 3 . 0 0  
1 8 9 . 0 0  
220 .00  
240 .00  
260 .00  
280 .00  
300 .00  
320 .00  
340 .00  
360 .00  

Force Interslice 
Angle Force 

(degrees) (lb) 

8 .20  
8 . 2 0  
8 .20  

8 . 2 0  
8 . 2 0  
8 . 2 0  
8 . 2 0  
8 . 2 0  
8 . 2 0  
8 . 2 0  

14247 .  
1 6 3 8 2 .  
33694.  
38967.  
44798.  
51177. 
58114.  
65466.  
73350.  
81775. 

Force 
Height 
(ft) 

5.74  
6 . 5 9  
9 .77  

1 0 . 9 6  
1 2 . 0 5  
1 3 . 0 7  
14 .04  
1 4 . 9 8  
1 5 . 8 9  
1 6 . 7 8  

Boundary 
Height 
(ft) 

11.83 
1 3 . 6 8  
2 3 . 2 0  
26 .4-0 
2 9 . 5 0  
3 2 . 6 0  
3 5 . 8 0  
38.87 
41 .94  
4 5 . 1 1  

Height 
Ratio 

. 485  

.482  

. 4 2 1  
- - 4 1 5  

.408  

.401 
- 3 9 2  
- 3 8 5  
.379  
'QOOObZ 372 



1 2 6 9  
11 380.00 8.20 90740. 17.65 48.18 .366 
12 389.94 8.20 95395. 18.08 49.73 .364 
13 390.10 8.20 94679. 18.09 49.60 .365 
14 410.00 8.20 16931. 7.66 21.67 .353 
15 416.65 8.20 4694. 5.78 11.89 .486 
16 423.95 .oo -3. -9.92 .oo . o o o  

Total Normal Stress = 3515.81 (psf) 

Shear Stress - - 386.62 (psf) 
-_ .. -__ - ---Pore-Water-Pressure-=-- .OO--(psf-)----- --__ - - _. 

Total Length of failure surface = 289.90 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.064 J 
Total shear strength available 
along specified failure surface = 231.363+03 lb 
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I 46 Page of - GEOSYNTEC CONSULTANTS 

Written By : Date: 1% 18 193 Reviewed by: Date: 1% / 14 /q 
' 4  

Client: Project: OaF Project/Roposal NO.: U? -m TaskNo.: 04 * 
PURPOSE 

Evaluate whether GCL lot number 97082502 complies with the shear strength requirements given in the GCL specification 
(Section 02772, Paragraph 2.01.E.3). The evaluation is based on the shear test results from GCL QA sample no. 06 and GCL 
QC sample no. 03. 

J 

/ 

The method for evaluating the GCL samples is outlined in RCI number 1702-006R. The method involves the following 
basic steps. 

1. 

2. 

Use shear test results from the GCL samples to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 

. and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 

/ 3. Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. ,/ 
SHEAR TEST RESULTS 

The results of the GCL internal shear and GCL/geomembrane interface shear tests performed on QA sample no. 06 and the 
results of the GCL internal shear tests performed on QC sample no. 03 are shown in the following table. The results of the 
GCL internal shear tests for QA sample no. 06 were averaged with the results of the GCL internal shear tests for QC sample 
no. 03. The averaged values for the GCL internal shear tests were used in the stability analyses. The laboratory test results 
for GCL QA sample no. 06 are presented in Appendix A. The laboratory test results for GCL QC sample no. 03 are 
presented in Appendix B. /- 

(I) Interface shear strength values for QA sample 06 at 5 psi normal stress were not available at the time that this calculation 
package was prepared. These values were assumed to equal zero. This assumption is conservative in the context of RCI VI 

J - -  . -  1702-006R. 

(*) GeoSyntec requested that the shear strength values measured for QC sample 03 at 5 and 20 psi normal stress be verified. A 
response from AGP Laboratories dated October 23 1997 indicated that these values might be not representative (included in 
Appendix B). These values were not included in the slope stability analysis performed. 

a 
/ 

GQ0409-04lF9730 109.DOC 
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GEOSYNTEC CONSULTANTS Page -of 2 - 
Date: 121 18 177 Reviewed by: ‘Ky Date: \L 114 197 Written : M O  

Client: TOT Project: m F  Project/Propo.sal NO.: 6- q TaskNo.: 04 

STABILITY ANALYSES RESULTS 

The results ofthe slope stability analyses performed using the computer program XSTABL are shown in the table below. 
The analyses output files and figures showing critical slip surfaces are presented in Appendix C. 

GQ0409-04lF9730 109.DOC 
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APPENDIX A 



11269 4/45 

‘1997 GeoSyntec Consultants 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 61 

Test Specimen Configuration (From top to bottom) and Placement Conditions: 

-0- 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofm-NS-GCL.(.GCL&).-G-CL’s initialloishue -- content was 9.4%. GCL’s final 
moisture content ranged from 87% to 108% for the test series; and 

-- -_ __~_.__ _ _ _  

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the’ GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5 ,  20, and 45 psi. 

Constant shear displacement rate: 0.004 in/min. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

.. . 

1 

- 

97.1 1.18 
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01997 CeoSyniec Consultants . 

TEST PROCEDURES AND CONDiTIONS 
TEST SERIES NUMBER 6G 

Test Specimen Confiiuration (From top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-6) with woven geotextile against geomembrane. GCL's initial 
moisture-content-was-9.6 % .-GCLIs-final-moisture-content ranged from 60 to 9 1 % for the 
test series; 

80-mil NSC textured HDPE geomembrane (GM-8); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 
- 

e 

0 

e 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid subsirate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 20 and 45 psi. 

Constant shear displacement rate: 0.004 inlmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

GQOl66-04.1 lF9730109 2 97.10.29 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

-__ 
6000 

TEST SERIES NUMBER 61: INTERNAL STRENGTH OF 
BENTOflX NS GCL GCL-06) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

TEST CONDITIONS - a, = 5.0 psi 

CCCCI un = 45.0 psi 

-------------- - a n  = 20.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOUDATION: 48 hm at each stress 
SHEAR RATE: 0.004 in./rnin. 

I l l  
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3 

DIS PIACEM ENT (in.) 

NOTES: (1) A constant area of 1 ft' was assumed when computing normal 
and shear stresses. 

(2) For each test, slidin (Le., internal shear failure) was observed 
to occur within the i! C L  

DATE TESTED: 29 SEPTEMBER TO 12 NOVEMBER 

. ~ .. 

1997 - FIGURE NO. A- 1 
I 

: f i - n A  1 PROJECT NO. GQ016v-w,. i %- 

DOCUMENT NO. F9730 1 09 
- GEOSYNTEC CONSULTANTS 
SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 

FILE NO. 
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- 
I 
c- 
'L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

3 14% 

FIGURE NO. A-2 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. F9730 1 09 

cn 3 
FILE NO. 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

TEST SERIES NUMBER 61: INTERNAL STRENGTH OF 
BENTOflX NS GCL GCL-06) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

MEASURED SHEAR STRENGTHS -----------------___--------------- 
Un = 5.0 psi, TW = 3.8 psi, TLD = 1.3 psi 
a n  = 20.0 psi. TW = 7.7 psi. T U )  = 3.4 psi 
Un = 45-0 psi, T+ = 9.8 psi, T~ = 4.2 psi 

SOAKING 168 hm at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./rnin. 

0 5 10 15 20 25 30 35 40 45 ! 
NORMAL STRESS (psi) 

was observed 
- - ._ - - - - - - - _ _ _  - - -  

DATE TESTED: 29 SEPTEMBER TO 1 2  NOVEMBER 1997 



- 
5500 - 

- 
5000 - - 

TEST SERIES NUMBER 6G: BENTOFIX NS GCL GCL-06) 

80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-8) 
WITH WOVEN GEOTMTiLE AGAINST GEOMEMBRA fl E / 
UNDER SOAKED AND CONSOLIDATED CONDITIO A S 

SEE NOTE (2) 

4500 - 
- 

4000 - 
f! 
-3500- 
W - u 
E 2 3000- 

n 
v) - 

- 
3 2500- 
I - 
u) 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2 1  2.4 2.7 I 

DISPUCEM ENT (in.) 

NOTES: (1) The shear box size was 12  in. by 12 in. (300 mrn by 300 mm), 

(2) Sliding (Le., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rdher than the intended interface. 

TEST CONDITIONS -------------- - = 20.0 psi - on = 45.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hra at each stress 
SHEAR RAE 0.004 In./mln. 

DATE TESTED: 29 SEPTEMBER TO 8 OCTOBER 1997 - 
1.- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. 1-3 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F 9 7 3 O i l i l  
FILE NO. 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- 

TEST SERIES NUMBER 6G: BENTOFIX NS GCL GCL-06) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRA 6 E / 
UNDER SOAKED AND CONSOUDATED CONDITIO t i  S 
80-mil NSC TMiURED HDPE GEOMEMBRANE GM-8) 

FIGURE NO. 1-4 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. F9730109 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at wch Stress 
SMEAR RATE 0.004 in./min. 

: 

# 

e 

NOTES: (1) The reported tatol-streSS shear strength parameters of fr ldon 
an le and adhesion were determined from a best-fit line drown thmu h the 
t e i  data. Caution should be ererclsed In wlng the strength pamme?ers 
for applications involving normal stresses outside the range of 
stresses covered the test series. 

%Ththe % o r  krce at a shear dis laceme3 of 2 in. for each test. 8 %liding ie., shear failure) was o&erved to occur wlthin the 

e la e dis Y acernent shear sttength (T ) was calculated 

L rather G; an the lntended Interface. 

DATE TESTED: 29 SEPTEMBER TO a OCTOBER 1997 

- - 
I- - GEOSYNTEC CONSULTANTS 

_ _ _ _  - 

FILE NO. SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 
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20b4 E Rando1 Kill. Suite 512 
Arlington, Texas 7601 1 
861-9090 (800) AGP-6030 1 Fa: (817) 861-5400 

m 

October 16. 1997 

- --__- - __ I ~ 

Peao Eavimmental Tcdrnologi 
Am: M r . S t e v e B r a  
7400 wiley Rd, Mail stop 44 
Haaison,OH 45038 

RE: Client Project Number WC7-014 

I 

AGP Project Kiu~lbb: ? 

! ~~ 

I 

i 

i 
-. 

Dear Mr. Bran- I 

I 
One (1) -le was recaved for +sting 10/01/97. The sample was idenurn as follows: , 

I 

I AGP C O M i i N T S  SAMPLE I.D. 

I A S ' M  D 532 1 " Test Mcthod die Oe!5uen1 of Soil and Geosynthctic or 
Fncnan by the D i e  S k u  Method'l 

I AL! iesU were pc?bmcd k 73" F '1 5' Wi31 a rdauve hmLidiv d 5 0 %  f 5 .  conditioning of tbc 
sareples. before testing, ~9 sbaxbp 40 hcun at rest tempexawe and rel3tib.c humidity u n l a  

I 

waived by th ciient. I 

The sample mated WY E n v i r o n m d  Technologies. A03 Lakoratories, 
o s i g i ~  sarnphg p F o c c d ~ ~ ~ .  special use of 
hmin is b a d  'qon ac=qt-...ed i n d m  
Laboratones, ndtha nor makes claim 
presented apply only 10 the items testmi. 

I 

I 

I 

I 

000096 



i 
! DIRECTSHEAR 
I A!Tl%l D 5321 
I 

I 

I 

I 

0.04 
5.0, 

-4hcar sd. psi 2-= 
Adhesionpsi 1 1.68 1 
Fricdon Angle. Fg. 24.2 

Residual Shear tress, psi 2.79 
1.585 9 16.1 

~ & & n .  psi 
Friction Angle. de?. 

plot of rcsutt~ are pmentai in i i b e  1. 
F o a  - dispbcanent ploo are sbdwn in F i v  2. 

I 
I 

I 0.00 8 

20.01 

- I  5.58 ' 

I 

I 

! 
! 
: I PEl3101.001 - P a s 2  
I 
I 
4 
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I 

I P5I3131.001 - Patp 3 
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October 24, 1997 

1269' . c; 
~ / 4 m  

-Mr. Bill Zebidc 

P: O.-Box-53 8704;Mail-Stop-64--- 
Cincinnati, Ohjo 45253-8704 

Letter No. 069 
- Fluor Daniel Femald 

- ~ - - - _ _ _  - 
-- - _ _ _ _ _  

RE: Direct Shear Tesr Data for 
Pcno Environmental Samples PET-03 and PET-07 
Subcontract No. FSC 537 
Petro Environmental Project WC7-024 

Dear MI.  Zebick: 

* 

.4 

Please find attached copies of formal written responses to the shear testing concerns raised in the 
referenced letter. If beneficial, please do not hesitate to contact, or have GeoSyntec contact 
either lab. Direct discussions between those well versed in the test procedure may assist in the 
mderstanding of the issues. 

Lastly, please be aware that Petro Environmental has not sent, and does not intend to send any 
other samples from this projcct to either of these labs. 

- Please do not hesitate to contact me if you should have any question, or require addtional 
informarion. 

Respectfully submitted, 

PETRO ENVIRONMENTAL TECHNOLOGIES, NC. 

Steven w- C. randstentr 
Praj ect Manager 

CC: Mike Godber, FDF 

- WC7-024 Cornsponden 
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i I\ I\ AGP/ Laboratories, Inc. 
20@ € Randol Mill, Sufte 512 

firlington. Texas, 760 I 1 
(817) $61-9090 (800) AGP-6030 

23 Octoba 1997 
I 
I 
I 

Sr-exe-Bnnstenpr I 
PEER0 cnvirornncntal iedulologi 

I P.O. Box 5.8704 
Mail Stop44 I 

Cincicwati,OH 45253-8704 ! 
Re: Commas and clairificrtlon t b  fax rcceivcd 22 October 1937 

k 

I 
Dear Mr. Brartrenec 

Whenever you a d  Rick Sdmlbadm? contacted Ms. .&. she infamed you rhat the lowest 
speed that out apparaars could go )VBS 0.04 ipm This informarion vas upfiont and she suggcsttd 
that if this speed was a requirement of your specification that you should go to another lab. 

Wen AGP received the samples b r  the test t k z  wen precut in twelve (12) inch by went): (20) 
inch spcdmtns. These s p c c i m q  were not sec;ntd via &e ILSC of tape on any side of the 
specimen to prevent loss of kruo?jte. The receivedpckagc of GCL specimen bas loose 
bentsoiu in the package si-t enough to indicaxe samples are incoruisrenr and 
reprexnt=d of the mj3tcriai that.mqy nave been received in the field OT manufktured for the 
projcd 

I did not examine the spaimtn teqtcd in the t w e q  psi so my comnems that will be made to 
mtcmmt 2 of the far from -Ken k i l l  will doat so: based on pssr us experience on mtxfact 
GCL specimens. Whenever 
intextwine b e  tcnronirc 
occurs within the shea 
depldon of bentonite 
In simpk imns the rest is how w I k- GCL two geotextile are indocked together. If bentonite 
is depltrad bctwetp the two geott@le ti# thrrads imerlocking tht tu- by rhc ntedltpunchcii 
process arc dlowed to ukc up t+m. Kthe bentonite is prrscnt a immediate shw plarrt it 
pre- Again AGP did not PTCP+ or shipped tbe samples. 

In our expaicnce of b y d m d  GCLt it is usrully n e w  10 hydratr the test spedmrn at the tea  
pssure. Whenever hydration u lower psi the spcimcr tcnrls to swell more and a me 
d u e  of intenmi shear is not npqscntcd when you m p m s  a specimen that wat hydr;31td at 

1 

I 

i 
spccimcn is tested for hemal s h -  and the process used to 
o geottxtilu is a needlepunch process, a high point shear 
needlepunched W d s .  This is more evident Wh-Jlcver 
amugh tbnt k "cushion" knvcen the two g m l r d c s  :xi* 

7 

1 
' 

lower pnssurs Khan acw Est. 1 



I 
m f o k  that the 0.004 ipm could 

I 

S r a t ~ e n t  three abour r p a d  wilh tc91 apparanrs k conuaenrty 
acheiued to 0.01 ipm. below that is not consismt. T& is why you were 

ASTM D 5321. In AS'M D 5321, psragraph 
the final npon Your ?quest to Ms. 
to ASTM D S321 which she did. 

ochtived with AGP's equipmmr 
I 

Statement hour i s  not 
12.2.1 r q u r e s  contcttd 
Asha was 10 pufonn 

Staranent number five may have hsd some validty if AGP had the spccibcanon k f o n  
perfo- * E t .  AGP did=[ +eive a copy_oC the specifeion -1 afWgsti.ng had begun ___ ___ _ _ _  

However, rrsidual as well as shear p a l u s  arc obtarnai Won rhc two (2) or thrtc (3) inch 

AGF cen d c u l a t e  the p e k  5 4  values at 2 inch dqiacemenf since your data horn 0th 
labs was ?rrscnrcd. The necd aad @xndng of data should have been pasax! on KO Ms. ;shu 
befon actual test kgan. Th cbrneed rcmrt wil l  show ASTM D 5321 modified to site 

I - -  

displscanent is nachui. I I 

I 

I mecification. 

AGP mes to accomoach 10 c h i  in pmiding test jara that would benifit and support h e  
dim, with the specification tbey &k monitoring. la such rhc =sting occurs wirhorn wrinen 

supplied via v d  communicanon bcrwem client and 
AGP. This especielly occurs wb s time ublt is involved, a d  the client is under the "gun". 
spcci&ation based upon info 

2 dim requests a Ccnain US, h! est will be adhend foo without any nodificaiioa 

If you require other comments peMintag u) this tcs method or report pltax: contact me. 

7 I 
I 

If 

I 

TOTRL P.85 
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XSTABL File: NppK06AS 11-14-97 10:03 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * X S T A B L  * * 

* Slope Stability Analysis * 
* using the * 
* Method of Slices 

* Copyright (C) 1992 6 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* All Rights Reserved * 

* * 

~- .- * 
* * 
* Ver. 5.201 96 6 1202 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
-147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 . o  153.0 129.0 
2 . o  94.1 136.5 
3 136.5 91.4 224.8 
4 224.8 93.2 285.0 
5 285.0 94.. 4 313.0 
6 313.0 95'. 0 330.0 

y-right Soil Unit 
(ft) Below Segment 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 

. 105.2 
100.0 
99.0 
99.0 

105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

y-right Soil Unit 
Below Segment 

. -  
(ft) 

153.0 1 
91.4 3 
93.2 3 
94.4 3 
95.0 3 

100.0 3 
000208 
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3 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

200.0 25.00 . ooo  . o  0 1 125.0 125.0 
2 125TO -125-YO- . 0- 
3 125.0 125.0 .o  .oo .ooo  . o  0 

30; 00 - - -ooo - - - - -~ - .o  0 _ _ _ _ ~  - 
- - - _ _ _ _ _ ~  

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 

1 -1000.0 . o  
2 . o  . o  

547.2 
1108.8 

3 720.0 
4 2880.0 
5 6480.0 1840.3 
6 10080.0 1840.3 

J I 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

290.33 
282.39 
282.18 
224.80 
156.43 
156.27 
117.281 
115.85 

99.41 
94.35 
94.14 
93.00 
91.65 
91.80 

153.001 
155.49 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 

1 
2 
3 
4 

6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
15 
1 6  

-~ 

x-base y-base height width alpha 
(ft) (ft) (ft) (ft) 

287.66  9 7 . 7 1  1 . 9 9  5.33 -32 .50  
283 .69  95 .18  5 . 2 7  2 . 6 1  -32 .50  
2 8 2 . 2 8  94 .24  6 . 7 0  - 2 1  -45 .00  
2 7 6 . 0 9  9 4 . 0 2  9 . 0 7  1 2 . 1 8  -1 .14  
260T00 ~- 9 3,7 0----15~0 0- 2 070 O---- 1 - 3 4  
240 .00  93 .30  2 2 . 3 5  20 .00  
227 .40  .93.05 26 .96  5 . 2 0  
217 .40  9 2 . 8 5  30 .66  1 4 . 8 0  
200 .00  9 2 . 5 1  3 7 . 0 9  20 .00  
1 8 0 . 0 0  92 .12  4 4 . 4 3  2 0 . 0 0  
1 6 3 . 2 1  9 1 . 7 8  50 .59  1 3 . 5 7  
1 5 6 . 3 5  9 1 . 7 3  5 3 . 0 5  .16  
1 5 3 . 1 3  96 .72  49 .18  6 . 2 7  
1 3 9 . 5 0  1 1 8 . 1 2  31.88 21 .00  
1 2 3 . 1 4  1 4 3 . 8 0  1 0 . 3 1  1 1 . 7 2  
1 1 6 . 5 7  1 5 4 . 2 4  1.11 1 . 4 3  

Iter # Theta FOS force 
2 1 6 . 5 6 4 7  2,0308 
3 16 .6180  2 .0324  
4 16 .6170  2 .0323  

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force 
2 16 .6843  2,0204 
3 16 .6833  2 .0204  

-Nonlinear M-C Iteration Number - 3 

Iter # Theta FOS - force 

-1 .14  
-1 .14  
-1.13 
-1.13 
-1.13 
-1.13 
4 3 . 1 5  
57 .50  
57 .50  
57 .50  
6 0 . 1 1  

beta 

6 . 3 4  
1 9 . 1 2  
1 9 . 1 2  
1 9 . 1 2  

-1-9; 2-9 
1 9 . 0 3  
1 9 . 2 9  
1 9 . 2 9  
1 9 . 2 9  
1 9 . 0 3  
1 9 . 2 9  
1 9 . 2 9  
1 9 . 2 9  
1 5 . 9 5  
1 0 . 7 1  
1 0 . 7 1  

FOS moment 
2,0686 
2 . 0 3 0 8  
2 .0324 

FOS moment 
2,0185 
2 .0204 

FOS - moment 

weight 
(lb) 

1 3 2 8 .  
1 7 2 1 .  

1 7 4 .  
1 3 8 0 9 .  

55870.  
17523 .  
56714.  
92724.  

111087 .  
85815.  

1 0 7 4 .  
38534.  
83678.  
15099 .  

1 9 8 .  

--3-7 5 0.2----- ~ 

008110 
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1 16.6833 2.0201 2.0204 

Iter # 
1 

Theta 
16.6833 

FOS force 
2T0201 

FOS moment 
210204 

SLICE INFORMATION . . .  continued : 
Sigma c-value phi U-base U-top P-top Delta 

-(-l-b )-----(-l-b-)- ___ . - -(-lb-)-- ~ ~ psf-)----- - _ _  
( -p-s-f )-- - . -( - 

Slice ---______ .. -_ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

460.3 .o  30.00 
1268.0 200.0 25.00 
2005.0 360.0 14.57 
1249.5 360.0 14.57 
2027.5 360.04 14.573 
2990.3 523.64 11.49J 
3589.4 523.6 11.49 
4069.7 523.6 11.49 
4905.7 523.6 11.49 
5860.1 523.6 11.49 

4807.0 523.6 11.49 
3414.6 200.0 25.00 
2188.1 200.0 25.00 
659.2 200.0 25.00 
71.8 . o  30.00 

6654.2 1840.34 . 00 J 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 .. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. . o o  
0. . o o  
0. . o o  
0. . o o  
0 .  . oo  
0. . oo  
0 .  . o o  
0 .  - 0 0  
0. . oo  
0. . oo  
0 .  . o o  
0. . o o  
0. . o o  
0. . o o  
0. . oo  
0. . o o  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12. 
13 
14 
15 
16 

287.66 
283.69 
282.28 
276.09 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
163.21 
156.35 
153.13 
139.50 
123.14 
116.57 

460.3 
1268.0 
2005.0 
1249.5 
2027.5 
2990.3 
3589.4 
4069.7 
4905.7 
5860.1 
6654.2 
4807,O 
3414.6 
2188.1 
659.2 
71.8 

249.2 
659.0 
837.2 

1133.7 
1875.1 
2793.5 
3369.8 
3832.0 
4636.2 
5554.3 
6323.8 
6631.5 
6147.6 
3984.7 
1288.3 
138.6 

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. 0- 

. o  

. o  

. o  

131.6 
391.7 
436.3 
339.0 
439.2 
560.0 
620.2 
668.5 
752.6 
848.6 
911.0 
742.7 
887.2 
604.1 
251.2 
20.5 
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Slice 
# 

1 
2 
3 
4 
5 
6 
7-- 
8 
9 

1 0  
11 
1 2  
13 
1 4  
1 5  
1 6  

-___ 

Right Force 
x-coord Angle 

(ft) (degrees) 

285 .00  
282 .39  
282 .18  
270 .00  
250 .00  
230 .00  

210 .00  
1 9 0 . 0 0  
1 7 0 . 0 0  
1 5 6 . 4 3  
1 5 6 . 2 7  
1 5 0 . 0 0  
1 2 9 . 0 0  
1 1 7 . 2 8  
1 1 5 . 8 5  

- 2 2 4-:8 0.- ~ 

1 6 . 6 8  
1 6 . 6 8  
1 6 . 6 8  
1 6 . 6 8  
1 6 . 6 8  
1 6 . 6 8  

1 6 . 6 8  
1 6 . 6 8  
1 6 . 6 8  
1 6 . 6 8  
1 6 . 6 8  
1 6 . 6 8  
1 6 . 6 8  
1 6 . 6 8  

. o o  

-16.--6.8- 

Interslice 
Force 
(lb) 

2364.  
5634.  
6164.  

10791 .  
20801.  
33733. 
3-74877 
49058.  
66795.  
86929.  

101696 .  
101060 .  

71794.  
9742.  

155. 
-1. 

-- 

Height Height- 
(ft) (ft) 

Ratio 
Force Boundary Height 

- 

2 . 5 0  
2 . 7 8  
2 . 7 9  
4 . 6 6  
7 . 2 7  
9 . 6 5  

--1-0-..2-7- 
1 2 . 0 2  
1 4 . 3 7  
1 6 . 6 9  
1 8 . 2 9  
1 8 . 3 0  
1 6 . 1 7  

7 .58  
1 . 0 3  

8 9 . 8 8  

3 . 9 9  
6 . 5 6  
6 . 8 4  

1 1 . 3 0  
1 8 . 7 0  
2 6 . 0 0  

-2T. 92- - 
3 3 . 3 9  
4 0 . 7 9  
4 8 . 0 8  
5 3 . 1 0  
5 3 . 0 0  
4 5 . 3 6  
1 8 . 4 0  

2 . 2 2  
. o o  

Total Normal Stress = 3071 .98  (psf) 

Shear Stress - - 5 8 4 . 7 9  (psf) 
Pore Water Pressure = . o o  (psf) 

Total Length of failure surface = 211.14  feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S ( 1 9 7 3 )  
procedure gives a 

FACTOR OF SAFETY = 2 .020  J 
Total shear strength available 
along specified failure surface = 249.423+03 lb 

.626  

.425  

.409  

.412  

.389  

. 3 7 1  
--. 3.6.8-- 

. 360  

.352  

.347  

.344 

. 3 4 5  

.357  

.412  

.466  

. o o o  

.- 
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Problem Description : OSDF Interim Closure/Short-Term,Peak 

SEGMENT BOUNDARY COORDINATES 

13 SURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment ' 

Segment x-left y-left x-right y-right Soil Unit 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

-0 
92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 
105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 . o  153.0 129.0 153.0 1 
2 . o  94.1 136.5 91.4 3 
3 136.5 91.4 224.8 93.2 3 
4 224.8 93.2 285.0 94.4 3 
5 285.0 94.4 313.0 95.0 3 
6 313.0 95.0 330.0 100.0 2 

d O O l l . 5  



3 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) ( deg 1 Ru (psf 1 No. 

25.00 .ooo  .o  0 

.oo -000 . o  0 
. 0 --so. 00-1 -7 000- ---To o-- _ _  2oo*o/ 

- - 1 125.0 -~ - 125.0 
2 125.0 125.0 
3 125.0 125.0 .o 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 .o  
2 .o  
3 720.0/ 
4 2880.0 1008.0 
5 6480.0 2145.6 
6 10080.0 2145.6 

1: / 

Trial failure surface specified by 
the following 7 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 293.27 99.08 
2 285.17 94.40 
3 284.97 94.20 / 
4 224.80 93.00 
5 175.56 92.03 
6 
7 175.40/ 138.37 150.32 92.19 f 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

000116 



1 2 6 9  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width alpla 
(ft) (ft) (ft) (ft) 

beta weight 
(lb) 

1 289.22 96.74 2.79 8.10 -30.02 
2 285.09 94.31 5.68 .17 -45.00 
3 284.98 94.21 5.79 .03 -45.00 
4 277.48 94.05 8.55 14.97 -1.14 

6.34 2825. 
6.34 121. 
19.12 22 * 
19.12 16008. 
19.29 37495. 

7 
8 
9 
10 
11 
12 
13 
14 

227.40 
217.40 
200.00 
182.78 
175.48 
172.70 
160.00 
144.18 

93.05 26.96 5.20 
92.85 30.66 14.80 
92.51 37.09 20.00 
92.17 43.42 14.44 
92.11 46.00 .16 
96.43 42.64 5.40 

116.37 27.13 20.00 
141.19 7.47 11.63 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS-f orce 
2 18.8962 2.0451 
3 18.8841 2.0448 

Nonlinear M-C Iteration Number - 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
2 18.8586 2,0417 

Iter # Theta FOS force 
1 18.8586 2,0417 

.. . - .- 

SLICE INFORMATION ... continued : 
Slice Sigma c-value phi U-base 

a 
(psf 1 (psf 1 (lb) 

-1.14 19.29 
-1.13 19.29 
-1.13 19.29 
-1.13 19.03 
45.00 19.03 
57.50 19-03 
57.50 19.29 
57.50 15.95 

FOS moment 
2,0276 
2.0451 

FOS moment 
2,0424 

FOS moment 
2,0424 

17523. 
56713. 
92721. 
78371. 

931. 
28771. 
67834. 
10856. 

U-top P-top Delta 
(lb) (lb) 

1 642.9 .o  30.00 0. 0. 



1 2 6 9  
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

1389.0 
1429.7 
1109.0 
1993.6 
2998.9 
3613.9 
4106.5 
4964.4 
5808.5 
3961.5 
2867.5 
1800.7 

__ 447 * 6-- 

-336.0 25-02 
-336.0 25-02 
-336.0 25-02 
-336.Of 25.02' 
97.91 17.541 
97.9 17.54 
97.9 17-54 
97.9 17.54 
97.9/ 17.541 
97.9 17.54 

200.0 25.00 
200.0 25.00 
200.0 25.00 ----_-- 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

__- -. -- _- ~- 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

-- -- 

* 00 
. oo  
.oo 
.oo 
.oo 
.oo  
.oo 
.oo 
. oo  
-00 
.oo  
.oo 
.oo  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER'S (1973) - TOTAL Stresses at center of slice base . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice Base Normal Vertical Pore Water Shear 
Pressure Stress # x-coord Stress Stress 

(ft) (psf 1 (psf 1 (psf) (psf) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

289.22 
285.09 
284.98 
277.48 
260.00 
240.00 
227.40 
217.40 
200.00 
182.78 
175.48 
172.70 
160.00 
144.18 

642.9 
1389.0 
1429.7 
1109.0 
1993.6 
2998.9 
3613.9 
4106.5 
4964.4 
5808.5 
3961.5 
2867.5 
1800.7 
447.6 

348.8 
709.4 
723.8 

1069.3 
1874.7 
2793.4 
3369.8 
3832.0 
4636.1 
5427.3 
5749.8 
5329.8 
3391.7 
933.4 

.o  

.o  

.o  

. o  

. o  

. o  

. o  
-0 
. o  
. o  
. o  
. o  
. o  
. o  

181.8 
152.9 
162.2 
88.9 

291.1 
512.1 
607.3 
683.5 
816.3 
947.0 
661.1 
752.9 
509.2 
200.2 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

285.17 
285.00 
284.97 
270.00 
250.00 
230.00 
224.80 
210.00 
190.00 
175.56 
175.40 
170.00 
150.00 

18.86 
18.86 
18.86 
18.86 
18.86 
18.86 
18.86 
18.86 
18.86 
18.86 
18.86 
18.86 
18.86 

4736. 
5013. 
5064. 
6820. 
13813. 
25900. 
29633. 
41588. 
60908. 
77104. 
76539. 
55155. 
6173. 

3.72 
3.74 
3.74 
7.49 
9.10 

10.40 
10.85 
12.31 
14.49 
16.11 
16.12 
14.46 
7.14 

5.58 
5.77 
5.81 

11.30 
18.70 
26.00 
27.92 
33.39 
40.79 
46.05 
45.95 
39.33 
14.93 

.667 

.648 

.644 

.663 

.487 

.400 

.389 

.369 

.355 

.350 

.351 . 

.368 

.478 



a 
14 138.37 .oo  -2. -10.35 

1 2 6 9  
. o o  .ooo  

Total Normal Stress = 2614.53 (psf) 

Shear Stress - - 496.40 (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 188.22 feet 

For the single specified surface and the assumed 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

angle 

Total 
along 

FACTOR OF SAFETY = 2.042d 

shear strength available 
specified failure surface ='  190.763+03 lb 

a. 
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Problem Description : OSDF Final Long Term - Large Displ. 

SEGMENT BOUNDARY COORDINATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

15 SURFACE boundary segments 

Segment x-left y-left x- right y- right 
No. (ft) (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x-left y-left x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.. 0 183.0 105.0 2 
4 183.0 105'.0 189.0 106.0 1 

08022% 



5 189.0 106.0 410.0 142.8 1 
6 410.0 142.8 467.0 148.5 1 
7 467.0 148.5 555.0 152.9 1 
8 183.0 105.0 220.0 100.0 3 
9 220.0 100.0 300.0 100.8 3 

10 300.0 100.8 410.0 102.0 3 
11 410.0 102.0 555.0 103.5 3 

~ -__ - -- __ __ - - - __ 
3- Soil-uni-t ( s  1- specff ked - 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf 1 No. 

1 125.0 125.0 -0 25.00 -000 . o  0 

3 125.0 125.0 . o  -00 -000 . o  0 
2 125.0 125.0 . O f  30.001 .ooo  . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000. o/  

3 720.0' 
4 2880.01 
5 6480.01 
6 10080.0/ 

2 . 0' 
/ 

'O/ . o  
187.2/ 
489.61 
543.6/ 1' 
543.6/ 

Trial failure surface specified by 
the following 9 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10 
183.00 
220.00 
300.00 
409.90 
437.47 
437.61 
467.05 
474.07 . 

114.18 
105.00 
99.80 

100.60 
101.80 
102.14 
102.29 
148.50 1 
160.65 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ 

-- -_ -- --- -~ --__ -- - -- _ _  

Slice x-base y-base height width alpha beta weight 
(ft) (ft) (ft) (ft) (lb) 

1 175.05 109.59 5.92 15.90 -30.01 9.46 11759. 
2 186.00 104.58 12.75 6.00 -8.00 9.46 9566. 
3 204.50 101.98 18.44 31.00 -8.00 9.46 71448. 
4 230.00 99.90 24.80 20.00 .57 9.65 62000. 
5 250.00 100.10 27.95 20.00 .57 9.37 69875. 
6 270.00 100.30 31.05 20.00 .57 9.37 77625. 
7 290.00 100.50 34.20 20.00 * 57 9.65 85500. 
8 310.00 100.71 37.34 20.00 .63 9.37 93352. 
9 330.00 100.93 40.42 20.00 .63 9.37 101056. 

10 350.00 101.15 43.55 20.00 -63 9.65 108885. 
11 370.00 101.36 46.69 20.00 -63 9.37 116714. 
12 394.95 101.64 50.55 29.90 .63 9.46 188949. 
13 409.95 101.80 52.89 .10 .71 9.46 661. 
14 423.73 101.97 54.10 27.47 -71 5.71 185776. 
15 437.54 102.21 55.24 .14 46.98 5.71 967. 
16 451.30 123.79 35.04 27.39 57.50 5.71 119983. 
17 466.00 146.85 13.40 2.00 57.50 2.86 3350. 
18 467.03 148.46 11.84 .05 57.50 2.86 76. 
19 470.56 154.58 5.90 7.02 59.99 2.86 5176. 

Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force FOS moment 
2 7.2336 1,5413 1,5690 
3 7.2619 1.5419 1.5413 

Iter # Theta FOS force FOS moment 
1 7.2619 1,5419 1,5413 

SLICE INFORMATION . . .  continued : 
Slice Sigma c-value' phi U-base U-top P-top Delta 

000124 



6 2 6 9  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 - 
13 
14 
15 
16 
17 
18 
19 

- 

1116.5 
1680.4 
2422.1 
3133.6 
3527.3 
3914.7 
4308.4 
4700.1 
5085.2 
5476.6 
5867.9 
6 3 5 1T5- -- 
6641.5 
6792.8 
5788.0 
2677.3 
1023.6 
904.5 
405.0 

. o  30.00 
86.4 7.97 
86.4f 7.971 

446.4J .86/ 
446.4 -86 
446.4 .86 
446.4 .86 
446.4 .86 
446.4 .86 
446.4 .86 
446.4 .86 

543.6/ .OO/ 
543.6 -00 
446.41 .86/ 

. o  25.00 

. o  25.00 

. o  25.00 

. o  30.00 

-4-4-6~4--~8 6-.- 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

--0 .- 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0 '. 

-O..-- 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

175.05 
186.00 
204.50 
230.00 ' 

250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
394.95 
409.95 
423.73 
437.54 
451.30 
466.00 
467.03 
470.56 

1116.5 
1680.4 
2422.1 
3133.6 
3527.3 
3914.7 
4308.4 
4700.1 
5085.2 
5476.6 
5867.9 
6351.5 
6641.5 
6792.8 
5788.0 
2677.3 
1023.6 
904.5 
405.0 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4667.6 
5052.8 
5444.3 
5835.7 
6319.4 
6611.4 
6762.9 
6904.9 
4380.5 
1674.8 
1479.9 
737.5 

. o  

. o  

. o  

. o  

. o  

.o  

.o  

.o  
-0 
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
.o  

418.0 
208.6 
276.0 
320.0 
323.8 
327.6 
331.4 
335.2 
339.0 
342.8 
346.6 
351.3 
352.5 
352.5 
345.8 
809.7 
309.6 
273.5 
151.6 

. o o  

. o o  

.oo  

.oo  

.oo  

. o o  

. o o  

. o o  
* 00 
-00 
-00 
..-0 0 
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  

Slice Right Force Interslice ' Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

( f t (degrees-) (lb) (ft) (ft) 



1269 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  

-1-4-- 
1 5  
1 6  
1 7  
18  
1 9  

1 8 3 . 0 0  7 .26  
1 8 9 . 0 0  7 . 2 6  
220 .00  , 7 . 2 6  
240 .00  7 .26  
260 .00  7 .26  
280 .00  7 . 2 6  
300 .00  7 . 2 6  
320 .00  7 . 2 6  
340 .00  7 .26  
360 .00  7 .26  
380 .00  7 .26  
409 .90  7 . 2 6  
410 .00  7 .26  

4 3 7 . 6 1  7 .26  
465 .00  7 .26  
467 .00  7 . 2 6  
467 .05  7 . 2 6  
474 .07  . o o  

7: 2 6-- -4.3.7T4.7--p 

17037 .  
19727 .  
38988.  
44808.  
50626.  
56441.  
62255.  
67979.  
73694.  
79399.  
85095.  
93594.  
93621.  

100238.  
6559.  
3944.  
3884.  

-3 .  

-J-o-l-O 6 4---- 

5 . 6 1  
6 . 3 4  
9 . 4 8  

1 0 . 4 5  
1 1 . 4 7  
1 2 . 5 3  
1 3 . 6 0  
1 4 . 7 0  
15 .81  
1 6 . 9 3  
1 8 . 0 6  
1 9 . 7 6  
1 9 . 7 6  

2 1 . 4 1  
5 . 6 9  
5 . 6 2  
5 . 6 3  

-6 .40  

-2-1-.-3-7-- - ___ 

1 1 . 8 3  
1 3 . 6 8  
2 3 . 2 0  
2 6 . 4 0  
2 9 . 5 0  
3 2 . 6 0  
3 5 . 8 0  
3 8 . 8 8  
4 1 . 9 6  
4 5 . 1 4  
4 8 . 2 3  
5 2 . 8 8  
5 2 . 9 0  
5 5-.-3-1-.- 
5 5 . 1 7  
1 4 . 9 2  
1 1 . 8 8  
1 1 . 8 0  

. o o  

Total Normal Stress = 3948.30  (psf) 

Shear Stress - - 396 .76  (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 342.24  feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S ( 1 9 7 3 )  
procedure gives a 

FACTOR OF SAFETY = 1 . 5 4 2  

Total shear strength available 
along specified failure surface = 209.373+03 lb 

.474  

.464  

.408  

.396  

.389  

.384  

.380  

.378  

.377  

.375  

.374 

.374  

.374  

.388  

.381 

.473  

.477  

. o o o  

-__..3-8 6- 
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XSTABL File: NLD06BS 10-15-97 22:34 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* X S T A B L  * 

* Slope Stability Analysis 
* using the * 

* 
* * 

* * Copyright (C) 1992 - 96 * * Interactive Software Designs, Inc. 

Method of Slices * 

* 
- _. *--- -. - __ 

Moscow, ID 83843, U.S.A. ______~ * 
* 

-- - 

* All Rights Reserved * 
* * 
* Ver. 5.201 96 - 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 
220.0 
240.0 
260.0 

300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

-280.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

.- - -- 
11 SUBSURFACE boundary segments 

Segment x- lef t y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 

60.0 
120.0 
150.0 
183.0 

90.0 
100.0 
105.0 
105.0 

120.0 
150.0 
183.0 
189.0 

y-right 
(ft) 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

y-right 
(ft) 

100.0 
105.0 
105.0 
106.0 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

soil Unit 
Below Segment 

2 
2 
2 
1 



1.269 
5 189.0 106.0 410.0 142.8 1 
6 410.0 142.8 467.0 148.5 1 
7 467.0 148.5 555.0 152.9 1 
8 183.0 105.0 220.0 100.0 3 
9 220.0 100.0 300.0 100.8 3 

10 300.0 100.8 410.0 102.0 3 
11 410.0 102.0 555.0 103.5 3 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Mol s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg 1 Ru (psf) No. 

.ooo . o  0 1 125.0 125.0 25.00 
2 125.0 125.0 ''1 .o  30.00 
3 125.0 125.0 .o  .oo .ooo .o  0 

J .ooo . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 .o  
2 .o  

4 2880.0 
5 6480.0 921.6 
6 10080.0 921.6 

3 720.0 J 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10 
183.00 
220.00 
300.00 
392.70 
392.86 
419.58 
426.87 

114.18 
105.00 
99.80 

100.60 
101.65 
101.81 
143.76 
156.39 I 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 175.05 
2 186.00 
3 204 -50 
4 230.00 
5 250.00 
6 270.00 
7 290.00 
8 310.00 
9 330.00 
10 350.00 
11 370.00 
12 386.35 
13 392.78 
14 401.43 
15 414.79 
16 423.22 

109.59 5.92 15.90 -30.01 
104.58 12.75 6.00 -8.00 
101.98 18.44 31.00 -8.00 
99-90 24.80 20.00 .57 

100.10 27.95 20.00 .57 
100.30 31.05 20.00 -57 
100.50 34.20 20.00 .57 
100.71 37.34 20.00 .65 
100.94 40.41 20.00 .65 
101.17 43.53 20.00 .65 
101.39 46.66 20.00 .65 
101.58 49.18 12.70 .65 
101.73 50.10 .16 45.00 
115.27 38.01 17.14 57.50 
136.24 18.94 9.58 57.50 
150.07 5.95 7.29 60.00 

Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
2 7.6453 1,8083 
3 7.7243 
3 7.6848 1.8093 
4 7.7224 1.8104 
5 7.7215 1.8103 

- - - - -  

- Iter # -Theta - FOS force 
1 7.7215 IT8103 

SLICE INFORMATION ... continued : 
Slice Sigma c-value phi U-base 

(psf 1 (psf 1 (lb) 

9.46 11759. 
9.46 9566. 
9.46 71448. 
9.65 62000. 
9.37 69875. 
9.37 77625. 
9.65 85500. 
9.37 93342. 
9.37 101026. 
9.65 108834. 
9.37 116643. 
9.46 78074. 
9.46 1014. 
9.46 81418. 
5.71 22680. 
5.71 5421. 

FOS moment 
1-8519 
1.8083 

1.8093 
1.8104 

- - - - -  

FOS-moment . 

1.8104 

u- top P-top Delta 
(lb) (lb) 

0 0 0 23 1 



1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 

1065.3 
1657.4 
2407.3 
3130.9 
3527.5 
3917.8 
4314.5 
4708.0 
5094.9 
5488.1  
5881.3 

-0 30.00 
-158.4 1 2 - 4 1  
- 1 5 8 . 4 j  1 2 . 4 1 j  

118.11  7.07J 
1 1 8 . 1  7.07 
1 1 8 . 1  7.07 
1 1 8 . 1  7.07 
1 1 8 . 1  7.07 
1 1 8 . 1  7.07 
1 1 8 . 1  7.07 
1 1 8 . 1  
118.11  ;::;/ 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

I 

0. 
0. 
0. 
0. - 
0 .  
0. 
0. 
0. 
0. 
0. 
0. 
0. 

I 2 6 9  

0. .oo  
0. -00 
0. . oo  
0. -00 
0. -00 
0. .oo 
0. . oo  
0. .oo  
0. . oo  
0. .oo 
0. .oo 
0. .oo  

7,07-----o-.- 0- 0 --.oo--- 1 2  6198.9 -_ - 

13  5194.1  118.  I-- 
14 3002.3 .O 25.00 0. 0 .  0 .  * 00 
15  1496 .1  .o  25.00 0. 0 .  0 .  -00 
1 6  426.4 .o  30.00 0.  0 .  0. .oo 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf) (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
14  
1 5  
1 6  

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
386.35 
392.78 
401.43 
414.79 
423.22 

1065.3 
1657.4 
2407.3 
3130.9 
3527.5 
3917.8 
4314.5 
4708.0 
5094.9 
5488.1  
5881.3 
6198.9 
5194.1  
3002.3 
1496 .1  

426.4 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4667.1  
5051.3 
5441.7 
5832.1  
6147.5 
6262.4 
4750.7 
2367.4 

743.6 

.o  

.o  

. o  . '0 

.o  

. o  

.o  

.o  

.o  

. o  

. o  

.o  

.o  

.o  

. o  

. o  

339.7 
113.9 
205.0 
279.7 
306.8 
333.6 
360.7 
387.7 
414.2 
441 .1  
468 .1  
489.8 
421.0 
773.3 
385.4 
136.0 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 183.00 7 .72  15324. 5.67 11.83 .479 
2 189.00 7.72 17424. 6.54 13.68 .478 
3 220.00 7.72 34422. 9.76 23.20 . 4 2 1  
4 240.00 7.72 39435. 10.87 26.40 .412 
5 260.00 7.72 44916. 11.90 29.50 .403 
6 280.00 7.72 50858. 12.88 32.60 .395 
7 300.00 7 .72  57269. 1 3 . 8 1  35.80 .386 

(BdJO13Z 



6 2 6 9  4V4$ 

8 
9 

10 
11 
12 
13 
14 
15 
16 

320.00 
340.00 
360.00 
380.00 
392.70 
392.86 
410.00 
419.58 
426.87 

7.72 
7.72 
7.72 
7.72 
7.72 
7.72 
7.72 
7.72 
-00 

64017. 14.70 
71212. 15.58 
78861. 16.43 
86964. 17.27 
92342. 17.80 
91562. 17.81 
23416. 9.27 
4433. 5.82 

0. -85.81 

38.87 
41.95 
45.12 
48.19 
50.17 
50.03 
25.98 
11.90 

.oo  

-378 
-371 
.364 
-358 
.355 
-356 
-357 
.489 
. ooo  

Total Normal Stress = 3532.20 (psf) 

385.81 (psf) Shear Stress - Pore Water Pressure = .oo (psf) - 

Total Length of failure surface = 292.98 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.8104 

Total shear strength available 
along specified failure surface = 204.633+03 lb 
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PURPOSE 

Evaluate whether GCL QA sample no. 07 complies with the shear strength requirements given in the GCL specification 
(Section 02772, Paragraph 2.01.E.3). 

J 

METHOD 
- _. ---__-_ ___ 

The method for evaluating the GCL sample is outlined in RCI number 1702~006R.~Th-e~method~involves-the-following-basic--- 
steps. 

1. 

2. 

Use shear test results from the GCL sample to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 3. L/ 

SHEAR TEST RESULTS 

The results of the GCL internal shear and GCUgeomembrane interface shear tests performed on QA sample no. 07 are shown 
in the following table. The laboratory test results are presented in Appendix A. 

a 

*h/otc: flw6,,,d 6bar s t r e  6 5  d s p c ;  m r - 1  s*eGr sfe absu*rcd  'cp 3 
b e  cfv*l + zero. n ; ~  ts  c o - s e r v - f i q  aUarrph- In T k  c0nje- f  

06 SCT n o .  1702 - 0 0 6 2 .  I /  

STABILITY ANALYSES RESULTS 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. The 
analyses output files and figures showing critical slip surfaces are presented in Appendix B. 

I OA Sample~o .  I Test Type I Filename I Factorof Safety I Comply? I 
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TESl' PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 71 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

---_ _ _ ~ -  Bentofix NS GCL (GCL-07). - _  GCL's initial moisture content was 9.0%. GCL's 
final moisture content ranged~fr5K60%-to-!N%- for the-test-series;-an- - -- - 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL ' 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. . 

Test normal stresses: 20 and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQ0166-04.1 IF9730089 1 97. IO. I4 
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TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 7 6  

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

0 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-07) with woven geotextile against geomembrane. GCL's itutial 
moisture content was 8.5 46. GCL's final moisture content ranged from 52 to 75 % for the 
test series; ------- __ ~ 

__ - _ _ _  - -_  

__ -- - - 

80-mil NSC textured HDPE geomembrane (GM-7); and 

lower shear box: beddmg layer of compacted concrete sand. 

Test Interface: GCL against geomembraue 

Test Procedures for Each Normal Stress Condition: 

0 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 20 and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

GQ0166-04.llF9730089 2 97.10.14 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- 

SODO I 4500 

FIGURE NO. 

PROJECT NO. GQ0166 - 04-1 

TEST SERIES NUMBER 71: INTERNAL STRENGTH OF 
BENTOflX NS GCL GCL-7) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

SOAKING 168 hrs at 3 psi 
CONSOUOATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./mln. 

o ~ I I I ~ ~ ~ l l l ~ l l ' l l l ' I ~  
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 

DISPLACEMENT (in.) 
I 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

to occur within the 8CL 
(2) For each test, slidin 

~~ 

c- 
'L GEOSYNTEC : CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

DOCUMENT NO. . . 

FILE NO. W 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

-- -____ -- ~ 

-___ - - 
50 

- 
1.- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

TEST SERIES NUMBER 71: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-7) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

FIGURE NO. A-2 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730089 
FILE NO. u0024 

MEASURED SHEAR SIRENGTHS ................................... 
U n  = 20.0 psi, TW = 9.7 psi, T D  = 3.2 psi 
O n  = 45.0 psi, TW = 11.6 psi, TU = 5.6 psi 

C . W  PEAK : a, = 4 O ;  gp = 1185 p R' = 1.000 
vw u) STRENGTH: 6, = 5 ;  am = I 5 psf; R' = 1.000 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

-c. L- - - - -  
L 

c 

o ; , l l l l l l l ~ l ~ l l l l l ~ ~ ~  
0 5 10 15 20 25 30 35 40 45 ! 

NORMAL STRESS (psi) 
NOTES: (1) The reported tatat-&ass shear strength parameters of friction 

an le and adhesion were determined from a best-fit line drawn thmu h the te3 data. Caution should be exercised In using the strength parame i m 
normal stresses outside the range of 

DATE TESTED: 27 SEPTEMBER TO 6 OCTOBER 1997 



- 
5500 - - 
5000 - 

TEST SERIES NUMBER 7G: BENTOFIX NS GCL GCL-07) 
WITH WOVEN G E O m E  A W N S  G E O M E M d E  / 
UNDER SOAKED AND CONSOLIDATED CONDITIO d S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-7) 

- 
. 1000- 

- 
500 - 

- 
0 :  1 1 1 1 1 1 ' I  1 1 1 1 1 1 1 1 1 1 1  

0.0 0.3 0.6 0.9 1.2 1.5 1.8 21 2.4 2.7 2 
DISPLACEMENT (in.) 

-I 

4500 - 
n 4000 - 
-3500- 

- 

v) n 

W u 

- - 
- 

e 3000- 
- 

g 2500- 
I - 
u) 

2000 - - 
15w) - SEE NOTE (2) 

TEST CONDITIONS 

--e-- = 20.0 psi - on = 45.0 psi 

-------------- 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./mln. 

A 

-- 

I 

__ - -- 
L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

NOTES: (1)  The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (i.e., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

FIGURE NO. - 
PROJECT NO. 

DOCUMENT NO. 
GQOl66-04.1 

F9730089 
FILE NO. renw 

DATE TESTED: 27 SEPTEMBER TO 6 OCTOBER 1997 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FAClLllY 

- - 
- -_ - - --- _ _ _ _ _  - - - --50 I- _ _  

5--c 
- 

0 

MEASURED SHEAR STRENGTHS --_-_------------------------------ 
a, = 20.0 psi, TW = 8.3 psi. TU) = 5.6 psi 
a, = 45.0 psi, T~ = 12.6 psi, T~ = 6.2 psi 

.- - / 

e=,----. 

l ~ l ~ l ~ l ~ l ~ l ~ l ~ l ~ l ~ l  

SOAKING: 168 hm at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

DATE TESTED: 27 SEPTEMBER TO 6 OCTOBER 1997 

I- 

'L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

I FIGURENO. A-4 
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XSTABL File: NPK07S 10-13-97 18:Ol 

e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 
* X S T A B L  

* Slope Stability Analysis * 
* using the * 
* Method of Slices * 

* Copyright (C) 1992 6 96 * 
* Interactive Software Designs, Inc. 
* Moscow, ID 83843, U.S.A. * .  
* All Rights Reserved * 

* * 

~ --___ _____ - *-----.-----p - -~ *-- 
* * 
* Ver. 5.201 96 6 1202 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 

13 SURFACE boundary segments 

Segment x- lef t y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 .o  153.0 129.0 
2 .o  94.1 136.5 
3 136.5 91.4 224.8 
4 224.8 93.2 285.0 
5 285.0 94.4 313.0 
6 313.0 95.0 330.0 

y-right 
(ft) 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
59.0 

105.0 

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

y-right Soil Unit 
(ft) Below Segment 

1 
91.4 3 
93.2 3 
94.4 3 
95.0 3 
100.0 3 

153.0 

000247 
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ISOTROPIC Soil Parameters . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Uni t Moi s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf) No. 

1 1 2 5 . 0  1 2 5 . 0  2 0 0 . 0  2 5 . 0 0  .ooo  . o  0 

3 1 2 5 . 0  1 2 5 . 0  .o  .oo  . o o o  . o  0 
-- --2---125 -o --  -l.25-o __-_ 3 oT0o - - -.-Tooo--- __  ----o. 0- __ . 0- __ ~ 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 

Point 
No. 

3 

Normal Stress 
(psf 1 

- 1 0 0 0 . 0  J 
. O J  

7 2 0 . 0 J  
2 8 8 0 . 0  
6 4 8 0 . 0  

1 0 0 8 0 . 0  J 

Shear Stress 
(psf 1 

. O J  

.OJ 

. o  J 
1 3 9 6 . 8  J 
1 6 7 0 . 4  / 
1 6 7 0 . 4  

/ Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

2 9 2 . 2 5  
2 8 4 . 7 2  
2 8 4 . 5 2  
2 2 4 . 8 0  
1 4 6 . 5 2  
1 4 6 . 2 8  
1 0 7 . 1 7  
1 0 4 . 4 9  

9 9 . 1 9  
9 4 . 3 9  
9 4 . 1 9  
9 3 . 0 0  
9 1 . 3 7  
9 1 . 6 0  

1 5 3 . 0 0  
1 5 7 . 6 4  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width alpha beta weight 
(ft) (ft) (ft) (ft) (lb) 

1 
2 
3 
4 

-5-- 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
15 
1 6  
1 7  

2 8 8 . 6 3  96 .88  2 . 7 2  7 . 2 5  -32.54 6 :34  2461.  
284 .86  94 .48  5.57 - 2 7  -32 .54  1 9 . 1 2  1 9 0 .  
284 .72  94 .39  5 . 7 0  .01 -32 .54  1 9 . 1 2  5 .  
284 .62  94 .29  5 . 8 4  .20 -45 .00  1 9 . 1 2  1 4 6 .  

9-4;05--- 8-;-6X--1-4~5 2--=1-1-4-l9~T2- 15-6-78 . 
260 .00  93 .70  1 5 . 0 0  20 .00  -1 .14  1 9 . 2 9  37496.  
240 .00  93 .30  2 2 . 3 5  2 0 . 0 0  -1 .14  1 9 . 0 3  55868.  
227 .40  93 .05  26 .96  5 . 2 0  -1 .14  1 9 . 2 9  1 7 5 2 3 .  
217 .40  9 2 . 8 5  30 .66  1 4 . 8 0  -1 .19  1 9 . 2 9  56729.  
200 .00  9 2 . 4 8  37 .12  20 .00  - 1 . 1 9  1 9 . 2 9  92791.  
1 8 0 . 0 0  92 .07  4 4 . 4 8  2 0 . 0 0  -1 .19  1 9 . 0 3  111207 .  
1 6 0 . 0 0  9 1 . 6 5  5 1 . 8 5  20 .00  -1 .19  1 9 . 2 9  129623 .  
1 4 8 . 2 6  9 1 . 4 1  5 6 . 0 9  3 . 4 8  -1 .19  1 5 . 9 5  24400.  
1 4 6 . 4 0  91 .49  56 .54  .24  4 3 . 7 8  1 5 . 9 5  1 6 9 6 .  
1 3 7 . 6 4  1 0 5 . 1 6  45 .37  1 7 . 2 8  57 .50  1 5 . 9 5  97993.  
1 1 8 . 0 8  1 3 5 . 8 6  1 9 . 2 0  2 1 . 8 3  5 7 . 5 0  1 0 . 7 1  52394.  
1 0 5 . 8 3  1 5 5 . 3 2  2 . 0 7  2 . 6 8  59 .97  1 0 . 7 1  692 .  

-2 7 7T2-6 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force FOS moment 
2 16 .5466  2,0076 2,0283 
3 16 .5714  2 . 0 0 8 3  2 .0076 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force FOS moment 
2 16 .5854  1,9937 1,9933 

ITERATIONS FOR SPENCER'S METHOD 

Iter # Theta FOS-f orce FOS moment 
1 16 .5854  1 . 9 9 3 7  1,9933 

SLICE INFORMATION . . .  continued : 



Slice 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
ii-- 
1 2  
13 
1 4  
15 
1 6  
1 7  

- . ~ _ _ _  

Sigma 
(psf 1 

629 .9  
1 3 3 5 . 9  

976.2 
1518 .7  
1 1 2 8 . 5  
2020.9 
3035.9  
3622.9  
4096 .5  
4 9 1 8 . 1  

'585671- 
6790.3  
7323.8  
5095.2  
3140 .5  
1287 .4  

1 3 3 . 8  

c-value phi U-base 
(psf 1 (lb) 

. o  30.00  
200.0 25 .00  

-465.6./ 3 2 . 8 9 J  
-465.6 32 .89  
-465.6 32 .89  
-465.6 32 .89  
1177 .9 /  4 .35 /  
1177.9  4 . 3 5  
1177.9  4 . 3 5  
1177.9  4 . 3 5  -1.1-7 7.;9----4-.-3.5--.- 

1670.4 '  . o o /  
1 6 7 0 . 4 1  . oo /  
1 1 7 7 . 9 1  4 . 3 5 /  

200 .0  25.00 
200.0 25.00 

.o  30.00  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

--07 
0. 
0. 
0. 
0. 
0. 
0. 

-- 

U-top P-top Delta 
(lb) (lb) 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. ~- ~- ~- 

0. 
0. 
0. 
0. 
0. 
0. 

- 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 

-0 :--- 

. o o  

.oo  

.oo  

.oo  
-00 
. oo  
-00 
* 00 
* 00 
. oo  

-00 
. oo  
.oo  
. o o  
.oo  
. o o  

TOO--- 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf) (psf 1 (psf) , (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
14  
15 
1 6  
1 7  

288.63 
284.86 
284.72 
284.62 
277.26 
260.00 
240.00 
227.40 
217 .40  
200.00 
180 .00  
160 .00  
148 .26  
146 .40  
137 .64  
118 .08  
105 .83  

629.9 
1335.9  

976.2 
1518.7  
1128.5  
2020.9 
3035.9  
3622.9 
4096.5  
4918 .1  
5856 .1  
6790.3  
7323.8 
5095.2 
3140.5 
1287.4 

133 .8  

3 3 9 . 5  
695 .7  
712 .9  
730 .2  

1079 .7  
1874 .8  
2793.4 
3369.8  
3833.0  
4639.6 
5560.4 
6481.2 
7011.4  
7067.9  
5670 .9  
2 4 0 0 . 1  

2 5 8 . 1  

J .o  
.o  
.o  
-0 
.o  
.o  
.o  
.o  
.o  
. o  
-0 . 
. o  
. o  
.o  
.o  
.o  
.o  

1 8 2 . 4  
412 .8  

8 3 . 1  
2 5 9 . 1  
1 3 2 . 5  
422 .0  
706 .6  
728 .9  
747 .0  

8 1 4 . 1  
837 .9  
837 .9  
7 8 5 . 1  
834 .9  
401 .4  

3 8 . 8  

778 .3  

Slice Right 

(ft) 
# x-coord 

1 285.00  
2 284 .73  
3 284.72 

Force 
Angle 
degrees 

1 6 . 5 9  
1 6 . 5 9  
1 6 . 5 9  

Interslice Force Boundary Height . 

Force Height Height Ratio 
(lb) (ft) (ft) 

4420. 3 .39  5 . 4 3  .625  
4780. 3 .38  5 . 7 0  .593 
4785. 3 .39  5 . 7 1  .593 

CBOOlSO 



16/37 1 2 6 9  
4 284.52 16.59 
5 270.00 16.59 
6 250.00 16.59 
7 230.00 16.59 
8 224.80 16.59 
9 210.00 16.59 

10 190.00 16.59 
11 170.00 16.59 
12 150.00 16.59 - 

13 146.52 16.59 
14 146.28 16.59 
15 129.00 16.59 
16 107.17 16.59 
17---104T4-9 .oo 

5156. 
7505 - 

17151 - 
33158. 
37504. 
50357. 
68736. 
88269. 

108704. 
112300. 
111274. 
37432. 

538. 
- lT-- 

3.39 5.98 
11.30 6.22 

7.29 18.70 
8.59 26.00 
9.15 27.92 

10.93 33.41 
13.53 40.82 
16.20 48.14 
18.93 - 55.56 
19.42 56.62 
19.44 56.46 
14.11 34.27 
1.92 4.13 
- .I4 7 0  0- 

.568 
-551 
.390 
.330 
.328 
.327 
.331 
.337 
.341 
* 343 
.344 
,412 
.465 
. o o o  

Total Normal Stress = 3260.13 (psf) 

Shear Stress - - 603.77 (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 225.73 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.994 / 
Total shear strength available 
along specified failure surface = 271.723+03 lb 
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Problem Description : OSDF Interim Closure/Short-Term,Peak 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 

13 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 

a 

-0 
92.0 

129.0 
150.0 . 

170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 . o  153.0- 129.0 
2 .o  94.1 136.5 
3 '136.5 91.4 224.8 
4 224.8 93.2 285.0 
5 285.0 94.4 313.0 
6 313.0 95.0 330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

y-right Soil Unit 
(ft) Below Segment 

153.0 1 
91.4 3 

3 
3 

93.2 
94.4 
95.0 3 

100.0 3 



3 Soil unit ( s )  specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) RU (psf 1 No. 

2 0 0 . 0  2 5 . 0 0  .ooo  . o  0 --.- 0- -0 
3 1 2 5 . 0  1 2 5 . 0  .o  .oo  .ooo  -0 0 

1 1 2 5 . 0  1 2 5 . 0  
000- ___ - -2 -- -1-2 ; o- - -1-2 5-.-o--------o-- o,o ~ 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000. o /  . o ”  
2 . o J  . o f  
3 7 2 0 . 0 1  . o /  
4 2 8 8 0 . 0 5  1 1 9 5 . 2 /  

1 8 1 4 . 4  / 
/ 1 8 1 4 . 4  

5 6 4 8 0 . 0  
6 1 0 0 8 0 . 0  

Trial failure surface specified by 
the following 8 coordinate points : J 

Point 
No. 

x-surf 
(ft) 

2 9 1 . 8 0  
2 8 4 . 1 7  
2 8 3 . 9 6  
2 2 4 . 8 0  
1 5 6 . 8 2  
1 5 6 . 5 9  
1 1 7 . 6 1  
1 1 6 . 2 1  

y-surf 
(ft) 

9 9 . 2 4  
9 4 . 3 8  
9 4 . 1 8  
9 3 . 0 0  
9 1 . 5 8  
9 1 . 8 1  

1 5 3 . 0 0  
1 5 5 . 4 2  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



- .  

1 2 6 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width alpha 
(ft) (ft) (ft) (ft) 

1 
2 
3 
4 

-5- 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
15 
1 6  

288 .40  97 .08  2 . 5 5  
284 .59  94 .64  5 . 5 0  
284 .07  94 .28  6 .04  

94 .04  8 . 7 4  9 3 ~ . 7 0 ~ ~ ~ l ~ 5 ~ ~ o o ~  2 7 6 . 9 8  26.0-.-o o~ 
240.00  93 .30  22 .35  
227 .40  9 3 . 0 5  26 .96  
217 .40  9 2 . 8 5  30 .66  
200 .00  92 .48  37 .12  
1 8 0 . 0 0  92 .06  44 .49  
1 6 3 . 4 1  91 .72  50 .59  
1 5 6 . 7 1  91 .69  52 .96  
1 5 3 . 2 9  96 .98  48 .86  
1 3 9 . 5 0  1 1 8 . 6 4  31 .36  
1 2 3  - 3 0  1 4 4 . 0 6  1 0 . 0 2  
1 1 6 . 9 1  1 5 4 . 2 1  1 . 0 8  

6 . 8 0  
-83  
. 2 1  

1 3 . 9 6  
- 20,o 0-- 

20 .00  
5 . 2 0  

1 4 . 8 0  
20 .00  
20 .00  
13.18 

. 2 3  
6 . 5 9  

21 .00  
1 1 . 3 9  

1 . 4 0  

ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
2 17 .3139  1,9907 
3 17 .3295  1 . 9 9 1 2  

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force 
2 17 .3196  1,9803 

Iter # Theta FOS force 
1 17 .3196  17-9803 

SLICE INFORMATION . . .  continued : 

-32 - 5 2  
-32 .52  
-43 .60  

-1 .14  

-1 .14  
-1 .14  
-1 .20  
-1 .20  
-1 .20  
-1 .20  
45 .00  
57 .50  
57 .50  
57 .50  
59 .95  

--I .-1-4--- 

beta 

6:34  
1 9 . 1 2  
1 9 . 1 2  
1 9 . 1 2  
1-9 : 2 9- 
1 9 . 0 3  
1 9 . 2 9  
1 9 . 2 9  
1 9 . 2 9  
1 9 . 0 3  
1 9 . 2 9  
1 9 . 2 9  
1 9 . 2 9  
1 5 . 9 5  
1 0 . 7 1  
1 0 . 7 1  

FOS moment 
2,0027 
1 . 9 9 0 7  

FOS moment 
1,9806 

FOS moment 
1,9806 

weight 
(1b) 

2164.  
571 .  
1 5 9 .  

1 5 2 5 0 .  

55867.  
17523 .  
56729.  
92795.  

111215 .  
83345.  

1 5 2 3 .  
40252 .  
82327.  
14262 .  

1 8 9 .  

--3 4.9 5T.---- ~ 

Slice Sigma c-value' phi U-base U-top P-top Delta 

cbOOl54; 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

-12--- 
13 
14 
15 
16 

(psf) (psf 1 

606.7 . o  
1356.0 200.0 
1432.7 -398.4 ' 
1138.3 -398.4 
2006.5 -398.4 
3016.3 699.8/ 
3613.6 699.8 
4095.7 699.8 
4932.0 699.8 
5886.8 699.8 
6671.9 1814.4 A 

3349.3 200.0 
2124.2 200.0 
630.1 200.0 
69.1 .o  

-4-64-9 T1 -6 9 9 .87- 

30.00 
25.00 
28.96J 
28.96 
28.96 
9.76y 
9.76 
9.76 
9.76 
9.76 

.oo 

25.00 
25.00 
25.00 
30.00 

-9,7 6-1- -- - 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
-0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 

- 0 7  - -- - 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 

. o o  

.oo  

.oo  

.oo  

.oo  

. o o  

. o o  
-00 
. o o  
. o o  
.oo  

. o o  

. o o  

. o o  

. o o  

-0 o--- - 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf) / (psf) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

288 -40 
284.59 
284.07 
276.98 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
163.41 
156.71 
153.29 
139.50 
123.30 
116.91 

606.7 
1356.0 
1432.7 
1138.3 
2006.5 
3016.3 
3613.6 
4095.7 
4932.0 
5886.8 
6671.9 
4649.1 
3349 * 3 
2124.2 
630.1 
69.1 

318.2 
687.4 
755.5 

1092.4 
1874.7 
2793 14 
3369.8 
3833.1 
4639.8 
5560.7 
6323.6 
6619.8 
6108.0 
3920.3 
1252.2 
134.7 

.o  
-0 
.o  
.o  
.o  
. o  
.o  
. o  
.o  
. o  
. o  
. o  
.o  . 
.o  
.o  
.o  

176.9 
420.3 
199.1 
116.9 
359.5 
615.4 
667.3 
709.1 
781.8 
864.7 
916.2 
757.2 
889.7 
601.2 
249.4 
20.1 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 285.00 17.32 4015. 3.23 5.09 .634 
2 284.17 17.32 5132. 3.23 5.91 .546 
3 283.96 17.32 5476. 3.28 6.18 .531 
4 270.00 17.32 7517. 6.39 11.30 .566 
5 250.00 17.32 15887. 7.91 18.70 .423 
6 230.00 17.32 30039. 9.26 26.00 .356 



a 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

224.80 
210.00 
190.00 
170.00 
156.82 
156.59 
150.00 
129.00 
117.61 
116 -21 

17.32 
17.32 
17.32 
17.32 
17.32 
17.32 
17.32 
17.32 
17.32 

. oo  

34066. 
46386. 
64922. 
85614. 

100187. 
99249. 
69097. 
8970. 
145. 
-1. 

9.79 
11.46 
13.89 
16.38 
18.07 
18.08 
15.87 
7.30 

* 99 
-1.70 

1 2 6 9  
27.92 
33.41 
40.83 
48.14 
53.03 
52.88 
44.85 
17.88 
2.15 
.oo 

=3'37 
-351 
.343 
.340 
.340 
.341 
.342 
-354 
.408 
-460 
. o o o  

Total Normal Stress = 3044.56 (psf) 

Shear Stress - - 575.05 (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 212.18 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.980 J 

Total shear strength available 
along specified failure surface = 241.623+03 lb 
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* 
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* 
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* using the 
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Problem Description : OSDF Final Long Term - Large Displ. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 

15 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 
220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 
123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

y-right 
(ft) 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 
. .  

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 

~~0~~~ 



5 
6 
7 
8 
9 

10 
11 

1 8 9 . 0  106 .0  410 .0  142 .8  
410.0 142.8 467.0 1 4 8 . 5  
467.0 148.5 555.0 152.9 
1 8 3 . 0  105 .0  220.0 100 .0  
220.0 100 .0  300 .0  100 .8  
300.0 1 0 0 . 8  410.0 102 .0  
410.0 1 0 2 . 0  555.0 103 .5  

I269 
2.7 137 

1 
1 
1 
3 
3 
3 
3 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg 1 Ru (psf) No. 

- 0  0 
.o  0 

0 

1 1 2 5 . 0  1 2 5 . 0  . o  2 5 . 0 0  .ooo 
2 1 2 5 . 0  1 2 5 . 0  . o  3 0 . 0 0  .ooo 
3 1 2 5 . 0  1 2 5 . 0  . o  . o o  .ooo . o  

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0~ . o J  
2 . o /  . o J  
3 720.0 / O/ 
4 2 8 8 0 . 0 J  460:8 1 
5 6 4 8 0 . 0 J  806.4 J 

6 10080.0’ 806.4 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

J 

167 .10  
183 .00  
220.00 
300 .00  
396.44 
396 .69  
423.64 
430 .93 .  

114.18 
105.00 

99.80 
100 .60  
101 .60  
101 .85  
144 .16  
156 .79  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED .METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SEce x-base- y=base-hetght--widt h-a2pha----be t a- weight 
(ft) (ft) (ft) (ft) (lb) 

1 175.05 109.59 5.92 15.90 
104.58 12.75 6.00 2 186.00 

3 204.50 101.98 18.44 31.00 
4 230.00 99.90 24.80 20.00 
5 250.00 100.10 27.95 20.00 
6 270.00 100.30 31.05 20.00 
7 290.00 100.50 34.20 20.00 
8 310.00 100.70 37.35 20.00 
9 330.00 100.91 40.44 20.00 

10 350.00 101.12 43.58 20.00 
11 370.00 101.33 46.72 20.00 
12 388.22 101.51 49.56 16.44 
13 396.57 101.73 50.73 .25 
14 403.35 112.30 41.29 13.31 
15 416.82 133.45 21.93 13.64 
16 427.29 150.48 5.95 7.29 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 7.3295 1,7070 
3 7.4185 1.7092 
4 7.4164 .I.. 7092 

Iter # Theta FOS force 
1 7.4164 117092 

SLICE INFORMATION ... continued : 

Slice Sigma c-value phi U-base 

-30.01 9.46 
-8.00 9.46 
-8.00 9.46 

.57 9.65 
-57 9.37 
-57 9.37 
.57 9.65 
.59 9.37 
.59 9.37 
.59 9.65 
.59 9.37 
.59 9.46 

45.00 9.46 
57.50 9.46 
57.50 5,71 
60.01 5.71 

FOS moment 
1,7539 
1.7070 
1.7092 

FOS moment 
1,7092 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93366. 

101097. 
108954. 
116810. 
101836. 

1605. 
68681. 
37393. 
5420. 

U-top P-top Delta 
(lb) (lb) 

1 1078.5 . o  . 30.00 0. 0. 0. .oo  
(POOL63 



2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  

1 6  
- i 5  

1656 .3  
2405.8 
3130 .0  
3525.9 
3915.5 
4311.4 
4706 .5  
5095 .2  
5 4 9 0 . 1  
5 8 8 5 . 1  
6240.9 
5299.3 
3231.6 

-1 7 1.6; 1 
4 2 0 . 9  

-153 .6 /  1 2 . 0 4 J  
-153.6 12 .04  

1 8 4 . 3 /  5 . 4 8 y  
184.3 5.48 
184 .3  5 .48  
184 .3  5.48 
184 .3  5.48 
184 .3  5 . 4 8  
184.3 5.48 
184.3 5.48 
184 .3  5.48 
184 .3  5 .48  

. o  25 .00  
---0-.35- 00 

.o  30.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
- 0 7  
0. 

1269 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
__ 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

- 0 7  
0. 

24/37 
. o o  
.oo  
. o o  
. o o  
.oo  
.oo  
. o o  
. o o  
. o o  
.oo  
.oo  
.oo  
.oo  

. o o  
00- 

Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

Slice Base 

(psf 1 
/- (ft) (psf 1 (psf 1 (psf I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

1 7 5 . 0 5  
1 8 6 . 0 0  
204 .50  
230 .00  
250.00 
270 .00  
290 .00  
310.00 
330.00 
350 .00  
370.00 
388.22 
396.57 
403 .35  
416 .82  
427 .29  

1078 .5  
1656 .3  
2405.8 
3130.0 
3525.9 
3915 - 5  
4311.4 
4706.5 
5095.2 
5 4 9 0 . 1  
5885 .1  
6240.9 
5299.3 
3231.6 
1 7 1 6 . 1  

420.9 

739.6 
1594 .4  
2304.8 
3100.0 
3493.8 
3881 .3  
4275 .0  
4668.3 
5054.9 
5447.7 
5840.5 
6194 - 4  
6341 .8  
5161.3 
2740 .9  

743 .7  

.o  

.o  

.o  

.o  
-0 
-0 
.o  
. o  
. o  
.o  
. o  
. o  
. o  
. o  
-0 
-0 . 

364 .3  
1 1 6 . 9  
2 1 0 . 4  
2 8 3 . 6  
305.9 
3 2 7 . 8  
3 5 0 . 0  
3 7 2 . 2  
394 .0  
4 1 6 . 2  
4 3 8 . 4  
458.4 
405 .5  
8 8 1 . 7  
4 6 8 . 2  
1 4 2 . 2  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(f t) (degrees) (lb) (ft) (ft) 

1 8 3 . 0 0  
1 8 9  ..OO 
220 .00  
240 .00  
260.00 
280.00 
300.00 
320.00 
.340.00 

7 .42  
7 .42  
7 .42  
7 .42  
7.42 
7 .42  
7 .42  

7.42 
7.. 42 

1 5 8 2 9 .  
1 7 9 4 5 .  
35092 .  
40182.  
45640.  
51461.  
57650.  
64173.  
71054.  

5 .63  
6 .49  
9.66 

10 .69  
1 1 . 6 7  
12 .62  
13 .53  
14.43 
1 5 . 3 1  

1 1 . 8 3  
13 .68  
2 3 . 2 0  
2 6 . 4 0  
2 9 . 5 0  
3 2 . 6 0  
3 5 . 8 0  
3 8 . 8 9  
4 1 . 9 9  

.475 
,475 
.416 
.405 
.396 
.387 
.378 
. 3 7 1  
- 3 6 5  



1 2 6 93O137 
78300. 16.18 45.18 .358 10 360.00 7.42 

11 380.00 7.42 85911. 17.04 40.27 -353 
12 396.44 7.42 92438. 17.73 50.84 .349 
13 396.69 7.42 91189. 17.75 50.63 -351 
14 410.00 7.42 34940. 11.76 31.95 .368 
15 423.64 7.42 4315. 5.84 ii. go .491 
16 430.93 .oo 0. 1.89 .oo . o o o  

Total Length of failure surface = 297.28 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.709 / 
Total shear strength available 
along specified failure surface = 196.953+03 lb 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* * 
* Slope Stability Analysis * 
* using the * 

* Copyright (C) 1992 6 96 * 
* * Method of Slices 

* 

* Interactive Software Designs, Inc. 
* Moscow, ID 83843, U.S.A. 
*-- 
* All Rights Reserved * * 
* Ver. 5.201 96 & 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* 
* 

-* 
* 

___ - 

0 

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x- right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 
123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 
123.0 
126.4 
129.7 
133.0 
135.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 

_ _  . -  - . .  .. 

Segment x- lef t y-left x-right y-right Soil Unit 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 



c 

1269 
5 189.0 106.0 410.0 142.8 1 
6 410.0 142.8 467.0 148.5 1 
7 467.0 148.5 555.0 152.9 1 
8 183.0 105.0 220.0 100.0 3 
9 220.0 100.0 300.0 100.8 3 

10 300.0 100.8 410.0 102.0 3 
11 410.0 102.0 555.0 103.5 3 

Water Soil Unit Weight Cohesion Friction Pore Pressure 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf 1 No. 

1 125.0 125.0 . o  25.00 .ooo . o  0 
2 125.0 125.0 . o  30.00 ’ . ooo  .o  0 
3 125.0 125.0 . o  .oo . ooo  -0 0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000. o /  . o /  
. o /  
/ 3 720.0/ . o  

/ 

2 .o/ 
4 2880.0’ 806.4’ 

892.8 5 6480.0’ 
6 10080.0 ’ 892.8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A SINGLE FAILURE SURFACE HAS BEEN SPECIFIED FOR ANALYSIS 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf / 
No. (ft) (ft) 

1 167.10 114.18 
- .  . - - - . . . . 2 . 183.00 105.00- 

3 220.00 99.80 
4 300.00 100.60 
5 407.64 101.72 
6 407.89 101.98 
7 435.53 145.35 
8 442.82. 157.98 



35 /jq 
1269 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

x-base y-ba-se--h-e-ight-wi-dth-a-lpha- beta- weight 
(ft) (ft) (ft) (ft) (lb) 

_______ 

1 175.05 109.59 5.92 15.90 -30.01 9.46 11759. 
2 186.00 104.58 12.75 6.00 -8.00 9.46 9566. 
3 204.50 101.98 18.44 31.00 -8.00 9.46 71448. 
4 230.00 99.90 24.80 20.00 .57 9.65 62000. 
5 250.00 100.10 27.95 20.00 .57 9.37 69875. 
6 270.00 100.30 31.05 20.00 .57 9.37 77625. 
7 290.00 100.50 34.20 20.00 .57 9.65 85500. 
8 310.00 100.70 37.35 20.00 .60 9.37 93365. 

100.91 40.44 20.00 .60 9.37 101095. 9 330.00 
10 350.00 101.12 43.58 20.00 .60 9.65 108949. 
11 370.00 101.33 46.72 20.00 .60 9.37 116804. 

13 407.77 101.85 52.48 -25 46.12 9.46 1640. 
14 408.95 103.64 50.89 2.11 57.49 9.46 13422. 
15 422.77 125.32 30.65 25.53 57.49 5.71 97834. 
16 439.18 151.67 5.95 7.29 60.01 5.71 5420. 

12 393.82 101.58 50.43 27.64 .60 9d46 174226. 

a 
Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS-f orce 
2 8.0662 2.1003 
3 8.0871 2.1010 

Iter # Theta FOS force 
1 8.0871 2,1010 

SLICE INFORMATION .. . continued : 
slice Sigma c-value phi U-base 

(psf (psf 1 (lb) 

0. 
J 0. 

1 1027.0 . o  30.00 
2 1675.8 -268.8 1 20.47 

FOS moment 
2,1313 
2.1003 

FOS moment 
2,1003 

U-top P-top Delta 
(lb) (lb) 

0. 0. . o o  
0. 0. . oo  



3 2439.9 -268.8/ 2 0 ~ 4 7 ~  0 .  0 .  0 .  
4 3146.6 7 3 7 . 3 J  1 . 3 7  J 0 .  0 .  0 .  
5 3540.4 737 .3  1 . 3 7  0 .  0 .  0 .  
6 3927.9 737 .3  1 . 3 7  0 .  0 .  0 .  
7 4321.7 737.3 1 . 3 7  0 .  0 .  0 .  
8 4714.6 737 .3  1 . 3 7  0 .  0 .  0 .  
9 5 1 0 1 . 1  737 .3  1 . 3 7  0 .  0 .  0 .  

1 0  5493.8 737 .3  1 . 3 7  0 .  0 .  0 .  
11 5886.6  737.3 1 . 3 7  0 .  0 .  0 .  
1 2  6349.8  737 .3  1 . 3 7  0 .  0 .  0 .  
1 3  5392.4 737 .3  1 . 3 7  0 .  0 .  0 .  
1 4  4131.4 .O 25.00  0 .  0 .  0 .  
15 2488.7 . o  25.00  0 .  0 .  0 .  
1-6 4-4-1I-8 .O-SOTO 0 0 .  oT--o. 

Slice 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12  
1 3  
14  
15 
1 6  

Base 
x-coord 

(ft) 

175 .05  
186 .00  
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
393.82 
407.77 
408 .95  
422 .77  
439 .18  

Normal 
Stress 
(psf) 

1027 .0  
1675 .8  
2439.9 
3146.6  
3540.4 
3927.9  
4321.7  
4714.6 
5101 .1  
5493.8 
5886.6 
6349.8 
5392.4 
4131.4 
2488.7 

441 .8  

Vertical 
Stress 
(psf 1 

739 .6  
1594.4  
2304 .8  
3100.0  
3493.8  
3881.3  
4275.0 
4668.2 
5054.7  
5447.5  
5840.2  
6303.4 
6559.7  
6361 .1  
3831.8  

743 .7  

Pore Water 
Pressure 

(psf 1 
J . o  

.o 

. o  

. o  

. o  

. o  

. o  

.o 

. o  

.o  

.o  

.o  

. o  

. o  

. o  

-0 . 

. o o  

.oo  
-00 
. o o  
. o o  
. o o  
. o o  
-00 
-00 
. o o  
-00 
-00 
. o o  
.oo---- 

Shear 
Stress 
(psf 1 

282.2 
1 6 9 . 8  
305 .6  
386 .9  
391 .4  
395 .8  
400 .3  
404 .8  
409 .2  
4 1 3 . 7  
418 .2  
423 .5  
412 .5  
917 .0  
552 .4  
1 2 1 . 4  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

183 .00  
189 .00  
220.00 
240.00 
260.00 
280 .00  
300.00 
320.00 
340.00 
360.00 

8 . 0 9  
8 . 0 9  
8 . 0 9  
8 . 0 9  
8 . 0 9  
8 . 0 9  
8 .09  
8 .09  
8 .09  
8 .09  

14058.  
16514.  
36820.  
44000. 
51190. 
58392.  
65605.  
72791.  
79985.  
87187.  

5 .72  
6.44 

1 0 . 1 7  
11 .20  
1 2 . 3 1  
13 .46  
14 .64  
15 .84  
1 7 . 0 7  

9 - 2 4 .  - 

1 1 . 8 3  
1 3 . 6 8  
2.3 . 2  0 
26 .40  
29 .50  
32 .60  
35 .80  
38 .89  
41 .98  
45 .18  

.484 

. 4 7 1  

.398 

.385 

.380 

.377 

.376 

.376 

.377 

.378 



c 

11 380.00 8.09 94397 * 18.30 48.27 .379 

14 410.00 8.09 91201. 19.46 49.41 .394 

16 442.82 .oo -2. * 24 .oo * 000 

12 407.64 8.09 104374. 20.03 52.59 .381 
13 407.89 8.09 103062. 20.06 52.37 -383 

15 435.53 8.09. 4740. 5.80 11.90 .487 0 

Total Normal Stress = 3701.19 (psf) 

Shear Stress - - 399.19 (psf) 
-___ Pore-Wate-r-Pressure = . OO--(psf-) 

Total Length of failure surface = 309.75 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.101 ,/ 

Total shear strength available 
along specified failure surface = 259.783+03 lb 

. . .  
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Written By : Date: 10 1 2 2  / qTReviewed by: 2q Date: 10 / "3 / 4-1 

Client: F m  Project: om I= Projea/Ropod~o.: 6(b 01 A 6  TaskNo.: 04 

PURPOSE 

Evaluate whether GCL lot number 97082702 complies with the shear strength requirements given in the GCL specification 
(Section 02772, Paragraph 2.01.E.3). The evaluation is based on the shear test results from GCL QA sample no. 09 and GCL 
QC sample no. 04 J 

The method for evaluating the GCL samples is outlined in RCI number 1702-006R The method involves the following 
basic steps. 

1.  Use shear test results from the GCL samples to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 

2. Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 3. 

SHEAR TEST RESULTS 

The results of the GCL internal shear and GCL/geomembrane interface shear tests performed on QA sample no. 09 and the 
results of the GCL internal shear tests performed on QC sample no. 04 are shown in the following table. The results of the 
GCL internal shear tests for QA sample no. 09 were averaged with the results of the GCL internal shear tests for QC sample 
no. 04. The averaged values for the GCL internal shear tests were used in the stability analyses. The laboratory test results 
for GCL QA sample no. 09 are presented in Appendix A. The laboratory test results for GCL QC sample no. ? are presented in Appendix B. J 

GQO 166-04ff 9730099.DOC 



STABILITY ANALYSES RESULTS 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. 
The analyses output files and figures showing critical slip surfaces are presented in Appendix C. 

- - _ _ ~  ._ _ _  
- 
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TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 91 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofiz NS GCL (GCL-09). GCL’s initial moisture content was 8.7%. GCL’s 
- __ _ _  - -  . _  

final moisture content ranged from 57% t o  105% for the test-series; and 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5, 20, and 45 psi. 

Constant shear displacement rate: 0.004 in/min. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQ0166-04.1lF9730099 1 97.10.2 1 
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TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 9G 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-09) with woven geotextile against geomembrane. GCL's initial 
moisture content was 8.9%. GCL's final moisture content ranged from 62 to 107% for the 
test series; ~ - - .- -. . ~ .. ~ ~ ~ -~ _._._. . --- - . ~ ~ .  ~ ~ . ~ __ .. 

80-mil NSC textured HDPE geomembrane (GM-10); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soalung conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 5, 20, and 45 psi. 

Constant shear displacement rate: 0.004 inlmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

GQO166-O4. I fF9730099 2 97.10.21 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 
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6000 

1 I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

5000 =I TEST SERIES NUMBER 91: INTERNAL STRENGTH OF 
BENTOLlX NS GCL GCL-09) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

TEST CONDITIONS - a,, = 5.0 psi 
un = 20.0 psi 
a,, = 45.0 psi 

-------------- 

- 
SOAKING 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./rnin. 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

(2) For each test, slidin 
to occur within the 8 CL 

DATE TESTED: 8 TO 17 SEPTEMBER 1997 
FIGURE NO. 1-1 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 

FILE NO. 

- 
I- 
I - GEOSYNTEC CONSULTANTS 

F9730099 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIW 

--- . - - - 

TEST SERIES NUMBER 91: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-09) UNDER SOAKED AND 
CONSOLIDATED CON b ITIONS 

MEASURED SHEAR STRENGTHS ................................... 
a,, = 5.0 psi, = 6.5 psi, T~ = 2.6 psi 
on = 20.0 psi, 7 p . d ~  = 10.1 psi, 711) = 2.9 psi 
B,, = 45.0 psi, T~ = 13.7 psi, 7u) = 5.2 psi 

SOAKING: 168 hm at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

NOTES: (1) The reparted total-Stress shear strength parameters of friction 
an le and adhesion were determined from a best-fit line drawn thmu h the 
tea  data. 
for appllcatlons lnvolvlng normal stresses outside the range of 
stresses covered the test serlea. 

%nth e s 1 ear ! orce at a shear displacement of 2 In. for each test. 
(3) f o r  each test, sliding [Le, Internal shear failure) was observed 
to occur within the GCL 

Cautlon should be exercised in using the strength paramefern 

e lor e dis 7 acement shear strength ( T ~ )  was calculated 

DATE TESTED: 8 TO 17 SEPTEMBER 1997 - FIGURE NO. 1-2 

~~ 

SOIL-GEOSYNTHETIC INTERACTION TESTING 1 
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PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 
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TEST SERIES NUMBER 9G: BENTOFIX NS GCL GCL-09) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRA E / 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-10) 
UNDER SOAKED AND CONSOUDATED CONDITIO S 

6 
I! 

5000 

TEST CONDITIONS - a,, = 5.0 psi - 0, = 20.0 psi - a,, = 45.0 psi 

-------------- 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hra at each stress 
SHEAR RATE: 0.004 In./rnin. 

- -- - 
L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mrn by 300 mm), 

(2) Sliding (Le., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

FIGURE NO. 1-3 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. F9730099 
FILE NO. uoo1t 
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FIGURE NO. 1-4 
PROJECT NO. 

DOCUMENT NO. 

FILE NO. 

GQOl66-04.1 

_- 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

_ -  ~- . - - _ _  - - 

TEST SERIES NUMBER 9G: BENTOFIX NS GCL GCL-09) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRA 6 E / 
UNDER SOAKED AND CONSOLIDATED CONDmO 4 S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-10) 

MEASURED SHEAR STRENGTHS --_____--_--------_---------------- 
an = 5.0 psi, T~ = 3.0 psi, T~ = 1.7 psi 

a, = 45.0 psi, re = 14.9 psi, 7w = 6.4 psi 
On = 20.0 psi, ~p .ak  = 9.7 PS~,  TU = 6.1 psi 

E0.L P W  : = 16'; gp = 355 f. - 0.954 I.=. ID !XRENCTH: bm = 6 ; aU, = 3g 'psf; 3 = 0.669 

SOAKING 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

I 

NOTES: (1) The reported total-stress sheor strength pornmetars of friction 
an le and adheslon were determined from a best-flt line drawn thmu h the 
tes? data. Caution should be exercised In using the strength paramefern 
for opplicotions involving normal stresses outside the range of 
streases cavered the test series. 

$%nth e s 1 ear ! orce at a shear displacement of 2 In. for each test. 8 %ding le., shear fallure) wos observed to occur within the 

e lar e dis ? ocement shear strength (TU,) was colculated 

L rother I; on the intended interface. 

DATE TESTED: 12 TO 21 SEPTEMBER 1997 
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XSTABL File: NPPKOgAS 10-20-97 8:30 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 
* X S T A B L  * 
* slope Stability Analysis * 
* using the * 
* Method of Slices * 

* Copyright (C) 1992 - 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* All Rights Reserved * 

a 
* * 

-* - - _ _  - - ---I- _ _  - - _ _  - - - -_ ._ - *- - 

* * 
* Ver. 5.201 96 - 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

13 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

.o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112 * 2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x-left y-left x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 -0 153.0 129.0 153.0 1 
2 .o  94.1 136.5 91.4 3 
3 136.5 91.4 224.8 93.2 3 
4 224.8 93.2 285.0 94.4 3 
5 285.0 94.4 313.0 95.0 3 
6 313.0 95.0 330.0 100.0 

0003194 
3 
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3 Soil unit (s )  specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf 1 No. 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress 
No. (psf) 

1 -1000.0 
2 .o  
3 720.0 
4 2880.0 
5 6480.0 
6 10080.0 

Shear Stress 
(psf) 

.o 

.o  
723.6 / 
1383.8 
2243.5 
2243.5 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

288.81 
280.54 
280.34 
224.80 
157.74 
157.54 
118.57 
117.29 

99.58 
94.31 
94.11 
93.001 
91.63 
91.83 

153.00 
155.22 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFOFtf4ATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 

1 
2 
3 
4 

- 

6 
7 

9 
1 0  
11 
1 2  
1 3  
1 4  
15 
1 6  

a 

beta x-base y-base height width alpha 
(ft) (ft) (ft) (ft) 

286.90 98.36 1 . 4 2  3.81 -32.49 6 .34  
282 .77  95 .73  5 .04  4 .46  -32.49 1 9 . 1 2  

275 .17  9 4 . 0 1  9 .40  1 0 . 3 4  -1.14 19 .12  
280.44 9 4 . 2 1  7 . 3 7  .20 -45.00 19 .12  

-2-6 OTO 0 -- 93T70 --15; 0 0-2 0; 0 0 ~ - - 1 ; - 1 4 - -  1 9  ;P 9- 
240.00 93.30 22 .35  20 .00  
227.40 93 .05  26 .96  5 .20  
217.40 92 .85  30 .66  1 4 . 8 0  
200.00 92.49 3 7 . 1 1  20 .00  
180 .00  92 .08  44 .47  20 .00  
163 .87  91.76 50 .39  1 2 . 2 6  
157 .64  91..73 52 .60  .20 
153.77 97 .75  47 .93  7 .54  
139 .50  120 .15  29 .85  21 .00  
123 .79  1 4 4 . 8 1  9 . 1 7  1 0 . 4 3  
117 .93  1 5 4 . 1 1  .99  1 . 2 8  

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 16 .5626 2,3575 
3 16 .6489 2 .3608 
4 16 .6465  2 .3607 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force 
2 16 .8076 2,3393 
3 16 .8053 2.3392 

Nonlinear M-C Iteration Number - 3 

Iter # Theta FOS-f orce 

-1 .14 1 9 - 0 3  
-1.14 1 9 . 2 9  
-1.17 1 9 . 2 9  
-1 .17  1 9 . 2 9  
-1 .17  1 9 . 0 3  
-1 .17  1 9 . 2 9  
45.00 1 9 . 2 9  
57 .50  1 9 . 2 9  
57 .50  1 5 . 9 5  
57 .50  1 0 . 7 1  
59 .98  1 0 . 7 1  

FOS moment 
2,4146 
2 .3575 
2 .3608 

FOS moment 
2,3337 
2.3393 

FOS - moment 

weight 
(lb) 

679.  
2811.  

184 .  
12151.  

55866.  
17523.  
56723.  
92767. 

111163.  
77223. 

1315. 
45177.  
78365.  
11959.  

1 5 8 .  

-3-74-9-1- 

Qb00196 



1 16.8053 2.3390 

1 2 6 9  

2.3393 

Iter # Theta FOS force FOS-moment 
1 16.8053 213390 2.3393 

SLICE INFORMATION ... continued : 

- Sigma c-value phi U-base U-top P-top Delta Slice - 

- (ab)- - (lb) - - (1b)- - - 
- -  - 

- (psf) -(psf)-- -- - - 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
14  
15  
1 6  

309.3 .o 30.00 
1145.3 200.0 25.00 
2276.4 5 0 3 . 5 1  17.004 
1307.4 503.5 17.00 
2042.1  503.5 17.00 
3006.1  696 .01  13 .43J  
3605.9 . 696.0 13.43 
4088.4 696.0 13.43 
4926.9 696.0 13.43 
5884.1 696.0 13.43 

4636.3 696.0 13.43 
3407.0 200.0 25.00 
2098.3 200.0 25.00 

601.2 200.0 25.00 
65.9 .o  30.00 

6649.1) 2243.54 .oo  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14 
15  
16 

286.90 
282 - 7 7  
280.44 
275.17 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
163.87 
157.64 
153.77 
139.50 
123.79 
117.93 

309.3 
1145 - 3  
2276.4 
1307.4 
2042.1 
3006.1  
3605.9 
4088.4 
4926.9 
5884.1  
6649.1 
4636.3 
3407.0 
2098.3 

601.2 
65.9 

1 7 8 . 1  
630.4 
921.3 

1 1 7 5 . 1  
1874.6 
2793.3 
3369.8 
3832.6 
4638.3 
5558.2 
6298.8 
6574.5 
5991.6 
3731.6 
1146.6 

123.3 

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o 

. o  
-0 
.o  
.o 
.o 

76.3 
313.8 
512.7 
386 .1  
4 8 2 . 1  
604.5 
665.7 
715.0 
800.6 
898.3 
959.2 
770.9 
764.7 
503.8 
205.4 

16 .3  

-00 
. oo  
.oo 
.oo 
.oo  
.oo  
.oo 
.oo  
.oo 
.oo 
.oo  
.oo 
.oo 
.oo  
.oo 
.oo  
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Slice 
# 

1 
2 
3 
4 
5 
6 
7 -- 
8 
9 
10 
11 
12 
13 
14 
15 
16 

- .. -~ 

Right 
x-coord 

(ft) 

285.00 
280.54 
280.34 
270.00 
250.00 
230.00 
-224 .XO- - 
210.00 
190.00 
170.00 
157.74 
157.54 
150.00 
129.00 
118 -57 
117.29 

Force 
Angle 

(degrees) 

16.81 
16.81 
16.81 
16.81 
16.81 
16.81 

---1-6 .-81-- 
16.81 
16.81 
16.81 
16.81 
16.81 
16.81 
16.81 
16.81 

. oo  

Interslice 
Force 
(lb) 

1088. 
5948. 
6531. 

10983. 
21909. 
35793. 

52146. 
70976. 
92255. 

106279. 
105471. 
69373. 
8174. 
130. 
-1. 

--39801-. - 

Force 
Height 
(ft) 

1.79 
2.80 
2.80 
4.32 
7.00 
9.48 

--. 10 ..1-1- - 
11.93 
14.36 
16.75 
18.23 
18.23 
15 i 67 
6.73 
.91 

3.08 

Boundary 
Height 
(ft) 

2.85 
7.24 
7.51 
11.30 
18.70 
26.00 

33.40 
40.81 
48.12 
52.66 
52.53 
43.33 
16.37 
1.97 
-00 

- 27.92- -~ 

Total Normal Stress = 3088.42 (psf) 

Shear Stress - - 587.95 (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 208.08 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.339 J 
Total shear strength available 
along specified failure surface = 286.163+03 lb 

Height 
Ratio 

.628 

.387 

.373 

.382 

.374 

.365 

.-362 

.357 

.352 
-348 
.346 
.347 
-362 
-411 
.463 
.ooo 

080138 
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* All Rights Reserved * 

* 
* Ver. 5.201 96 - 1202 * 

Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

Segment x-left y-  lef t x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

.o 
92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294 .O 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

Segment x-left y- lef t x-right 
No. (ft) (ft) (ft) 

.o 

.o  
136.5 
224.8 
285.0 
313.0 

153.0 
94.1 
91.4 
93.2 
94.4 
95.0 

129.0 
136.5 
224.8 
285.0 
313.0 
330.0 

y-right 
(ft) 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

y-right Soil Unit 
(ft) Below Segment 

153.0 
91.4 
93.2 
94.4 
95.0 
100.0 

1 
3 
3 
3 
3 
3 

OO0;5CPE 
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3 Soil unit(~) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf) No. 

200.0 25.00 .o 0 
0 

3 125.0 125.0 .o  .oo .ooo .o  0 

-- .- .. ~ - ~ ~- / .ooo 
~- .D 3 0-. 0 6- . ooo  .o  __ 1 125.0 125.0 

25 . 0.- ~ ~ ~ 2 . ~  ~~ ~1.25..o I. 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 .o  
2 -0 .o  
3 720.0 432.0 
4 2880.0 / 1396.8 
5 6480.0 2145.6 
6 10080.0 2145.6 

/ 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

291.80 
284.17 
283.96 
224.804 
156.82 
156.59 
117.61 
116.21 

99.24 
94.38 
94.18 
93.00/ 
91.58 
91.81 

153.00 
155.42 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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1 2 6 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Slice x-base y-base height width alpha beta weight 

(ft) (ft) (ft) (ft) (lb) 

1 288.40 97.08 2 . 5 5  6.80 -32.52 
2 284 .59  94.64 5 . 5 0  .83  -32 .52  
3 284 .07  94 .28  6 .04  . 2 1  -43.60 
4 276.98 94.04 8 .74  1 3 . 9 6  -1 .14  - 

5- - 260-. 00  93T70---15:00- 2O:OO -1.14- 
6 240.00 93.30 2 2 . 3 5  20.00 -1 .14  
7 227.40 93 .05  26 .96  5.20 -1 .14  
8 217.40 92 .85  30 .66  14 .80  -1 .20  
9 200.00 92 .48  37 .12  20.00 -1 .20  

1 0  180 .00  92 .06  44 .49  20 .00  -1.20 
11 1 6 3 . 4 1  91 .72  50 .59  1 3 . 1 8  - 1 . 2 0  
1 2  1 5 6 . 7 1  91 .69  52 .96  .23  45 .00  
1 3  153 .29  96 .98  48 .86  6 . 5 9  57 .50  
14 1 3 9 . 5 0  118 .64  31 .36  21.00 57 .50  
15 123 .30  144 .06  1 0 . 0 2  1 1 . 3 9  57 .50  
1 6  1 1 6 . 9 1  1 5 4 . 2 1  1 . 0 8  1 . 4 0  5 9 . 9 5  

- -. __ __ - - - . 

6.34  
1 9 . 1 2  
1 9 . 1 2  
19.12-  
14 .29  
1 9 . 0 3  
19 .29  
19 .29  
1 9 . 2 9  
1 9 . 0 3  
1 9 . 2 9  
1 9 . 2 9  
1 9 . 2 9  
1 5 . 9 5  
1 0 . 7 1  
1 0 . 7 1  

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS-f orce FOS moment 
2 16 .9307 2 .2745 2,3020 
3 16 .9539 2 .2753 2 .2745 

Nonlinear M-C Iteration Number - 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force FOS moment 
2 1 6 . 9 5 5 1  2,2646 2,2645 

Iter # 
1 

Theta 
1 6 . 9 5 5 1  

FOS force 
2,2646 

SLICE INFORMATION ... continued : 

slice Sigma c-value phi U-base 

FOS moment 
2,2645 

?% 

U-top P-top 

2164.  
571 .  
1 5 9 .  

15250, - 

37495.  
55867. 
17523.  
56729.  
92795. 

111215.  
83345.  

1523 .  
40252. 
82327. 
14262.  

1 8 9 .  



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12- 
13 
14 
15 
16 

_ _ _ _ _  

562.8 
1260.1 
1769.1 
1191.9 
2033.2 
3016.1 
3614.0 
4096.5 
4933.6 
5889.2 
6674.8 
-4-6 5 7T7 - 
3448.1 
2190.0 
655.8 
71.3 

.o  30.00 
200.0 25.00 
110.44 24.07J 
110.4 24.07 
110.4 24.07 
797.8 11.75 
797.8 11.75 
797.8J 11.751 
797.8 11.75 
797.8 11.75 
2145.6l . o o J  -.7 9.7,8~ -1 - 1.75------ 
200.0 25.00 
200.0 25.00 
200.0 25.00 

.o  30.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
07-- 
0. 
0. 
0. 
0. 

~~ 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

- - .~ __ 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

__  -. - 

.oo  

.oo  

.oo  

.oo  

.oo 
-00 
.oo  
-00 
* 00 
.oo 

.oo  

.oo  

.oo  
-00 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

288.40 
284.59 
284.07 
276.98 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
163 -41 
156.71 
153.29 
139.50 
123.30 
116.91 

562.8 
1260.1 
1769.1 
1191 * 9 
2033.2 
3016.1 
3614.0 
4096.5 
4933.6 
5889.2 
6674.8 
4657.7 
3448.1 
2190.0 
- 655.8 

71.3 

318.2 
687.4 
755.5 

1092.4 
1874.7 
2793.4 
3369.8 
3833.1 
4639.8 
5560.7 
6323.6 
6619.8 
6108.0 
3920.3 
1252.2 
134.7 

.o  

.o  

.o  

.o  

.o 

.o  

.o  

.o  

.o 

.o  

.o 

.o 

.o 

.o  

.o  

.o  

143.5 
347.8 
397.7 
283.8 
449.8 
629.3 
684.2 
728.5 
805.4 
893.2 
947.5 
780.1 
798.3 
539.3 
223.4 
18.2 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 285.00 16.96 3571. 3.20 5.09 .629 
2 284.17 16.96 4570. 3.20 5.91 .542 
3 283.96 16.96 5027. 3.16 6.18 .512 
4 270.00 16.96 9516. 5.13 11.30 .454 
5 250.00 16.96 19769. 7.28 18.70 .390 
6 230.00 16.96 34185. 9.34 26.00 



7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

224.80 
210.00 
190.00 
170.00 
156.82 
156.59 
150.00 
129.00 
117.61 
116.21 

16.96 
16.96 
16.96 
16.96 
16.96 
16.96 
16.96 
16.96 
16.96 

00 

38296. 
50892. 
69888. 
91136. 

106112. 
105180. 
73389. 
9752. 
154. 

0. 

9.93 
11.70 
14.15 
16.61 
18.25 
18.25 
16.02 
7.33 
1.00 
1.56 

c 

1 2 6 9  
27.92 
33.41 
40.83 
48.14 
53.03 
52.88 
44.85 
17.88 
2.15 
.oo 

-356 
.350 
.347 
-345 
-344 
-345 
-357 
.410 
.463 
. ooo  

Total Normal Stress = 3069.99 (psf) 

Shear Stress - 583.89 (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 212.18 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.2651 

Total shear strength available 
along specified failure surface = 280.553+03 lb 
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* Interactive Software Designs, 
* Moscow, ID 83843, U.S.A. 

* 

* 
* 
* 
* 
* 
* 

Inc . * 
* 

* All Rights Reserved * 
* * 
* Ver. 5.201 96 - 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 
Segment x-left y-left x-right y-right Soil Unit 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 
220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 

60.0 
120.0 
150.0 

90.0 
100.0 
105.0 

183.0 105.0 

120.0 
150.0 
183.0 

100.0 
105.0 
105.0 

189.0 106.0 

2 
2 
2 



1 2 6 9  
1 5 189.0 106.0  410.0 142.8 

6 410.0 142.8 467.0 148.5 1 
7 467.0 148.5 555.0 152.9 1 
8 183.0 105.0 220.0  100.0 3 
9 220.0 100.0 300.0 100.8 3 

1 0  300.0 100.8 410.0  102.0 3 
11 410.0 102.0  555.0 103.5 3 

34/44 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Uni t Mol s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 125.0  125.0  .o 25.00 ] -000 .o  0 
2 125.0 125.0  .o 30.00 .ooo .o  0 
3 125.0 125.0  .o .oo .ooo .o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 . o  
2 . o  -0 

4 2880.0 720.0 J 381.6 
3 

5 6480.0 674.6 
6 10080.0 674.6 

369.4 J 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10 
183.00 
220.00 
300.00 / 
400.64 
400.88 
428.09 
435.38 

114.18 
105.00 

99.80 
100.60  / 
101.66 
101.90 
1 4 4 . 6 1  
157.24 



374 1269 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

height ~ - .. - ~ _ _  _ _  ~ -- ~-___ , ~ . _  ~-. Slice x-base y-base width alpha beta weight __ -~ - 

(ft) (ft) (ft) (ft) (lb) 

1 175.05 109.59 5.92 15.90 -30.01 9.46 
2 186.00 104.58 12.75 6.00 -8.00 9.46 
3 204.50 101.98 18.44 31.00 -8.00 9.46 
4 230.00 99.90 24.80 20.00 .57 9.65 
5 250.00 100.10 27.95 20.00 .57 9.37 
6 270.00 100.30 31.05 20.00 .57 9.37 
7 290.00 100.50 34.20 20.00 -57 9.65 
8 310.00 100.71 37.34 20.00 .60 9.37 
9 330.00 100.92 40.43 20.00 .60 9.37 

10 350.00 101.13 43.57 20.00 .60 9.65 
11 370.00 101.34 46.71 20.00 .60 9.37 
12 390.32 101.55 49.87 20.64 .60 9.46 
13 400.76 101.78 51.38 -24 45.00 9.46 
14 405.44 109.06 44.88 9.12 57.50 9.46 
15 419.04 130.41 25.19 18.09 57.50 5.71 
16 431.73 150.92 5.95 7.29 60.00 5.71 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 7.0569 1,5645 
3 7.1496 1.5665 
4 7.1476 1.5665 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
1 7.1476 1,5665 

SLICE INFORMATION ... continued : 
Slice Sigma c-value phi U-base 

(psf 1 (psf 1 (lb) 

FOS moment 
1,6099 
1.5645 
1.5665 

FOS moment 
1,5665 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93362. 

101085. 
108933. 
116782. 
128661. 

1543. 
51164. 
56965. 
5422. 

u- top P-top Delta 
(lb) (lb) 

1 1106.4 .o  30.00 0. 0. 
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2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

~. - 

1687 8 
2411.6 
3125.7 
3521.3 
3910.6 
4306.3 
4700.7 
5088.7 
5482.9 
5877.2 
6273.5 
5415.1 
3448.7 
1935 .-7-- 
411.0 

365.3l -324 
365.3 .32 
147.2 4.65 
147.2 4.65 
147.2 4.65 
147.2 4.65 
147.21 4.65J 
147.2 4.65 
147.2 4.65 
147.2 4.65 
147.2J 4.651 
147.2 4.65 

.O 25.00 
~ --TO- 

25.00 
. o  30.00 

_ _  ._ - 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

_ _  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

.. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0-1 -. 
0. 

~~ 

Slice 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Base 
x-coord 

(ft) 

175.05 
186.00 
204.50 
230 .OO 
250.00 
270.00 
290.00 
310 .OO 
330.00 
350.00 
370.00 
390.32 
400 -76 
405.44 
419.04 
431.73 

Normal 
Stress 
(psf 1 

1106.4 
1687.8 
2411.6 
3125.7 
3521.3 
3910.6 
4306.3 
4700.7 
5088.7 
5482.9 
5877.2 
6273.5 
5415.1 
3448.7 
1935.7 
411.0 

Vertical 
Stress 
(psf 1 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4668.1 
5054.3 
5446.7 
5839.1 
6233.6 
6422.5 
5610.3 
3149.0 
743.7 

Pore Water 
Pressure 

(psf 1 

.o  

.o  
-0 
.o  
.o  
.o  
.o  
.o 
. o  
.o  
.o  
.o  
.o  
.o  
.o  
.o  

Shear 
Stress 
(psf) 

407.8 
239.3 
241.9 
256.4 
276.9 
297.2 
317.7 
338.2 
358 -4 
378.8 
399.3 
419.9 
375.3 
1026.6 
576.2 
151.5 

. o o  
-00 
-00 
.oo  
-00 
-00 
-00 
-00 
.oo 
-00 
.oo 
-00 
. o o  
.oo 
.oo 

~~. 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

183.00 
189.00 
220.00 
240.00 
260.00 
280.00 
300.00 
320.00 
340.00 

7.15 
7.15 
7.15 
7.15 
7.15 
7.15 
7.15 
7.15 
7.15 

16774. 
19655. 
37803. 
42340. 
47213. 
52414. 
57950. 
63769. 
69912. 

5.59 
6.25 
9.51 

10.68 
11.76 
12.79 
13.76 
14.70 
15.60 

11.83 
13.68 
23.20 
26.40 
29.50 
32.60 
35.80 
38.89 
41.98 

.472 

.457 

.410 

.404 

.399 

.392 

.384 

.378 

.372 



1 0  360.00  7 . 1 5  76384.  16 .48  4 5 . 1 7  - 3 6 5  
11 380.00  7 . 1 5  83186. 17 .34  48 .26  .359 
12  400.64 7 . 1 5  90546. 1 8 . 2 0  5 1 . 4 8  .354 
13 400.88  7 . 1 5  89326. 18 .24  51 .28  -356  
14 410 .00  7 . 1 5  49008. 1 4 . 6 5  38 .48  - 3 8 1  
15 428.09  7 . 1 5  4118.  5 . 8 6  1 1 . 9 0  .492 
16 435 .38  .oo 0 .  . - 2 2 . 7 2  -00 -000 

___  ____ - - - - __ - - - _- 
Totax Normal-Stress = 360-173z-(Ps-f  )--- 

Shear Stress - - 386.84 (psf) 

_______ _- __ 

Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 301.94  feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973)  
procedure gives a 

1 FACTOR OF SAFETY = 1 .566  

Total shear strength available 
along specified failure surface = 182.963+03 lb 
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X S T A B L  * * 

* Slope Stability Analysis 
* using the 

Method of Slices * * 
* Copyright (C) 1992 - 96 
* Interactive Software Designs, Inc. 
* Moscow, ID 83843 U S A 

All Rights Reserved * 
* Ver. 5.201 96 - 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* 

* 
* * 
* 
* 
* 

- * 
* 

*- . _ _  - 2.2- 

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

y-right 
(ft) 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 



1 2 6 9  
5 189.0 106.0 410.0 142.8 1 
6 410.0 142.8 467.0 148.5 1 
7 467.0 148.5 555.0  152.9 1 
8 183.0  105.0  220.0 100.0 3 
9 220.0 100.0 300.0  100.8 3 

1 0  300.0 100.8 410.0  102.0 3 
11 410.0 102.0 555.0 103.5 3 

4Yd 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 125.0 125.0 .o  25 .00  J .ooo .o  0 
2 125.0 125.0 .o  30.00 .ooo .o  0 
3 125.0 125.0 -0 .oo  .ooo .o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 .o 
2 .o .o  
3 720.0 / 244.8 / 
4 2880.0 878.4 
5 6480.0 921.6 
6 10080.0 921.6 

Trial failure surface specified by 
the following 9 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10 
183.00 
220.00 

409.90 3 0 0 - 0 0 ~  
431.64 
431.79 
460.88 
468.07 

114.18 
105.00  

99.80 
100.60  / 
101.80 
102.08  
102.23 
147.89  
160.35 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  __ __  __ __ _ -  ~ __ 

Slice x-base y-base height width alpha beta weight 
(ft) (ft) (ft) (ft) (lb) 

1 175.05 109.59 5.92 15.90 -30.01 9.46 
2 186.00 104.58 12.75 6.00 -8.00 9.46 
3 204 -50 ioi.9a 18.44 31.00 -8.00 9.46 
4 230.00 99-90 24.80 20.00 .57 9.65 
5 250.00 100.10 27.95 20.00 .57 9.37 
6 270.00 100.30 31.05 20.00 .57 9.37 
7 290.00 100.50 34.20 20.00 .57 9.65 
a 310.00 100.71 37.34 20.00 .63 9.37 
9 330.00 100.93 40.42 20.00 .63 9.37 

10 350.00 101.15 43.55 20.00 .63 9.65 
11 370.00 101.36 46.69 20.00 .63 9.37 
12 394.95 101.64 50.55 29.90 .63 9.46 
13 409.95 101.80 52.89 .10 .74 9.46 
14 420.82 101.94 53.84 21.64 .74 5.71 
15 431.72 102.16 54.72 .15 45.00 5.71 
16 446.34 125.06 33.27 29.09 57.50 5.71 
17 462.94 151.46 8.53 4.12 60.02 5.71 
ia 466.54 157.69 2.58 3.07 60.02 2.86 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS-f orce FOS moment 
2 8.1106 2.1981 2,2181 
3 a. 1225 2.1985 2.1981 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force FOS moment 
1 8.1225 2-1985 2,1981 

SLICE INFORMATION . . .  continued : 

11759. 
9566. 

62000. 
69875. 
77625. 
85500. 
93352. 

101056. 
108885. 
116714. 
188949. 

661. 
145641. 

1026. 
120991. 
4395. 
992. 

71448. 

Slice Sigma c-value phi U-base U-top P-top Delta 
(psf 1 (psf) (lb) (lb) (lb) 

o00217 



1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 

14 
15  
16  
1 7  
1 8  

- ~ -  ~- 13---  - . -. 

1015.3 . o  30.00 
1696.9 33.6 16.35 
2450.9 3 3 . 6 J  1 6 . 3 5 l  
3148.7 843 .84  - 6 9  J 
3542.2 843.8 .69 
3929.4 843.8 - 6 9  
4322.9 843.8 .69 
4714.2 843.8 .69 
5099 .1  843.8 .69 
5490.2 843.8 .69 
5881.4 843.8 .69 
6364.6 843.8 .69 
6653.6 921 .6d  

- -  T O O J -  --- 

6772.1 921.6 .oo 
5674.1  843.8 - 6 9  
2724.4 .O 25.00 

640.6 .o  30.00 
194.0 .o  30.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0.. 
0. 
0. 
0. 
0. 
0. 

_ _  _- 

1 2 6 9  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

- ~ 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

-~ 

. o o  

. o o  
* 00 
-00 
.oo 
.oo 
.oo 
-00 
-00 
.oo 
.oo 
-00 
. oo  
.oo  
. o o  
-00 
.oo 
.oo 

- _ - - ~  

Slice Base Normal Vertical Pore Water Shear 
Stress Stress Pressure Stress # x-coord 

(ft) (psf 1 (psf 1 (psf 1 (psf) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14  
15  
16  
1 7  
1 8  

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
394.95 
409.95 
420.82 
431.72 
446.34 
462.94 
466.54 

1015.3 
1696.9 
2450.9 
3148.7 
3542.2 
3929.4 
4322.9 
4714.2 
5099.1  
5490.2 
5881.4 
6364.6 
6653.6 
6772.1  
5674.1  
2724.4 

640.6 
194.0 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4667.6 
5052.8 
5444.3 
5835.7 
6319.4 
6611.4 
6730.2 
6839.6 
4159.2 
1066.6 

323.0 

.o  

.o  

.o  

.o  

.o 

.o 

. o  

.o 

. o  

. o  

.o 

.o 

.o 

.o 

.o  

.o  

.o  

.o  

266.6 
241.7 
342.3 
401.0 
403.2 
405.3 
407.4 
409.6 
411.7 
413.8 
415.9 
418.6 
419.2 
419.2 
414.8 
577.8 
168.2 

51.0 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 183.00 8.12 13701. 5.73 11.83 .484 
2 189.00 8.12 16611. 6.28 13 .68  .459 
3 220.00 8.12 38116. 9.04 23.20 .390 



4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

240.00 
260.00 
280.00 
300.00 
320.00 
340.00 
360.00 
380.00 
409.90 
410.00 
431.64 
431.79 
460.88 

8.12 
8.12 
8.12 
8.12 
8.12 
8.12 
8.12 
8.12 
8.12 
8.12 
8.12 
8.12 
8.12 

45582. 
53011. 
60405. 
67763. 
74997. 
82189. 
89337. 
96443. 

106986. 
107020. 
114276. 
113479. 
4805. 

10.00 
11.07 
12.21 
13.40 
14.62 
15.87 
17.13 
18.41 
20.35 
20.36 
21.79 
21.81 
4.33 

1 2 6 9  
26.40 
29.50 
32.60 
35.80 
38.88 
41.96 
45.14 
48.23 
52.88 
52.90 
54.78 
54.65 
11.90 

-379 
-375 
-375 
.374 
.376 
.378 
.379 
.382 
.385 
.385 
.398 
.399 
.364 

Total Normal Stress = 3930.07 (psf) 

Shear Stress - - 408.01 (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 336.12 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.198 

Total shear strength available 
along specified failure surface = 301.503+03 lb 
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GEOSYNTEC CONSULTANTS Page I of ~L 
Written By : M('0 Date: (0 1% I q?Rcviewed by: Date: IO I 30 197 

Client: FbF Project: os.c\F Project/RoposalNo.: mo I66 TaskNo.: 0 4  

QA Sample 
No. 

J PURPOSE 

Evaluate whether GCL QA sample no. 10 complies with the shear strength requirements given in the GCL specification 
(Section 02772, Paragraph 2.01.E.3). 

Case 

METHOD 

The method for evaluating the GCL sample is outlined in RCI number 1702-006R The method involves the following basic 
steps. 

.. -. 

10 

1. 

2. 

Use shear test results fkom the GCL sample to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1 .  Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline-factors of safety. 1 3. 

Peak 

SHEAR TEST RESULTS 

IO 

The results of the GCL internal shear and GCL/geomembrane interface shear tests performed on QA sample no. 10 are 
shown in the following table. The laboratory test results are presented in Appendix A. 

Large-displacement 

Test Type Measured Shear Strengths 

GCL Internal 

GCWGMB 
Interface (average 9.25) 1 1:; ; 1 / 3.5,6.8(') GCL Internal 1 

(average 5.15) 
GCL/GMB 1 8.0, 7.2") 
Interface (average 7.60) 

(ed fer CCL cdc,- s bar) J 

J 
f 

(I) The shear test at 45 psi normal stress for the GCLIGMB interface for GCL QA sample no. 10 was performed twice. The 
two values obtained for both peak and large displacement are presented in the table. The average of those values is used for 
the slope stability analyses. 

GQ0166-04/F9730108.DOC 
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STABILITY ANALYSES RESULTS 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. 
The analyses output files and figures showing Critical slip surfaces are presented in Appendix B. 

10 GCL Internal NLDlOA2S J 1.6 J I GCUGMB Interface NLD 1 OB2S J 2.2 d YES 
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01997 GcoSyntcc Coiisultants 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 101 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-10). GCL’s initial moisture - - - content - was - - 8.0%1-GCL~s- - _ _ _  _ _  
fin3 moisture content ranged from 51 % to 95% for the test series; and 

- _ _  ._ _-- - -  - - ~- - - - ~- 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the.GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5, 20, 45, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQO166-04.1 IF9730108 I 97.10.3 1 
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TEST PROCEDURES AND CONDlTIONS 
TEST SERIES NUMBER: 1OG 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofu NS GCL (GCL-10) with woven geotextile against geomembrane. GCL's initial 
moisture content was 8.2%. GCL's final moisture content ranged from 60 to 101 % for the 

_. - ~~ test.series; ~ ~ ~ _ _  ~- ____-  

80-mil NSC textured HDPE geomembrane (GM-15); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 
- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 5 ,  20, 45, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

GQ0166-04.1 IF9730108 2 97.10.31 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FAClLliy 

I 
TEST SERIES NUMBER 101: INTERNAL SlRENGTH OF 
BENTOFIX NS GCL GCL-10) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

TEST CONDITIONS - an = 5.0 psi 
-------------- - a n  = 20.0 psi - Un = 45.0 psi - On = 45.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hm at eoch stress 
SHEAR RATE: 0.004 in./min. 

1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1  

DISPLACEMENT (in.) 
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

to occur within the 8 C L  
(2) For each test, slidin 

DATE TESTED: 11 SEPTEMBER TO 1 OCTOBER 1997 
FIGURE NO. A- 1 
PROJECT NO. GQOl66-04.1 

- 
I- - GEOSYNTEC CONSULTANTS 

DOCUMENT NO. F97 SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
FILE NO. V 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- - - _  - - - - ~ 

TEST SERIES NUMBER 101: INTERNAL SlRENGTH OF 
BENTOFIX NS GCL GCL-10) UNDER SOAKED AND 
CONSOLIDATED CON b ITIONS 

MEASURED SHEAR STRENGTHS - 

o n  = 5.0 psi, ~ p d (  = 3.3 psi, TU = 2.1 psi 
On = 20.0 PSI, 7- = 7.8 psi. 7~ = 2.7 psi 
o n  45.0 psi, 7- = 9.8 psi. T U )  = 3.5 psi 
On 45.0 psi, = 13.3 psi, 7~ = 6.8 psi 

*..-PEAK : bP = 11"; fp - 420 sf; R' - 0.057 
4 . w  ID STRENGTH. dm - 5 ;  4p - 2p5 psf; R' - 0.566 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

0 5 10 15 20 25 30 35 40 45 I 
NORMAL STRESS (psi) 

an le and adheslon were determined from a be&-fft line drawn thmu h the te8 data. Caution should be exerclsed In using the strength paramefern 
for applications involving normal stresses outslde the  range of 
stresses covered the test aeries. 
(21 Th;hlay disFcement ahear strength (T ) was calculated 
usn 
(3) f o r  each test, sllding (l.e, Internal shear fallure) was observed 
to .occur within the GCL 

NOTES: (1) The reported total-stress shear strength parameters of friction 

e s eur orce ut a shear displaceme3 of 2 In. for each test. 

DATE TESTED: 11 SEPTEMBER TO 1 OCTOBER 

. - 

1997 - FIGURE NO. 
I- - GEOSYNTEC CONSULTANTS 

FILE NO. 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIW 

_ _  - . _ -  -6000 - - 

- 
I 
I- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSY NTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. A-3 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. F9730 1 08 
FILE NO. 

TEST SERIES NUMBER 1OG: BENTOFIX NS GCL GCL-10) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO i S 
80-mil NSC TEXTURED HDPE GEOMEMBMNE GM-15) 

TEST CONDITIONS - a, = 5.0 psi - on = 45.0 psi 

-------------- - on = 20.0 psi - = 45.0 psi 

SOAKING: 168 hrs at 3 pst 
CONSOUDATION: 48 hm at each stress 
SHEAR R A E  0.004 in./min. 

SEE NOTE (2) 

- -  - -  - 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3 
DISPLACEMENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mrn by 300 mm), 

(2) Sliding (Le., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

DATE TESTED: 13  TO 24 SEPTEMBER AND 6 TO 15 OCTOBER 1997 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- - _. ---= 
I 

TEST SERIES NUMBER IOG: BENTOFIX NS GCL GCL-10) 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRAN k / 
UNDER SOAKED AND CONSOLIDATED CONDITIO t!i S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-15) 

MEASURED SHEAR STRENGTHS - ______________-_____-_------------- 
a n  = 5.0 psi, TW = 2.3 psi, TU = 1.8 psi 
an = 20.0 psi, T+ = 7.4 psi, T~ = 5.1 psi 
(in = 45.0 psi, ~ p r d c  = 9.6 psi, TU) = 8.0 psi 
a, = 45.0 psi, rpOok = 8.9 psi, T~ = 7.2 psi 

9"; - 
SOAKING: 168 hrs at 3 psi 
CONSOUDATlON: 48 hrs at each stress 
SHEAR RATE: 0.004 in./rnin. 

SEE NOTE (3) 

NOTES: (1) The reported total-stress shear strength parameters of friction 
an le and adhesion were determined from a best-fit line drawn thmu h the 
t e 8  data. Caution should be exercised in using the strength poramefers 

outside the mnge af 

1997 DATE TESTED: 13 TO 24 SEPTEMBER AND 6 TO 15 OCTOBER 

A-4 FIGURE NO. 

PROJECT NO. GQOI 66-04.1 
- 
c- 
'L GEOSYNTEC CONSULTANTS 

DOCUMENT NO. F9730 1 08 
FILE NO. 

SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * * 

* using the 
* Method of Slices 
* * 
* Copyright (C) 1992 - 96 
* Interactive Software Designs, Inc. 
* Moscow, ID 83843, U.S.A. 

* All Rights Reserved * * 
* Ver. 5.201 96 - 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* 
* Slope Stability Analysis * 

* 
* 
* 
* 
* 
* 
* 

- -  ~ - - - - .  _ _  * - - -  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

.o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

Segment x-left y- lef t x-right 
No. (ft) (ft) (ft) 

1 .o 153.0 129.0 
2 . o  94.1 136.5 
3 136.5 91.4 224.8 
4 224.8 93.2 285.0 
5 285.0 94 -4 313.0 
6 313.0 95.0 330.0 

y-right 
(ft) 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

y-right Soil Unit 
(ft) Below Segment 

153.0 1 
91.4 3 
93.2 3 
94.4 3 
95.0 3 

100.0 3 



- 
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. . . . . . . . . . . . . . . . . . . . . . . . . .  
ISOTROPIC Soil Parameters . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 Soil unit(s) specified 

a 
Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf) No. 

1 125.0 125.0  25.00 .ooo .o  0 

3 125.0 125.0 .o .oo .ooo .o  0 
- 0  - -  - _ -  - - _ -  2 125;O 125.0 - 2oo::1 3 0 . 0 0 1  - .OOO .o  

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress 
No. (psf 1 

1 -1000.0 
2 .o  
3 720.0 / 
4 2880.0 
5 6480.0 
6 10080.0 

Shear Stress 
(psf 1 

.o  

.o  
475.2 

1123.2  / 
1663.2 
1663.2 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

291.74 
284.10 
283.90 

152.67 
152.43 
113 - 3 9  
111.48 

2 2 4 . 8 0 1  

99.25 
94.38 
94.18 
93 .00 /  
91.49 
91.72 

153.00 
156 .31  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 

1 
2 
3 
4 

6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15 
1 6  

- 5--- 

x-base 
(ft) 

288.37  
284 .55  
284.00 
276 .95  

-260.00 
240 .00  
227.40 
217 .40  
200 .00  
180 .00  
161 .33  
152 .55  
1 5 1 . 2 1  
1 3 9 . 5 0  
121 .20  
1 1 2 . 4 3  

y-base 
(ft) 

97.10  
94.67 
94.28 
94.04 

- -- -9-3 ~ 7 0 -  
93 .30  
93 .05  
92 .85  
92 .48  
92.06 
91 .67  
9 1 . 6 1  
93 .63  

112 .02  
140 .75  
154 .66  

height 
(ft) 

2 .52  
5 . 4 9  
6 . 0 7  
8.75 

-15 Loo-- 
22 .35  
26 .96  
30 .66  
37 .12  
44.49 
5 1 . 3 6  
54 .50  
5 2 . 9 5  

1 3 . 7 3  
1 . 4 8  

37 .98  

width 
(ft) 

6.74  
.90 
.20  

1 3 . 9 0  
-20: 00 

20 .00  
5 .20  

1 4 . 8 0  
20 .00  
20 .00  
1 7 . 3 3  

.24 
2 .43  

21 .00  
1 5 . 6 1  

1 . 9 1  

alpha 

-32.52 
-32.52 
-45.00 

-1 .14  
----I- .- 1 4  

-1.14 
-1.14 
-1 .20  
-1 .20  
-1 .20  
-1.20 
4 3 . 7 8  
57.50 
57 .50  
57 .50  
60 .05  

beta 

6 .34  
1 9 . 1 2  
1 9 . 1 2  
19 .12  
- B - 2  9 
1 9 . 0 3  
1 9 . 2 9  
1 9 . 2 9  
1 9 . 2 9  
1 9 . 0 3  
1 9 . 2 9  
1 9 . 2 9  
1 9 . 2 9  
1 5 . 9 5  
1 0 . 7 1  
1 0 . 7 1  

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force FOS moment 
2 1 6  -3764 1,9490 1,9814 
3 16 .4173 1 . 9 5 0 1  1 . 9 4 9 0  
4 16 .4166  1 . 9 5 0 1  1 . 9 5 0 1  

Nonlinear M-C Iteration Number - 2 

Iter # 
2 

Theta 
1 6  -4345  

FOS force 
1,9385 

FOS-moment 
1 .9380  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS-f orce FOS-moment 
1 16.4345 1 .9385  1 . 9 3 8 0  

weight 
(lb) 

2126.  
618 .  
1 5 2 .  

15202.  

55866.  
17523.  
56730.  
92798. 

111220.  
111262.  

1655.  
16063.  
99708. 
26787. 

353 .  

--.3-7493 - 

SLICE INFORMATION ... continued : 



Slice sigma c-value phi U-base U-top P-top Delta 
(psf 1 (psf 1 (lb) (1b) (lb) 

1 590.4 .o  30.00 0. 0. 0. .oo 
2 1331.4 200.0 25.00 0. 0. 0. * 00 

4 1201.4 259.2 16.70 0. 0. 0. .oo 
3 1845.8 259.21 16.701 0. 0. 0. .oo  

5 
6 
7 
8 
9 

10 
-1 I 
12 
13 
14 
15 
16 

~- ~~~ 

2027.5 259.2 16.70 
2996.3 691.2 8.53 
3590.7 691.2 8.53 
4070.4 691.21 8.53/ 
4902.7 691.2 8.53 
5852.8 691.2 8.53 

4929.6 691.2 8.53 
3665.6 200.0 25.00 
2608.7 200.0 25.00 
895.4 200.0 25.00 
95.2 . o  30.00 

673-2-.-8 -- -1663;-2 I----. OO/------ 

0. 
0. 
0. 
0. 
0. 
0. 
-0. 
0. 
0. 
0. 
0. 
0. 

0. 
. .  ~ 0. 

0. 
0. 
0. 
0. 
0;- ~- . -  

0. 
0. 
0. 
0. 
0. 

0. 
. .  0. 
0. 
0. 
0. 
0. 

- o ; - - -  
0. 
0. 

' 0. 
0. 
0. 

Slice Base Normal Vertical Pore Water Shear 
x-coord Stress Stress Pressure Stress # 

(ft) (psf 1 (psf) (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

288.37 
284.55 
284.00 
276.95 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
161.33 
152.55 
151.21 
139.50 
121.20 
112.43 

590.4 
1331.4 
1845.8 
1201.4 
2027.5 
2996.3 
3590.7 
4070.4 
4902.7 
5852.8 
6732.8 
4929.6 
3665.6 
2608.7 
895.4 
95.2 

315.4 
686.1 
758.3 
1093.7 
1874.6 
2793.3 
3369.8 
3833.1 
4639.9 
5561.0 
6420.2 
6812.7 
6618.2 
4748.0 
1716.0 
184.6 

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

.o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

175.8 
423.4 
419.4 
319.6 
447.5 
588.4 
634.4 
671.5 
735.9 
809.5 
858.0 
738.0 
984.9 
730.7 
318.6 
28.4 

Slice Right Force Interslice 
# x-coord Angle Force 

(ft) (degrees) (lb) 

1 285.00 16.43 3881. 
2 284.10 16.43 5075. 
3 283.90 16.43 5547. 
4 270.00 16.43 10527. 
5 250.00 16.43 20702. 

. oo  

.oo 

.oo 

.oo  

.oo 

.oo  
-00.- 
.oo 
.oo  
.oo 
.oo  
.oo  

Force Boundary Height 
Height Height Ratio 
(ft) (ft) 

3.14 5.05 .623 
3.14 5.93 .530 
3.12 6.20 .504 
4.99 11.30 .441 
7.29 18.70 .390 



6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

230.00 
224.80 
210.00 
190.00 
170.00 
152.67 
152.43 
150.00 
129.00 
113.39 
111.48 

16 -43 
16.43 
16 -43 
16 -43 
16.43 
16.43 
16.43 
16.43 
16.43 
16.43 

.oo  

34219. 
38047. 
49724. 
67210. 
86644. 
104693. 
103683. 
91616. 
17960. 
271. 
-2. 

9.46 
10.07 
11.83 
14.25 
16.66 
18.79 
18.81 
17.99 
10.12 
1.38 
-.36 

26.00 
27.92 
33.41 
40.83 
48.15 
54.58 
54.43 
51.47 
24.50 
2.95 
.oo 

-364 
.361 
-354 
.349 
-346 
-344 
-346 
.350 
-413 
-466 
.ooo  

Total Normal Stress = 3133.18 (psf) 

Shear Stress - - 592.36 (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 217.42 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.938 J 
Total shear strength available 
along specified failure surface = 249.66E+03 lb 
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Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

Segment x- lef t y- lef t x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 

a 

.o  
92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x-left y-left x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 .o  153.0 129.0 153.0 1 
2 -0 .94.1 136.5 91.4 3 
3 136.5 91.4 224.8 93.2 3 
4 224.8 93.2 285.0 94.4 3 
5 285.0 94 -4 313.0 95.0 3 
6 313.0 95.0 330.0 100.0 3 



1 2 6 9  

3 Soil unit(~) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

.ooo .o 0 

.ooo -0 0 
- -0------- 25:00/ 

1 125.0 125.0 200.0 J 
- -. - - - - - - - -2- - 125--0-- -1-25- 0- - -0 - - -30 -00 - - -000 - - - - _. ,.o - 

3 125.0 125.0 .o .oo 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 .o 
2 . o  
3 720:: / 
4 2880.0 1065.6 
5 6480.0 1332.0 
6 10080.0 1332.0 

331-2 1 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

292.36 
284.85 

224.80 
137.68 
137.43 
98.20 
94.43 

99.18 
94.40 

94-19 93.00 I 
91.18 
91.42 

153.00 
159.54 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 

1 
2 
3 
4 

- --5-- 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

-. . . _ - . . 

x-base 
(ft) 

288.68 
284.92 
284.75 
277.33 
260.00-- 
240.00 
227.40 
217.40 
200.00 
180.00 
160.00 
143.84 
137.55 
133.21 
113.60 
96.32 

y-base 
(ft) 

96.84 
94.45 
94 -29 
94.04 
9% 70 
93.30 
93.05 
92.85 
92.48 
92.06 
91.65 
91.31 
91.30 
98.04 

128.83 
156.27 

~- - 

height 
(ft) 

2.75 
5.58 
5.79 
8.62 

-15.00 - 
22.35 
26.96 
30.66 
37.12 
44.49 
51.85 
57.45 
59.26 
53.76 
27.09 
2.91 

Nonlinear M-C Iteration Number - 

width 
(ft) 

7.36 
.15 
.20 

14.65 
-2 0,-0 0 
20.00 
5.20 

14.80 
20.00 
20.00 
20.00 
12.32 

.25 
8.43 

30.80 
3.77 

1 

Iter # Theta FOS-f orce 
2 16.5205 1.7642 
3 16.5358 1.7646 

Nonlinear M-C Iteration Number - 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 

Iter # Theta FOS force 
2 16.5511 1,7563 

Iter # Theta FOS-f orce 
1 16.5511 1.7563 

SLICE INFORMATION ... continued : 
Slice Sigma c-value phi U-base 

alpha 

-32.49 
-32.49 
-46.40 
-1.14 

- - 1;-1-4 
-1.14 
-1.14 
-1.20 
-1.20 
-1.20 
-1.20 
-1.20 
43.83 
57.50 
57.50 
60.04 

___ . 

beta 

6.34 
19.12 
19.12 
19.12 
-19 .-29 
19.03 
19.29 
19.29 
19.29 
19.03 
19.29 
15.95 
15.95 
15.95 
10.71 
10.71 

FOS moment 
117741 
1.7642 

FOS-moment 
1.7560 

FOS moment 
1,7560 

weight 
(lb) 

2532. 
107. 
143. 

15779. 

55869. 
17523. 
56730. 
92795. 

111215. 
129634. 
88475. 
1852. 

56649. 
104286. 

1373. 

37500, _. . - 

U-top P-top Delta 
008243 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

- -  -12 - 
13 
14 
15 
16 

~. ~ 
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683.0 
1428.3 
1850.4 
1171.5 
2027.0 
3005.3 
3592.9 
4067.2 
4890.0 
5829.4 
6764.9 
-7469.0-- 
5395.3 
3644.0 
1796.2 
183.2 

.o 30.00 
200.0 25.00 
86.41 18.781 
86.4 18.78 
86.4 18.78 

852.5 4.23 
852.5 4.23 
852.51 4.231 
852.5 4.23 
852.5 4.23 

1332.04 . O O J  
-1332.0 -.OO - -  

852.5 4.23 
200.0 25.00 
200.0 25.00 

.o 30.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. - 

0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (ps5 (psf) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

288.68 
284.92 
284.75 
277.33 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
160.00 
143.84 
137.55 
133.21 
113.60 
96.32 

683.0 
1428.3 
1850.4 
1171.5 
2027.0 
3005.3 
3592.9 
4067.2 
4890.0 
5829.4 
6764.9 
7469.0 
5395.3 
3644.0 
1796.2 
183.2 

344.0 
697.5 
724.2 

1077.0 
1875.0 
2793.5 
3369.8 
3833.1 
4639.8 
5560.7 
6481.7 
7181.4 
7407.0 
6719.9 
3385.9 
364.2 

. o  

. o  

. o  

.o  

.o  

. o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

224.5 
493.1 
407.4 
276.0 
441.6 
612.0 
636.8 
656.7 
691.4 
731.0 
758.4 
758.4 
712.7 

1081.4 
590.8 
60.2 

.oo  

.oo 

.oo  

.oo 

.oo 

.oo  

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 285.00 16.55 5063. 3.44 5.50 .624 
2 284.85 16.55 5287. 3.43 5.65 .607 
3 284.65 16.55 5770. 3.40 5.93 .573 
4 270.00 16.55 10344. 5.51 11.30 .488 
5 250.00 16.55 20398. 7.57 18.70 .405 
6 230.00 16.55 34414. 9.54 26.00 .367 



7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

224.80 
210.00 
190.00 
170.00 
150.00 
137.68 
137.43 
129.00 
98.20 
94.43 

16.55 
16.55 
16.55 
16.55 
16.55 
16.55 
16.55 
16.55 
16.55 

.oo 

38256 - 
49708. 
66265. 
84058. 

102830. 
114583. 
113418. 
72624. 
1012. 

-2. 

10.15 
11.97 
14.55 
17.16 
19.81 
21.49 
21.55 
19.91 
2.71 
.15 

1 2 6 9  
27.92 
33 -41 
40.83 
48.14 
55.56 
59.34 
59.17 
48.35 
5.83 
.oo 

-363 
-358 
-356 
-356 
-356 
-362 
.364 
.412 
.465 
.ooo  

Total Normal Stress = 3410.62 (psf) 

Shear Stress - - 610.80 (psf) 
Pore Water Pressure = .oo  (psf) 

Total Length of failure surface = 237.10 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR O F  SAFETY = 1.756 / 
Total shear strength available 
along specified failure surface = 254.363+03 lb 

$00245 
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Problem Description : OSDF Final Long Term - Large 

15 SURFACE boundary segments 

Segment x- lef t y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 
220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

11 SUBSURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 60.0 90.0 120.0 
2 120.0 100.0 150.0 
3 150.0 105.0 183.0 
4 183.0 105.0 189.0 

y-right 
(ft) 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

y-right 
(ft) 

100.0 
105.0 
105.0 
106.0 

Displ. 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

Soil Unit 
Below Segment 

2 
2 
2 



410.0 142.8 5 189.0 106.0 
6 410.0 142.8 467.0 148.5 
7 467.0 148.5 555.0 152.9 
8 183.0 105.0 220.0 100.0 
9 220.0 100.0 300.0 100.8 

10 300.0 100.8 410.0 102.0 
11 410.0 102.0 555.0 103.5 

1 2 6 9  

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf No. 

1 125.0 125.0 25.00/ .ooo .o  0 
2 125.0 125.0 .o  30.00 .ooo .o 0 
3 125.0 125.0 .o  .oo .ooo .o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf (psf 

1 -1000.0 .o  
2 .o .o  
3 720.0 / 302.4 / 
4 2880.0 388.8 
5 6480.0 741.6 
6 10080.0 741.6 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A SINGLE FAILURE SURFACE HAS BEEN SPECIFIED FOR ANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10 
183.00 

220.001 300.00 
397.52 
397.76 
424.78 
432.07 

114.18 
105.00 
99.80 

101.62 
101.87 
144.28 
156.91 

~ o o . ~ o /  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- _ _  . __ -Slice- x-ba-se - yLbase- height--width ---alpha - beta- ~ weight 
(ft) (ft) (ft) (ft) (lb) 

1 175.05 109.59 5.92 15.90 -30.01 
2 186.00 104.58 12.75 6.00 -8.00 
3 204.50 101.98 18.44 31.00 -8.00 
4 230.00 99-90 24.80 20.00 .57 
5 250.00 100.10 27.95 20.00 -57 
6 270.00 100.30 31.05 20.00 .57 
7 290.00 100.50 34.20 20.00 .57 
8 310.00 100.70 37.35 20.00 -60 
9 330.00 100.91 40.44 20.00 -60 

10 350.00 101.12 43.58 20.00 .60 
11 370.00 101.33 46.72 20.00 .60 
12 388.76 101.53 49.63 17.52 ' .60 
13 397.64 101.75 50.89 .24 46.17 
14 403.88 111.48 42.20 12.24 57.50 
15 417.39 132.68 22.76 14.78 57.50 
16 428.42 150.59 5.95 7.29 60.00 

Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
2 7.1277 1,6152 
3 7.2211 1.6173 
4 7.2190 1.6173 

Iter # Theta FOS force 
1 7.2190 1,6173 

SLICE INFORMATION . . .  continued : 
Slice Sigma c-value phi U-base 

(psf) (psf 1 (lb) 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

FOS moment 
1-6625 
1.6152 
1.6173 

FOS moment 
1,6173 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93364. 

101091. 
108943. 
116795. 
108693. 

1527. 
64572. 
42046. 
5421. 

u- top P-top Delta 
(lb) (lb) 

1 1095.0 .o  30.00 0. 0. 0. .oo 
Qpv()o2S(-j 



2 

4 
5 
6 
7 
8 
9 

- 1 0  
11 
1 2  
1 3  
1 4  

3 
1680 .6  
2408.8  
3125.8  
3521.9 
3911.6  
4307.7  
4702.7  
5091.3  
5 4 8 6 . 1  
5881.0  
6247.3  
5307.2 
3266.9 

273 .6  2 . 2 9  
273 .6 )  2.29.1 
106 .6  5 . 6 0  
1 0 6 . 6  5 . 6 0  
1 0 6 . 6  . 5 .60  
1 0 6 . 6  5 . 6 0  
1 0 6 . 6  5 . 6 0  
1 0 6 . 6  5 . 6 0  
106 .6  . 5 . 6 0  
106 .6  5 . 6 0  
106 .6  5 .60  
106.6’ 5.60’ 

.o  25 .00  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

- 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

11269 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Slice 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15 
1 6  

Base 
x-coord 

(ft) 

175 .05  
186 .00  
204 .50  
230.00 
250 .00  
270.00 
290.00 
310 .00  
330 .00  
350 .00  
370 .00  
388 .76  
397.64 
403.88 
417 .39  
428 - 4 2  

Normal 
Stress 
(psf 1 

1095 .0  
1680 .6  
2408.8  
3125.8  
3521.9  
3911.6  
4307.7  
4702 .7  
5091.3  
5 4 8 6 . 1  
5881.0  
6247 .3  
5307 .2  
3266 .9  
1 7 6 1 . 6  

4 1 4 . 9  

Vertical 
Stress 
(psf 1 

739.6 
1594.4  
2304.8 
3100.0 
3493.8 
3881.3  
4275.0 
4668.2 
5054.5  
5447 .1  
5839.7 
6204.0 
6361.9 
5275.5  
2844.8 

743.6 

Pore Water 
Pressure 

(psf 1 

.o  

.o  

.o  

.o  

.o  

. o  

. o  

.o  

.o  

.o  

.o  

. o  

. o  

.o  

. o  

. o  

Shear 
Stress 
(psf 1 

390 .9  
210 .7  
228 .7  
255 .3  
279 .3  
302 .9  
326 .9  
350 .9  
374 .4  
398 .3  
422 .3  
444 .4  
387 .5  
941.9 
507 .9  
1 4 8 . 1  

Slice 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Right 
x-coord 

(ft) 

183 .00  
189 .00  
220.00 
240.00 
260 .00  
280.00 
300 .00  
320 .00  
340 .00  

Force 
Angle 
degrees) 

7 .22  
7 .22  
7 .22  
7 .22  
7 .22  
7 .22  
7 .22  
7 .22  
7 .22  

Interslice 
Force 
(lb) 

16401.  
19104.  
36830. 
41347. 
46267. 
51585. 
57307. 
63389. 
69863. 

Force 
Height 
(ft) 

5 . 6 0  
6 .30  
9 . 5 5  

1 0 . 7 2  
1 1 . 7 9  
1 2 . 7 8  
1 3 . 7 2  
1 4 . 6 2  
1 5 . 4 8  

* 00 
.oo 
-00 
. o o  
. o o  
. o o  
. o o  
.oo  . 00. 
.oo  
-00 
.oo 
.oo 

- -0 o-- ~~ 

. oo  

Boundary 
Height 
(ft) 

1 1 . 8 3  
1 3 . 6 8  
23 .20  
26 .40  
29 .50  
32 .60  
3 5 . 8 0  
3 8 . 8 9  
4 1 . 9 8  

Height 
Ratio 

, 4 7 3  
.460  
.412 
.406 
- 3 9 9  
.392 
.303  
.376  
.369  



1269 
10 360.00 7.22 76737. 16.31 45.17 -361 

51.00 .349 12 397.52 7.22 90704. 17.82 
13 397.76 7.22 89460. 17.85 50.79 -351 
14 410.00 7.22 37818. 12.49 33.62 .372 
15 424.78 7.22 4192. 5.85 11.90 -492 

11 380.00 7.22 84009. 17.12 48.26 .355 

16 432.07 .oo 0. -7.. 23 .oo .ooo 

Total Length of failure surface = 298.47 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.617 J 
Total shear strength available 
along specified failure surface = 186.523+03 lb 



e 

I I 
0 
c 

II 
a, 
0 
U 

3 
m 

+ ' 

.. 

a, .- 
n Q  

O,' 
' 0  u +  

W .- 
G O  
G Z  n~ 
m t l  
o m  

0 
0 * 

0 
0 
M 

c 

1269 

\ 

0 

0 
0 
00 

0 
0 
b 

0 
0 

n + a a 
rc 

0- 

a 
I 

X 

0 
0 
v 

0 



1269 

.- 

A ,  
t;" 
= F  m a  
k +  
%; 
zv, 
w c  
cno 
n o  

I ' I ' I ' I ' I '  

0 
0 
In 

0 
0 
d 

0- 
0 
rr) 

0 
0 
04 

0 
- 0  

In 

0 
- 0  e 

n 
Q) 
Q) 

c 

rc 
W 

0 cn 
-00 
- E  
0 
0 
0 
I 
x 

0 
- 0  

04 

0 
0 - 

0 0 0 0 0 
0 In In In 

I - - 
0 

- 0  
In 

0 
- 0  * 

n 
Q) 
Q, 

c 

b 
W 

ov, 
- o n  

W E  
0 
0 
0 
I 

X 
0 

- 0  
hl 

Z 
0 
I- 

0 

- 
a 
s 
W 
Z 
J 

I- 
v, 
3 
E 
I 
I- 

- 

O 
00 - 

0 
0 
d 

0 
0 
rr) 

0 
0 
(v 

0 
0 .- 

0 
In 

ci, 
a, 
D 
0 
b 
r; 
II 

(cap) S313NV 33t1Oj 

l ' l ' l ' l ' l ' l ' l '  
0 
0 .- 

0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
b c O I n d r r ) N ,  

(d) S3SS3UlS 3SV8 



1 2 6 9  

XSTABL File: NLDlOB2S 10-27-97 10:54 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.. . . .  

* 
* 
* 
* 
* 
* 
* 
* 
* 
*--- 
* 
* 
* 

X S T A B L  

Slope Stability Analysis 
using the 

Method of Slices 

Copyright (C) 1992 - 96 
Interactive Software Designs, Inc. 

Moscow, ID 83843, U.S.A. 

All Rights Reserved 
- - -~ 

Ver. 5.201 96 - 1202 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 
Segment x-left y-left x-right y-right Soil Unit 

1 60.0 90.0 100.0 2 120.0 
105.0 2 120.0 100.0 150.0 2 
105.0 2 150.0 105.0 183.0 3 

4 183.0 105.0 189.0 106.0 (96)6)25s 



1 2 6 9  
5 189.0 106.0 410.0 142.8 1 
6 410.0 142.8 467.0 148.5 1 
7 467.0 148.5 555.0 152.9 1 
8 183.0 105.0 220.0 100.0 3 
9 220.0 100.0 300.0 100.8 3 

10 300.0 100.8 410.0 102.0 3 
11 410.0 102.0 555.0 103.5 3 

3% 

- _ _  . _  .- . _  _ _  
3 Soil unft(s) specified- 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moi s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (des) Ru (psf 1 No. 

.ooo .o  0 

.ooo .o  0 

.ooo .o  0 

1 125.0 125.0 
2 125.0 125.0 . o  30.00 
3 125.0 125.0 -0 .oo 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 .o  
2 .o  .o  
3 720.0/ 259.2 
4 2880.0 734.4 
5 6480.0 1094.4 
6 10080.0 1094.4 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10 
183.00 
220.00 
300. O O j  
398.30 
398.55 
425.62 
432.91 

114.18 
105.00 
99.80 
100.60 1 
101.62 
101.88 
144.36 
156.99 

000256 



8 2 6 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. -  -~ 
Slice x-base y-base height width ~ alpha 

1 175.05 109.59 5.92 15.90 -30.01 - 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

~ 

186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
389.15 
398.42 
404.27 
417.81 
429.27 

104.58 12.75 6.00 
101.98 18.44 31.00 
99-90 24.80 20.00 

100.10 27.95 20.00 
100.30 31.05 20.00 
100.50 34.20 20.00 
100.70 37.35 20.00 
100.91 40.44 20.00 
101.12 43.58 20.00 
101.33 46.72 20.00 
101.53 49.70 18.30 
101.75 51.02 -- .25 
110.86 42.88 11.45 
132.11 23.38 15.62 
150.68 5.95 7.29 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 7.6391 2,1889 
3 7.7034 2.1911 
4 7.7020 2.1910 

Iter # Theta FOS force 
1 7.7020 2T1910 

SLICE INFORMATION ... continued : 
Slice Sigma c-value phi U-base 

(psf 1 (psf 1 (lb) 

1 1007.5 . o  30.00 0. 

-8.00 
-8.00 

.57 
-57 
-57 
-57 
.59 
.59 
.59 
.59 
.59 

46.12 
57.49 
57.49 
60.01 

beta- 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

FOS moment 
2,2415 
2.1889 
2.1911 

FOS moment 
2,1911 

weight - 

(lb) 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93366. 

101097. 
108953. 
116809. 
113689. 

1594. 
61375. 
45646. 
5421. 

u- top P-top Delta 
(lb) (lb) 

0. 0. . oo  
$00257 
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2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  

1 6  
15- 

1685.8 
2431.0 
3139.2 
3534.7 
3923.9 
4319.4 
4714.0 
5102.2 
5496.7 
5891.2 
6264.8 
5239.9 
3532.4 
1925.. 6 - 

449.3 

100.8/  12.41.1 
100.8 
446 .41  5 .71  
446 - 4  5 .71  
446.4 5 .71  
446.4 5 . 7 1  
446.4 5 .71  
446.4 5 .71  
446.4 - 5 .71  
446.4 5 .71  
446.4 5 . 7 1  
446.4 5 . 7 1  

.O 25.00 

.o  30.00 

12-41J 

- - . - --25 Foe- - . -_ 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. - 

0. 
0. 
0. 
0. .o-. .- 

0. 

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0.. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 

0. 0. 
--o - --o..- ~. 

.oo 
-00 
-00 
-00 
-00 
.oo 
-00 
.oo 
.oo 
.oo 
.oo 
.oo 
-00 ,oo 
-00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER'S (1973) - TOTAL Stresses at center of slice base 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf) (psf 1 (psf) (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
389.15 
398.42 
404.27 
417.81  
429.27 

1007.5 
1685.8 
2431.0 
3139.2 
3534.7 
3923.9 
4319.4 
4714.0 
5102.2 
5496.7 
5891.2 
6264.8 
5239.9 
3532.4 
1925.6 

449.3 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4668.3 
5054.8 
5447.6 
5840.5 
6212.5 
6377.6 
5360.2 
2922.0 

743.7 

.o  

.o  

.o  . -0 

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

. o  

. o  

. o  

.o  

265.5 
215.3 
290 .1  
347.0 
365.1  
382.8 
400.9 
418.9 
436.6 
454.6 
472.6 
489.7 
442.9 
751.8 
409.8 
118.4 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

183.00 
189.00 
220.00 
240.00 
260.00 
280.00 
300.00 
320.00 

9 340.00 

7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 

13596. 
16334. 
36097. 
42467. 
49121. 
56056. 
63274. 
70741. 

5.67 
6.23 
9.03 
9.99 

10.97 
11.96 
12.96 
13.96 

11.83 
13.68 
23.20 
26.40 
29.50 
32.60 
35.80 
38.89 

.479 

.456 

.389 

.378 

.372 

.367 

.362 

.359 
78484. 14.95 41.98 35g  (BOOd.48 



10 360.00 7.70 86508 - 15.95 
11 380.00 7.70 94813 - 16.94 
12 398.30 7.70 102655. 17.84 
13 398.55 7.70 101392. 17.84 
14 410.00 7.70 46029. 13.00 
15 425.62 7.70 4855. 5.82 
16 432.91 .oo 0. 5.86 

1 2 6 9  
45.18 .353 
48.27 .351 
51.13 .349 
50.91 -350 
34.85 .373 
11.90 .489 

. oo  .ooo  

- _  - - - - - -. _- - - 
- - Total-Normal--Stress -=- ~ 3613-.19- -(psf) - -  --- - 

Pore Water Pressure = .oo (psf) 
Shear Stress - - 399.57 (psf) 

Total Length of failure surface 299 -35 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.191 J 
Total shear strength available 
along specified failure surface = 262.073+03 lb 
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GEOSYNTEC CONSULTANTS 1 & g 6  9 of 37 

PURPOSE 

Evaluate whether GCL QA sample no. 12 complies with the shear strength requirements given in the GCL specification. 
(Section 02772, Paragraph 2.01.E.3). 

/ 

METHOD 
~ ~ 

-_ - . -- .- - .___ ~ _ _  _ _  ~- -. - ~ 

The method for evaluating the GCL sample is outlined in RCI number 1702-006R The method involves the following basic 
steps. 

I. Use shear test results h m  the GCL sample to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 

2. Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. / 3. 

SHEAR TEST RESULTS 

The results of the GCL internal shear and GCUgeomembrane interface shear tests performed on QA sample no. 12 are 
shown in the following table. The laboratory test results are presented in Appendix A. 

~ 

QA Sample 
No. 

12 

Measured Shear Strengths I TestT*e I Case 
I 

5psi * 20psi 45 psi 
a r  

Peak GCL Internal - 7.9 psi 4 16.6 psi J 

GCUGMB 7.1 v 12.9 J 

Interface 
12 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. 
The analyses output files and figures showing critical slip surfaces are presented in Appendix B. 

I OA SamuleNo. I Test Type I Filename I Factorofsafety I Comply? 1 

I I I 

GCLIGMB Interface I NPKl2BS 1 I 1.9 d YES J I 
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01997 GeoSyntcc Consultants 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 121 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

0 upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-12). GCL’s initial moisture content was 8.7%. GCL’s 
- _ _  _ _  - 

final m-oisture-content ranged-from 70%-to 78% for-the test series; and _ _  -~ 

0 lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 20 and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQO166-04.1 IF9730095 1 97. IO. 16 
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01997 GeoSyntec Consulmiits 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 12G 

Test Specimen Confquration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-12) with woven geotextile against geomembrane. GCL's initial 
moisture content was 9.0%. GCL's final moisture content ranged from 54 to 95 % for the 

- __  - test-series; - - ~ ~- - - - -~ . . ~  ~ . ._- _ _ _  ~ .. ~ ~ . _ _  -~ - ~ 

80-mil NSC textured HDPE geomembrane (GM-10); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soalung conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 20 and 45 psi. 

Constant shear displacement rate: 0.004 inlmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

GQOl66-04.1 IF9730095 2 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FAClLlpf 

4500 

TEST SERIES NUMBER 121: INTERNAL STRENGTH OF 

CONSOLIDATED CON ITIONS 
BENTOFIX NS GCL GCL-12) UNDER SOAKED AND b 

TEST CONDITIONS 

a++.+ On = 20.0 psi - un = 45.0 psi 

__-_---------- 

SOAKING 168 hrs at 3 psi 
CONSOUDAllON: 48 hrs at each stress 
SHEAR RATE: 0.004 in./mln. 

fY 3 2500- 
I - 
u) 

2000 - - 
1500 - 

- 
1000 - 

~ l ~ l ~ l ~ ~ ~ ~ l ~ l ~ l ~ l ~  
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 

DISPLACEMENT (in.) 
NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

to occur within the 8 C L  
(2) For each test, slidin 

DATE TESTED: 1 TO 10  OCTOBER 1997 - FIGURE NO. A-1 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730095 

I- 

'L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
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FIGURE NO. A-2 
PROJECT NO. 

DOCUMENT NO. 

FILE NO. 

GQO166-04.1 
F9730095 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

~~ - _ _ _  ._ - -~ -50 
-. - - 

TEST SERIES NUMBER 121: INTERNAL SIRENGTH OF 
BENTOFIX NS GCL (GCL-12) UNDER S W E D  AND 
CONSOLIDATED CONDITIONS 

MEASURED SHEAR STRENGTHS ----------------------------------- 
O n  = 20.0 psi, = 7.9 .psi. TU) = 2.6 psi 
Un = 45.0 psi, ~ p w k  = 16.6 psi, TU = 5.4 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

- c 
c -  

0 5 10 15 20 25 30 55 40 45 
NORMAL STRESS (psi) 

N O E 9  (1) The mported total-stress shear strength parameters of friction 
an le ond adhedon were determined from a bed-fit line drawn thmu h the 

for applications involving normal stresses outslde the range of 
stresses covered the test serles. 
(21 The lo? dlT%cement shear strength ( T ~ )  was calculated 
usn the s ear orce ut a shear displocement of 2 In. for each test. 
(3) %or each test, sliding (Le, internal shear failure) was observed 
to occur within the GCL 

tes  data. Caution should be exercised In uslng the strength pomme a em 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- 
1.- 
L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

TEST SERIES NUMBER 
WITH WOVEN 
80-mil NSC EXTURED HDPE 
UNDER SOAKED AND 

5000 

FIGURE NO. A-3 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. F9730095 
FILE NO. 

TEST CONDITIONS _-__-_-------- 4500 - = 20.0 psi - un = 45.0 psi 
UJ 
-0 - 3500 SOAKING 168 hm at 3 psi 

CONSOUDAllON: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

W u 

SEE NOTE (2) 

O f I  I I I I I I I I 1 1 1  1 1  I I I I I 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 
DISPIACEM ENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (i.e., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

DATE TESTED: 1 TO 10 OCTOBER 1997 
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- 
I- - GEOSYNTEC .CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIW 

- - _ _  _ _  ~- - _ _  50 - _  _ _ _ _  

FIGURE NO. A-4 
PROJECT NO. 

DOCUMENT NO. 

FILE NO. 

GQO166-04.1 
F9730095 

TEST SERIES NUMBER 12G: BENTOFIX NS GCL 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN L / 
80-mil NSC TEXWRED HDPE GEOMEMBRANE GM-10) 
UNDER SOAKED AND CONSOLIDATED CONDITIO A S 

GCL-12) 

MEASURED SHEAR STRENGTHS ................................... 
On = 20.0 psi. ~ p d (  = 7.1 psi. r m  = 4.5 psi 
On = 45.0 psi, 7- = 12.9 psi, T m  = 5.7 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

0 1 1  I I I I I I I I 1 1 1 1 1 1 1 1 1  

0 5 10 15 20 25 30 35 40 45 E 
NORMAL STRESS (psi) 

NOTES: (1) The reparted total-stress shear strength parameters of friction 
an le and adhesion were determined from a best-fit line drawn thmu h the 
t e a  data. Caution should be exercised In uslng the strength paramefen 
for applicatlons lnvolvlng normal Stresses autslde the range of 
stresses cowred the test series. 

ustn the %ear grce at o shear displacement of 2 in. for each test. 
@ %ding 

(2) The la e dls ? acement shear strength ( T ~ )  was calculated 

shear failure) was observed to occur within the 
L rather an the intended interface. 



APPENDIX B 

a 



c 

r\ 
0 
N 
N 

a 

I 
0 

in a 

z 

tn 
u r n  2 a.+ 

Y 

.- 

I L  + o  
L C C  
0 
tno 
\G a 
L 
3 
tn 
0 
0 
- 

E .- 
L 
a 
c 
G 

tn 
0 

+ 
- 
n 

nn 
0 
I 
t- 
W 
I 
v, 

W 
0 
z 
W 
a. 
v, 

bc 

1269 

0 
ln 

0 
0 

( W 4 )  SIXV-A 

0 

0 
0 * 

0- - m 
m 

0 
0 
FI) 

0- 
:K) 

a 
X 

I 
X 

0 
0 
7 

0 m 

0 



5VZI 3d.N --- 1 2 6 9 

a 

0 
-In 

-04 

- --o-- 
- 0  cv 

0 
-In - 

0 0 0 0 0 0 0 0 0 0  
c Q b c o v ) * r r ) c v ~  F 

I 
(Sd!7) S33t10A 3311s 

0 0 rn a0 

0 
- 0  

rr) 

0 
- 0  cv 

n 

Q) 
Q) 

- 
c 
v 

o m  

0 
0 
0 
I 

X 

-~ 
- o n  

0 
- 0  - 

0 

1% 

0 0 0 0 0 0 0  
0 0 0 0 0  B o o o o o  

II 
a, 
0 
U 
cc ' 
3 

000273 



1269 
A 

XSTABL File: NPK12AS 10-15-97 22:17 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 
* X S T A B L  . * 

* Slope Stability Analysis * 
* 
* * using the 

* * 
* Copyright (C) 1992 - 96 
* Interactive Software Designs, Inc. 
* Moscow, ID 83843, U.S.A. 

. .  * .. Method of Slices 

* 
* 
* 
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* All Rights Reserved * 
* 

* Ver. 5.201 96 - 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) ‘(ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

.o  
92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 .o  153.0 129.0 
2 . o  94.1 136.5 
3 136.5 91.4 224.8 
4 224.8 93.2 285.0 
5 285.0 94.4 313.0 
6 313.0 95.0 330.0 

y-right 
(ft) 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

y-right Soil Unit 
(ft) Below Segment 

153.0 1 
91.4 3 
93.2 3 
94.4 3 
95.0 3 

100.0 3 



c 

1 2 6 9  

3 Soil unit ( s )  specified 

- Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 

(psf) (deg) Ru (psf 1 No. 

.ooo  .o  0 

.o .oo .ooo .o  0 

No. (pcf) (pcf) 

1 125 .0  1 2 5 . 0  200.0  25 .00  

3 125 .0  125 .0  

- - 2- -12 510- -12 5 ; o------- ---0----3 0- 0 0- -- - ---0 0 0 __ - _ _  0 - ___- O--- - 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 

Point 
No. 

3 

Normal Stress Shear Stress 
(psf) (psf) 

- 1 0 0 0 . 0  
.o  

720 .0  
2880.0  
6480.0  

10080.0  

.o 

.o  

.o  
1137.6  / 
2390.4  
2390.4 

Trial failure surface specified by 
the following 7 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 293.27  99 .08  
2 285 .17  94 .40  
3 284.97  94 .20  
4 224.80  93 .00  
5 175.56  92 .03  
6 1 7 5 . 4 0  92 .19  
7 138.37  150 .32  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width 
(ft) (ft) (ft) (ft) 

- - 1  289.22 -96.74 
2 285 .09  94 .31  
3 284 .98  94 .21  
4 277 .48  94 .05  
5 260.00 93.70 6----2-400, oo  
7 227 .40  93.05 
8 217.40 92 .85  
9 200 .00  92 .51  

1 0  1 8 2 . 7 8  92.17 
11 1 7 5 . 4 8  92 .11  
1 2  172 .70  96.43 
1 3  160 .00  116 .37  
1 4  1 4 4 . 1 8  141 .19  

9 3T3 0- 

.2..79 . 8.10 
5 . 6 8  .17 
5 . 7 9  .03  
8 . 5 5  1 4 . 9 7  

15 .00  20 .00  
-22, -3 5 - -2 0,o 0 - 

26 .96  5 . 2 0  
30 .66  1 4 . 8 0  
37 .09  20 .00  
43 .42  1 4 . 4 4  
46 .00  .16  
42 .64  5 .40  
27 .13  20 .00  

7 . 4 7  1 1 . 6 3  

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS-f orce 
2 19 .0519 2 .2116 
3 19 .0375 2 . 2 1 1 1  

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force 
2 19.0104 2,2071 

Iter # Theta FOS force 
1 19.0104 2,2071 

SLICE INFORMATION ... continued : 
slice Sigma c-value phi U-base 

(psf 1 (psf) (lb) 

1 623.4  . o  30 .00  0 .  

alpha 

- 3-0 .- 0 2 
-45.00 
-45.00 

-1.14 
-1.14 

beta 

6.34  
6.34 

19 .12  
1 9 . 1 2  
1 9 . 2 9  

-- 1- --1-9-,03. 
-1.14 1 9 . 2 9  
-1.13 19 .29  
-1.13 1 9 . 2 9  
-1.13 1 9 . 0 3  
45 .00  1 9 . 0 3  
57.50 1 9 . 0 3  
57 .50  1 9 . 2 9  
57.50 1 5 . 9 5  

FOS moment 
2,1867 
2.2116 

FOS moment 
2,2079 

FOS moment 
2,2079 

weight 
(lb) 

2825.  , 
. . -  

1 2 1 .  
22 .  

16008.  
37495.  
5 5 8 6-7-.- 
17523.  
56713. 
92721. 
78371. 

931 .  
28771. 
67834. 
10856.  

U-top P-top Delta 
(lb) (lb) 

.oo 0. 0. 
06)02G76 
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2 
3 
4 
5 
6 
7 
8 
9 

. -  10 
11 
12 
13 
14 

.. . - _ _  - . - -. - - __ - 

1429.7 
1472.5 
1110.9 
1999.8 
3009.3 
3625.4 
4118.8 
4978.1 
5823.7 
3943.5 
2899.7 
1822.8 
457.0 

. - - _  - 

-379.2 27.77 

-379.2 27.77 
-379.2 27.77 

-379.2 27.77 J 

135.4 19.19 
135.4 19.19 
135.4 19.191 
135.4 19.19 
135.4 19.19 
135.4 19.19 
200.0 25.00 
200.0 25.00 
200.0 25.00 

- - . - _ _  -~ - - _ _  - 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

. o o  

.oo 

. o o  

.oo  

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo  

.oo 

Slice Base Normal Vertical Pore Water Shear 
x-coord Stress Stress Pressure Stress # 

(ft) (psf) (psf 1 (psf) (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

289.22 
285.09 
284.98 
277.48 
260.00 
240.00 
227.40 
217.40 
200.00 
182.78 
175.48 
172.70 
160.00 
144.18 

623.4 
1429.7 
1472.5 
1110.9 
1999.8 
3009.3 
3625.4 
4118.8 
4978.1 
5823.7 
3943 -5 
2899.7 
1822.8 
457.0 

348.8 
709.4 
723.8 
1069.3 
1874.7 
2793.4 
3369.8 
3832.0 
4636.1 
5427.3 
5749.8 
5329.8 
3391.7 
933.4 

.o 
-0 
.o  
.o  
.o  
. o  
. o  
.o 
. o  
.o  
.o  
.o 
.o  
.o  

163.1 
169.4 
179.6 
93.3 

305.4 
535.8 
633.0 
710.8 
846.3 
979.6 
683.1 
703.3 
475.7 
187.2 

Slice Right Force Interslice Force Boundary Height 
Ratio # x-coord Angle Force Height Height 

(ft) (degrees) (lb) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

285.17 
285.00 
284.97 
270.00 
250.00 
230.00 
224.80 
210.00 
190.00 
175.56 
175.40 
170.00 
150.00 

19.01 
19-01 
19.01 
19.01 
19.01 
19-01 
19.01 
19.01 
19-01 
'19.01 
19.01 
19 ..Ol 
19.01 

4483. 
4771. 
4823. 
6651. 
13955. 
26560. 
30439. 
42835. 
62811. 
79524. 
78966. 
56990. 
6520. 

3.74 
3.73 
3.73 
7.41 
8.92 
10.25 
10.72 
12.23 
14.46 
16.13 
16.14 
14.47 
7.13 

5.58 
5.77 
5.81 
11.30 
18.70 
26.00 
27.92 
33.39 
40.79 
46.05 
45.95 
39.33 

.669 

.647 

.642 

.656 

.477 

.394 

.384 

.366 

.355 
-350 
.351 
.368 



14 138.37 .oo. 

1 2 6 9  
-2. -2.47 .oo .ooo  

Total Normal Stress = 2626.61 (psf) 

Shear Stress - - 497.68 (psf) 

Total Length of failure surface = 188.22 feet 

Pore Water Pressure = .oo (psf) 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.207 

Total shear strength available 
along specified failure surface = 206.743+03 lb 
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Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 
Soil Unit Segment x-left y-left x- right y-right 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 

a 

.o 
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
(ft) (ft) (ft) Below Segment No. (ft) 

1 . o  153.0 129.0 153 .O 1 
2 . o  94.1 136.5 91.4 3 
3 136.5 91.4 224.8 93.2 3 
4 224.8 93.2 285.0 94.4 3 
5 285.0 94.4 313.0 95.0 3 
6 313.0 95.0 330.0 100.0 3 



- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - -  
ISOTROPIC Soil Parameters a - - - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - -  

3 Soil unit(s) specified 

Soil Unit Weight Cohesion .Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 

(psf 1 (des) Ru (psf 1 No. 

. ooo  .o  0 
- - - . o  - -0- .-000 - 

.o .oo .ooo .o 0 

No. (pcf) (pcf) 

1 125.0 125.0 200.0 25.00 

3 125.0 125.0 
- -  2- 125.0 125 -o--- - -  - 3 0  OO--- _ _  

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf) (psf) 

-1000 .o 
.o  

720.0 
2880.0 
6480.0 
10080.0 

. o  

.o  

.o  
1022.4 J 
1857.6 
1857.6 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

292.31 
284.78 
284.58 
224.80 
164.88 
164.69 
125.81 
125.42 

99.19 
94.40 
94.19 
93.00 
91.78 
91.97 

153.00 
153.68 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width alpha 
(ft) (ft) (ft) (ft) 

-. . _. _ .  

1 288.65 96.86 2.73 7.31 -32.45 
2 284.89 94.47 5.57 .22 -32.45 
3 284.68 94.29 5.82 .20 -46.40 
4 277.29 94.04 8.63 14.58 -1.14 

beta weight 
(lb) 

. -  

6.34 2495. 
19.12 156. 
19.12 142. 
19.12 15724. 

5- -- 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

.-- -260700-- 
240 .OO 
227.40 
217.40 
200.00 
180.00 
167.44 
164.78 
157.34 
139.50 
127.40 
125.61 

- -9 3-:7 0- -- 
93.30 
93.05 
92.85 
92.50 
92.09 
91.83 
91.88 

103.50 
131.51 
150.50 
153.34 

-15~0 0-- 
22.35 
26.96 
30.66 
37.10 
44.46 
49.06 
49.95 
40.93 
18.49 
2.81 
.30 

-20-;00-~---1-.-~4----~-9 .-29---3-7.4 98 
20.00 -1.14 19.03 55869. 
5.20 -1.14 19.29 17523. 
14.80 -1.17 19.29 56722. 
20.00 -1.17 19.29 92762. 
20.00 -1.17 19.03 111155. 
5.12 -1.17 19.29 31401. 
.19 45.00 19.29 1205. 

14.69 57.50 19.29 75139. 
21.00 57.50 15.95 48534. 
3.19 57.50 10.71 1119. 
.39 60.07 10.71 15. 

Iter # Theta FOS-f orce 
2 18.2621 1.9386 
3 18.2543 1.9384 

FOS moment 
1,9337 
1.9386 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force FOS moment 
2 18.2492 1,9344 1-9345 

Iter # Theta FOS-f orce FOS moment 
1 18.2492 1.9344 1,9345 

SLICE INFORMATION . . .  continued : 
Slice Sigma c-value phi U-base u- top P-top Delta 

000283 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

-5-2- - 
13 
14 
15 
16 

1269 

679.6 
1427.8 
1531.6 
1120.1 
1997.3 
3003.1 
3608.. 8 
4096.2 
4943.0 
5909.7 
6512.9 

2745.8 
1201.7 
122.5 
19.2 

-4-3 4.0 ~ v-- 

.O 30.00 
200.0 25.00 
-340.8 2 5 . 3 3 ~  
-340.8 25.33 
-340.8 25.33 
354.2 13.06 

- 354.2- -13.06 ' 
354.2 13.06 
354.2 13.06 
354.2 13.06 
1857.6 . O O J  
--3 54~2--1-3-.-06-- 
200.0 25.00 
200.0 25.00 
200.0 25.00 

.o  30.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 

. .  

~- 0-.- 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
-0 _.-_ 
0. 
0. 
0. 
0. 

. .  . 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 

- .  . .  

- -o_.- -_ 

. o o  

.oo 

.oo  
* 00 
.oo 
.oo  
.oo 
:oo - -  - 

.oo 

.oo 
-00 -.- o.o--_ -. 
.oo 
.oo  
.oo 
.oo 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER'S (1973) - TOTAL Stresses at center of slice base . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf) (psf) (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

288.65 
284.89 
284.68 
277.29 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
167.44 
164.78 
157.34 
139.50 
127.40 
125.61 

679.6 
1427.8 
1531.6 
1120.1 
1997.3 
3003.1 
3608.8 
4096.2 
4943.0 
5909 -7 
6512.9 
4340.7 
2745.8 
1201.7 
122.5 
19.2 

341.3 
696.3 
727.4 

1078.5 
1874.9 
2793.4 
3369.8 
3832.6 
4638.1 
5557.8 
6133.0 
6243.7 
5116.0 
2311.2 
350.7 
37.7 

.o 

.o  

.o 

.o 

.o  

.o 

.o 

.o 

.o 
-0 
.o 
.o 
.o 
.o  
.o 
.o  

202.8 
447.6 
198.6 
97.9 

312.5 
543.3 
616.0 
674.4 
776.0 
891.9 
960.3 
703.7 
765.3 
393.1 
132.9 

5.7 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

( f t 1 (degrees (lb) (ft) (ft) 

1 285.00 18.25 4887. 3.53 5.46 .646 
2 284.78 18.25 5207. 3.52 5.68 .620 
3 284.58 18.25 5580. 3.55 5.96 .596 
4 270.00 18.25 7425. 7.13 11.30 .631 
5 250.00 18.25 14844. 8.81 18.70 .471 
6 230.00 18.25 27545. 10.13 26.00 .390 



7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

224.80 
210.00 
190.00 
170.00 
164.88 
164.69 
150.00 
129.00 
125.81 
125.42 

18.25 
18.25 
18.25 
18.25 
18.25 
18.25 
18 -25 
18.25 
-1.8.25 - .  

.oo  

31310 - 
43120. 
61580. 
82897. 
88789. 
88050. 
33230. 

210. 
1.1 : 
-1. 

10.62 
12.18 
14.48 
16.86 
17.48 
17.49 
13.12 
2.10 
.27 

-1.60 

1269 
27.92 
33.40 
40.81 
48.12 
50.01 
49.89 
31.97 
5.01 
.60 . 00 

23/37 

.380 
-365 
.355 
.350 
.349 
-351 
.410 
.419 
.446 
* 000 

Total Normal Stress = 2 8 5 0 . 9 0  (psf) 

Shear Stress - 
Pore Water Pressure = .oo (psf) 

539.75 (psf) - 

Total Length of failure surface = 202.35 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

I FACTOR OF SAFETY = 1.934 

Total shear strength available 
along specified failure surface = 211.273+03 lb 
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Problem Description : OSDF Final Long Term - Large Displ. 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ - _ _ - _  
SEGMENT BOUNDARY COORDINATES - - - _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ - _ - _ _ - _ _ -  

15 SURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 
Segment x- lef t y-left x- right y- right Soil Unit 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 
Segment x-left y-left x- right y- right Soil Unit 

. .  - . 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 

(600288 



c 

1269 27/39 ~ 

106.0 410.0 142.8 1 
142.8 467.0 148.5  1 

7 467.0 148.5 555.0 152.9 1 
8 183.0 105.0 220.0 100.0 3 
9 220.0 100.0 300.0 100.8 3 

1 0  300.0 100.8 410.0 102.0 3 
11 410.0 102.0 555.0 103.5  3 

5 189.0 
6 410.0 

_____ __ --3-s0i-l- unit-( s-)--speci-f-ied -- ___- ___ - - __ ~- ~ 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf) No. 

1 125.0 125.0 .o  25.00 .ooo .o  0 
2 125.0 125.0 .o 30.00 .ooo .o 0 
3 125.0 125.0 .o  .oo .ooo .o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) ~ 

Soil Unit # 

Point 
No. 

3 

Normal Stress 
(psf 1 

-1000.0  
.o  

720.0 
2880.0 
6480.0 

10080.0 

Shear Stress 
(psf 1 

. o  

.o 

. o  

777.6 
777.6 

374.4 J 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10 
183.00 
220.00 
300.00 
393.30 
393.46 
420 - 2 1  
427.51 

114.18 
105.00 

99.80 
100.60 
101.66 
101.82 
143.82 
156.45  

4 

000289 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- - . - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 175.05 
2 186.00 
3 204.50 
4 230.00 
5 250.00 
6 270.00 
7 290.00 
8 310.00 
9 330.00 

10 350.00 
11 370.00 
12 386.65 
13 393.38 
14 401.73 
15 415.11 
16 423.86 

109.59 5.92 15.90 -30.01 9.46 
104.58 12.75 6.00 -8.00 9.46 
101.98 18.44 31.00 -8.00 9.46 
99.90 24.80 20.00 .57 9.65 

100.10 27.95 20.00 .57 9.37 
100.30 31.05 20.00 .57 9.37 
100.50 34.20 20.00 .57 9.65 
100.71 37.34 20.00 .65 9.37 
100.94 40.41 20.00 .65 9.37 
101.17 43.53 20.00 .65 9.65 
101.40 46.65 20.00 .65 9.37 
101.58 49.22 13.30 .65 9.46 
101.74 50.19 .16 45.00 9.46 
114.80 38.52 16.54 57.51 9.46 
135.81 19.41 10.21 57.51 5.71 
150.14 5.95 7.30 59.97 5.71 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS-f orce FOS moment 
2 7.3601 1.6061 1T6500 
3 7.4560 1.6061 
3 7.4081 1.6072 
4 7.4536 1.6082 1.6072 
5 7.4525 1.6082 1.6082 

Iter # Theta FOS force FOS moment 
1 7.4525 1,6082 1,6082 

SLICE INFORMATION ... continued : 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93341. 

101023. 
108830. 
116637. 
81835. 
1004. 
79634. 
24768. 
5429. 

P-top Delta Slice Sigma c-value phi U-base U-top 
(psf 1 (psf) (lb) (lb) (lb) 

qPUO290 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

14 
15 
16 

- _._ - -13 - 

1103.6 
1652.0 
2397.9 
3126.1 
3522.7 
3912.9 
4309.5 
4703.0 
5089.8 
5482.8 
5875.8 
6199.2 

2967.0 
1494.8 
413.1 

-5242.. 6 - -  

.o  
-124.8 
-124.8 
51.8 
51.8 
51.8 
51.8 
51.8 
51.8 
51.8 
51.8 
51.8 

.o  

.o 

.o  

- . 5.1. 8.. - 

30.00 
9.83' 
9.83 
6.39 
6.39 
6.39 

::3 
6.39 
6.39 
6.39 
6.39 

~ 6.39----- 
25.00 
25.00 
30.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

--0- . 
0. 
0. 
0. 

1 2 6 9  

0. 0. 
0 .  0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0-.+ ~ ~ 0 ...- 
0. 0. 
0. 0. 
0. 0. 

. .  

.. . 

-00 
.oo 
.oo  
-00 
.oo 
.oo  
.oo  
.oo  
.oo 
.oo  
.oo 
. o o  
.oo 
.oo 
-00 
.oo 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf) (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
386.65 
393.38 
401.73 
415.11 
423.86 

1103.6 
1652.0 
2397.9 
3126.1 
3522.7 
3912.9 
4309.5 
4703.0 
5089.8 
5482.8 
5875.8 
6199.2 
5242.6 
2967.0 
1494.8 
413.1 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4667.0 
5051.1 
5441.5 
5831.8 
6153.0 
6273.7 
4814.6 
2425.7 
743.7 

.o  

.o 

.o  

.o  

.o 

.o  

.o  

.o 

.o  

.o 

.o 

.o 

.o 

.o 

.o 

.o 

396.2 
100.5 
180.9 
249.9 
277.6 
304.7 
332.4 
359.8 
386.7 
414.1 
441.4 
464.0 
397.4 
860.3 
433.4 
148.3 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 183.00 7.45 16575. 5.63 11.83 .476 
2 189.00 7.45 18588. 6.56 13.68 .480 
3 220.00 7.45 34778. 9.96 23.20 .429 
4 240.00 7.45 39189. 11.12 26.40 .421 
5 260.00 7.45 44077. 12.17 29.50 .412 
6 280.00 7 ..45 49435. 13.13 32.60 -403 
7 300.00 7.45 55269. 14.04 35.80 .392 

OOOZZ9t 



8 
9 

10 
11 
12 
13 
14 
15 

.- 16 

1269 
320.00 
340.00 
360.00 
380.00 
393.30 
393.46 
410.00 
420.21 
427.51 

7.45 
7.45 
7.45 
7.45 
7.45 
7.45 
7.45 
7.45 
-00 _ _  

61448 - 14.89 
68082. 15.71 
75178. 16.51 
82735. 17.28 

17.78 88014. 
87232. 17.80 
23875. 9.65 
4170. 5.84 

0. -12.32 

38.87 
41.95 
45.12 
48.19 
50.26 
50.12 
26.91 
11.90 

.oo  

Total Normal Stress = 3525.57 (psf) 

381.52 (psf) Shear Stress - Pore Water Pressure = .oo (psf) - 

Total Length of failure surface = 293.65 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.608 4 
Total shear strength available 
along specified failure surface = 180.173+03 lb 

.383 
-375 
-366 
-359 
.354 
-355 
-359 
.491 
.ooo 
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Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment 
- No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

x- lef t y-left 
(ft) (ft) 

5.5 95.6 
35.5 100.6 
62.5 99.4 
67.0 97.5 

220.0 123.0 
240.0 126.4 
260.0 129.7 
280.0 133.0 
300.0 136.4 
320.0 139.7 
340.0 143.0 
360.0 146.4 
380.0 149.7 
410.0 154.7 
465.0 160.2 

x-right y-right 
(ft) (ft) 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

11 SUBSURFACE boundary segments 

Segment x-left y- lef t x-right 
No. (ft) (ft) (ft) 

1 60.0 90.0 120.0 
2 120.0 100.0 150.0 
3 150.0 1O5.0 183.0 
4 183.0 105.0 189.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

y-right 
(ft) 

100.0 
105.0 
105.0 
106.0 

. - . . . . . - 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

Soil Unit 
Below Segment 

2 
2 
2 
1 (bQJQ%9$' 
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5 189.0 106.0 410.0 
6 410.0 142.8 467.0 
7 467.0 148.5 555.0 
8 183.0 105.0 220.0 
9 220.0 100.0 300.0 

10 300.0 100.8 410.0 
11 410.0 102.0 555.0 

142.8 
148.5 
152.9 
100.0 
100.8 
102.0 
103.5 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf 1 No. 

1 125.0 125.0 .o  25.00 .ooo .o 0 
2 125.0 125.0 .o  30.00 . ooo  .o  0 
3 125.0 125.0 .o .oo .ooo  .o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 
2 .o  
3 720.0 
4 2880.0 
5 6480.0 
6 10080.0 

.o  

.o  
-0 

648.0 
820.8 
820.8 

4 

Trial failure 
the following 

Point 
No. 

surface specified by 
8 coordinate points : 

x-surf y-surf 
(ft) (ft) 

167.10 
183.00 
220 .oo 
300.00 
404.92 
405.17 
432.64 
439.93 

114.18 
105.00 
99.80 

100.60 
101.70 
101.95 
145.06 
157.69 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_. - - . Slice-- x-base - -y-base- -height---width ---a-lpha - --beta 
(ft) (ft) (ft) (ft) (lb) 

- -weight - -~ 

1 175.05 
2 186.00 
3 204.50 
4 230.00 
5 250.00 
6 270.00 
7 290.00 
8 310.00 
9 330.00 

10 350.00 
11 370.00 
12 392.46 
13 405.05 
14 407.59 
15 421.32 
16 436.29 

109.59 5.92 15.90 -30.01 
104.58 12.75 6.00 -8.00 
101.98 18.44 31.00 -8.00 
99.90 24.80 20.00 .57 

100.10 27.95 20.00 .57 
100.30 31.05 20.00 .57 
100.50 34.20 20.00 .57 
100.70 37.35 20.00 .60 
100.91 40.44 20.00 .60 
101.12 43.58 20.00 .60 
101.33 46.72 20.00 .60 
101.57 50.21 24.92 .60 
101.82 52.05 .25 45.00 
105.74 48.56 4.83 57.49 
127.30 28.54 22.64 57.49 
151.38 5.95 7.29 60.01 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93363. 

101089. 
108939. 
116790. 
156396. 

1627. 
29317. 
80764. 
5420. 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force FOS moment 
2 7.7091 1,8964 1,9349 
3 7.7694 1.8981 1.8964 
4 7.7681 1.8981 1.8981 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force FOS moment 
1 7.7681 1,8981 1,8981 

SLICE INFORMATION ... continued : 
slice Sigma c-value phi U-base U-top P-top Delta 

(psf 1 (psf 1 (lb) (lb) (lb) 

1 1050.5 .o  ' 30.00 0. 0. 
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2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

16 
_- - -1.5 - - 

1667.8 
2426.0 
3139.7 
3534.2 
3922.4 
4316.9 
4710.2 
5097.2 
5490.4 
5883.7 
6320.8 
5417.0 
3875.6 
2277.5 - 
431.9 

J -216.0 16-70 
-216.0 16.70 
509.8 2.75 
509.8 2.75 
509.8 2.75 
509.8 2.75 
509.8 2.751 
509.8 2.75 
509.8 2.75 
509.8 2.75 
509.8 2.75 
509.8 2.75 

.O 25.00 
- --o. ---25.00-- -- 

. o  30.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

- 0-. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

~ ----.o... 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 

-00 
-00 
.oo 
.oo  
.oo  
.oo 
.oo 
.oo  
-00 
-00 
-00 
-00 
.oo 

-00 
- 00 - 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf) (psf) (psf 1 (psf) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
392.46 
405.05 
407.59 
421.32 
436.29 

1050.5 
1667.8 
2426.0 
3139.7 
3534.2 
3922.4 
4316.9 
4710.2 
5097.2 
5490.4 
5883.7 
6320.8 
5417.0 
3875.6 
2277.5 
431.9 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4668.1 
5054.4 
5447.0 
5839.5 
6275.9 
6506.1 
6069.7 
3566.9 
743.7 

.o  

.o  

.o  

.o 

.o  

.o  

.o  

.o  

.o  

.o 

.o  

.o  

.o 

.o  

.o  

.o 

319.5 
149.8 
269.6 
348.0 
357.9 
367.8 
377.7 
387.7 
397.5 
407.4 
417.4 
428.4 
405.6 
952.1 
559.5 
131.4 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

183.00 
189.00 
220.00 
240.00 
260.00 
280.00 
300 -00 
320.00 
340.00 

7.77 
7.77 
7.77 
7.77 
7.77 
7.77 
7.77 
7-77 
7.77 

14864. 
17191. 
36294. 
42684. 
49196. 
55828. 
62581. 
69410. 
76354. 

5.68 
6.46 
9.38 

10.32 
11.31 
12.35 
13 -41 
14.48 
15.57 

11.83 
13.68 
23.20 
26.40 
29.50 
32.60 
35.80 
38.89 
41.98 

.480 

.472 

.404 

.391 

.383 
-379 
.374 
.372 
.371 
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10 360.00 7.77 83416. 16.66 45.17 -369 
11 380.00 7.77 90595. 17.76 48.26 .368 
12 404.92 7.77 99704. 19.13 52.15 -367 
13 405.17 7.77 98439 - 19.16 51.94 .369 
14 410.00 7.77 73432. 17.59 45.17 -389 
15 432.64 7.77 4538. 5.82 11.90 -489 
16 439.93 .oo 0. - .28 .oo -000 

- . . - - - -. - - - - - - - - - - - - - Total Normal Stress--= -- 3664.-04 - (psf) - ---  -_ 
Pore Water Pressure = .oo (psf) 
Shear Stress - - 395.54 (psf) 

Total Length of failure surface = 306.71 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

I FACTOR OF SAFETY = 1.898 

Total shear strength available 
along specified failure surface = 230.26E+03 lb 
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Written By : Date: 101 13197Reviewedby: &I% Date: 0 I (4 I 97 

Client: - f = b ~  Project: OsbF ProjectlROposal No.: e C 3  b b Task NO.: 04 

PURPOSE 
J 

Evaluate whether GCL QA sample no. 13 complies with the shearstrength requirements given in the GCL specification 
(Section 02772, Paragraph 2.01.E.3). 

METHOD 
- .- - - 

-The-method for evaluating the GCL s-ample-is6utlind-inRCI numkr 1702IOOaRT Th-e-method involves the following basic 
steps. 

1. 

2. 

Use shear test results from the GCL sample to establish the envelopes of measured peak and largedisplacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 3. / 

SHEAR TEST RESULTS 

The results of the GCL internal shear and GCUgeomembrane interface shear tests performed on QA sample no. 13 are shown 
in the following table. The laboratory test results are presented in Appendix A. 

Measured Shear Strengths 

STABILITY ANALYSES RESULTS 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. The 
analyses output files and figures showing critical slip surfaces are presented in Appendix B. 

1 OA SamDleNo. I Test Type I Filename I Factorof Safety I Comply? I 

I I I I GCUGMB Interface YES 

13 GCL Internal NLD13AS / 1.7 / . YES / 
GCUGMB Interface NLD13BS / 1.7 / Y E S /  
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O1997 GeoSyntcc Consultants 

TEST PROCELlURES AND CONDITIONS 
TEST SERIES NUMBER: 131 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-13). GCL’s initial moisture content was 8.3%. GCL’s 
~~ - - - .  - -final moisture content-ranged from 65%-t0-90% for the test series; and - - - - - - -- - - 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5, 20, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQOl66-04.llF9730090 1 97.10.14 
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01997 GtoSyntef Consultants 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 136 

Test Specimen Configuration (From top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentoh NS GCL (GCL-13) with woven geotextile against geomembrane. GCL's initial 
moisture content was 8.6%. GCL's final moisture content ranged from 79 to 97% for the 

- - - _ _ -  - _ _  _ _ _  - - -  - _ _  - _ -  - test series; - _ - _  

80-mil NSC textured HDPE geomembrane (GM-14); and 

0 lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures For Each Normal Stress Condition: 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid subitrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to mhimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 5 ,  20, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

2 97.10.14 
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I- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

FIGURE NO. 

PROJECT NO. GQO166-04.1 
DOCUMENT NO. 

FILE NO. (Btl- 
F9730090 

6000 ::I 4500 

TEST SERIES NUMBER 131: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-13) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

TEST CONDITIONS - on = 5.0 psi - un = 45.0 psi 

-------------- - = 20.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hm at each stress 
SHEAR RATE. 0.004 In./min. 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le.] internal shear failure) was observed 

and shear stresses. 

(2) For each test, slidin 
to occur within the 8 C L  



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

TEST SERIES NUMBER 131: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-13) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

MEASURED SHEAR STRENGTHS 

U n  = 5.0 psi, 7- = 6.1 psi, T~ = 3.3 psi 
U n  20.0 psi, Tprdc = 10.8 psi, 7 m  = 3.0 psi 
U n  = 45.0 psi, TW = 17.2 psi, T~ = 5.4 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

rr 

e 

0 / 1 1 ' 1 1 1 1 1 1 1 1 1 1 1 ' 1 1 1 '  

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

NOTES: (1) The m rted total-Stress shear strength parameters of frictlon 
an le and?dhesion were determined from a best-fit line drown thmu h the 
t e 3  data. Caution should be exercised in using the strength parame%m 
for applications involving normal stresses outaide the range of 
stre- covered the test series. 

!3nThth e s 1 ear P orce at a shear displacement of 2 In. for each test. 
(3) %or each test, sliding (Le, internal shear failure) was observed 
to occur within the GCL 

e lar a dis ? acement shear strength ( T ~ )  was calculated 

DATE TESTED: 27 AUGUST TO 5 SEPTEMBER 1997 - 
I- 
I 

'L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. A-2 
GQO166-04.1 PROJECT NO. 

F9730090 ~~~~ 
DOCUMENT NO. 

FILE NO. 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

TEST SERIES NUMBER 13G: BENTOFIX NS GCL GCL-13) 
WITH WOVEN GEOTMnLE AGAINST GEOMEMBRAN L / 
80-mil -NSC TEXTURED HDPE GEOMEMBRANE GML14) 
UNDER SOAKED AND CONSOLIDATED CONDlTlO i S 

TEST CONDITIONS - on = 5.0 psi - on = 20.0 psi 
CCCI un = 45.0 psi 

-------------- 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hra at each stress 
SHEAR RATE: 0.004 In./rnln. 

NOTES: (1) The shear box size was 12 in. by 12  in. (300 mm by 300 mm), 

(2) Sliding (i.e., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

DATE TESTED: 22 SEPTEMBER TO 1 OCTOBER 1997 - FIGURE NO. - - GEOSYNTEC CONSULTANTS 
FILE NO. 

I- 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
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L GEOSYNTEC CONSULTANTS 
SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 

a 

. 

m 

a 
FIGURE NO. A-4 
PROJECT NO. 

DOCUMENT NO. 

GQOl66-04.1 
F9730090 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

TEST SERIES NUMBER 13G: BENTOFIX NS GCL GCL-13) 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO t i  S 
80-mil NSC TMTURED HDPE GEOMEMBRANE GM-14) 

MEASURED SHEAR STRENGTHS 

a, = 5.0 psi, = 2.4 psi, T~ = 1.6 psi 
an = 20.0 psi, T- = 9.7 psi, TU, = 2.6 psi 
un = 45.0 psi, = 13.2 psi, T~ = 6.2 psi 

C . W  PEAK : 
1.w u) STRENGTH: bur = 9: am = 

6, = 14.- = 345 g P ~  Rp = Ro 0.889 
= 0.972 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE. 0.004 in./min. 

0 5 10 15 20 25 30 35 40 45 ! 
NORMAL STRESS (psi) 

NOTES: (1) The miported total-stress shear strength parameters of friction 
an le and adheslon were detennlned from a bed-flt line drawn thmu h the 
tes! data. Caution should be exercised In using the strength parameters 

outslde the range of 

DATE TESTED: 22 SEPTEMBER TO 1 OCTOBER 

t 

~ -. 

1997 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119 * 1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x-left y-left x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

. .. 

* * X S T A B L  * * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 

Copyright (C) 1992 d 96 * 
Interactive Software Designs, Inc. * 

* Moscow, ID 83843, U.S.A. * 
All Rights Reserved * .  

* . .  * 

* - .  -~ .. ~ ~. . * 
~ . .~~ ~ ~ _ _ _ _  .~ ~- . . - . - _. - -~ 

* * 
* Ver. 5.201 96 iS 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 .o 153.0 129.0 153.0 1 
2 . o  94.1 136.5 91.4 3 
3 136.5 91.4 224.8 93.2 3 
4 224.8 93.2 285.0 94.4 3 
5 285.0 94.4 313.0 95.0 3 
6 313.0 95.0 330.0 100.0 3 

000313 
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ISOTROPIC Soil Parameters . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 Soil unit(s) specified 
a 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moi s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf) No. 

1 125 .0  1 2 5 . 0  200.0 25.00 -000 . o  0 
2 ~ - 1 2 5  ..O._ ~ 1 2 5 - J  - ~-.. 0 ~ - _  3 0  ... O.O-- ~-..---..OOO- - - .  -~ -.. 0- - ~ ~ ~ -0- ~ ~ -- - 

3 125 .0  1 2 5 . 0  .o  -00 . ooo  .o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf) 

1 -1000 .0  A 0 1  
2 . o /  :0/ 

J 

3 7 2 0 . 0  878 .4  / 
4 2880.0 / 1555 .2  J 

2 4 7 6 . 8 /  5 6 4 8 0 . 0 J  
6 36000 .0  J 2476 .8  

Trial failure surface specified by 
the following 8 coordinate points : 

J 
Point x-surf y-surf 
No. (ft) (ft) 

287.00 
278.35 
278.14 
224.80 
1 5 5 . 8 8  
155 .65  
1 1 6 . 6 6  
1 1 5 . 1 5  

99.78 
94 .27  
94.06 
93.00 
91.57 
91.79 

1 5 3 . 0 0  
155.6-2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

008314 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width alpha beta . weight 
(ft) (ft) (ft) (ft) (lb) 

1 286.00 99 .14  - 7 5  2.00 -32 .49  6 .34  1 8 7 .  
2 281 .67  96 .39  4 . 7 7  6 .65  -32 .49  1 9 . 1 2  3964.  
3 278.24 94.16 8 . 1 8  . 2 1  -45.00 1 9 . 1 2  212.  
4 274 .07  93 .98  9 . 8 1  8.14 -1 .14  1 9 . 1 2  9982. 

6 240.00 93.30 22 .35  20 .00  - 1 . 1 4  1 9 . 0 3  55870.  
7 227.40 93 .05  26 .96  5 .20  -1 .14  1 9 . 2 9  17523.  
8 217.40 92 .85  30 .66  14 .80  -1 .19  1 9 . 2 9  56728.  
9 200.00 92.49 3 7 . 1 1  20.00 -1 .19  1 9 . 2 9  92786. 

11 162 .94  91.72 5 0 . 7 5  14 .12  -1 .19  1 9 . 2 9  89582. 
1 2  155 .76  91 .68  53.30 - 2 3  43 .73  1 9 . 2 9  1534.  
1 3  152 .82  96 .23  49 .79  5 .65  57 .50  1 9 . 2 9  35160. 
14  139 .50  117 .14  32 .86  21.00 57 .50  1 5 . 9 5  86248. 
15 122 .83  1 4 3 . 3 1  1 0 . 8 5  12 .34  57 .50  1 0 . 7 1  16742.  
1 6  115 .90  1 5 4 . 3 1  1 . 1 7  1 .51  60 .05  1 0 . 7 1  220.  

__  - 5  260._00 _ _ _ _  93.7-0--_ 15 .00  20_.00 -1.J.4.  1 9 . 2 9 - -  37501.  - _ - _  

1 0  180 .00  92.07 44 .48  20.00 -1 .19  1 9 . 0 3  111199.  

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force FOS moment 
2 16 .1696 2,5645 2,6663 

2 .5645  3 1 6  e 3875 
3 16 .2786  2.5700 
4 16 .3770  2 .5751  2 .5700 
5 1 6 . 3 7 2 1  2.5748 2 .5751  

- - - - -  
- - - - -  

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS-f orce FOS-moment 
2 16 .6784 2.5320 2.5202 
3 16 .6740 2.5319 2 .5320  

Nonlinear M-C Iteration Number - 3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER’S.METHOD 
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Iter # Theta FOS-f orce 
2 1 6 . 7 0 3 1  2.5285 
3 1 6 . 7 0 2 7  2.5285 

Nonlinear M-C Iteration Number - 4 

ITERATIONS FOR SPENCER‘S METHOD 

_ _  _ _  - -  - I.ter-# - Theta - . FOS-force 
1 1 6 . 7 0 2 7  2.5284 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER’S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
1 1 6 . 7 0 2 7  2,5284 

I SLICE INFORMATION . . .  continued : 
Slice 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

Sigma 
(psf 1 

1 5 7 . 1  
1 0 5 3 . 1  
2520.4 
1371 .4  
2051.2 
3012.5 
3611.8 
4095.2 
4 9 3 4 . 1  
5891.8 
6700.3 
4765.8 
3590.5 
2349 .5  

736 .7  
7 9 . 0  

c-value phi U-base 
(psf 1 (lb) 

. o  30.00 
200.0 25.00 
6 5 2 . 8 /  17.40J 
652.8 17 .40  
652.8 17 .40  
817 .9J  14.36J 
817.9 14 .36  
817.9 1 4 . 3 6  
817.9 1 4 . 3 6  
817.9 1 4 . 3 6  

2476.8J . o o /  
817.9/  1 4 . 3 6 A  
200 .0  25 .00  
200.0 25 .00  
200.0 25.00 

.o  30 .00  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
.o . 

FOS moment 
2,5274 
2 .5285  

FOS,moment - 
2 - 5 2 8 5  

FOS moment 
2T5285 

u- top 
(lb) 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

P-top 
(lb) 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

slice Base 

(ft) 
# x- coord 

1 286.00 
2 281.67 
3 278.24 
4 274.07 
5 260.00 

Normal 
Stress 
(psf 1 

1 5 7 . 1  
1 0 5 3 . 1  
2520.4 
1371 .4  
2051.2 

Ve r t i cal 
Stress 
(psf 1 

93 .5  
595 .8  

1022.3 
1226 .2  
1 8 7 5 . 1  

Pore Water 
Pressure 

(psf) J 
.o  
. o  
. o  
.o  
.o  

Delta 

* 00 
.oo 
.oo 
.oo  
.oo  
.oo  
.oo 
. o o  
. o o  
. o o  
. o o  
.oo  
.oo  
. o o  
. o o  
. o o  

Shear 
Stress 
(psf 1 

35 .9  
273.3 
570.5 
4 2 8 . 1  
512 .4  

bpO03ld; 



6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

240.00 
227.40 
217.40 
200.00 
180.00 
162.94 
155.76 
152.82 
139.50 
122.83 
115.90 

3012.5 
3611.8 
4095.2 
4934.1 
5891.8 
6700.3 
4765.8 
3590.5 
2349.5 
736.7 
79.0 

2793.5 
3369.8 
3832.9 
4639.3 
5559.9 
6344.3 
6662.8 
6223.3 
4107.0 
1356.7 
145.9 

.o  
-0 
. o  
. o  
-0 
.o  
. o  . 
. o  
.o  
.o  

689.2 
738.1 
823.1 
920.0 
979.6 
806.0 
741.3 
512.4 
215.0 
18.0 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (Ib) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

285.00 
278.35 
278.14 
270.00 
250.00 
230.00 
224.80 
210.00 
190.00 
170.00 
155.88 
155.65 
150.00 
129.00 
116.66 
115.15 

16.70 
16.70 
16.70 
16.70 
16.70 
16.70 
16.70 
16.70 
16.70 
16.70 
16.70 
16.70 
16.70 
16.70 
16.70 

. oo  

284. 
6840. 
7509. 

11379. 
22929. 
37304. 
41435. 
54154. 
73478. 
95242. 

111733. 
110831. 
81954. 
12318. 

187. 
0. 

.94 
3.28 
3.25 
4.30 
6.92 
9.42 

10.06 
11.89 
14.34 
16.74 
18.47 
18.47 
16.54 
7.97 
1.08 
- .  07 

1.50 
8.04 
8.32 

11.30 
18.70 
26.00 
27.92 
33.41 
40.82 
48.14 
53.37 
53.23 
46.34 
19.37 
2.33 

* 00 

Total Normal Stress = 3165.26 (psf) 

Shear Stress - - 598.83 (psf) 
Pore Water Pressure = .oo  (psf) 

Total Length of failure surface = 208.75 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.528 J 

.626 
-409 
-390 
-381 
-370 
-362 
.360 
.356 
.351 
-348 
-346 
.347 
.357 
.411 
.464 
-000 

Total shear strength available 
along specified failure surface = 316.073+03 lb 

000317 
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XSTABL File: NPK13BS 10-09-97 17:24 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * * 

* 
Slope Stability Analysis * 

using the * 

* Copyright (C) 1992 6 96 

* 
* * Method of Slices * - -  

* * Interactive Software Designs, Inc. * * Moscow, ID 83843, U.S.A. 
- _- _- . * ___ - _ -  _ _  - - -  _ -  * _ _  - - - - __ - - - - -- All Rights Reserved * 

* * 
* Ver. 5.201 96 6 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

1)'  

13 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

-0 
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

y-right 
(ft) 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 
105.0 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 . o  153.0 129.0 153.0 
2 . o  94.1 136.5 91.4 
3 136.5 91.4 224.8 93.2 
4 224.8 93.2 285.0 94.4 
5 285.0 94.4 313.0 95.0 
6 313.0 95.0 330.0 100.0 

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

Soil Unit 
Below Segment 



1 2 6 9  

3 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter -Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 1 2 5 . 0  1 2 5 . 0  2 0 0 . 0  2 5 . 0 0  .ooo .o  0 

3 1 2 5 . 0  1 2 5 . 0  -0 .oo  -000 . o  0 
- -_ .ooo__  _ _  _. - .o  0 _ _ -  3-0 . 00 _- 2 - 1 2 5 . 0 _ -  -125-._0 __-. 0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress 
No. (psf 1 

1 -1000. O J  
2 . O J  
3 7 2 0 . 0 J  
4 2 8 8 0 . 0  
5 648O.OJ 
6 1 0 0 8 0 . 0  

Shear Stress 
(psf 1 

. o /  

. o /  
3 4 5 . 6 J  

1 3 9 6 . 8  1 
1 9 0 0 . 8  / 
1 9 0 0 . 8  / 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A SINGLE FAILURE SURFACE HAS BEEN SPECIFIED FOR ANALYSIS 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

2 9 2 . 2 4  
2 8 4 . 7 0  
2 8 4 . 4 9  
2 2 4 . 8 0  
1 4 9 . 8 7  
1 4 9 . 6 8  
1 1 0 . 6 1  
1 0 8 . 3 5  

9 9 . 2 0  
9 4 . 3 9  
9 4 . 1 9  
9 3 . 0 0  
9 1 . 4 7  
9 1 . 6 7  

1 5 3 . 0 0  
1 5 6 . 9 1  

/ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer ( 1 9 7 3 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width 
(ft) (ft) (ft) (ft) 

1 288.62 96.89 2.71 7.24 
2 284.85 94.49 5.57 .30 
3 284.60 94.29 5.85 .21 
4 277.24 94.05 8.64 14.49 

- - - - - - - - . 5 -  260.00 93 .7Op-_15.O0 - 20.00 
6 240.00 93.30 22.35 20.00 
7 227.40 93.05 26.96 5.20 
8 217.40 92.85 30.66 14.80 
9 200.00 92.49 37.11 20.00 

10 180.00 92.09 44.46 20.00 
11 160.00 91.68 51.82 20.00 
12 149.93 91.47 55.55 .13 
13 149.77 91.57 55.49 .19 
14 139.34 107.90 42.14 20.68 
15 119.80 138.57 16.17 18.39 
16 109.48 154.95 1.74 2.26 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 16.6698 2,1576 
3 16.6806 2.1579 

Nonlinear M-C Iteration Number - 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
2 16.6738 2T14 3 6 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta' FOS force 
1 16.6738 2,1436 

SLICE INFORMATION ... continued : 
slice Sigma c-value' phi U-base 

alpha 

-32.51 
-32.51 
-43.60 
-1.14 

- -~ - 1 ..14 
-1.14 
-1.14 
-1.17 
-1.17 
-1.17 
-1.17 
-1.17 
46.47 
57.50 
57.50 
59.95 

FOS moment 
2,1809 
2.1576 

FOS moment 
2T14 3 8 

FOS-moment 
2.1438 

beta 

6.34 
19.12 
19.12 
19.12 
19_. 29 
19.03 
19.29 
19 -29 
19.29 
19.03 
19.29 
15.95 
15.95 
15.95 
10 71 
10.71 

weight 
(lb) 

2452. 
209. 
154. 

15654. 
3 7-4 9-6 . 
55867. 
17523. 
56723. 
92766. 

111162. 
129558. 

903. 
1318. 

108944. 
37179. 

491. 

._ - 

U-top P-top Delta 



1 
2 
3 
4 
5 
6 
7 
8 -  
9 

10 
11 

. - - - - - - . - 1 2  
1 3  
1 4  
1 5  
1 6  

608.3 
1293 .9  
1691 .9  
1 1 7 1 . 6  
2033.7 
3022 .6  
3614.8 
4091.-4 
4919.5 
5864.8 
6803.2 

4 8 2 8 . 1  
2948.5 
1 0 8 9 . 7  

1 1 4 . 3  

7271.6 - _  

.o  30 .00  
200.0 25.00 

- 4 . 8 J  2 5 . 9 5 d  
- 4 . 8  25.95 
- 4 . 8  25.95 

9 9 3 . 6 1  7 . 9 7 /  
993.6 7.97 

- 9 9 3 . 6  7.97 
993.6 7 . 9 7  
993.6 7 . 9 7  

1900.8' . oo  J 
- 1900 .8  ._oo- __  _. 

993.6 / 7 . 9 7 d  
200 .0  25.00 
200.0 25.00 

. o  30.00 

0. 
0. 
0. 
0 : 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 

-. -0- ._ . . 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
P, ~ __ 
0. 
0. 
0. 
0. 

0. . oo  
0. . o o  
0. -00 
0. . oo  
0. -00 
0. .oo  
0. . o o  

~ 0. . oo  
0. .oo  
0. . oo  
0. . oo  

~ 0. - -.OP - 
0. . oo  
0. . oo  
0. -00 
0. . o o  

Slice 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

Base 
x-coord 

(ft) 

288.62 
284 .85  
284 .60  
277.24 
260.00 
240.00 
227.40 
217.40 
200.00 
180 .00  
160 .00  
149.93 
1 4 9 . 7 7  
1 3 9 . 3 4  
119 .80  
1 0 9 . 4 8  

Normal 
Stress 
(psf 1 

608.3 
1293 .9  
1 6 9 1 . 9  
1171 .6  
2033.7 
3022.6 
3614.8 
4091.4 
4919.5 
5864.8 
6803.2 
7271.6 
4 8 2 8 . 1  
2948.5 
1 0 8 9 . 7  

114 .3  

Vertical 
Stress 
(psf 1 

3 3 8 . 7  
695.8 
731.3 

1080 .4  
1874 .8  
2793 .4  
3369 .8  
3832 .6  
4638 .3  
5 5 5 8 . 1  
6477 .9  
6943 .4  
6936.8 
5 2 6 8 . 1  
2021 .7  

217 .4  

Pore Water 
Pressure 

(psf) J 

. o  

. o  

. o  

. o  

.o  

.o  
-0 
. o  
. o  
-0 
. o  
. o  
. o  
. o  
. o  
. o  

Shear 
Stress 
(psf 1 

1 6 3 . 8  
3 7 4 . 8  
3 8 1 . 9  
263 .8  
4 5 9 . 5  
660 .9  
699 .6  
7 3 0 . 7  
784 .8  
846 .6  
8 8 6 . 7  
886 .7  
778 .8  
734 .7  
330 .4  

30.8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER'S (1973)  - Magnitude & Location of Interslice Forces 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 285 .00  1 6 . 6 7  4168 .  3 .39 5 . 4 2  .626 
2 284.70 1 6 . 6 7  4544.  3 .38  5 . 7 1  .592 
3 284.49 1 6 . 6 7  4981.  3 .34  5 .99  - 5 5 7  
4 270.00 1 6 . 6 7  9324. 5 .33 1 1 . 3 0  .472 
5 250 .00  1 6 . 6 7  1 9 7 6 3 .  7 .22  1 8 . 7 0  .386 
6 230.00 1 6 . 6 7  34820 .  9.10 2 6 . 0 0  .350 



7 
8 
9 

10 
11 
12 
13 
14 
15 
1 6 

224.80 
210.00 
190.00 
170.00 
150.00 
149.87 
149.68 
129.00 
110.61 
108.35 

16.67 
16.67 
16.67 
16.67 
16.67 
16.67 
16.67 
16.67 
16.67 

. oo  

39009. 
51589. 
70071. 
90246. 
111659. 
111799. 
110946. 
26889. 

393. 
-1. 

9.70 
11.49 
14.02 
16.57 
19.17 
19.19 
19.20 
11.87 
1.62 
--.40 

1269 
27.92 
33.40 
40.81 
48.12 
55.53 
55.57 
55.42 
28.87 
3.48 
.oo 

Total Normal Stress = 3202.87 (psf) 

Shear Stress - - 599.72 (psf) 
Pore Water Pressure = .oo  (psf) 

Total Length of failure surface = 221.39 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.144 / 
Total shear strength available 
along specified failure surface = 284.603+03 lb 

13/37 
.347 
.344 
.343 
.344 
.345 
.345 
.346 
.411 
.464 
. ooo  



b a 
I 
0 - 
I 
0 - 

A 
v, 

I o  
LL 

E 

0 
0 
v) 

0 
0 * 

(+ia4) SIXV-A 

0 
0 

0 

0- 
S E  
a X 

I 
X 

0 



0 
i 
v) 

w c 
Z - 

0 0 0 0 0 0 0 0 0 0 0  
o a o o b c D r c ) d m ) h ( - -  
.- 

(Sd!>l) S33t10A 3311s 

0 
a0 

0 
0 
v) 

0 
0 * 

0 
0 
rz) 

0 
0 
(\I 

0 
0 
c 

0 
0 
rc) 

0 
0 
d 

0 
0 
rr) 

0 
0 
e4 

0 
0 
F 

- 
E L 
0 c 

- I  
0 .- 01 

L I  

$ 1  
4- 

l ' l ' l ' l ' l ' l ' l '  

0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0  

b r c ) * r r ) ( \ l - -  
0 ~ 0 0 0 0 0  

0 
0 In 

0 
0 
t 
n 

Q, 
Q, 

c 

bt- 
v 

o m  
o n  
'c)w 
0 
0 
0 
I 

x 
0 
0 
cI( 

0 
0 
F 



1269 
2b/3-J 

XSTABL File: NLD13AS 10-10-97 14:24 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X S T A B L  

* Slope Stability Analysis 
* using the 
* Method of Slices 

* Copyright (C) 1992 6 96 
* Interactive Software Designs, 
* Moscow, ID 83843, U.S.A. 

* 

* 

* 

* 
* 
* 

* 
* 

Inc . * .  
* 
- _ _  - _ _  ._ _ -  - * _ _  - - _ _  _ _ _  - - - - - . - - - - . __ - - - - __  - - * All Rights Reserved * 

* * 
* Ver. 5.201 96 6 1202 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

y-right 
(ft) 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 

60.0 
120.0 
150.0 
183.0 

90.0 
100.0 
105.0 
105.0 

120.0 
150.0 
183.0 
189.0 

100.0 
105.0 
105.0 
106.0 

2 
2 
2 
1 



5 1 8 9 . 0  1 0 6 . 0  410 .0  1 4 2 . 8  1 
6 4 1 0 . 0  1 4 2 . 8  467 .0  1 4 8 . 5  1 
7 4 6 7 . 0  1 4 8 . 5  555 .0  1 5 2 . 9  1 
8 1 8 3 . 0  1 0 5 . 0  220 .0  1 0 0 . 0  3 
9 2 2 0 . 0  1 0 0 . 0  3 0 0 . 0  1 0 0 . 8  3 

1 0  3 0 0 . 0  1 0 0 . 8  4 1 0 . 0  1 0 2 . 0  3 
11 4 1 0 . 0  1 0 2 . 0  555 .0  1 0 3 . 5  3 

ISOTROPIC Soil Parameters 

Soil Unit Weisht Cohesion Friction Pore Pressure Water 
Unit Moist sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 1 2 5 . 0  1 2 5 . 0  . o  2 5 . 0 0  . ooo  -0 0 
2 1 2 5 . 0  1 2 5 . 0  .o  3 0 . 0 0  . ooo  -0 0 
3 1 2 5 . 0  1 2 5 . 0  . o  . o o  . ooo  . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf) (psf 1 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) J 

1 6 7 . 1 0  
1 8 3 . 0 0  
220 .00  
300 .00  
3 9 8 . 7 8  
399 .02  
426 .12  
4 3 3 . 4 1  

1 1 4 . 1 8  
1 0 5 . 0 0  

99 .80  
100 .60  
1 0 1 . 6 4  
1 0 1 . 8 8  
1 4 4 . 4 1  
1 5 7 . 0 4  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- . Slice.. xybase ~ y-base .height ---width- -alpha. _. beta - weight 
(ft) (ft) (ft) (ft) (lb) 

1 175.05 
2 186.00 
3 204.50 
4 230.00 
5 250.00 
6 270.00 
7 290.00 
8 310.00 
9 330.00 

10 350.00 
11 370.00 
12 389.39 
13 398.90 
14 404.51 
15 418.06 
16 429.77 

109.59 5.92 15.90 -30.01 
104.58 12.75 6.00 -8.00 
101.98 18.44 31.00 -8.90 
99.90 24.80 20.00 .57 

100.10 27.95 20.00 .57 
100.30 31.05 20.00 .57 
100.50 34.20 20.00 .57 
100.71 37.34 20.00 .60 
100.92 40.43 20.00 -60 
101.13 43.57 20.00 .60 
101.34 46.71 20.00 .60 
101.54 49.72 18.78 .60 
101.76 51.09 -24 45.00 
110.50 43.29 10.98 57.49 
131.76 23.74 16.12 57.49 
150.73 5.95 7.29 60.01 

9.46 11759. 
9.46 9566. 
9.46 71448. 
9.65 62000. 
9.37 69875. 
9.37 77625. 
9.65 85500. 
9.37 93362. 
9.37 101085. 
9.65 108934. 
9.37 116782. 
9.46 116727. 
9.46 1534. 
9.46 59413. 
5i71 47849. 
5.71 5421. 

Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 

Iter # Theta FOS force FOS moment 
2 7.1901 1,6923 1T74 0 0 
3 7.2757 - - - - -  1.6923 
3 7.2329 1.6933 
4 7.2738 1.6943 1.6933 

- - - - -  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force FOS moment 
1 7.2738 1,6943 1,6933 

SLICE INFORMATION ... continued : 

Slice Sigma c-value phi U-base u- top P-top Delta 
(psf 1 (psf) . (lb) (lb) (lb) 



1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
14. - 
1 5  
1 6  

1078.2 . o  30 .00  
1 6 9 3 . 1  4 3 2 . 0 /  .oo  ’ 
2416.5 432 .  O J  . oo  J 
3127.7 155.5,/ 5 . 4 8 J  
3523.5 1 5 5 . 5  5.48 
3 9 1 3 . 1  1 5 5 . 5  5 .48  
4309.0 1 5 5 . 5  5 .48  
4703 .7  1 5 5 . 5  5 .48  
5092.0 155 .5  5 .48  
5486.5 155 .5  5.48 
5881.0 1 5 5 . 5  5 .48  
6259.4 1 5 5 . 5  5 .48  
5357.5 1 5 5 . 5  5 .48  
3388.1--  - . o  - .25.0_0. _ _  
1858 .4  . o  25.00 

420.6 . o  30 .00  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

... 0-. 
0. 
0. 

1 2 6 9  
. o o  0. 0. 

0. 0. -00 
0. 0. . o o  
0. 0. . o o  
0. 0. . o o  
0. 0. . o o  
0. 0. . o o  
0. 0. . o o  
0. 0. . oo  
0. 0. . o o  
0. 0. . o o  
0. 0. . oo  
0. 0. . o o  

0. 0. . o o  
0. 0. . o o  

24 137 

_ _  0. _ _  . _ - o .  _ _  . o o - -  - - -  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure J Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

1 7 5 . 0 5  
186 .00  
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
3 5 0 . 0 0  
370.00 
3 8 9 . 3 9  
398 .90  
4 0 4 . 5 1  
418.06 
429.77 

1078 .2  
1 6 9 3 . 1  
2416.5 
3127 .7  
3523.5 
3 9 1 3 . 1  
4309 .0  
4703.7 
5092 .0  
5486 .5  
5881 .0  
6259.4 
5357 .5  
3 3 8 8 . 1  
1 8 5 8 . 4  

420 .6  

739 .6  
1594.4 
2304 .8  
3100 .0  
3493 .8  
3881.3 
4275 .0  
4 6 6 8 . 1  
5054.3 
5446.7 
5 8 3 9 . 1  
6215 .5  
6386 .2  
5 4 1 1 . 1  
2968 .0  

743 .7  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

.o  

.o  
-0 
.o  
.o  
.o  
. o  
.o  
. o  

367.4 
2 5 5 . 0  
255.0 
269.0 
291.4 
313.5 
3 3 5 . 9  
358 .3  
380 .3  
4 0 2 . 7  
4 2 5 . 0  
4 4 6 . 5  
395 .4  
932 .5  
511 .5  
143 .3  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER’S (1973)  - Magnitude & Location of Interslice Forces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

183 .00  
189 .00  
220.00 
240.00 
260 .00  
280.00 
300 .00  
320 .00  

7 . 2 7  
7 . 2 7  
7 . 2 7  
7 . 2 7  
7 . 2 7  
7.27 
7 . 2 7  
7 . 2 7  

15871 .  
18852 .  
37434.  
42227.  
47393.  
52925.  
58830.  
65056.  

5 . 6 1  
6.20 
9 .37  

10 .53  
1 1 . 6 0  
1 2 . 6 2  
1 3 . 5 9  
1 4 . 5 2  

11.83 
13 .68  
23.20 
26.40 
29.50 
32.60 
35.80 
38 .89  

.474 

.453 

.404 

.399  

.393 

.387  
,380  
.373 



9 
10 
11 
12 
13 
14 
15 
16 

340.00 
360.00 
380.00 
398.78 
399.02 
410.00 
426.12 
433.41 

7.27 
7.27 
7.27 
7.27 
7.27 
7.27 
7.27 

. oo  

71643. 
78597. 
85918. 
93123. 
91922. 
43388. 
4302. 

0. 

- 
1 2 6 90137 

15.41 41.98 .367 
16.29 45.17 .361 
17.14 48.26 .355 
17.93 51.19 -350 
17.95 50.99 -352 
13.35 35.59 -375 
5.85 11.90 .492 
4.54 -00 . o o o  

.. . - 

__ - .  - _ _ _ _  - __  - _ _  - . __ _ _  _ _  - _ -  - 

Total N o r m a l  Stress = 3591.45 (psf) - - - -  

Shear Stress - - 389.53 (psf) 
Pore Water Pressure = .oo  (psf) 

Total Length of failure surface = 299.87 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.694 / 

Total shear strength available 
along specified failure surface = 197.903+03 lb 
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Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 
Segment x-left y-left x- right y- right Soil Unit 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164 - 7  

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 

No. (ft) (ft) (ft) (ft) Below Segment a 
000334 
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5 189.0 106.0 410.0 142.8 1 
6 410.0 142.8 467.0 148.5 1 
7 467.0 148.5 555.0 152.9 1 
8 183.0 105.0 220.0 100.0 3 
9 220.0 100.0 300.0 100.8 3 
10 300.0 100.8 410.0 102.0 3 
11 410.0 102.0 555.0 103.5 3 

a 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 125.0 125.0 . o  25.00 . ooo  . o  0 
2 125.0 125.0 .o  30.00 -000 .o  0 
3 125.0 125.0 . o  .oo . o o o  .o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000. o /  . o /  
2 . o /  . o  J 
3 720.0J 230.4 
4 2880.0 J 374.4 1 
5 6480.0 892.8 
6 10080.0 / 892.8 ’ 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

J 

167.10 
183.00 
220.00 
300.00 
390.11 
390.27 
416.83 
424.12. 

114.18 
105.00 
99.80 

100.60 
101.63 
101.78 
143.48 
156.11 
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8 2 6 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_ - .  - _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - -  - - 

SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 175.05 109.59 5.92 15.90 -30.01 
2 186.00 104.58 12.75 6.00 -8.00 
3 204 -50 101.98 18.44 31.00 -8.00 
4 230.00 99.90 24.80 20.00 .57 
5 250.00 100.10 27.95 20.00 .57 
6 270.00 100.30 31.05 20.00 .57 
7 290.00 100.50 34.20 20.00 .57 
8 310.00 100.71 37.34 20.00 -65 
9 330.00 100.94 40.41 20.00 .65 

10 350.00 101.17 43.53 20.00 .65 
11 370.00 101.40 46.65 20.00 .65 
12 385.05 101.57 48.97 10.11 .65 
13 390.19 101.71 49.69 .16 43.15 
14 400.14 117.27 35.79 19.73 57.51 
15 413.42 138.12 16.92 6.83 57.51 
16 420.48 149.80 5.95 7.29 60.01 

9.46 
9.46 , 

9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93339. 

101018. 
108821. 
116625. 
61886. 
1013. 

88242. 
14451. 
5420. 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force FOS moment 
2 7.7278 1,7146 1,7541 
3 7.7673 1.7156 1.7146 

Iter # Theta FOS force FOS moment 
1 7.7673 1,7156 1,7146 

SLICE INFORMATION . . .  continued : 

Slice Sigma c-value phi U-base U-top . P-top Delta 
(psf 1 (psf 1 (lb) (lb) (lb) 

1 1086.1 . o  . 30.00 0. 0. 0. -00 
2 1673.9 182.41 3.81A 0. 0. 

0 0003.30~ 
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3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

2406.3 
3125.9 
3523 .4  
3914 .5  
4311.9 
4 7 0 6 . 1  
5093.4 
5 4 8 7 . 1  
5880.8 
6173 .5  
5213 .2  
2 7 8 9 . 1  
1 3 1 8 . 9  
. 4 1 9  .... 3.-. 

1 8 2 . 4 /  
- - 4 0 . 3 /  
-40 .3  
-40.3 
-40.3 
-40.3 
-40.3 
-40 .3  
-40.3 
-40.3 
-40.3 

. o  

. o  
- .- . o  - 

3 . 8 1 1  
8 . 1 9 J  
8 . 1 9  
8.19 
8.19 
8 .19  
8.19 
8 .19  
8.19 
8.19 
8 .19  

25.00 
25.00 
3 0 . 0 0 -  - _ _  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0- . 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
-0 . 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
-0. 
0. 
0. 
0. 
0. - - - _ _  - . - . . . 

Slice Base Normal Vertical Pore Water. Shear 
# x-coord Stress Stress Pressure . Stress 

(ft) (psf 1 (psf 1 (psf) 1’ (psf) 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

175 .05  
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330 .00  
350 .00  
370 .00  
385.05 
390.19 
400.14 
413.42 
420.48 

1 0 8 6 . 1  
1 6 7 3 . 9  
2406 .3  
3125 .9  
3523 .4  
3914.5 
4311 .9  
4 7 0 6 . 1  
5093.4 
5 4 8 7 . 1  
5880.8 
6173 .5  
5213 .2  
2 7 8 9 . 1  
1 3 1 8 . 9  

419 .3  

739.6 
1594.4 
2304.8 
3100 .0  
3493.8 
3881.3 
4275.0 
4667.0 
5050.9 
5 4 4 1 . 1  
5831.2 
6121.3 
6211.5 
4473.2 
2115.2 

743 .7  

. o  
-0 
.o  
.o  
.o  
.o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  

365 .5  
171 .4  
1 9 9 . 8  
238 .9  
272 .2  
3 0 5 . 1  
338 .4  
371.5 
404.0 
4 3 7 . 1  
4 7 0 . 1  
494 .7  
4 1 4 . 1  
7 5 8 . 1  
358 .5  
1 4 1 . 1  

Slice 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Right 
x-coord 

(ft) 

183.00 
1 8 9 . 0 0  
220.00 
240 .00  
260.00 
280.00 
300.00 
320.00 
340.00 
360.00 

Force Interslice 
Angle Force 

(degrees) (lb) 

._ .- 7.77 - -  

7 . 7 7  
7 . 7 7  
7 . 7 7  
7.77 
7.77 
7.77 
7.77 
7.77- 
7 . 7 7  

15932 .  
18394 .  
35227.  
39417.  
44201.  
49569.  
55529. 
61942. 
68922. 
76479. 

Force 
Height 
(ft) 

5 . 6 8  
6.47 
9.93 

1 1 . 2 8  
12 .46  
13 .52  
1 4 . 4 7  
1 5 . 3 6  
16 .19  
16 .98  

.oo  

.oo  

. o o  

.oo 

. o o  

.oo  
-00 
. oo  
. o o  
. o o  
.oo 
. o o  
. o o  
* 0.0.. 

Boundary Height 
Height Ratio 
(ft) 

11 .83  
1 3 . 6 8  
23 .20  
2 6 . 4 0  
2 9 . 5 0  
3 2 . 6 0  
3 5 . 8 0  
3 8 . 8 7  
4 1 . 9 4  
4 5 . 1 1  

.480 

.473 

.428 

.427 

.422 

.415 

.404 
- 3 9 5  
.386 
.376 



11 380.00 7.77 84611. 17.74 48.19 .368 
12 390.11 7.77 88938. 18.11 49.75 -364 
13 390.27 7.77 88202. 18.13 49.63 .365 

15 416.83 7.77 4307. 5.81 11-90 .489 
14 410.00 7.77 16113. 7.76 21.94 .354 

16 424.12 .oo 0. 2.35 .oo -000 

Total Length of failure surface = 290.09 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.716 J 
Total shear strength available 
along specified failure surface = 189.233+03 lb 



. . -. 
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GEOSYNTEC CONSULTANTS Pape -of I - 37 

Written By : 7 Date: [O I I 3 I 47 Reviewed by: 

Client: Fb F Project: OSbG Project/Roposal No.: 0 1  bb Task NO.: 

G e5 Date: IC I /+/? 7 

Large-displacement 

PURPOSE 
/ 

Evaluate whether GCL QA sample no. 14 complies with the shear strength requirements given in the GCL specification 
(Section 02772, Paragraph 2.01 X.3). 

GCL Internal 3.9 1 3.8 J 6.0 J 

Interface 
GCUGMB 1.7 / 4.9 J 6.8 / 

METHOD 

Themethd-for evaluating the GCL sample is-outlined in RCI number 1702-006R. The method involves the following basic 
steps. 

__ - -. - - - . 

1.  

2. 

Use shear test results from the GCL sample to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1 .  Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 3. J 

SHEAR TEST RESULTS 

The results of the GCL internal shear and GCUgeomembrane interface shear tests performed on QA sample no. 14 are shown 
in the following table. The laboratory test results are presented in Appendix A. 

QA Sample f Measured Shear Strengths 

STABILITY ANALYSES RESULTS 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. The 
analyses output files and figures showing critical slip surfaces are presented in Appendix B. 

I OA SamDleNo. I Test Type I Filename I Factor of Safety I Comply? I 

GQOl66-04/F9730091 .DOC 
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O1997 CkoSyntcc Consultants 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 141 

Test Sperimen Configuration (from top to bottom) and Placement Conditions: 
-. 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-14). GCL’s initial moisture content was 9.7%. GCL’s 
- __ __ - -_ - - - - - -final moisture content ranged-from 62% to 84% for the test series; and - - - - _ _  

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5, 20, and 45 psi. 

Constant shear displacement rate: 0.004 in/min. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

G Q O  166-04.1 IF9730091 1 97.10. I4 



O1997 GwSynlec Consullanls 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 14G 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-14) with woven geotextile against geomembrane. GCL's initial 
moisture content was 8.5%. GCL's final moisture content ranged from 64 to 107% for the 

. -_ . - - - - . . ~ - test-series; - - -. -- .- - ~ __  -~ ~ . ..-. . .. . ~ ~ - - - .. -. . - . . ~ .  . 

80-mil NSC textured HDPE geomembrane (GM-16); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL agajnst geomembrane 

Test Procedures for Each Normal Stress Condition: 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid subskate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions:'The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test n o m 1  stresses: 5 ,  20, and 45 psi. 

Constant shear displacement rate: 0.004 inlmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

GQ0166-04.1 IF9730091 2 97.10.14 
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FLUOR DANIEL FER JALD 
ON-SITE DISPOSAL FACILITY . .  

- ~ _ _ _  _ _  _ _  - - _  __ _ -  _ - -  - - 

TEST SERIES NUMBER 141: INTERNAL STRENGTH OF 
BENTOLlX NS GCL (GCL-14) UNDER SOAKED AND 
CONSOLIDATED CONDITIONS 

TEST CONDITIONS - a,, = 5.0 psi - a, = 20.0 psi - a,, = 45.0 psi 

-------------- 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./mln. 

NOTES: (1) A constant area of 1 ft' was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

(2) For each test, slidin 
to occur within the i! C L  

DATE TESTED: 22 SEPTEMBER TO 3 OCTOBER 1997 
FIGURE NO. - 

I- 
PROJECT NO. GO0166 - 04.1 
DOCUMENT NO. 

FILE NO. 

L GEOSYNTEC CONSULTANTS 
1 SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

J 

TEST SERIES NUMBER 141: INTERNAL !3RENGTH OF 
BENTOFIX NS GCL GCL-14) UNDER SOAKED AND 
CONSOLIDATED CON b ITIONS 

MEASURED SHEAR STRENGTHS ---_---_--------------------------- 
on = 5.0 psi, TW = 6.0 psi, T~ = 3.9 psi 
U n  = 20.0 psi, 7- = 12.9 ps!, = 3.8 psi 
on = 45.0 psi, T~ = 15.3 psi, 7LD = 6.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. / 

I- 

5 - L  :: 

DATE TESTED: 22 SEPTEMBER TO 3 OCTOBER 

- .  

1997 - 
1.- 
L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. A-2 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 

FILE NO. 
( 1.3 1 m a  . 91  
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4500 - 
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-3500- 
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- 
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E 3000- 

g 2500- 

- 
I - 
v) 

2000 - 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY - 

TEST SERIES NUMBER 14G: BENTOFIX NS GCL 

80-mil NSC TEXTURED HDPE GEOMEMBRANE 

GCL-14) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO tJ S 

GM-16) 

TEST CONDITIONS -------------- - Q, = 5.0 psi - o n  = 20.0 psi 
ycy Q, = 45.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./mln. 

.- -6000 

500 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 2 
Dl SP LAC EM ENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (i.e., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

DATE TESTED: 24 SEPTEMBER TO 3 OCTOBER 1997 
- FIGURE NO. 

1.- 
L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

PROJECT NO. 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIW 

- - - - -- _ - -  - - ~ _ -  - -- _- - 50- 

TEST SERIES NUMBER 14G: BENTOFIX NS GCL GCL-14) 
WITH WOVEN GEOTEXTIE AGAINST GEOMEMBRAN L / 
80-mil -NSC TEXTURED HDPE GEOMEMBRANE GMl16)  
UNDER SOAKED AND CONSOLIDATED CONDITIO b!l S 

MEASURED SHEAR SIRENGTHS ---_--_---------------------------- 
a, = 5.0 psi, T~ = 2.7 psi, T~ = 1.7 psi 
On = 20.0 psi, TW = 9.5 psi, TU = 4.9 psi 
U n  = 45.0 psi, ~m = 11.0 psi, TD = 6.8 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

.//- 

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

an le and adhesion were determined from a best-fit line drown thmu h the 
t e i  data. Caution should be arercised in using the strength paramefen 

NOTES: (1) The reported total-stress sheor strength parometers of friction 

normal stresses outside the range of 

of 2 in. for each test. 
occur within the 

- 
I- 

'L GEO SYNTEC CONSULTANTS 

.- 

I 

DATE TESTED: 24 SEPTEMBER TO 3 OCTOBER 1997 
- FIGURE NO. - - 

PROJECT NO. GQ0166 - 04.1 
DOCUMENT NO. 

FILE NO. 
f B - SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
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XSTABL File: NPK14AS 10-09-97  1 7 : 2 7  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 

* using the 
* Method of Slices 

* X S T A B L  * 
* Slope Stability Analysis * 

* 
* 

* Copyright (C) 1992  6 96 * 
* Interactive Software Designs, Inc. * 

* A i l  Rights Reserved * 
* 
* * Moscow, ID 83843,  U.S.A. 

_. _ _  . _  - _  - _  - - - - - - __ - _ _  - - _ _  _ _  _ _  * _ _  - _ _ _  - 

* * 
* Ver. 5 . 2 0 1  96 6 1202  * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

1 3  SURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 
Segment x-left y-left x- right y- right ‘Soil Unit 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13  

. o  
92 .0  

1 2 9 . 0  
1 5 0 . 0  
1 7 0 . 0  
1 9 0 . 0  
210 .0  
230 .0  
250 .0  
270 .0  
285 .0  
294 .0  
307 .0  

1 6 0 . 0  
1 6 0 . 0  
1 5 3 . 0  
1 4 7 . 0  
1 4 0 . 0  
1 3 3 . 1  
1 2 6 . 1  
1 1 9 . 1  
1 1 2 . 2  
1 0 5 . 2  
1 0 0 . 0  

9 9 . 0  
99 .0  

9 2 . 0  
1 2 9 . 0  
1 5 0 . 0  
1 7 0 . 0  
1 9 0 . 0  
210 .0  
230 .0  
250 .0  
2 7 0 . 0  
2 8 5 . 0  
294 .0  
307 .0  
330 .0  

1 6 0 . 0  
1 5 3 . 0  
1 4 7 . 0  
1 4 0 . 0  
133 .1  
1 2 6 . 1  
1 1 9 . 1  
1 1 2 . 2  
1 0 5 . 2  
100.0 

9 9 . 0  
99 .0  

1 0 5 . 0  

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 . o  1 5 3 . 0  1 2 9 . 0  1 5 3 . 0  1 
2 . o  9 4 . 1  1 3 6 . 5  9 1 . 4  3 
3 1 3 6 . 5  9 1 . 4  2 2 4 . 8  9 3 . 2  3 
4 224 .8  9 3 . 2  285 .0  9 4 . 4  3 
5 285 .0  9 4 . 4  3 1 3 . 0  9 5 . 0  3 
6 313 .0  9 5 . 0  330 .0  1 0 0 . 0  3 



3 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 125.0 125.0 200.0 25.00 .ooo . o  0 

3 125.0 125.0 . o  -00 . ooo  . o  0 
.o_ - - -0- . _ _ _  _ -  - _ _  2 125.0 125..0- -._O. -3-0.00 _ _  .OO_O. _ _  . -  

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf) 

1 -1000.0 J . O J  
2 .o/ . o /  
3 720.0 / 864.0 J 
4 2880.0 1857.6 J 

5 6480.0 J 2203.2: 
6 36000.0 / 2203.2 

J 
Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

281.11 
269.73 
269.53 
224.80 
141.66 
141.44 
102.26 
98.98 

101.35 
94.10 
93.89 
93.00 
91.27 
91.50 

153.00 
158.68 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Slice x-base y-base height width alpha beta weight 

(ft) (ft) (ft) (ft) (lb) 

1 275.55 
2 269.86 
3 269.63 
4 259.77 
5 -  240.00-- 
6 227.40 
7 217.40 
8 200.00 
9 180.00 

10 160.00 
11 145.83 
12 141.55 
13 135.22 
14 115.63 
15 100.62 

97.81 
94.18 
93.99 
93.70 

93.05 
92.85 
92.48 
92.07 
91.65 
91.36 
91.39 

101.26 
132.01 
155.84 

~. 93.30- - 

5.46 
11.06 
11.34 
15.09 
22..35 - 
26.96 
30.66 
37.12 
44.48 
51.85 
56.83 
58.03 
49.96 
23.52 
2.53 

11.11 -32.50 19.12 7588. 
-27 -32.50 19.29 379. 
.20 -46.40 19.29 277. 

19.53 -1.14 19.29 36830. 

5.20 -1.14 19.29 17523. 
14.80 -1.19 19.29 56728. 
20.00 -1.19 19.29 92790. 
20.00 -1.19 19-03 111206. 
20.00 -1.19 19.29 129621. 
8.34 -1.19 15.95 59250. 
.22 46.27 15.95 1599. 

12.44 57.50 15.95 77684. 
26.74 57.50 10.71 78602. 
3.28 59.99 10.71 1037. 

20.-0-0- _:1.14-_ 19,03 - .  55869. _ _  

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force FOS moment 
2 15.3164 2,5884 2,7192 
3 15.5763 - - - - -  2.5884 
3 15.4464 2.5954 
4 15.5633 2.6018 2.5954 
5 15.5573 2.6015 2.6018 

- - - - -  

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force FOS moment 
2 15.8810 2,5429 2,5299 
3 15.8744 2.5426 2.5429 

Nonlinear M-C Iteration Number - 3 



1269 
Iter # Theta FOS force 

2 15.8746 2,5415 

Iter # Theta FOS force 
2,5415 

. .  
1 15.8746 

SLICE INFORMATION . . .  continued : 
- .  ._ Slice 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

-Sigma-- .- 
(psf 

1162.6 
2239.7 
3451.9 
2075.7 
3034.8 
3621.2 
4094.3 
4915.1 
5852.2 
6785.8 
7412.8 
5113.0 
3652.2 
1687.3 
173.6 

crvalue . phi- _SJ:base 
(psf 1 (lb) 

200.0 25.00 
200.0 25.00 
1581.1/ 5.48/ 
532.8/ 24.701 
l581.1/ 5.48J 
1581.1 5.48 
1581.1 5.48 
1581.1 5.48 
1581.1 5.48 
2203.2~ . oo/ 
2203.2J . O O J  
1581.1/ 5.48/ 
200.0 25.00 
200.0 25.00 

. o  30.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

FOS-moment 
2.5415 

FOS moment 
2,5415 

U-top ._ 
(lb) 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Prtop - 
(lb) 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

.Delta 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER’S (1973) - TOTAL Stresses at center of slice base 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 
# 

1 
2 
3 
4 
5 
6 

( 7  
8 
9 

10 
11 
12 
13 
14 
15 

Base 
x-coord 

(ft) 

275.55 
269.86 
269.63 
259.77 
240.00 
227.40 
217.40 
200.00 
180.00 
160.00 
145.83 
141.55 
135.22 
115.63 
100.62 

Normal 
Stress 
(psf 

1162.6 
2239.7 
3451.9 
2075.7 
3034.8 
3621.2 
4094.3 
4915.1 
5852.2 
6785.8 
7412.8 
5113.0 
3652.2 
1687.3 
173.6 

Vertical 
Stress 
(psf 

683.0 
1382.9 
1417.2 
1885.8 
2793.4 
3369.8 
3833.0 
4639.5 
5560.3 
6481.0 
7104.3 
7253.6 
6244.9 
2939.5 
316.2 

Pore Water 
Pressure 

/ (psf 

.o  
-0 
. o  
. o  
. o  
.o  
.o  
. o  
-0 
.o  
-0 
.o  
. o  
.o  
- 0  

Shear 
Stress 
(psf 1 

292.0 
489.6 
752.5 
585.3 
736.8 
758.9 
776.8 
807.8 
843.2 
866.9 
866.9 
815.3 
748.8 
388.3 
39.4 

. o o  

. o o  

.oo  

. o o  

. o o  

. o o  

. o o  

. o o  
-00 
* 00 
. oo  
.oo  
.oo  
.oo  
.oo  
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Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 270.00 
2 269.73 
3 269.53 
4 250.00 
5 230.00 
6 224.80 
7 210.00 

9 170.00 
10 150.00 
11 141.66 
12 141.44 
13 129.00 
14 102 -26 
15 98.98 

-~ . -8- - - ~ 19-0.. 00 - 

15.87 
15.87 
15.87 
15.87 
15.87 
15.87 
15.87 

15.87 
15.87 
15.87 
15.87 
15.87 
15.87 

. o o  

-15-. 87 - ~ 

11927. 
12473. 
1’3364. 
26087. 
42662. 
47154. 
60418. 
79340. 
99405. 

120366. 
129220. 
128182. 
63725. 

891. 
0. 

5.12 10.93 
5.14 11.20 
5.05 11.47 

- -  7.08 18.70 
9.23 26.00 
9.86 27.92 

11.72 33.41 
_. 14 ..3 0 ~ _ _ _ _  - - 40. 8.2- 
16.90 48.14 
19.53 55.56 
20.65 58.11 
20.65 57.95 
17.46 41.97 
2.37 5.06 

-23.95 .oo 

Total Normal Stress = 3530.83 (psf) 

Shear Stress - - 634.90 (psf) 
Pore Water Pressure = . o o  (psf) 

Total Length of failure surface = 221.47 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER’S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.541 1 

.468 

.459 
-440 
.379 
-355 
.353 
.351 
.350. ~- 

.351 

.352 

.355 

.356 

.416 

.469 

. o o o  

Total shear strength available 
along specified failure surface = 357.373+03 lb 
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XSTABL File: NPK14BS 10-09-97 17:28 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 

* 

* Slope Stability Analysis * 
* using the * 

* Copyright (C) 1992 6 96 
* Interactive Software Designs, Inc. * '  

* All Rights Reserved * 

* 
* * * Method of Slices 

* 
* * Moscow, ID 83843, U.S.A. 

- __-  - - - - - - . - - - - - - . - - - - . . - - . * 
- - - - . - - - - - -. - - 

* * 
* Ver. 5.201 96 6 1202 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

13 SURFACE boundary segments 

Segment x-left y-left x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

- 0  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
93.0 
99.0 

105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 . o  153.0 129.0 153.0 1 
3 
3 

2 .o  94.1 136.5 91.4 
3 136.5 91.4 224.8 93.2 
4 224.8 93.2 . 285.0 94.4 3 
5 285.0 94.4 313.0 95.0 3 
6 313.0 95.0 330.0 100.0 3 



. . . . . . . . . . . . . . . . . . . . . . . . . .  
ISOTROPIC Soil Parameters _ _ _ _ _ _ _ _ - - - - - - - _ _ _ _ _ - - - - - -  

3 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit -Moist Sat-. Intercep-t Mgle - -  .Parameter Constant Surf ace- - 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf ) No. 

... . .. _ ~ ~ _  . .. _ _  

1 125.0 125.0 200.0 25.00 . ooo  .o  0 

3 125.0 125.0 .o  .oo . o o o  . o  0 
2~..--125.._0.- -125-. 0 -----..O 3.0-.-0_0 _ _ _ _  OOO-- . 0 . -  ~.~ 0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point 
No. 

Normal Stress 
(psf 1 

-1000.0 
- 0 J  

720.0/ 
2880.0 
6480.0 / 
10080.0 ’ 

Shear Stress 
(psf 1 

-0 J 
- 0 1  

388.8 f 
1368.0 J 

1584.0 J 

1584.0 

Trial failure surface specified by 
the following 8 coordinate points : / 

Point x-surf y-surf 
No. (ft) (ft) 

292.36 . 

284.85 
284.65 
224.80 
137.68 
137.43 
98.20 
94.43 

99.18 
94.40 
94.19 
93.00 
91.18 
91.42 
153.00 
159.54 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a 



1 2 6 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Slice x-base y-base height width alpha beta weight 

(ft) (ft) (ft) (ft) (lb) 

1 288.68 96.84 2.75 -7.36 -32.49 6.34 
2 284.92 94.45 5.58 .15 -32.49 19.12 
3 284.75 94.29 5.79 -20 -46.40 19.12 
4 277.33 94.04 8.62 14.65 -1.14 19.12 

6 240.00 93.30 22.35 20.00 -1.14 19.03 
7 227.40 93.05 26.96 5.20 -1.14 19.29 
8 217.40 92.85 30.66 14.80 -1.20 19.29 
9 200.00 92.48 37.12 20.00 -1.20 19.29 

10 180.00 92.06 44.49 20.00 -1.20 19.03 
11 160.00 91.65 51.85 20.00 -1.20 19.29 
12 143.84 91.31 57.45 12.32 -1.20 15.95 
13 137.55 91.30 59.26 .25 43.83 15.95 
14 133.21 98.04 53.76 8.43 57.50 15.95 
15 113.60 128.83 27.09 30.80 57.50 10.71 
16 96.32 156.27 2.91 3.77 60.04 10.71 

. - . . - - -5 2 6 0-. 0.0. 93.70_- 15.00 -20.00 -1.14.- 19.29- _. 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force FOS moment 
2 16.5001 2,0124 2,0250 
3 16.5142 2.0128 2.0124 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force FOS moment 
2 16 -5431 2,0021 2,0013 

Iter # Theta FOS force FOS moment 
1 16.5431 2,0021 2TOOl3 

SLICE INFORMATION . . .  continued : 

2532. 
107. 
143. 

15779. 
37500. ~ ___.__ 

55869. 
17523. 
56730. 
92795. 

111215. 
129634. 
88475. 
1852. 

56649. 
104286. 

1373. 

slice Sigma c-value' phi U-base U-top P-toQ()@€&tt 



1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  - 
1 3  
1 4  
1 5  
1 6  

635.2 
1 3 3 2 . 6  
1999 .7  
1178 .4  
2043.6 
3029.3 
3614.7 
4087.2 
4906.7 
5842.4 
6775.3 

-7479-. 4 . - 
5372.5 
3740 .2  
1 8 4 8 . 8  

1 8 8 . 8  

-0 
200.0 

6 2 . 4 1  
62 .4  
62.4 

1 1 9 5 . 2 1  
1 1 9 5 . 2  
1 1 9 5 . 2  
1 1 9 5 . 2  
1 1 9 5 . 2  
1584 .0  / 

-1584.0 J- 
1 1 9 5 . 2 /  

2 0 0 . 0  
2 0 0 . 0  

. o  

30.00 
25.00 
24 .39 /  
24.39 
24.39 

3 . 4 3 /  
3 - 4 3  

- 3.43 
3 .43  
3 .43  

* 00' 

3 .43J  
_ _  . o o J  ._ 

25.00  
25 .00  
30.00 

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0 -. 0 : 
0. 0. 
0. 0. 
0. 0. 
0. ~ _ _ _  . -. ~O... _.- - 

0. 0. 
0. 0. 
0. 0. 
0. 0. 

.~ 

0. 
0. 
0. 
0. 
0. . 

0. 
0. 
0. 
0. 
0. 
0. 
0~. . 

0. 
0. 
0. 
0. 

Slice 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

Base 
x-coord 

(ft) 

2 8 8 . 6 8  
284.92 
284 .75  
277.33 
260.00 
240.00 
227.40 
217 .40  
200.00 
1 8 0 . 0 0  
1 6 0 . 0 0  
143 .84  
1 3 7 . 5 5  
1 3 3 . 2 1  
113 .60  

96.32 

Normal 
Stress 
(psf 1 

635 .2  
1 3 3 2 . 6  
1 9 9 9 . 7  
1 1 7 8 . 4  
2043 - 6  
3029.3 
3614.7 
4087.2 
4906 .7  
5842.4 
6775.3 
7479 .4  
5372 .5  
3740.2 
1848 .8  

1 8 8 . 8  

Vertical 
Stress 
(psf 1 

344 .0  
697 .5  
724 .2  

1 0 7 7 . 0  
1 8 7 5 . 0  
2793.5 
3369.8 
3 8 3 3 . 1  
4639 .8  
5560 .7  
6481 .7  
7181 .4  
7407 .0  
6719.9 
3385.9 

364 .2  

Pore Water 
Pressure 

(psf 1 
1 

. o  

.o  

.o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  
-0 
.o  . 
. o  
. o  

Shear 
Stress 
(psf 1 

1 8 3 . 2  
410 .3  
4 8 4 . 0  
2 9 8 . 0  
493 * 9 
687.8 
705 .3  
719 .5  
744.0 
7 7 2 . 1  
7 9 1 . 2  
7 9 1 . 2  
758.0 
971 .0  
530.5 

54.5 

. o o  

. o o  
-00 
. o o  
. o o  
. o o  
. o o  
. o o  
. o o  
.oo  
. o o  
. o o -  
. o o  
. o o  
. o o  
. o o  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 285.00 16 .54  4512 .  3 . 4 4  5.50 .624 
2 284.85 1 6 . 5 4  4713.  3 .43  5 .65  .607  
3 284.65 1 6 . 5 4  5244.  3 .33  5 .93  - 5 6 2  
4 270.00 1 6 . 5 4  10156 .  5 .24 11 .30  .464 
5 250 .00  1 6 . 5 4  21309.  7 .18 18 .70  .384 
6 230.00 1 6 . 5 4  36914.  9 .14 26 .00  352 

060362 



7 224.80 16.54 
8 210.00 16.54 
9 190.00 16.54 

10 170.00 16.54 
11 150.00 16.54 
12 137.68 16.54 
13 137.43 16.54 
14 129.00 16.54 
15 98.20 16.54 
16 94.43 .-00 - 

41130. 
53556. 
71217. 
89872. 

109331. 
121507. 
120360. 
77269. 
1071. 

-3. . .~ . 

9.77 
11.66 
14.34 
17.06 
19.82 
21.55 
21.59 
19.91 
2.71 
-24 

27.92 
33.41 
40.83 
48.14 
55.56 
59.34 
59.17 
48.35 
5.83 
.-00 

.350 
-349 
.351 
.354 
-357 
.363 
.365 
.412 
.465 
,000 

Total Normal Stress = 3437.69 (psf) 

Shear Stress - - 617.27 (psf) 
Pore Water Pressure = -00 (psf) 

Total Length of failure surface = 237.10 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.002 / 
Total shear strength available 
along specified failure surface = 293.023+03 lb 
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- . .  - . - - - -. . - - - - - - - - _. - - - - __ - - - - - * 
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* * 
* Ver. 5.201 96 6 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

y-right 
(ft) 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x-left y-left x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 60.0 90.0 100.0 2 120.0 
2 150.0 105.0 2 120.0 100.0 
2 105.0 183.0 105.0 3 150.0 

4 183.0 105.0 189.0 106.0 10Qb0366 



- 
1 2 6 9  

5 189 .0  1 0 6 . 0  410.0 1 4 2 . 8  1 
6 410 .0  1 4 2  - 8 467 .0  1 4 8 . 5  1 
7 467.0 148.5 555.0 152 .9  1 
8 1 8 3 . 0  1 0 5 . 0  220.0 100.0  3 

220 .0  100.0  300.0 1 0 0 . 8  
1 0  300 .0  100.8 410.0 1 0 2 . 0  
11 410 .0  102 .0  555.0 1 0 3 . 5  3 

3 
3 

9 

ISOTROPIC Soil Parameters 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Uni t Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf 1 No. 

1 1 2 5 . 0  1 2 5 . 0  -0 25 .00  -000 . o  0 
2 1 2 5 . 0  1 2 5 . 0  .o  30 .00  .ooo . o  0 
3 1 2 5 . 0  1 2 5 . 0  .o  .oo  * 000 . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 

1 -1000.0 / .o 

No. (psf) (psf) 

2 
3 
4 
5 6 4 8 0 . 0 J  8 6 4 . 0 /  
6 10080.0 1 8 6 4 . 0 /  

. O J  
7 2 0 . 0 J  

2880.0 J 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

/ 

1 6 7 . 1 0  
1 8 3 . 0 0  
220.00 
300.00 
400.64 
400.88 
428.09 
435.38 

1 1 4 . 1 8  
1 0 5 . 0 0  

99.80 
100 .60  
1 0 1 . 6 6  
1 0 1 . 9 0  
1 4 4 . 6 1  
157 .24  

000367 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- ._ _ _  . -  
- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . -  

SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 175.05 
2 186.00 
3 204.50 
4 230.00 
5 250.00 
6 270.00 
7 290.00 
8 310.00 
9 330.00 

10 350.00 
11 370.00 
12 390.32 
13 400.76 
14 405.44 
15 419.04 
16 431.73 

109.59 5.92 15.90 -30.01 9.46 
104.58 12.75 6.00 -8.00 9.46 
101.98 18.44 31.00 -8.00 9.46 
99-90 24.80 20.00 -57 9.65 

100.10 27.95 20.00 -57 9.37 
100.30 31.05 20.00 .57 9.37 
100.50 34.20 20.00 .57 9.65 
100.71 37.34 20.00 .60 9.37 
100.92 40.43 20.00 .60 9.37 
101.13 43.57 20.00 .60 9.65 
101.34 46.71 20.00 .60 9.37 
101.55 49.87 20.64 .60 9.46 
101.78 51.38 -24 45.00 9.46 
109.06 44.88 9.12 57.50 9.46 
130.41 25.19 18.09 57.50 5.71 
150.92 5.95 7.29 60.00 5.71 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93362. 

101085. 
108933. 
116782. 
128661. 

1543. 
51164. 
56965. 
5422. 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force FOS moment 
2 7.3714 1,8719 1,9202 
3 7.4075 1.8729 1.8719 

Iter # Theta FOS force FOS moment 
1 7.4075 1,8729 1,8719 

SLICE INFORMATION ... continued : 
slice Sigma c-value phi U-base U-top P-top Delta 

(psf 1 (psf 1 (lb) (lb) (lb) 

1 1046.4 .o  . 30.00 0. 0. 0. .oo 
2 1704.6 547.2 / .oo J 0. 0. 0. .oo 



3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

- . . - _ - - - .- . 

- ______ 16_.. 

2428.2 547.2 J . O O /  
3132.4 293.8/ 5.03/ 
3527.9 293.8 5.03 
3917.1 293.8 5.03 
4312.5 293.8 5.03 
4706.8 293.8 5.03 
5094.6 293.8 5.03 
5488.7 293.8 5.03 
5882.8 293.8 5.03 
6279;-0 -293-.8 - -  5:03 
5368.6 293.8 5.03 
3590.5 .O 25.00 
2015.3 .o  25.00 

_ _  .432_.6 0 _ _ _ _  30.00 

0. 0. 0. ’ .. 00 
0. 0. -00 

0. 0. 0. . oo  
0. 

0 .  0. 0. -00 
0. 0. 0. . o o  
0. 0. 0. . o o  
.o . 0. 0. . o o  
0. 0. 0. . o o  

0. 0. . o o  0. 
0. - - - -0. - 0.- - - - - -  

0. 0. 0. . oo  
0. 0. 0. . o o  
0. 0. 0. . o o  

-~~ 0. 0. _ _  - - - 0. 2_9_0- 

. . ~ o.o- ..- .. . . .  

Slice Base Normal Vertical Pore Water Shear 
x-coord Stress Stress Pressure Stress / (psf) 

# 
(ft) (psf) (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
390.32 
400.76 
405.44 
419.04 
431.73 

1046.4 
1704.6 
2428.2 
3132.4 
3527.9 
3917.1 
4312.5 
4706.8 
5094.6 
5488.7 
5882.8 
6279.0 
5368.6 
3590.5 
2015.3 
432.6 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4668.1 
5054.3 
5446.7 
5839.1 
6233.6 
6422.5 
5610.3 
3149.0 
743.7 

.o  . 

.o  

.o  

.o  

.o  

.o  

.o  
- 0  
.o  
.o  
. o  
.o  
.o  
-0 
-0 
.o  

322.6 
292.2 
292.2 
304.0 
322.6 
340.9 
359.5 
378.0 
396.2 
414.7 
433.3 
451.9 
409.1 
894.0 
501.8 
133.4 

slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

( f t ) (degrees 1 (lb) (ft) (ft) 

1 183.00 7.41 14863. 
2 189.00 7.41 18080. 
3 220.00 7.41 37882. 
4 240.00 7.41 43382. 
5 260.00 7.41 49177. 
6 280.00 7.41 55262. 
7 300.00 7.41 61643. 
8 320.00 7.41 68267. 
9 340.00 7.41 75176. 

10 360.00 7.41 82375. 

5.63 
6.11 
9.12 

10.23 
11.29 
12 -33 
13.34 
14.33 
15.30 
16.26 

11.83 
13.68 
23.20 
26.40 
29.50 
32.60 
35.80 
38.89 
41.98 
45.17 

.476 

.447 

.393 

.387 

.383 
-378 
.373 
-368 
.365 
.360 



11 380.00 7.41 89863. 
12 400.64 7.41 97892. 
13 400.88 7.41 96690. 
14 410.00 7.41 53082. 
15 428.09 7.41 4528. 
16 435.38 .oo 0. 

17.21 48.26 * 357 
18.18 51.48 .353 
18.19 51.28 -355 
14.62 38.48 .380 
5.84 11.90 .491 

,74.33 .oo . o o o  

Total Normal Stress = 3621.23 (psf) 

Shear Stress - - 395.14 (psf) 
. ___ ~ - --Por.e_ Water- er-ess-ure- I Ipsf.) - _ _  - __ ~ ~ ~- _ _  

Total Length of failure surface = 301.94 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER’S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.873 J/ 
Total shear strength available 
along specified failure surface = 223.443+03 lb 
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Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 ’ 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

y-right 
(ft) 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 $00373 



1 34/31 5 189.0 106.0 410.0 142.8 
6 410.0 142.8 467.0 148.5 1 
7 467.0 148.5 555.0 152.9 1 
8 183.0 105.0 220.0 100.0 3 
9 220.0 100.0 300.0 100.8 3 

10 300.0 100.8 410.0 102.0 3 
11 410.0 102.0 555.0 103.5 3 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf 1 No. 

1 125.0 125.0 . o  25.00 .a00 . o  0 
2 125.0 125.0 . o  30.00 -000 : 0 0 
3 125.0 125.0 . o  .oo . ooo  . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 

Point 
No. 

3 

Normal Stress 
(psf) 

-1000.0 ’ 
. o /  

720.0/ 
2880.0 ’ 
6480.0’ 

10080.0 

Shear Stress 
(psf 1 

.o  

. o  1 
244.8 J 

705.6 J 

979.2 J 
979.2 J 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

J 
167.10 
183.00 
220.00 
300.00 
402.06 
402.31 
429.60 
436.89 

114.18 
105.00 
99.80 

100.60 
101.66 
101.92 
144.76 
157.39 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. -. ~ .- - -* *-* * * * * * * * * * *; * *-* *-*-* *-* *.* * * *.* * * * * * * * *.* * * *- . - - - ~ . . - .. - - .. - . . . -. .~. . . ... .. . . 

SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 175.05 109.59 5.92 15.90 -30.01 9.46 
2 186.00 104.58 12.75 6.00 -8.00 9.46 
3 204.50 101.98 18.44 31.00 -8.00 9:46 
4 230.00 99.90 24.80 20.00 -57 9.65 
5 250.00 100.10 27.95 20.00 .57 9.37 
6 270.00 100.30 31.05 20.00 .57 9.37 
7 290.00 - 100.50 34.20 20.00 .57 9.65 
8 310.00 100.70 37.35 20.00 .60 9.37 
9 330.00 100.91 40.44 20.00 .60 9.37 

10 350.00 101.12 43.58 20.00 .60 9.65 
11 370.00 101.33 46.72 20.00 . .60 9.37 
12 391.03 101.55 49.99 22.06 .60 9.46 
13 402.18 101.79 51.61 .25 46.12 9.46 
14 406.15 107.96 46.10 7.69 57.50 9.46 
15 419.80 129.38 26.30 19.60 57.50 5.71 
16 433.24 151.07 5.95 7.29 60.00 5.71 

Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 

Iter # Theta FOS force 
2 7.6525 2-0808 
3 7.7137 2.0827 
4 7.7124 2.0827 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
1 7.7124 2,0827 

SLICE INFORMATION ... continued : 
Slice Sima c-value phi U-base 

FOS moment 
2,1274 
2.0808 
2.0827 

FOS moment 
2,0827 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93365. 

101096. 
108952. 
116807. 
137855. 

1613. 
44317. 
64445. 
5422. 

U-top P-top Delta 
(lb) (lb) 

1 1021.3 .O . 30.00 0. 0. 0. . o o  IIBoo375 



2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  

1 6  
. - - - - - . - 1 5  . 

1686 .2  9 1 - 2 1  1 2 . 0 4 J  
2431 .9  91.2 12.04 
3139.4 4 8 6 . 7 /  4.35' 
3534 .5  4 8 6 . 7  4 .35  
3923.2 4 8 6 . 7  4 .35  
4318 - 2  4 8 6 . 7  4.35 
4712 - 4  486.7 4.35 
5 1 0 0 . 1  486.7 4.35 
5 4 9 4 . 1  486.7 4.35 
5888.2 4 8 6 . 7  4.35 
6298.2 4 8 6 . 7  4.35 
5315.5 4 8 6 . 7  4.35 
3757  * 4 .o  25.00 
2143.8 .O- - ~ 2_5.00__ _ _ _  

443.4 . o  30 .00  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0.. . .. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
P -.- - . - 

0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

. o o  

. o o  

. o o  

. o o  
-00 
. oo  
. o o  
* 00 
. o o  
.oo  - - 

. oo  

. o o  

. o o  
-00 
. oo  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf) (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

1 7 5 . 0 5  
1 8 6 . 0 0  
204 .50  
230 .00  
250.00 
270.00 
290 .00  
310 .00  
330 .00  
350 .00  
370 .00  
391.03 
402 .18  
406.15 
419.80 
433.24 

1021.3 
1686.2 
2431 .9  
3139 .4  
3534 .5  
3923.2 
4318.2 
4 7 1 2 . 4  
5 1 0 0 . 1  
5 4 9 4 . 1  
5888 .2  
6298 .2  
5315 .5  
3757.4 
2143 .8  

443.4 

739.6 
1 5 9 4 . 4  
2304.8 
3100 .0  
3493 .8  
3881 .3  
4275 .0  
4668.3 
5054.8 
5447.6 
5840 .4  
6 2 4 9 . 1  
6450 .9  
5762 .9  
3288 .0  

743 .8  

. o  1 

. o  

. o  

.o  

.o  

. o  

. o  

. o  

. o  

. o  

. o  

.o  

.o  

.o  

.o  

.o  

2 8 3 . 1  
2 1 6 . 5  
292 .9  
348 .3  
3 6 2 . 7  
3 7 6 . 9  
391 .3  
405 .7  
419 .8  
434.2 
448.6 
463.5 
427 .7  
841 .3  
480.0 
1 2 2 . 9  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

183 .00  
189 .00  
220.00 
240.00 
260.00 
280 .00  
300 .00  
320 .00  
340 .00  

7 .71  
7 . 7 1  
7 .71  
7 .71  
7 . 7 1  
7 . 7 1  
7 . 7 1  
7 . 7 1  
7 . 7 1  

14008 .  
16754 .  
36608.  
43003.  
49610.  
56424.  
63450.  
70649 .  
78053 .  

5 .67  
6 .26  
9 . 1 0  

10.07 
11 .07  
12 .09  
13 .12  
14 .15  
1 5 . 1 9  

1 1 . 8 3  
13 .68  
23.20 
26.40 
29.50 
32.60 
35 .80  
3 8 . 8 9  
41 .98  

.479 

.458 

.392 

. 3 8 1  
* 3 7 5  
- 3 7 1  
.366 
.364 
- 3 6 2  



10 360.00 7.71 85664. 16.23 45.18 -359 
11 380.00 7.71 93483. 17.27 48.27 .358 
12 402.06 7.71 102346. 18 :41 51.72 -356 
13 402.31 7.71 101059. 18.42 51.50 .358 
14 410.00 7.71 61815. 15.58 40.71 .383 
15 429.60 7.71 4747. 5.82 11.90 -489 
16 436.89 .oo 0. 46.90 .oo * 000 

--. - - Total. Normal Str-ess_= 3645-. 94. (psf I-. - _ _  . ~ - 
Pore Water Pressure = .oo (psf) 
Shear Stress - - 399.15 (psf) 

Total Length of failure surface = 303.53 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.083 ,/ 

Total shear strength available 
along specified failure surface = 252.323+03 lb 



_ _  GCL 15 - Rejected Based on QC Test - -  Results 
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_ _  - ._ GCL 16 - Rejected Due to S-mall-Lot - Size (3 Rolls) - 
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QA 17 
QC 07 

Averaee OAl7-OC07 

Wrinen By : Date: /4 q? Reviewed by: Date: I \  I 4 147 
Client: RF Project: M F  ProjedRoposal No.: mO\bb Task No.: - 04 

o(') J 9.1 J 14.6 J 

15.6 J 16.4 J 18.85 
7.8 12.75 J 16.725J 

PURPOSE 

Evaluate whether GCL lot number 97090512 complies with the shear strength requirements given in the GCL specification 
(Section 02772, Paragraph 2.01.E.3). The evaluation is based on the shear test results from GCL QA sample no. 17 and GCL 
QC sample no. 07 

/ 

/ 
__ _ _  - METHOD - - - - - - __ - - - -  

Large-displacement 

Peak 
Large-displacement 

The method for evaluating the GCL samples is outlined in RCI number 1702-006R The method involves the following 
basic steps. 

QA 17 O(') J 3.1 J 6.7 
QC 07 (2) / 8) / 4.51 

Average QA 17-QC07 O J  3.1 ' 5.605 d 
QA 17 o(') d 6.7 f 14.8 f 

QA 17 0"' d 4.0 J 7.9 ' 

J 1 .  

2. 

Use shear test results fiom the GCL samples to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 3.  

SHEAR TEST RESULTS 

The results of the GCL internal shear and GCUgeomembrane interface shear tests performed on QA sample no. 17 and the 
results of the GCL internal shear tests performed on QC sample no. 07 are shown in the following table. The results of the 
GCL internal shear tests for QA sample no. 17 were averaged with the results of the GCL internal shear tests for QC sample 
no. 07. The averaged values for the GCL internal shear tests were used in the stability analyses. The laboratory test results 
for GCL QA sample no. 17 are presented in Appendix A. The laboratory test results for GCL QC sample no. 07 are 
presented in Appendix B. 

@ 

Test Type 

GCL Internal 

GCL/GMB 
Interface 

Case I Sample No. I Measured Shear Strengths (psi) 

Peak 

(I) Shear strength values for QA sample '17 at 5 psi normal stress were not available at the time that this calculation package 
was prepared. These values were assumed to equal zero. This assumption is conservative in the context of RCI 1702-006R. c/ ' (*) Large-displacement shear strength values measured for QC sample 07 at 5 and 20 psi normal stress were larger than the 
value measured at 45 psi normal stress. As this pattern did not conform to normal trends, GeoSyntec requested that the test 
results be verified. A response from GeoTesting Express dated October 23 1997 indicated that the large-displacement values 
might be not representative (included in Appendix B). These values were not included in the slope stability analysis 
performed. ,/ 

I 

GQO 166-04lF9730096.DOC 
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The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. 
The analyses output files -ad figures showing critical slip surfaces are presented in Appendix C. 

GQO 166-04lF9730096.DOC 
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01997 GcoSyntec Consultants 

T m  PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 171 

- .Test_Specimen Configur9tion (from top to bottom) and Placement Conditions: 
. -  ~ . - .  - - - -  - . ~ . .  . . ~ . . .  ~ 

.. - -- . -. . - - -  . _  
- . . - . 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-17). GCL's initial moisture content was 10.4%. GCL's 
final-iiioisWe-content ranged-from-57 % -to 65% for- the test-series; and- - - - 

- _ _ _ _ _ _  - 
- - - _. - . 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 20 and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved, 

1 97.10.16 
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01997 GcoSyntcc Consultants 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 17G 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 
- ~- -- - -  ~~ -- - -  - . . -. - ~ - -  - .  - - - -- - ~- - - - . .- .. .- . . .. .. ~ . -- - - .- - 

0 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-17) with woven geotextile against geomembrane. GCL's initial 
moisture content was 10.2%. GCL's final moisture content ranged from 53 to 74% for the 
test-s-enes;---- -- - ~ - -  - 

- _ _ _  - ~- 

80-mil NSC textured HDPE geomembrane (GM-15); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 

0 

0 

0 

0 

0 

0 

0 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed h m  the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid substmte with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gnpping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soalung period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 20 and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

2 97.10.16 
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FLUOR DANIEL FERNALD 
- ON-SITE -DISPOSAL FACILIW 

PHASE I CONSTRUCTION 
DIRECT SHEAR TESTING 

- - -  

- 
1.- 
L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

TEST SERIES NUMBER 171: INTERNAL STRENGTH OF 
BENTOflX NS GCL GCL-17) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

FIGURE NO. A- 1 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 

FILE NO. (\'\Q?Q 

F9730096 

5000 

TEST CONDlTlONS -- ------ ------ - un = 20.0 psi 
n 4000 - un = 45.0 psi 
n v) 

w u 
fY 
0 

SOAKING: 168 hra at 3 psi 
CONSOLIDATION: 48 h n  at each stress 
SHEAR RATE; 0.004 in./min. 

3500 

L 

K 

I 
u) 

2000 

1500 

1 ow) 

500 

-I 

O f , l l l l l l I I I I I I I I I I I l  
0.0 0.3 0.8 0.9 1.2 1.5 1.8 2.1 2.4 2.7 

DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

(2) For each test, slidin 
to occur within the i! CL 
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FLUOR DANIEL FERNALD 

PHASE I CONSTRUCTION 
DIRECT SHEAR TESTING 

--ON-SITE -DISPOSAL FACILITY 

TEST SERIES NUMBER 171: INTERNAL STRENGTH OF 
BENTOflX NS GCL (GCL-17) UNDER SOAKED AND 
CONSOLIDATED CONDITIONS 

SOAKING 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RAE 0.004 in./min. 

-I - 
c -  o - l I  1 I I I I I I I I I I 1 1  I I 1 1  

0 5 10 15 20 25 36 35 40 45 ! 
NORMAL STRESS (psi) 

DATE TESTED: 4 TO 13 OCTOBER 1997 
-~ - 

I 
I- 

'L GEOSYNTEC CONSULTANTS 
~ 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

A-2 FIGURE NO. 

PROJECT NO. 

DOCUMENT NO. 

FILE NO. 

GQOl66-04.1 

. 



FLUOR DANIEL FERNALD 
- - . . . - - 

--ON-SITE--DISPOSAL FACILIW - - - - -  

4000 - n 
v) 

-D 
-3500- 
w u 
112: 
0 3000- L 
112: 5 2500- 
I - 
u) 

- 

- 

- 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

- ~~ -6000 - - -  -- - -  
- 

- - 
c- 
.a GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

::I 4500 

FIGURE NO 

PROJECT NO. Gn0166 - 04 1 
DOCUMENT NO 

FILE NO. 
FQ7-6 

TEST SERIES NUMBER 17G: BENTOFIX NS GCL 

80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-15) 

GCL-17) 
WITH WOVEN GEOTMnLE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO rs S 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./mln. 



_ _  
FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL -FACILIIY- - - - -  
- _ _  

I 
v) - 

15 - 

TEST SERIES NUMBER 17G: BENTOFIX NS GCL GCL-17) 
WITH WOVEN GEOiMTllE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO r!i S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-15) 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 0 

MEASURED SHEAR STRENGTHS ________-___----------------------- 
a, = 20.0 psi, TW = 6.7 psj, TU) = 4.0 psi 

u) on = 45.0 psi, T~ = 14.8 psi, T~ = 7.9 psi 

DATE TESTED: 4 TO 13 OCTOBER 1997 

PROJECT NO GO0166 - 04-1 

FIGURE NO - - 
I- 

DOCUMENT NO 
FILE NO 

-A G ~ Y N T E C  CONSULTANTS 
m7 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
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I 
Direct Shear Test Series by ASTM 0 5321 i 

- _ _  I 
i I 

i Chmt ?ewo Et.vmnmenral 
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October 24,1997 

... ... ~. . . . .~ ... 

.?h. Bill Zebidc 
- Fluor Daniel F d d  

- . - . - - . . - . .- . . . . . . . . . - . ~ .. .~. ._ .. . . - - . . -. . . . . 

Letter No. 069 

RE: Direct Shear Tesr Data for 
Pcuo Environmental Samples PET-03 and PET-07 
Subcontract No. FSC 597 
Peao Environmcnfal Project WC7-024 

Dear Mr. Zebick: 

Please find attached copies of f o n d  witten responses to the shear testing concems raised in the 
referenced letter. If beneficial, please do not hesitate to contact, or have GeoSyntec contact 
either lab. Direct discussions between those well versed in b e  test procedure may assist in the 
understanding oftht issues. 

Lastly, please be aware that Peuo Environmental has nor sent, and does not intend to send any 
other samples from this project to either of these labs. 

Please do not hesitate to contact me if you should have any question, or require additional 
informadon. 

Respectfully submitted, 

PETRO ENVIRONMENTAL TECHNOLOGIES, NC. 

StevenC. w- randstettcr 
Project Manager 

CC: Mike Godba, FDF 
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GeoTesting Express 
: t4S MASSACHUSETTs AVE. 
BOXBOROUGH. MA 01719 
508-835-0424 (FAX) 50&635-0286 
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0 
XSTAEL File: NPPK17AS 10-17-97 19:42 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* '  X S T A B L  * 
* Slope Stability Analysis 
* using the 
* Method of Slices 

* Copyright (C) 1992 ZI 96 
* Interactive Software Designs, Inc. 

MOSCOW, ID 83843, U.S.A. 

All Rights Reserved * * 
* Ver. 5.201 96 6 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* 
* 
* 
* 
* 
* 
* 
* _ .  _ .  

* 

* 

_ _ _  - _ _  __ _ _  - _ .  - * 

a 

a 

Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 
Segment x-left y-left x- right y- right Soil Unit 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x-left y-left x- right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

.o  

. o  
136.5 
224.8 
285.0 
313.0 

153.0 
94.1 
91.4 
93.2 
94.4 
95.0 

129.0 
136.5 
224.8 
285.0 
313.0 
330.0 

153.0 
91.4 
93.2 
94.4 
95.0 

100.0 
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3 Soil unit(s) specified 

Water _ _ _  - - - - - - - . .Soil- Unit Weight Cohesion. Friction ._ _Pore _Pressure - 

Unit Moist Sat. Intercept Angle Parameter Constant Surface 

1 125.0 125.0 200.0 25.00 .ooo  . o  0 

3 125.0 125.0 .o .oo .ooo . o  0 

No. (pcf) (pcf) (psf) ( deg 1 Ru (psf 1 No. 

--2. - - 125 -0 - -1-25-.0--- . --3o oo--- - _ -  -000 - - - - _ - -  - o..- - ---o-- 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

-1000.0 
.o  

720.0 
2880.0 
6480.0 
10080.0 

.o 

.o 
1123.2 
1836.0 
2408.4 
2408.4 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

276.60 
262.53 
262.32 
224.80 
145.16 f 
144.95 
105.81 
102.97 

102.91 
93.95 
93.75 
93.00 
91.36 
91.57 

153.00 
157.92 

f 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 

1 
2 
3 
4 
-5-- - 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

___._ 

x-base 
(ft) 
. .  

273.30 
266 -27 
262.42 
256.16 

227.40 
217.40 
200.00 
180.00 
160.00 
147.58 
145.05 
136.97 
117.40 
104.39 

-24-0-:00 -- 

y-base 
(ft) 

._. . - . . . 

100.81 
96.33 
93.85 
93.63 

93.05 
92.85 
92.49 
92.08 
91.67 
91.41 
91.47 

104.09 
134.80 
155.46 

---93,3-0- 

height 
(ft) 

..-. . 

3.25 
10.18 
14.00 
16.42 

. - -2-2 ~ 3 5. - - 
26.96 
30.66 
37.11 
44.47 
51.83 
56.28 
56.95 
46.63 
20.39 
2.19 

width alpha 
(ft) 

. .  . .  

6.60 -32-.50 
7.47 -32.50 
-21 -43.60 

12.32 -1.15 
20.00 - - -1-;15 
5.20 -1.15 

14.80 -1.18 
20.00 -1.18 
20.00 -1.18 
20.00 -1.18 
4.84 -1.18 
.21 45.00 

15.95 57.50 
23.19 57.50 
2.84 60.03 

1269 

beta 

19 .-12- - -  

19.29 
19.29 
19.29 
19.03- 
19.29 
19.29 
19.29 
19.03 
19.29 
15.95 
15.95 
15.95 
10.71 
10.71 

weight 
(lb) 

. -  - 

2678. 
9504. 
368. 

25282. 

17523. 
56725. 
92777. 
111181. 
129586. 
34050. 
1505. 
92968. 
59111. 

779. 

---55865 .- .- 

?&A 

Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER’S METHOD 

Iter # Theta FOS force FOS moment 
2 15.7319 2,6640 2T7534 
3 15.8350 2.6689 2.6640 
4 15.8322 2.6687 2.6689 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force FOS moment 
2 15.8108 2,6565 2,6575 

Iter # 
1 

Theta 
15.8108 

FOS-f orce 
2.6565 

SLICE INFORMATION ... continued : 

FOS moment 
216575 

p-BBcp4esa Slice Sigma c-value phi U-base u- top 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 7353.5 2 4 0 8 . 4 ~  -004 0.  0. 0 .  . o o  

- -  1 2  5087.7 1378 .  I ~ - -9 .-03--- - - - -0. - - - -  --0.- - -  0 .  -00 
1 3  3 4 3 2 . 1  200.0 25.00 0. 0. 0 .  . o o  
1 4  1 4 6 8 . 1  200.0 25 .00  0.  0. 0 .  . oo  
1 5  151 .9  .o  30.00 0.  0 .. 0. -00 

- - - - - - - - -. 

721.8 
2038.5 
3643 .1  
2250 .7  
3022.5 
3613.0 
4088.6 
4914.4 
5857.3 
6794.3 

200.0 25.00 
200.0 25.00 

1 3 7 8 . 1  9.03 
885.64 18.26J 

1 3 7 8 . 1  9.03 
1 3 7 8 . 1  9 . 0 3 t  
1 3 7 8 . 1  9.03 
1 3 7 8 . 1  9.03 
1 3 7 8 . 1  9.034 
2408 .4J  . O O J  

0. 
0. 
0. 
0 .  
0. 
0. 
-0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

-00 
. o o  
.oo  
.oo  
. o o  
-00 
. oo  
. o o  
. o o  
.oo  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  

273 .30  
266.27 
262.42 
256 .16  
240.00 
227.40 
217.40 
200.00 
1 8 0 . 0 0  
160 .00  
147 .58  
145 .05  
136 .97  
117 .40  
1 0 4 . 3 9  

721.8 
2038.5 
3 6 4 3 . 1  
2250 .7  
3022.5 
3613.0 
4088.6 
4914.4 
5857.3 
6794.3 
7353.5 
5087.7 
3 4 3 2 . 1  
1 4 6 8 . 1  

1 5 1 . 9  

405 .7  
1272 .3  
1750 .2  
2 0 5 2 . 1  
2793 .3  
3369.8 
3832.8 
4 6 3 8 . 8  
5 5 5 9 . 1  
6479.3 
7035 .2  
7118 .4  
5829  - 2  
2549 .0  

2 7 4 . 2  

.o  

. o  

. o  

.o  

.o  

.o  
-0 
. o  
. o  
.o  
.o  
.o  
. o  
. o  
. o  

202 .0  
4 3 3 . 1  
7 3 6 . 8  
613 .0  
699.7 
7 3 5 . 0  
7 6 3 . 5  
812 .9  
869 .3  
906.6 
9 0 6 . 6  
823 .3  
6 7 7 . 7  
3 3 3 . 0  

3 3 . 0  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER’S (1973)  - Magnitude & Location of Interslice Forces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice Right . Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

270.00 
262.53 
262.32 
250.00 
230.00 
224.80 
210.00 
190 .00  

1 5 . 8 1  
1 5 . 8 1  
1 5 . 8 1  
1 5 . 8 1  
1 5 . 8 1  
1 5 . 8 1  
1 5 . 8 1  
1 5 . 8 1  

4539 .  
17982 .  
18900 .  
27325.  
43124.  
47487.  
60525.  
79526 .  

3 .04 
5.07 
5.08 
6.67 
9.18 
9.84 

1 1 . 7 3  
14 .28  

6 . 4 9  
13 .86  
1 4 . 1 4  
1 8 . 7 0  
26.00 
27.92 
33 .40  
40 .82  

.468 

.366 

.359 

.357  

.353 

.353 . 

. 3 5 1  

.350 
(BOOW3 
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9 170.00 15.81 100104 - 16.80 48.13 .349 

10 150.00 15.81 121857 - 19.33 55.54 -348 
11 145.16 15.81 127179. 19.96 57.02 .350 
12 144.95 15.81 126242. 19.96 56.87 -351 
13 129.00 15.81 48189. 15.15 36.40 .416 
14 105.81 15.81 678. 2.06 4.39 .470 
15 102.97 .oo -2. -1.90 -00 . ooo  

Total Length of failure surface = 212.98 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER’S (1973) 
procedure gives a 

FACTOR O F  SAFETY = 2.657 1 
Total shear strength available 
along specified failure surface = 354.383+03 lb 

. .:,*., 
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XSTABL File: NPK17BS 10-16-97 11:41 

* 
* Slope Stability Analysis 
* using the 

* Copyright (C) 1992 6 96 
* Interactive Software Designs, 
* Moscow, ID 83843, U.S.A. 

. . __  * Method of Slices 
* .. ~ 

Inc 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  * 
* 
* 
* 
* 
* 
* 

* 

X S T A B L  * 

- - .  _ .  . . . . 

- -- - - - -  --• - - - - - _ _  *_ - -  - - - _ _  __  -_ 
* 
* * All Rights Reserved 

* Ver. 5.201 96 6 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* 

Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 
Segment x-left y-left x-right y-right Soil Unit 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
'133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 
105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 .o  153.0 129.0 153.0 1 
2 .o 94.1 136.5 91.4 3 
3 136.5 91.4 224.8 93.2 3 
4 224.8 93.2 285.0 94.4 3 
5 285.0 94.4 313.0 95.0 3 
6 313.0 95.0 330.0 100.0 3 000\1107 
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3 Soil unit(s) specified 

- Water _. Soil Unit Weight Cohesion Friction Pore Pressure 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg 1 Ru (psf) No. 

1 125.0 125.0 200.0 25.00 .ooo  . o  0 
- - ~ _ _  2 125.0 125;O _ _  .0----30.00- - ;OOO - . o  0 

3 125.0 125.0 .o  .oo . ooo  -0 0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 

Point 
No. 

3 

Normal Stress 
(psf) 

-1000.0 
.o  

720.0 
2880.0 
6480.0 
10080.0 

Shear Stress 
(psf 1 

.o  

.o  

964.8 / 
.o 1 

2131.2 
2131.2 

Trial failure surface specified by 
the following 7 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 293.27 99.08 
2 285.17 94.40 
3 284.97 94.20 
4 224.80 93.00 
5 175.56 92.03 
6 175.40 92.19 
7 138.37 150.32 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 
Slice x-base y-base height 

(ft) (ft) (ft) 

_ .  _.. - -1 -289.22 . -96.74 
2 285.09 94.31 
3 284.98 94.21 
4 277.48 94.05 
5 260.00 93.70 

7 227.40 93.05 
8 217.40 92.85 
9 200.00 92.51 

10 182.78 92.17 
11 175.48 92.11 
12 172.70 96.43 
13 160.00 116.37 
14 144.18 141.19 

- -- - _ _ - _  - -6- - - _  240-00- 9-3-30 - 

2.79 
5.68 
5.79 
8.55 
15.00 

--22 .-35 
26.96 
30.66 
37.09 
43.42 
46.00 
42.64 
27.13 
7.47 

width alpha beta weight 
(ft) (lb) 

8.10- _-30.02 . 6.34 2825. . _ _  ~. 

-17 -45.00 6.34 121 * 
-03 -45.00 19.12 22. 

14.97 -1.14 19.12 16008. 
20.00 -1.14 19.29 37495. 
20; 00- ----1;-14 _ _  --1-9-. 03-- --55867. 
5.20 
14.80 
20.00 
14.44 

-16 
5.40 

20.00 
11.63 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS-f orce 
2 18.9483 2.0138 
3 18.9348 2.0134 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force 
2 18.9063 2TOlll 

Iter # Theta FOS force 
1 18.9063 2TOlll 

SLICE INFORMATION ... continued : 
Slice Sigma c-value phi U-base 

(psf 1 (psf 1 (lb) 

1 648.6 .O . 30.00 0. 

-1.14 19.29 
-1.13 19.29 
-1.13 19.29 
-1.13 19.03 
45.00 19.03 
57.50 19.03 
57.50 19.29 
57.50 15.95 

FOS moment 
119951 
2.0138 

FOS moment 
2-0119 

FOS moment 
2-0119 

17523. 
56713. 
92721. 
78371. 

931. 
28771. 
67834. 
10856. 

U-top P-top Delta 
(lb) (lb) 

0. 0. * 00 
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1376.8 -321.6 24-07 
1416.7 -321.6 24.074 
1108.1 -321.6 24.07 
1990.6 -321.6 24.07 
2994.4 31.7 17.95' 
3611.0 31.7 17.95 
4104.9 31.7 17.95 
4965.0 31.7 17.95 
-5811.4. 31.7_. 17..95_. 
3962.6 31.7 17.95 
2857.8 200.0 25.00 
1794.3 200.0 25.00 
445.3 200.0 25.00 

. - _ - - - - __ - - - - - - - - - - - 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

289.22 
285.09 
284.98 
277.48 
260.00 
240.00 
227.40 
217.40 
200.00 
182.78 
175.48 
172.70 
160.00 
144.18 

648.6 
1376.8 
1416.7 
1108.1 
1990.6 
2994.4 
3611.0 
4104.9 
4965.0 
5811.4 
3962.6 
2857.8 
1794.3 
445.3 

348.8 
709.4 
723.8 

1069.3 
1874.7 
2793.4 
3369.8 
3832.0 
4636.1 
5427.3 
5749.8 
5329.8 
3391.7 
933.4 

. o  

. o  

.o 

.o 

.o 

.o  

.o  

.o  

.o  

. o  

. o  

.o  

. o  

.o 

186.2 
145.9 
154.7 
86.2 

282.2 
498.2 
597.5 
677.1 
815.7 
952.0 
654.2 
762.1 
515.5 
202.7 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

( f t ) (degrees 1 (lb) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

285.17 18.91 
285.00 ' 18.91 
284.97 18.91 
270.00 18.91 
250.00 18.91 
230.00 18.91 
224.80 18.91 
210.00 18.91 
190.00 16-91 
175.56 18.91 
175.40 18.91 
170.00 18.91 
150.00 18.91 

4803. 
5077. 
5127. 
6841. 
13646. 
25440. 
29120. 
40978. 
60289. 
76567. 
76001. 
54750. 
6099. 

3.73 
3.75 
3.75 
7.56 
9.23 

10.52 
10.96 
12.37 
14.49 
16.09 
16.10 
14.44 
7.14 

5.58 
5.77 
5.81 
11.30 
18.70 
26.00 
27.92 
33.39 
40.79 
46.05 
45.95 
39.33 
14.93 

.668 

.650 

.646 

.669 

.494 

.405 

.392 

.371 

.355 

.349 

.350 

.367 

.478 
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.oo -3. -9.02 .oo . o o o  14 138.37 

Total Normal Stress = 2611.96 (psf) 

Shear Stress - - 495.52 (psf) 
- - .- . - _. __ Pore .water -Pressure =- . _ _  . O O  (psf ). - . - . - . . _  - .. - .  

Total Length of failure surface = 188.22 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.011 1 
Total shear strength available 
along specified failure surface = 187.573+03 lb 
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Problem Description : OSDF Final Long Term - Large Displ. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 

15 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 

a 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123 .O 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

y-right 
(ft) 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 60.0 90.0 120.0 . 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 



5 189.0 106.0 410.0 142.8 
6 410.0 142.8 467.0 148.5 

, 7  467.0 148.5 555.0 152.9 

9 220.0 100.0 300.0 100.8 
102.0 10 300.0 100.8 410.0 

11 410.0 102.0 555.0 103.5 

8 183.0 105.0 220.0 100.0 

I269 
%4 

- - -_ - __ - - -3  -~oi-l-unit (s) -speci-f-ied- - -  - - -  --- - ~ ~- ..- ____. _ _  - - - _ _  

Soi l  Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 ( deg 1 Ru (psf 1 No. 

1 125.0 125.0 25.001 -000 . o  0 
2 125.0 125.0 "1 .o  30.00 .ooo  . o  0 

.o  .oo .ooo  .o  0 3 125.0 125.0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf) 

1 -1000.0 .o  / 
2 .o . o  J 
3 720.0 J .o  / 1 
4 2880.0 446.4 J 

6480.0 807.1 / 5 
10080.0 807.1 / 6 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10 
183.00 
220.00 
300.00 
395.62 
395.86 
422.77 

J 

430.06: 

114.18 
105.00 
99.80 

100.60 
101.61 
101.85 
144.08 
156.71 

f 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-~ . - . .  ~ ~ .-_. . ... . . . ~ . ~ - .  . .  - - . - - .-- ~~- - .~ - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 175.05 109.59 5.92 15.90 -30.01 
2 186.00 104.58 12.75 6.00 -8.00 
3 204.50 101.98 18.44 31.00 -8.00 
4 230.00 99.90 24.80 20.00 -57 
5 250.00 100.10 27.95 20.00 .57 
6 270.00 100.30 31.05 20.00 .57 
7 290.00 100.50 34.20 20.00 .57 
8 310.00 100.71 37.34 20.00 .61 
9 330.00 100.92 40.43 20.00 .61 

10 350.00 101.13 43.57 20.00 .61 
11 370.00 101.34 46.71 20.00 .61 
12 387.81 101.53 49.47 15.62 .61 
13 395.74 101.73 50.59 .24 45.00 
14 402.93 112.94 40.58 14.14 57.49 
15 416.39 134.06 21.28 12.77 57.49 
16 426.41 150.39 5.9s 7.29 60.00 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 7.3408 1T6 94 0 
3 7.4304 1.6962 
4 7.4283 1.6961 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
1 7.4283 1-6961 

SLICE INFORMATION ... continued : 
Slice Sigma c-value phi U-base 

(psf 1 (psf 1 (lb) 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

FOS moment 
1,7404 
1.6940 
1.6962 

FOS moment 
1-6962 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93361. 

101083. 
108930. 
116777. 
96598. 
1518. 
71719. 
33966. 
5421. 

U-top P-top Delta 
(lb) (lb) 

1 1081.7 .o  . 30.00 0. 0. 0. .oo 
oui) 416 



2 
3 

1655.6 -148.8 11.68 
2404.4 -148.8/ 11.681 
3129.4 157.8’ 5.721 
3525.4 157.8 5.72 
3915.2 157.8 5.72 
4311.2 157.8 5.72 
4706.0 157.8 5.72 
5094.3 157.8 5.72 
5488_.9- . -  157.._8 5.72 
5883.5 157.8 5.72 
6230.9 157.84 5.72j 
5283.0 157.8 5.72 
3169.7 .O 25.00 

419.9 .o  30.00 
-1-6-62-2. - - _-- - - .O--25.00-- 

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 

0. 0. 
0. 0. 
0. 0. 
0. 0. 

_-_ -.@. -_  - - -0 .- -. 

0. 0. 

.~ o-..- ~. . ~. -0- _. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

. 0. 
0. 
0. 
0. 

_ _  .- -0 ..._ __._ 

0. 

-. . .~ .  .. - . 

. o o  
-00 
-00 
-00 
. o o  
-00 
-00 
-00 
-00 
. o o  ---  - 

. o o  
-00 
. o o  
.oo-- 
-00 

_. . 

Normal Vertical Pore Water Shear 
Stress Stress Pressure Stress 

Slice Base 
# x-coord 

(ft) (psf) (psf 1 (psf) (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

175.05 
186.00 
204 S O  
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
387.81 
395.74 
402.93 
416.39 
426.41 

1081.7 
1655.6 
2404.4 
3129.4 
3525.4 
3915.2 
4311.2 
4706.0 
5094.3 
5488.9 
5883.5 
6230.9 
5283.0 
3169.7 
1662.2 
419.9 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4668.0 
5054.1 
5446.5 
5838.8 
6184.3 
6324.2 
5072.1 
2659.8 
743.6 

. o  

. o  

. o  
-0 
.o  
.o  
. o  
.o  
-0 
-0 
. o  
. o  
. o  
. o  
. o  
. o  

368.2 
114.0 
205.2 
277.9 
301.3 
324.3 
347.7 
371.1 
394.0 
417.3 
440.6 
461.1 
405.1 
871.4 
457.0 
142.9 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 183.00 7.43 15922. 
2 189.00 7.43 18019. 
3 220.00 7.43 35000. 
4 240.00 7.43 39974. 
5 260.00 7.43 45340. 
6 280.00 7.43 51092. 
7 300.00 7.43 57236. 
8 320.00 7.43 63718. 
9 340.00 7.43 70579. 

a 
5.63 
6.50 
9.71 

10.76 
11.75 
12.70 
13.61 
14.50 
15.37 

11.83 
13.68 
23.20 
26.40 
29.50 
32.60 
35.80 
38.89 
41.98 

.476 

.476 

.418 

.407 
-398 
.389 
.380 
.373 
.366 



1 2 6 9  
10 360.00 7.43 77826. 16.22 45.17 
11 380.00 7.43 85460. 17.06 48.25 
12 395.62 7.43 91687 - 17.71 50.69 
13 395.86 7.43 90506. 17.73 50.49 
14 410.00 7.43 32002. 11.20 30.66 

11-90 15 422.77 7.43 4295. 5.84 
16 430.06 * 00 0. -91.36 .oo 

.359 

.354 

.349 

.351 

.365 

.491 

. o o o  

- _ _ _  - -  - - _  _ _ _  Total Normal- Stress -= 3558.07 (psf) - -- - 

Pore Water Pressure = .oo (psf) 
386.63 (psf) - Shear Stress - 

Total Length of failure surface = 296.35 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.696 J 
Total shear strength available 
along specified failure surface = 194.343+03 lb 
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8 2 6 9  

Problem Description : OSDF Final Long Term - Large Displ. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

15 SURFACE boundary segments 

Segment x- lef t y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

11 SUBSURFACE boundary segments 

Segment x- lef t y-left x-right 
No. (ft) (ft) (ft) 

1 60.0 90.0 120.0 
2 120.0 100.0 150.0 
3 150.0 105.0 183.0 
4 183.0 105.0 189.0 

y-right 
(ft) 

100.6 
99.4 
97.5 
123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

y-right 
(ft) 

100.0 
105.0 
105.0 
106.0 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

Soil Unit 
Below Segment 

2 
2 
2 
1 



- 
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189.0 106.0 410 - 0 142.8 1 

183.0 105.0 220.0 100.0 3 
220.0 100.0 300.0 100.8 3 
300.0 100.8 410.0 102.0 3 
410.0 102.0 555.0 103.5 3 

1 
1 

5 
410.0 142.8 467.0 148.5 6 

7 467.0 148.5 555.0 152.9 
0 
9 

10 
11 

1 

- - . - - - - - _ 3 -Soi-l uni-t-(s)--specified - - -- - ---_ - - . . - _ -  _ _ _  - - ~ _ _  . 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Mol s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 125.0 125.0 . o  25.00 -000 -0 0 
2 125.0 125.0 .o  30.00 . ooo  - 0  0 
3 125.0 125.0 -0 .oo .ooo .o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 
2 .o  
3 720.0 
4 2880.0 
5 6480.0 
6 10080.0 

.o 

.O .o  J 
576.0 

1137.6 
1137.6 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 167.10 114.18 
2 183.00 105.00 
3 220.00 99.80 
4 300.00 100.60 
5 390.11 101.63 
6 1  390.27 101.78 
7 416.83 143.48 
8 424.12: 156.11 

‘100 222 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. .  - .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S 1 i-c e- x --ba s e yzbase - -height - - _  - 

(ft) (ft) (ft) 

1 175.05 109.59 5.92 
2 186.00 104.58 12.75 
3 204.50 101.98 18.44 
4 230.00 99.90 24.80 
5 250.00 100.10 27.95 
6 270.00 100.30 31.05 
7 290.00 100.50 34.20 
a 310.00 100.71 37.34 
9 330.00 100.94 40.41 

10 350.00 101.17 43.53 
11 370.00 101.40 46.65 
12 385.05 101.57 48.97 
13 390.19 101.71 49.69 
14 400.14 117.27 35.79 
15 413.42 138.12 16;92 
16 420.48 149.80 5.95 

Nonlinear M-C Iteration Number - 

width- - ~ alpha 
(ft) 

15.90 -30.01 
6.00 

31.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
10.11 

.16 
19.73 
6.83 
7.29 

1 

Iter # Theta FOS-f orce 
2 8.1291 2.0661 
3 8.1864 2.0679 
4 8.1850 2.0679 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
1 8.1850 2,0679 

SLICE INFORMATION ... continued : 

Slice Sigma c-value phi U-base 
(psf 1 (psf 1 (lb) 

1 1033.6 .O . 30.00 0. 

-8.00 
-8.00 

.57 

.57 
-57 
-57 
.65 
.65 
.65 
.65 
-65 

43.15 
57.51 
57.51 
60.01 

1 2 6 9  

beta 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

FOS moment 
2,1036 
2.0661 
2.0679 

FOS moment 
2,0679 

. .  . 

weight- - -  -- 

(lb) 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93339. 

101018. 
108821. 
116625. 
61886. 
1013. 
88242. 
14451. 
5420. 

U-top P-top Delta 
(lb) (lb) 

0. 0. . o o  
000423 



I 2 6 9  
2 
3 
4 
5 
6 
7 
8 
9 

11 
12 
13 
14 

- -15- 
16 

. -  10. 

._ . . -. 

1662.5 
2415.8 
3135.3 
3532.5 
3923 -4 
4320.6 
4714 -4 
5101.6 
5495.0 
5888.5 
6181.0 
5158.4 
2890; 7 
1366.9 
439.3 

l4 - 9 3 ~  
-192.0 
-192.0 14.93 
126.7 8.87 
126.7 
126.7 8.87 
126.7 8.87 
126.7 8.87 
126.7 8.87 
126.7 8.87 
126.7 8.87 
126.7 8.87 
126.7 8.87 

.O 25.00 

.O - -25.00 

.o  30.00 

8*87/ 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. ~~ 

0. 
0. 
0. 
0. 
0 .- 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 

0. 

0.. 

-0 .- .. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
- 0.. - 

. o o  
* 00 
. o o  
-00 
. o o  
. o o  
00 

f 00 
. o o  
-00 
. o o  
-00 
. o o  
. o o  . - _  
. o o  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
385.05 
390.19 
400.14 
413.42 
420.48 

1033.6 
1662.5 
2415.8 
3135.3 
3532.5 
3923.4 
4320.6 
4714.4 
5101.6 
5495.0 
5888.5 
6181.0 
5158.4 
2890.7 
1366.9 
439.3 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4667.0 
5050.9 
5441.1 
5831.2 
6121.3 
6211.5 
4473.2 
2115.2 
743.7 

.o  

.o  

.o 

. o  

. o  

.o  

. o  

. o  

.o  

.o  

.o  

.o  

. o  

.o  

.o  

.o  

288.6 
1-21 . 5 
218.7 
297.8 
327.8 
357.3 
387.2 
416.9 
446.1 
475.8 
505.5 
527.6 
450.4 
651.9 
308.2 
122.7 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

183.00 
189.00 
220.00 
240.00 
260.00 
280.00 
300.00 
320.00 
340.00 

8.18 
8.18 
8.18 
8.18 
8.18 
8.18 
8.18 
8.18 
8.18 

14226. 
16379. 
33861. 
39245. 
45155. 
51581. 
58532. 
65867. 
73704. 

5.73 
6.58 
9.72 

10.88 
11.96 
12.98 
13.95 
14.90 
15.82 

11.83 
13.68 
23.20 
26.40 
29.50 
32.60 
35.80 
38.87 
41.94 

.485 

.481 

.419 

.412 

.405 

.398 

.390 

.383 

.377 
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10 360.00 8.18 82049. 16.73 45.11 
11 380.00 8.18 90903. 17.61 48.19 

13 390.27 8.18 94848. 18.07 49.63 
14 410.00 8.18 17387. 7.76 21.94 

12 390.11 8.18 95570. 18.06 49.75 

15 416.83 8.18 4702. 5.79 11.90 
16 424.12 -00 0. 3.85 .oo 

a 

~ _. .. - _ _  - - - - Tota-1- Noma-l--Stress = - -3518 02- ---(psf)- --- --- - - -  - - - - -  - 

Pore Water Pressure = .oo (psf) 
Shear Stress - - 386.97 (psf) 

Total Length of failure surface = 290.09 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.068 1 
Total shear strength available 
along specified failure surface = 232.133+03 lb 

-371 
-366 
-363 
.364 
.353 
.487 
-000 

- 

-. - - - - - - - 
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QA Sample No. Case Test Type 

18 Peak GCL Internal 
GCL/GMB Interface 

Written By : Date: 12/ fl 47 Reviewed by: 

Client: Project: mts ProjectProposal No.: Task No.: 

Date: \%I \q 147 
I a 

Measured Shear Strengths 
5 psi 20 psi 45 psi 

0 psi(’)/ 11.2 psi 14.3 psi 
2.0 1 1.2 / 11.1 1 

I PURPOSE 

Evaluate whether GCL QA sample no.-18 complies with the shear strength requirements-given h t h e  GCL specification 
(Section 02772, Paragraph 2.0 1 .E.3). 

- . __ - - . 

~ 

Large-displacement I 

METHOD 

GCL Internal o(” f 2.5 / 5.5 J 
GCL/GMB Interface 1.6 4.6 1 5.6 / 

_- - - - - - - - - 
The method-f& &aluatigthe GCL Chple i s  oitl6ed in RCX-~mber-l702~006RT The method kvolves-the-following basic - 
steps. 

- 

1. 

2. 

Use shear test results from the GCL sample to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. ’/ 3. 

SHEAR TEST RESULTS 

STABILITY ANALYSES RESULTS 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. 
The analyses output files and figures showing critical slip surfaces are presented in Appendix B. 

J 
1 I I I GCL/GMB Interface I NLDl8BS / I 1.9 / I 

(I) Internal shear strength values for QA sample 18 at 5 psi normal stress were not available at the time that this calculation 
package was prepared. These values were assumed to equal zero. This assumption is conservative in the context of RCI 
1702-006R. -- e J 
GQ0409-04 / F9730137.DOC 

4p 0 0 42 8 
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O1997 GcoSviitcc Consultaiits 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 1SI 

.. . . Test Specimen Configuration (from top to bottom) and . Placement .. Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

- - - - _ _ _  Bentofix NS GCL (GCL-18). GCL's initial moisture content was 9.4%. GCL's 
final moisture content ranged from 67%-to-78% for the test series; and - 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 20 and 45 psi. 

Constant shear displacement rate: 0.004 in/min. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQOI66-04.llF9730137 1 97. I I .21 
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01997 GeoSynrcc Coiisullaiics 

TEST PROCEDURES AND CONDlTIONS 
TE!jT SERIES NUMBER: 1SG 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 
. .- .. _ _  - .  . 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-18) with woven geotextile against geomembrane. GCL's initial 
moisture content was 9.3 % . GCL's final moisture content ranged from 87 to 10s % for the 
test series; - ~ - - ~ -_._. ... . .  - . - - - _ - ~  _. - .. . -~ .~~~ - -.... ~ . ~~ 

._ - - - . . - . 

80-mil NSC textured HDPE geomembrane (GM-14); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: 'The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 5 .  20, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machne direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achteved. 

GQOl66-04. I IF9730137 2 97.11.21 
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_ .  _ _  
FLUOR DANIEL FERNALD 

- - ON-SITE DISPOSAL FACILITY - - -  

. -  

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

TEST SERIES NUMBER 161: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-18) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

TEST CONDITIONS - a,, = 20.0 psi 
m-m-m44 Q,, = 45.0 psi 

-------------- 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./rnln. 

A 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3 
DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

to occur within the 8 C L  
(2) For each test, slidin 

DATE TESTED: 22 TO 31 0 CTOE ER 1997 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

TEST SERIES NUMBER 181: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-18) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

MEASURED SHEAR STRENGTHS __----___-------------------------- 
a, = 20.0 psi, T@ = 11.2 psi, TU = 2.5 psi 
0, = 45.0 psi, 7- = 14.3 psi, 7U = 5.5 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

- 
c -  o ~ l ( [ I I I I I I I I I I I I I I I [  - 

0 5 10 15 20 25 30 35 40 45 ! 

NORMAL STRESS (psi) 
NOTES: (1) The reported total-stress shear strength parametem of frictlon 

an le and adhesion were determined from a best-fit line drawn thmu h the 
teff data. CauUon should be exercised In using the strength p a r d e r n  
for applications involving normal stresses outside the range of 
stresses covered the test series. 

E I n F t h  e s 4, ear f orce at a shear displacement of 2 In. for each test. 
or each test, sliding (Le, internal shear failure) was observed 

to occur within the GCL 

e lar e dis ? acement shear strength ( T ~ )  was calculated 

DATE TESTED: 22 TO 31 OCTOBER 

. - -  

1997 - - 
I- - GEOSYNTEC CONSULTANTS 

~ ~~ 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

1 FIGURE ~~~ NO. ~~ 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 

FILE NO. 
F973 1 

3 



FLUOR DANIEL FERNALD 
. -  _. - . _  ---ON-SITE -DISPOSAL FACILITY - - -  - -- - - - 

- 
I- 
I 

'L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

FIGURE NO. A-3 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. F973Q d 

v 
FILE NO. 

TEST SERIES NUMBER 18G: BENTOFIX NS GCL 

80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-14) 

GCL-18) 
WITH WOVEN GEOTMTIE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO r!i S 

TEST CONDITIONS - on = 5.0 psi - u, = 45.0 psi 
o n  = 20.0 psi 

SOAKING: 168 hw at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./min. 

A SEE NOTE (2) 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 I 
DI SPIACEM ENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mrn by 300 mm), 

(2) Sliding (Le., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

DATE TESTED: 22 OCTOBER TO 14 NOVEMBER 1997 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY _ _  . - 

- 
I- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

. ~ . .  
~ 50 . .  

~ _ _ ~  

FIGURE NO. A-4 
PROJECT NO. GQO166-04 .1  
DOCUMENT NO. F 9 7 3 Q m  
FILE NO. 

TEST SERIES NUMBER 18G:  BENTOFIX NS GCL GCL-18) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN I! / 
UNDER SOAKED A N D  CONSOLIDATED CONDITIO r!i S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-14) 

MEASURED SHEAR STRENGTHS ----------------------------------- 
0, = 5.0 psi, T~ = 2.0 psi, T,,, = 1.6 psi 
on = 20.0 psi. T@ = 7.2 psi. TU, = 4.6 psi 
0, = 45.0 psi, T~~ = 11.1 psi, T~ = 5.6 psi 

?..SPEAK : 6, = 19; a, - 230 sf. f? = 0.949 
!=m= ID 9RENGTt-k d~ - 5'; OD - 2% 'psf; f? - 0-828 

SOAKING: 168 hra at 3 Dsi 
CONSOUDATION: 48-hrs at each stress 
SHEAR RATE 0.004 in./min. 

SEE NOTE ( 3 )  \ 

o ~ l l i l l l , , l l l l l l l l l  I 

0 5 10 15 20 25 30 35 40 45 ! 

NORMAL STRESS (psi) 

an le and adhesion were determined from a best-fit line drawn thmu h the 
t e 8  data. Caution should be exercised in using the strength paramefen 

NOTES: (1) The reported total-stress shear strength parameters of friction 

outside the range of 

DATE TESTED: 22 OCTOBER TO 14 NOVEMBER 1997 
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XSTABL File: NPK18AS 11-05-97 1 0 ~ 1 2  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  

* Slope Stability Analysis 
* using the 
* Method of Slices 

* Copyright (C) 1992 6 96 
* Interactive Software Designs, 
* Moscow, ID 83843, U.S.A. 

* All Rights Reserved 

* 

* 

- _ _ _  * 

* 

* 
* 
* 
* 
* 
* 
* 

Inc. * 
* 
* 
* 
* 

. . .  . .  

* Ver. 5.201 96 6 1202 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119 * 1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

y-right Soil Unit 
(ft) Below Segment 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

. o  

. o  
136.5 
224.8 
285.0 
313.0 

153.0 
94.1 
91.4 
93.2 
94.. 4 
95.0 

129.0 
136.5 
224.8 
285.0 
313.0 
330.0 

153.0 
91.4 
93.2 
94.4 
95.0 

100.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

Soil Unit 
Below Segment 
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_ _ _ _ - - - - - - - _ _ _ _ _ _ _ _ _ - - - - - -  
ISOTROPIC Soil parameters 
. . . . . . . . . . . . . . . . . . . . . . . . . .  

3 soil unit(s) specified 

a 
. .-. - .  Soil Unit Weight Cohesion Friction Pore Pressure Water 

Unit Moist Sat. Intercept -Angle Parameter Constant Surface 
No. No. (pcf) (pcf) (psf 1 (deg) Ru (psf) 

* 000 - 0  0 
- 0  . 0 *_ 000 _ _  
. o  0 

_ _  
25 - O 0 1  1 125.0 125.0 200.0 

3 125.0 125.0 . o  . o o  * 000 
_ -  2 125.0 125.0 - . 0 - J -  3-0 .PO 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf) 

1 -1000.0 .o  
2 . o  .o  
3 720.0 1 
4 2880.0 1612.8 
5 6480.0 2059.2 
6 10080.0 2059.2 

/ 

Trial failure surface specified by 
the following 8 coordinate points : 

Point 
No. 

x-surf 
(ft) 

292.25 
284.72 
284.51 
224.804 
149.45 
149.21 
110.13 
107.82 

y-surf 
(ft) 

99.19 
94.39 
94.19 
93.001 
91.42 
91.66 

153.00 
157.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height 

1 288.63 96.88 2.72 
2 284.86 94.48 5.57 
3 284.72 94.39 5.70 
4 284.61 94.29 5.84 

_ _  5 277.26 - 94 .-05- - -- -8 .-64 
6 260.00 93.70 15.00 
7 240.00 93.30 22.35 
8 227.40 93.05 26.96 
9 217.40 92.84 30.67 

10 200.00 92.48 37.12 
11 180.00 92.06 44.49 
12 160.00 91.64 51.86 
13 149.73 91.43 55.65 
14 149.33 91.54 55.65 
15 139.11 107.52 42.59 
16 119.57 138.19 16.59 
17 108.98 155.00 1.79 

(ft) (ft) (ft) 
_ _  

Nonlinear M-C Iteration Number - 

width 
(ft) 

7.25 
.27 
* 01 
.21 

14.51 
20.00 
20.00 
5.20 

14.80 
20.00 
20.00 
20.00 

.55 

.24 
20.21 
18.87 
2.31 

1 

Iter # Theta FOS force 
2 16.9988 2,2808 
3 17.0053 2.2810 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force 
2 17.0155 2,2610 

Iter # Theta FOS force 
1 17.0155 2,2610 

alpha 

-32.54 
-32.54 
-32.54 
-43.60 
-1.14 
-1.14 
-1.14 
-1.14 
-1.20 
-1.20 
-1.20 
-1.20 
-1.20 
45.00 
57.50 
57.50 
60.04 

beta 

6.34 
19.12 
19.12 
19.12 
19.12 - -  

19.29 
19.03 
19.29 
19.29 
19.29 
19.03 
19.29 
15.95 
15.95 
15.95 
10.71 
10.71 

FOS moment 
2,2945 
2.2808 

FOS moment 
2,2606 

FOS moment 
2,2606 

weight 
(1b) 

2461. 
190. 

5. 
153. 

-1567.0. 
37496. 
55868. 
17523. 
56731. 
92800. 

111224. 
129647. 

3826. 
1669. 

107598. 
39142. 

515. 

SLICE INFORMATION . . .  continued : 

00044% 
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U-top p-top Delta slice Sigma c-value phi U-base 

(psf 1 (PSf 1 (lb) (Ib) (lb) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

602.2 . o  30.00 
1277.3 200.0 25.00 
990.9 -537.61 36.75f 

1471.9 -537.6 36.75 
1131.1 -537.6 36.75 
2028.0 -537.q- 36.75 
3047.5 1255.7’ 7.07’ 
3638.0 1255.7 7.07 
4115.0 1255.7 7.07 
4941.9 1255.7 7.07 
5886.. 1 1255 .-7 7.07. 

7301.3 2059.2 - 0 0  
4888.7 1255.7 7.07 
2993.9 200.0 25.00 
1127 -3 200.0 25.00 
117.8 . o  30.00 

6823.9 2059.24 . O O J  

0 .  
0. 
0. 
0 .  
0. 
0. 
0. 
0. 
0. 
0 .  

~- - 0 .  
0. 
0 .  
0. 
0. 
0. 
0. 

. .  

0. 
0 .  
0 .  
0. 
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

0 .  
0. 
0. 
0. 
0. 
0 .  

. .. 

- - _ o .  ~- 

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0~ . 
0 .  
0. 
0. 
0 .  
0 .  
0 .  

. o o  

. o o  

. o o  
- 0 0 .  
. o o  
. o o  
. 0-0 - - -  

- 0 0  
- 0 0  
. o o  
..OQ .~ ~ 

* 0 0  
- 0 0  
- 0 0  
. o o  
. o o  
. o o  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf) (psf 1 (psf 1 (psf) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

288.63 
284.86 
284.72 
284.61 
277.26 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
160.00 
149.73 
149.33 
139.11 
119.57 
108.98 

602.2 
1277.3 
990.9 

1471.9 
1131.1 
2028.0 
3047.5 
3638.0 
4115.0 
4941.9 
5886.1 
6823.9 
7301.3 
4888.7 
2993.9 
1127.3 
117.8 

339.5 
695.7 
712.9 
730.4 

1079.9 
1874.8 
2793.4 
3369.8 
3833.1 
4640.0 
5561.2 
6482.3 
6956.6 
6956.4 
5324.0 
2074.3 
223.1 

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  
- 0  
. o  
. o  
. o  
. o  
. o  

153.8 
351.9 
89.4 

248.3 
135.8 
431.9 
722.5 
754.9 
781.0 
826.4 
878.2 
910.8 
910.8 
823.5 
705.9 
320.9 
30.1 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 285.00 17.02 4079. 3.42 5.43 .630 
2 284.73 17.02 4412. 3.41 5.70 -599 
3 284.72 17.02 4418. 3.41 5.71 .598 

0069442 
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4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

. - - . ._ - 

-_ - --I7 - 

284.51 17.02 
270.00 17.02 
250.00 17.02 
230.00 17.02 
224.80 17.02 
210.00 17.02 
190.00 17.02 
170.00 17.02 

17.02 150.00 
149145 17 .-62 
149.21 17.02 
129.00 17.02 
110.13 17.02 

.__ 

-. 10.7 ... 82 - _. 00- 

4780. 
7182. 
17062. 
33444. 
37943. 
51367. 
70820. 
91769. 

113811. 
114423 
113402. 
29002. 

420. 
- - - _ _  Y1.. 

. _ _  - 

3.41 5.98 .570 

7.24 18.70 .387 
8.62 26.00 .332 
9.19 27.92 -329 

33.41 .329 11.00 
13.62 40.83 * 334 
16.30 48.15 .339 
19.05 55.57 .343 
19.13 - -  55.74 .343- - - 

19.13 55.57 .344 
12.12 29.62 .409 
1.65 3.57 .463 

6.21 11.30 -549 

_ _  - - 13 _ _  _ _  - - -00  - _ _  * 000 - . - _ _  - 

Total Normal Stress = 3222.18 (psf) 

Shear Stress - - 599.63 (psf) 
Pore Water Pressure = .oo  (psf) 

Total Length of failure surface = 222.01 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.261 f 

Total shear strength available 
along specified failure surface = 300.993+03 lb 
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XSTABL File: 

e 
NPK18BS 11-18-97 9:38 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  

* slope Stability Analysis 
* using the 
* Method of Slices .- 

* copyright (c) 1992 6 96 
* Interactive Software Designs, 
* Moscow, ID 83843, U.S.A. 
*- -~ - _ _  - .  

* All Rights Reserved 

* 

* 

* 
* Ver. 5.201 96 6 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

Segment x-left y- lef t x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

Segment x-left y- lef t x-right 
No. (ft) (ft) (ft) 

. o  

. o  
136.5 
224.8 
285.0 
313.0 

153.0 
94.1 
91.4 
93.2 
94.4 
95.0 

129.0 
136 ..5 
224.8 
285.0 
313.0 
330.0 

y-right 
(ft) 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

y-right Soil Unit 
(ft) Below Segment 

153.0 
91.4 
93.2 
94.4 
95.0 

100.0 



3 Soil unit(s) specified 

Pore Pressure Water 
.~ - . S o i l  . . Unl t- .Weight- .. --Cohesion Friction coils t-an-t . . su-r.f a.ce.. . . . . Unit Mo i s t Sat. Intercept --Angle- Parameter 

No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

. o o o  . o  0 

3 125.0 125.0 . o  -000 . o  0 . oo  

1 125.0 125.0 25-001 2oo - O I  -~ - - -2- -- -125.. 0 -- -125. O..- ..-0 - 30~. O.O-. - -- .~ -. 0.00. _ _  . - ~ - .--. O..-._. .- -0- - 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress 
No. (psf 1 

1 -1000.0 
2 . o  
3 720.0J 
4 2880.0 
5 6480.0 
6 10080.0 

Shear Stress 
(psf 1 

.o  
-0 

1036.8 
1598 - 4  
1598.4 

288.0 J 

_ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
A SINGLE FAILURE SURFACE HAS BEEN SPECIFIED FOR ANALYSIS 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y- surf 
No. (ft) (ft) 

291.80 
284.17 
283.96 
224.80 
156.82 1 
156.59 
117.61 
116.21 

99.24 
94.38 
94.18 
93.00 
91.58/ 
91.81 

153.00 
155.42 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



1 2 6 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 

_ _  
i 
2 
3 
4 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

. -  5- - 

x-base 
(ft) 

288 ;4-0 
284.59 
284.07 
276.98 
260 ... 00 
240.00 
227.40 
217.40 
200.00 
180.00 
163.41 
156.71 
153.29 
139.50 
123.30 
116.91 

y-base 
(ft) 

97.08 
94.64 
94.28 
94.04 

. 93.70 
93.30 
93.05 
92.85 
92.48 
92.06 
91.72 
91.69 
96.98 

118.64 
144.06 
154.21 

height 
(ft) 

-. . 

2.55 
5.50 
6.04 
8.74 

-15 ..oo 
22.35 
26.96 
30.66 
37.12 
44.49 
50.59 
52.96 
48.86 
31.36 
10.02 
1.08 

width 
(ft) 

6.80 
.83 
.21 

13.96 
-20.00 
20.00 
5.20 

14.80 
20.00 
20.00 
13.18 

.23 
6.59 

21.00 
11.39 
1.40 

Iter # Theta FOS force 
2 16.6830 1,8584 
3 16.7192 1.8593 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force 
2 16.7128 1,8526 

Iter # Theta FOS force 
1 16.7128 1,8526 

SLICE INFORMATION . . .  continued : 

alpha 

-32.52 
-32.52 
-43.60 
-1.14 

. -1.14 
-1.14 
-1.14 
-1.20 
-1.20 
-1.20 
-1.20 
45.00 
57.50 
57.50 
57.50 
59.95 

beta 

6.34 
19.12 
19.12 
19.12 
19.29 
19.03 
19.29 
19.29 
19.29 
19.03 
19.29 
19.29 
19.29 
15.95 
10.71 
10.71 

FOS moment 
1,8851 
1.8584 . 

FOS moment 
1,8528 

FOS moment 
1,8528 

weight 
(lb) 

2164. 
571. 
159. 

15250. 

55867. 
17523. 
56729. 
92795. 

111215. 
83345. 
1523. 

40252. 
82327. 
14262. 

189. 

37495_. - . . -  ~ 

Slice Sigma c-value‘ phi U-base u- top P-top Delta 

t aalrhada 
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1 616.2 
2 1377.5 
3 1629.1 
4 1176.6 
5 2014.1 
6 2993.5 

_. 7 3589.6 . ._ _ _ _  
8 -4070.5- 
9 4905.0 

10 5857.7 
11 6642.3 

13 3334.1 
14 2112.5 
15 622.7 
16 68.6 

- - _ _  - - - - . -12- - --470-7-.3 _. 

. o  30.00 0. 
200.0 25.00 0. 

38.4 19.12 0. 
38.4 19.12 0. 

0. 587.5 8.87 
587.5 - - - 8.87 0. 
587.5 8.87 0. 
587.5 8.87 0. 

--587-.5--- - 8 -87-l. -- 0.. 
200.0 25.00 0. 
200.0 25.00 0. 
200.0 25.00 0. 

. o  30.00 . 0. 

38.4) 19.121 0. 

587.5f 8.87f 0. 
- -  _ _  

1598.4 1 . O O J  0. 

Slice Base Normal Vertical Pore .Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

288.40 
284.59 
284.07 
276.98 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
163.41 
156.71 
153.29 
139.50 
123.30 
116.91 

616.2 
1377.5 
1629.1 
1176.6 
2014.1 
2993.5 
3589.6 
4070.5 
4905.0 
5857.7 
6642.3 
4707.3 
3334.1 
2112.5 
622.7 
68.6 

318.2 
687.4 

. 755.5 
1092.4 
1874.7 
2793.4 
3369.8 
3833.1 
4639.8 
5560.7 
6323.6 
6619.8 
6108.0 
3920.3 
1252.2 
134.7 

. o  

. o  

. o  

. o  

. o  

. o  

. o  
- 0  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  

192.0 
454.7 
325.6 
240.9 
397.6 
569.2 
619.4 
659.9 
730.2 
810.4 
862.8 
713.5 
947.2 
639.7 
264.7 
21.4 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

( f t ) (degrees) (lb) (ft) (ft) 

1 285.00 16.71 4153. 3.19 5.09 .626 
2 284.17 16.71 5308. 3.19 5.91 .540 
3 283.96 16.71 5720. 3.21 6.18 .520 
4 270.00 16.71 9573. 5.49 11.30 .486 
5 250.00 16.71 18715. 7.65 18.70 .409 
6 230.00 16.71 31848. 9.58 26.00 .368 

(Pi)u$49 
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0 
7 
8 
9 

10 
11 
12 
13 
14 

. - . 15. . . .. 

16 

224.80 
210.00 
190.00 
170.00 
156.82 
156.59 
150.00 
129.00 
117.61 _. - 

iiCii 

16.71 
16.71 
16.71 
16.71 
16.71 
16.71 
16.71 
16.71 
16.71 - -  - - 

. o o  

35600. 
47111. 
64497. 
83975. 
97757. 
96798. 
67303. 
8618. 
141. 
-1. 

. . . . . - . - 

10.15 
11.84 
14.21 
16.59 
18.18 
18.20 
15.98 
7.37 
1.00 
i :- 1 3-- 

. .  

27.92 
33.41 
40.83 
48.14 
53.03 
52.88 
44.85 
17.88 
2.15 

. o o  . . . -. . . . . 

.363 

.354 

.348 
-345 
.343 
-344 
.356 
.412 
.464 
. -0-0 0 - -  - 

Total Normal Stress = 3033.22 (psf) 
Pore Water Pressure = . o o  (psf) 
Shear Stress - - 577.34 (psf) 

Total Length of failure surface = 212.18 feet 

a 
For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.853 1 
Total shear strength available 
along specified failure surface = 226.943+03 lb 
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XSTABL File: NLDl8AS 11-05-97 10:15 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* * 
* Slope Stability Analysis * 
* using the * 

* Copyright (C) 1992 6 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* All Rights Reserved * 

* 
.- * Method - -  of Slices * -* - 

* - -  . - . . - . . *- - __ - - . _ .  . ~ 

* * 
* Ver. 5.201 96 6 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x-left y-left x -  right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 

0630453 
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5 189.0 106.0 410.0 142.8 1 
6 410.0 142.8 467.0 148.5 1 
7 467.0 148.5 555.0 152.9 1 
8 183.0 105.0 220.0 100.0 3 
9 220.0 100.0 300.0 100.8 3 

10 300.0 100.8 410.0 102.0 3 
3 

a 
11 410.0 102.0 555.0 103.5 

24 
4G 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Uni t Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

-000 . o  0 1 125.0 125.0 

3 125.0 125.0 . o  .oo * 000 . o  0 
2 125.0 125.0 - O J  . o  * 000 . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 . o  
2 . o  . o  
3 720.0 
4 2880.0 360.0 
5 6480.0 792.0 
6 10080.0 792.0 

I 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 167.10 
2 183.00 
3 220.00 
4 300.00 
5 392.34 I 
6 392.50 
7 419.20 
8 426.49. 

114.18 
105.00 
99.80 

100.60 
101.66/ 
101.81 
143.72 
156.35 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice -x-base - y-base height width alpha - 
(ft) (ft) (ft) (ft) 

1 175.05 109.59 5.92 15.90 -30.01 
2 186.00 104.58 12.75 6.00 -8.00 
3 204 -50 101.98 18.44 31.00 -8.00 
4 230.00 99-90 24.80 20.00 -57 
5 250.00 100.10 27.95 20.00 .57 
6 270.00 100.30 31.05 20.00 .57 
7 290.00 100.50 34.20 20.00 .57 
8 310.00 100.71 37.34 20.00 '.66 
9 330.00 100.94 40.41 20.00 .66 

10 350.00 101.17 43.53 20.00 .66 
11 370.00 101.40 46.65 20.00 .66 
12 386.17 101.59 49.14 12.34 .66 
13 392.42 101.73 50.04 .16 43.15 
14 401.25 115.54 37.70 17.50 57.50 
15 414.60 136.50 18.66 9.20 57.50 
16 422.85 150.03 5.95 7.29 60.00 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 7.4388 1T6 03 9 
3 7.5333 
3 7.4861 1.6049 
4 7.5309 1.6060 
5 7.5297 1.6059 

- - - - -  

Iter # Theta FOS force 
1 7.5297 1,6059 

SLICE INFORMATION . . .  continued : 
slice sigma c-value. phi U-base 

(psf 1 (psf) . (lb) 

beta 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9 ..46 
9.46 
5.71 
5.71 

FOS moment 
1,6463 
1.6039 

1.6049 
1.6060 

- - - - -  

FOS moment 
1T6060 

weight . .  

(lb) 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93338. 

101014. 
108815. 
116616. 
75797. 
1001. 

82462. 
21460. 
5422. 

u- top P-top Delta 
(lb) (lb) 
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1 0  
11 
1 2  

- - 1 3 -  
1 4  
1 5  
1 6  

. -. __ - - . - - 

1106 .3  
1651 .4  
2396.8 
3125.5 
3522.3 
3912.9 
4309 .7  
4703.3 
5090.0-  
5483 .0  
5876 .0  
6189.9 

-5276.0 -- 

2900.0 
1 4 3 5 . 5  

412.2 

- 0  30.00 
-120 .0  9.46 
-120.0’ 9.464 

14 .44  6.84J 
1 4 . 4  6.84 
1 4 . 4  6.84 
1 4 . 4  6.84 

1 4 . 4  6.84 
1 4 . 4  6 . 8 4  
1 4 . 4  6.84 
1 4 . 4  6.84 

- --14-.4-. - 6-.84. .- 

. o  2 5 . 0 0  

. o  25 .00  

. o  30 .00  

-. - . __ 1 4 . 4  - . - . - 6 - 8 9  - 

0. 0 .  0 .  . o o  
0.  0 .  0 .  . o o  
0.  0 .  0 .  - 0 0  
0. 0 .  0 .  - 0 0  
0. 0.  0 .  . o o  
0. 0 .  0 .  * 00 
0 .  0 .  0 .  . o o  
0 .  0 .  0. . o o  
0 .  0. . 0 .  . 0-0--- - - 

0. 0 .  0 .  . o o  
0 .  0 .  0 .  . o o  
0. 0 .  0 .  . o o  

0. 0 .  0 .  . o o  
0 .  0 .  0 .  . o o  
0 .  0 .  0 .  . o o  

- - . - . .- ~. .. 

-_ -  . -0 _. -..as- _ ~ _  - .o-* - . ~ O O  . _ ~  _. .- 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf  1 (psf) (psf 1 ( p s f )  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13  
1 4  
1 5  
1 6  

175 .05  
186 .00  
204.50 
230.00 
250 .00  
270 .00  
290 .00  
310 .00  
330.00 
350.00 
370 .00  
386.17 
392.42 
401.25 
414.60 
422.85 

1106.3 
1651.4 
2396 .8  
3125 .5  
3522.3 
3912 .9  
4309 .7  
4703.3 
5090 .0  
5483 .0  
5876 .0  
6189.9 
5276 .0  
2900 .0  
1 4 3 5 . 5  

412.2 

739.6 
1594 .4  
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4666.9 
5050.7 
5440.8 
5830.8 
6142.4 
6254.4 
4 7 1 2 . 1  
2332.6 

743 .7  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  
- 0  
. o  
. o  
. o  
. o  
. o  

3 9 7 . 7  
9 6 . 7  

1 7 4 . 0  
2 4 2 . 5  
272 .2  
301.3 
331 .0  
360 .4  
389.3 
418 .7  
448 .0  
4 7 1 . 5  
403 .2  
8 4 2 . 1  
416 .8  
1 4 8 . 2  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 183 .00  7 .53  16627 .  5 . 6 4  11 .83  .477  
2 189.00 7 . 5 3  18617 .  6 .59 1 3 . 6 8  .482  
3 220.00 7 . 5 3  34591.  1 0 . 0 5  23.20 - 4 3 3  
4 240.00 7 . 5 3  38853.  1 1 . 2 5  2 6 . 4 0  .426 
5 260.00 7 . 5 3  43633.  1 2 . 3 3  2 9 . 5 0  .418 
6 280.00 7 . 5 3  48923.  1 3 . 3 1  32 .60  .408 
7 300.00 7 .53  54731.  1 4 . 2 1  3 5 . 8 0  .397  
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320.00 
340.00 
360.00 
380.00 
392.34 
392.50 
410.00 
419.20 
426.49 - - - . - - . . - 

7.53 
7.53 
7.53 
7.53 
7.53 
7.53 
7.53 
7.53 
-00 - . - - - . - 

60913. 
67588. 
74764. 
82442. 
87426. 
86693. 
21204. 
4161. 

0. 
- . - . - -. - 

15.06 
15.87 
16.64 
17.39 
17.85 
17.87 
9.05 
5.83 
-7.73 - _  ~._ . . ~- 

38.87 
41.94 
45.11 

50.10 
49.97 
25.42 
11-90 

. o o  

48. i a  

-. - - . . . . 

.387 

.378 
-369 
.361 
.356 
.358 
-356 
-490 
-000 
- . . . . . . . -. - 

Total Normal Stress = 3515.19 (psf) 

Shear Stress - - 380.21 (psf) 
Pore Water Pressure = . o o  (psf) 

Total Length of failure surface = 292.57 feet I 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER’S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.606 J 
Total shear strength available 
along specified failure surface = 178.643+03 lb 
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XSTABL File: 

.- - . . . . . 

NLDl8BS 12-18-97 18:14 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* X S T A B L  * 
* Slope Stability.Analysis * 
* using the. * 

* Copyright (C) 1992 6 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* All Rights Reserved * 

* * 
* * . .. . ~. Method of -. Slices . -  . . . . . . . - 

*- - . . . ~. . ..~ ~~ . ~. - ... . ~ - *  .~ ~ - . -. . 

* * 
* Ver. 5.201 96 6 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

y-right 
(ft) 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x-left y-left x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

60.0 
120.0 
150.0 
183.0 

90.0 
100.0 
105.0 
105.0 

120.0 
150.0 
183.0 
189.0 

100.0 
105.0 
105.0 
106.0 



1 2 6 9  
5 1 8 9 . 0  1 0 6 . 0  

7 467 .0  1 4 8 . 5  
8 1 8 3 . 0  1 0 5 . 0  
9 220 .0  100.0 

1 0  300 .0  100.8 
11 410 .0  1 0 2 . 0  

6 410 .0  1 4 2 . 8  
410 .0  1 4 2 . 8  
467 .0  1 4 8 . 5  
555.0 152 .9  
220 .0  1 0 0 . 0  
300 .0  100 .8  
410 .0  1 0 2 . 0  
555.0 1 0 3 . 5  

1 
1 
1 

ISOTROPIC Soil Parameters 

- - 3 Soil unit(s) specified - _ _  . - - .  

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Mol s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

. o o o  

. o o o  
1 1 2 5 . 0  1 2 5 . 0  
2 1 2 5 . 0  1 2 5 . 0  . o  30 .00  
3 1 2 5 . 0  1 2 5 . 0  . o  . o o  -000 

- 0  0 
- 0  0 
. o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 - 1 0 0 0 . 0  
2 . o  
3 720 .0 /  
4 2880.0 
5 6480.0 
6 10080 .0  

- 0  

230 .4  
662.4/J  
806 .4  J 
806 .4  

-0 J 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 6 7 . 1 0  
183 .00  
220 .00  
300.00 
4 0 7 . 6 4 J  
407 .89  
435 .53  
442 .82  . 

114 .18  
105 .00  

99.80 
1 0 0 . 6 0  
101 .72  J 
101 .98  
145 .35  
157 .98  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- _ _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

x-.base 
(ft) 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
393.82 
407.77 
408.95 
422.77 
439.18 

y-base 
(ft) 

109.59 
104.58 
101.98 
99.90 

100.10 
100.30 
100.50 
100.70 
100.91 
101.12 
101.33 
101.58 
101.85 
103.64 
125.32 
151.67 

height 
(ft) 

5.92 
12.75 
18.44 
24.80 
27.95 
31.05 
34.20 
37.35 
40.44 
43.58 
46.72 
50.43 
52.48 
50.89 
30.65 
5.95 

width 
(ft) 

15.90 
6.00 

31.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
27.64 

.25 
2.11 

25.53 
7.29 

- Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
2 7.9226 1,9227 
3 7.9701 1.9240 
4 7.9691 1.9240 

Iter # Theta FOS force 
1 7.9691 1,9240 

SLICE INFORMATION . . .  continued : 

Slice Sigma c-value phi U-base 
(psf 1 (psf 1 (Ib) 

1 1050.8 . o  - 30.00 0. 

alpha 

-30.01 
-8.00 
-8.00 

.57 

.57 

.57 

.57 

.60 

.60 

.60 

.60 

.60 
46.12 
57.49 
57.49 
60.01 

de ta 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71- 
5.71 

FOS moment 
1,9541 
1.9227 
1.9240 

FOS moment 
1,9240 

_. weight. 
(1b) 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93365. 

101095. 
108949. 
116804. 
174226. 

1640. 
13422. 
97834. 
5420. 

u- top P-top Delta 
(lb) (lb) 



1 2 6 9  
2 1689.5 86.4 11.31 0. 
3 2436.4 86.44 11.31j 0. 
4 3141.1 547.21 2.29f 0. 
5 3535.3 547.2 2.29 0. 
6 3923.3 547.2 2.29 0. 
7 4317.6 547.2 2.29 0. 
8 4710.9 547.2 2.29 0. 
9 5097.9 547.2 2.29 0. 

5491.1 547.2 2.29 0. 29 ~ . -.o--. .- .- .. . . 5884 ~ 3-. -. - ~~5.47.-2-. _ . . - _. 
10 
11- 

13 5414.1 547.2 2.29 0. 
14 4061.9 . o  25.00 0. 

16 432.3 . o  30.00 0. 

-~ . ~ . 

12 6348.1 547121 2.29j 0. 

_ _ _ _  ~~ ~- _.-15_ - - -2446..-8 - _ _  -..O. . -..25 .... 0.0K - -0 ~.~~ ~ 

0 .  0 .  - 0 0  
0 .  0. . o o  
0 .  0 .  . o o  
0 .  0 .  - 0 0  
0 .  0 .  - 0 0  
0 .  0 .  . o o  
0 .  0 .  . o o  
0 .  0 .  . o o  

0 .  - 0 0  
.~.. ~ o ~ .  ~ . . o.o . - .  

0 .  
0 .--- 
0 .  0 .  - 0 0  
0 .  0 .  - 0 0  
0 .  0 .  - 0 0  
-0 ~. - 0: ._ ._ ~ - zoo- ~ .~ - 

0 .  0 .  . o o  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pres sure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
393.82 
407.77 
408.95 
422.77 
439.18 

1050.8 
1689.5 
2436.4 
3141.1 
3535.3 
3923.3 
4317.6 
4710.9 
509.7.9 
5491.1 
5884.3 
6348.1 
5414.1 
4061.9 
2446.8 
432.3 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4668.2 
5054.7 
5447.5 
5840.2 
6303.4 
6559.7 
6361.1 
3831.8 
743.7 

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  
- 0  
. o  

315.3 
220.5 
298.2 
349.7 
357.9 
366.0 
374.2 
382.4 
390.4 
398.6 
406.7 
416.4 
397.0 
984.5 
593.0 
129.7 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

183.00 
189.00 
220.00 
240.00 
260.00 
280.00 
300.00 
320.00 
340.00 

7.97 
7.97 
7.97 
7.97 
7.97 
7.97 
7.97 
7.97 
7.97 

14807. 
17581. 
37633. 
44061. 
50575. 
57174. 
63858. 
70590. 
77403. 

5.70 
6.35 
9.35 

10.39 
11.49 
12.61 
13.75 
14.91 
16.08 

11.83 
13.68 
23.20 
26.40 
29.50 
32.60 
35.80 
38.89 
41.98 

.482 

.465 

.403 

.394 

.389 

.387 

.384 

.383 

.383 

000463 



1 2 6 9  
10 360.00 7.97 84298. 17.25 45.18 -382 
11 380.00 7.97 91276. 18.42 48.27 .382 
12 407.64 7.97 101054. 20.05 52.59 .381 
13 407.89 7.97 99732. 20.08 52.37 .384 
14 410.00 7.97 88251. 19.49 49.41 .394 
15 435.53 7.97 4557. 5.80 11.90 ..488 

442.82 -00 0. 2.43 -00 . o o o  16 

a 

AVERAGE VALUES ALONG FAILURE SURFACE 

-_  - - - - - - - -Total -Normal _Stress_ =- - 3692.62 - (psf) - _._ . - - _ _  - _ _  - _  - 
Pore Water Pressure = -00 (psf) 
Shear Stress - - 395.68 (psf) 

Total Length of failure surface = 309.75 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.924 1 
Total shear strength available 
along specified failure surface = 235.813+03 lb 
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Written By : 'r\m Date: 10 / 23 /9? Reviewed by: Date: \O /zLt. / '?I 
Client: Tm Project: 0- Project/RoposalNo.: mkb TaskNo.: 04 a 
PURPOSE 

Evaluate whether GCLQA sample no.-19 complies with the shear strength requirements given in the GCL specification-- - 

(Section 02772, Paragraph 2.01.E.3). 

1 
- - 

METHOD 
~- .- - -. . -  - - - ~~~ _ . . ~ ~ . ~  _ _  - 

The method for evaluating the GCL sample is outlined in RCI number 1702-006R The method involves the following basic 
steps. 

1. 

2. 

Use shear test results from the GCL sample to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 3. J 

SHEAR TEST RESULTS 

The results of the GCL internal shear and GCL/geomembrane interface shear tests performed on QA sample no. 19 are 
shown in the following table. The laboratory test results are presented in Appendix A. 

QA Sample No. 

19 

19 

Test Type 1 Measured Shear Strengths Case I 
I I 5psi I 20psi I 45 psi 

Peak I o psi(')J I 9.9 psi J I 12 psi J 
GCL/GMB Interface 7.0 I 15.5 1 

Large-displacement GCL Internal o(1) / 3.2 J 5.7 J 

GCUGMB Interface 4.1 4 7.7 J 

STABILITY ANALYSES RESULTS 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. 
The analyses output files and figures showing critical slip surfaces are presented in Appendix B. 

~000469 
(I) Shear strength values for QA sample 19 at 5 psi normal stress were not available at the time that this calculation package 
was prepared. These values were assumed to equal zero. This assumption is conservative in the context of RCI 1702-006R. -- - F9730 1 O5.DOC 

- 
J 
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O1997 GeoSyntcc Consultants 

TEST PROCEDURES AND CONDITIONS 
TE!3T SERIES NUMBER: 191 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 
- _ _  - - _ _  - - -  - -  - _  - - _ _  - _ _ _  _ _  - _- 

Bentofix NS GCL (GCL-19). GCL’s initial moisture content was 9.2%. GCL’s 

upper shear box: rigid substrate with textured steel gripping surface; 

- - final moisture content-ranged from 57% to 59% for the test series;-and - - _ _ _ -  . - - - - - __ - - 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: - 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 20 and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved . 

GQOl66-04.1 lF9730105 1 97.10.24 
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'1997 GMSynlec Consullnnls 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 19G 

Test Specimen Confguration (from top to bottom) and Placement Conditions: 
- _  

. .  . .. . .~ .- 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-19) with woven geotextile against geomembrane. GCL's initial 
moisture content was 9.2%. GCL's final moisture content ranged from 54 to 76% for the 

~ 
- - ~  ~ 

- -  - -  . - .  . ~. ~ - - . _  test series; - . -. - . .  

80-mil NSC textured HDPE geomembrane (GM-14); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 20 and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

CQOl66-04.1 lF9730105 2 97.10.24 
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I - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

- _ _  
FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

-0N-SITE DISPOSAL FACILITY-- - - - - 
- - . . . . . -. 

FIGURE NO. 1-1 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 05 

)u FILE NO. 

g 2500 

1500 

I cn 

TEST SERIES NUMBER 191: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-19) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

TEST CONDITIONS - un = 20.0 psi - on = 45.0 psi 

------ -------- 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE. 0.004 in./mln. 

O f I  1 1  I 1 1  I I I I I I I 1 1  1 1 1 1  

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 2 
DISPIACEM ENT (in.) 

NOTES: (1) A constant area of 1 ft' was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

(2) For each test, slidin 
to occur within the 8 C L  
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I- 
- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

- .  

FLUOR DANIEL FERNALD 
-----ON-SlITE DISPOSAL- FACILITY---- -- - - 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

- .- 

FIGURE NO. 1-2 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. F9730 1 05 
FILE NO. 

TEST SERIES NUMBER 191: INTERNAL STRENGTH OF 
BENTOFIX NS GCL (GCL-19) UNDER SOAKED AND 
CONSOLIDATED CONDITIONS ' 

MEASURED SHEAR STRENGTHS ----------------------------------- 
On = 20.0 psi, ~m = 9.9 psi, TU = 3.2 psi 
On = 45.0 psi. TW = 12.0 psi, 7 m  = 5.7 psi 

t..!' PEAK : dp = So; 9 = 1170 R' - 1.000 
4 . w  u) STRENGM: 6, = 6": am = 1 F f :  2 = 1.000 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hm at each stress 
SHEAR RAP. 0.004 in./min. 

e- 1- - - - -  

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

DATE TESTED: 8 TO 17 OCTOBER 1997 
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_. ---moo 
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5500- - 
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4500 - 

- 
4000 - n 

v) e 
-3500- 
W u 
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- 
E 3000- 

- 
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I 
0 
4 =0°- 

__ - 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

--ON-SlTE- DISPOSAL - FAGlLIlY - 
_ _ _  _ _ _  _ _  

- - - - _ _  - - _  - - - - _ -  - -  

TEST SERIES NUMBER 19G: BENTOFIX NS GCL GCL-19) 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO r!l S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-14) 

TEST CONDITIONS -------------- - = 20.0 psi - on = 45.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./min. 

- 
I- 
I - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

. . .  ... 

FIGURE NO. 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730105 
FILE NO. r j  - 

NOTES: (1) The shear box size was 1 2  in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 
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IL GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL -FACILITY- - - - --- 
- -- - - - .__ - _ _  

GQOl66-04.1 PROJECT NO. 

DOCUMENT NO. F973aC5 : 
FILE NO. 

U = " -1 

TEST SERIES NUMBER 19G: BENTOFIX NS GCL 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRAN 
80-mil -NSC T E f i R E D  HDPE GEOMEMBRANE GM-14) 
UNDER SOAKED AND CONSOLIDATED CONDITIO r!i S 

MEASURED SHEAR STRENGTHS ---_------------------------------- 
On = 20.0 PSI. T- = 7.0 PS~. TU) = 4.1 psi 
On = 45.0 PSI, ~ p o a k  = 15.5 PSI, TU = 7.7 psi 

SOAKING: 168 hrs 
CONSOLIDATION: 4 

ot 3 psi 
8 h r s  at each stress 

SHEAR RATE 0.004 

0 1 1 1 1 1 I I I  1 1 1 1 1 1 1 I I  1 1  I 

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

NOTES. (1) The reported .tatOl-stress shear strength parameters of friction 
an le and adhesion were debmined from a best-fit line drawn thmu h the 
t e 3  dab. 
for applicatlons involvlng normal stresses outslde the range of 
stresses covered b the test series. 
(2) The lar e dis gcarnent shear strength ( 7 3  was calculated 
usin the s\ear k r c e  at a shear displacement of 2 in. for each test. 
f3J !Sliding p.. shear failure) was observed to occur within the 

Caution should be exercised in using the strength paramefern 

L rather an the intended interface. 

DATE TESTED: 8 TO 17 OCTOBER 
1-4 FIGURE NO. 
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XSTABL File: NPK19AS 10-21-97 19:48 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* X S T A B L  * 
* Slope Stability Analysis * 
* using the * 

* Copyright (C) 1992 - 96 * 
* Interactive Software-Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* All Rights Reserved * 

e 
* 
* * Me.th0.C. of. Slic.es. .-. - _ ..__ . .~ ~ _ _  - .. ... .-- . . . - . - - .- - __  . . -. . . 

. _  ~~~- ~ ~-~~ ~. . ~ ~ _ _  -~ ~- _ _ ~  .. _ _  .- . ~~~ 

* * 
* Ver. 5.201 96 - 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

SEGMENT BOUNDARY COORDINATES 

13 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

.o  
92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 .o  153.0 129.0 
2 .o  94.1 136.5 
3 136.5 91.4 224.8 
4 224.8 93.2 285.0 
5 285.0 94.4 313.0 
6 313.0 95.0 330.0 

y-right 
(ft) 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 
105.0 

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

y-right Soil Unit 
(ft) Below Segment 

1 
91.4 3 
93.2 3 

3 94.4 
95.0 3 

153.0 

100.0 WOO478 
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3 soil unit(~) specified 

Water Soil Unit Weight Cohesion Friction Pore Pressure 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf 1 No. 

1 125.0 125.0 200.01 25.00 .ooo .o  0 
0.- - _ -  2 125-.O- 125.0- - - .o  30.001 .ooo - .o  

3 125.0 125.0 .o  .oo .ooo .o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 .o 
2 .o  

4 2880.0 720.0 I 1425.6 
3 

5 6480.0 1728.0 
6 10080.0 1728.0 

:: 1 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

292.25 
284.72 
284.51 
224.80 1 
149.45 
149.21 
110.13 
107.82 

99.19 
94 -39 
94.19 
93.00 / 
91.42 
91.66 

153.00 
157.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANmYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width alpha beta weight 
(ft) (ft) (ft) (ft) (lb) 

- . .  . .  . .- ~ 

1 
2 
3 
4 
5- . - 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

288.63 
284.86 
284.72 
284.61 

260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
160.00 
149.73 
149.33 
139.11 
119.57 
108.98 

277.26 - 

96.88 2.72 7.25 -32.54 6.34 
94.48 5.57 .27 -32.54 19.12 
94.39 5.70 .01 -32.54 19.12 
94.29 5.84 .21 -43.60 19.12 
94.05 8.64 14.51 -1.14 19.12 
93.70 15.00 20.00 -1.14 19.29 
93.30 22.35 20.00 -1.14 19-03 
93.05 26.96 5.20 -1.14 19.29 
92.84 30.67 14.80 -1.20 19.29 
92.48 37.12 20.00 -1.20 19.29 
92.06 44.49 20.00 -1.20 19.03 
91.64 51.86 20.00 -1.20 19.29 
91.43 55.65 -55 -1.20 15.95 
91.54 55.65 -24 45.00 15.95 

107.52 42.59 20.21 57.50 15.95 
138.19 16.59 18.87 57.50 10.71 
155.00 1.79 2.31 60.04 10.71 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force FOS moment 
2 16.7309 2,0506 2,0700 
3 16.7536 2.0513 2.0506 

Nonlinear M-C Iteration Number - 2 

2461. 
190. 

5. 
153. 

15670. - - -  
37496. 
55868. 
17523. 
56731. 
92800. 
111224. 
129647. 
3826. 
1669. 

107598. 
39142. 

515. 

Iter # 
2 

Theta 
16.7658 

FOS force 
2,0351 

FOS-moment 
2.0347 

Iter # Theta FOS force FOS-moment 
1 16.7658 210351 2.0347 

SLICE INFORMATION ... continued : 
000480 
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Slice Sigma c-value phi u-base U-top P-top Delta 

(psf) (psf 1 (lb) (lb) (lb) 

1 
2 
3 
4 
5 
6 .  
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

.. . _ .  

627.1 
1329.9 
981.1 

1428.1 
1129.4 
-2022.6 
3038.7 
3626.4 
4101.0 
4924.0 
5863.6 
6798.9 
7276.2 
4924.3 
2948.3 
1105.5 
115.7 

.o  30.00 0. 
200.0 25.00 0. 

-475.2 33.42 0. 

-475.2 33.42 . 0. 
1183.7 4.80 0. 

1183.7 4.80 0. 
1183.7 4.80 0. 
1183.7- - 4.80 - - -  - 0. 
1728.0 .oo 0. 

1183.7 4.80 0. 
200.0 25.00 0. 
200.0 25.00 0. 

.o  30.00 0. 

-475.24 33.42J 0. 

-475.21 33.42J 0. 

1183.7/ 4.80 J 0. 

1728.01 .OO/ 0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. . o o  
0. . o o  
0. . o o  
0. .oo 
0. . oo  
0. - 0.0. 
0. -00 
0. . oo  
0. .oo  
0. .oo 
0. -. 00 
0. . o o  
0. .oo 
0. . oo  
0. . o o  
0. .oo 
0. .oo 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

288.63 
284.86 
284.72 
284.61 
277.26 
260.00 
240.00 
227.40 
217.40 
200 .oo 
180.00 
160.00 
149.73 
149.33 
139.11 
119.57 
108.98 

627.1 
1329.9 
981.1 
1428.1 
1129.4 
2022.6 
3038.7 
3626.4 
4101.0 
4924.0 
5863.6 
6798.9 
7276.2 
4924.3 
2948.3 
1105.5 
115.7 

339.5 
695.7 
712.9 
730.4 
1079.9 
1874.8 
2793.4 
3369.8 
3833.1 
4640.0 
5561.2 
6482.3 
6956.6 
6956.4 
5324.0 
2074.3 
223.1 

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o 

.o  
-0 
.o 
.o  
.o  
.o 
.o  
.o 

177.9 
403 .O 
84.7 

229.6 
132.8 
422.5 
707.1 
731.3 
750.9 
784.9 
823.7 
849.1 
849.1 
784.9 
773.8 
351.6 
32.8 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 285.00 16.77 4377. 3.40 5.43 .627 
2 284.73 16.77 4733. 3.40 5.70 .596 
3 284.72 16.77 4739. 3.40 



.. . 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
-17- - 

284.51 
270.00 
250.00 
230.00 
224.80 
210.00 
190.00 
170.00 
150.00- 
149.45 
149.21 
129.00 
110.13 
107.82 - 

16.77 
16.77 
16.77 
16.77 
16.77 
16.77 
16.77 
16.77 
16.77. . 

16.77 
16.77 
16.77 
16.77 

.oo ~ 

5087. 
7440. 

17107. 
33141. 
37505. 
50441. 
68993. 
88766. 

109480. - 
110055. 
109017. 
27673. 

404. 
-1. 

3.42 
6.26 
7.33 
8.65 
9.22 
11-01 
13.63 
16.32 
19.07 
19.14 
19.16 
12.17 
1.66 

- -.a4 

- 
1.269 
5.98 

11.30 
18.70 
26.00 
27.92 
33.41 
40.83 
48.15 
55.57 
55.74 
55.57 
29.62 
3.57 
.-0 0 

Total Normal Stress = 3203.48 (psf) 

Shear Stress - - 597.61 (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 222.01 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.035 I 

.572 

.554 
-392 
-333 
.330 
.330 
.334 
.339 
-343 _ _  
.343 
-345 
.411 
-464 
000- _- ..- 

Total shear strength available 
along specified failure surface = 270.003+03 lb 
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* X S T A B L  * 

* Slope Stability Analysis * using the 

* Copyright (C) 1992 - 96 
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_ _  * . Method of Slices 
* 

. -  _ .  . - * - 

* 
* 

* 
Inc. * 

* 
. ._ . *  

* * All Rights Reserved * * 
* Ver. 5.201 96 - 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

.o  
92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x- lef t y- lef t x-right y -  right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 . o  153.0 129.0 153.0 1 
2 . o  94.1 136.5 91.4 3 
3 136.5 91.4 224.8 93.2 3 
4 224.8 93.2 285.0 94.4 3 
5 285.0 94.4 313.0 95.0 3 
6 3Qp91) 0 485 313.0 95.0 330.0 100.0 
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3 Soil unit(s) specified 

._ - Soil . Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 125.0 125.0 200.0l 25.00 I .ooo . o  0 
- .- . 2 - 125.0 125.0 - -. .o  30.00 - - -  .OOO - - . o -  0 - -  

3 125.0 125.0 .o  .oo .ooo -0 0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 

Point 
No. 

3 

Normal Stress 
(psf) 

-1000.0 
.o  

720.0 1 
2880.0 
6480.0 

10080.0 

Shear Stress 
(psf 1 

.o 

:: J 
1008.0 
2232.0 
2232.0 

Trial failure surface specified by 
the following 7 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 293.27 99.08 
2 285.17 94.40 
3 

5 175.56 92.03 
6 175.40 92.19 
7 138.37 150.32 

4 284.97 224.80 1 94-20 93.00 J 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

width alpha 
(ft) 

beta 

6.34 
6-. 3-4- 
19.12 
19.12 
19.29 
19 .-03 
19.29 
19.29 
19.29 
19.03 
19.03 
19.03 
19.29 
15.95 

weight 
(lb) 

Slice x-base y-base height 
(ft) (ft) (ft) 

8,lO - -30.02 

.03 -45.00 

. - ___ - - 
.li -45.00 

- 2825. .. .. . 

12i. 
__ -. - -. - _ _  -1. 2-8 %_a . 

2 285.09 
3 284.98 
4 277.48 
5 260.00 

7 227.40 
8 217.40 
9 200.00 

10 182.78 
11 175.48 
12 172.70 
13 160.00 
14 144.18 

-6 - - -240.00 - ~ _ _ _  

- -  96-74. .. 2.- 79 
94.31 5.68 
94.21 5.79 
94.05 8.55 
93.70 15.00 

93.05 26.96 
92.85 30.66 
92.51 37.09 
92.17 43.42 
92.11 46.00 
96.43 42.64 

116.37 27.13 
141.19 7.47 

_ _  - -93.30- - - 22.. 35 

. ~. 

. 

22. 
16008. 
37495. 
55867-. - - - -  - 

17523. 
56713. 
92721. 
78371. 

931. 
28771. 
67834. 
10856. 

14.97 
20.00 
20.00 - 
5.20 

14.80 
20.00 
14.44 

.16 
5.40 

20.00 
11.63 

1 

-1.14 
-1.14 
-1.14- 
-1.14 
-1.13 
-1.13 
-1.13 
45.00 
57.50 
57.50 
57.50 

Nonlinear M-C Iteration Number - 

Iter # Theta FOS force 
2 19.0353 2,0764 
3 19.0204 2.0760 

FOS-moment 
2.0542 
2.0764 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force 
2 18.9902 2,0734 

FOS moment 
2,0743 

Iter # Theta FOS force 
1 18.9902 2,0734 

FOS moment 
2,0743 

SLICE INFORMATION ... continued : 

Slice Sigma c-value phi U-base 
(psf 1 (psf 1 (lb) 

U-top P-top Delta 
(lb) (lb) 

0. 0. -00 

000487 
1 640.8 . o  30.00 0. 



2 
3 
4 
5 
6 
7 
8 
9 

- _  .. . . 10. 
11 
12 
13 
14 

- - - . . - - 

1391.3 
1431.9 
1108.8 
1992.7 
2998.0 
3615.5 
4110.1 
4971.4 
-5819.0 
3954.5 
2869.9 
1802.7 
449.0 

- . - - - . __ 

-336.0 25.02 
-336.0 25.02 
-336.0 25.02 
-336.01 25.02 
28.84 18.781 
28.8 18.78 
28.8 18.78 
28.8 18.78 

-. 28.83. _.la. 78J 
28.8 18.78 
200.0 25.00 
200.0 25.00 
200.0 25.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

- . -- - . . __ . . 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 0-I .- - - 

0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 I- - - - - - -  

0. 
0. 
0. 

* 00 
-00 
. o o  
.oo  
. o o  
-00 
.oo  
.oo  
.oo  
: 0-0- 
. oo  
.oo  
.oo  

- _  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER'S (1973) - TOTAL Stresses at center of slice base 

Normal Vertical Pore Water Shear 
x-coord Stress Stress Pressure Stress 

Slice Base 
# 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

289.22 
285.09 
284.98 
277.48 
260.00 
240.00 
227.40 
217.40 
200.00 
182.78 
175.48 
172.70 
160.00 
144.18 

640.8 
1391.3 
1431.9 
1108.8 
1992.7 
2998.0 
3615.5 
4110.1 
4971.4 
5819.0 
3954.5 
2869.9 
1802.7 
449.0 

348.8 
709.4 
723.8 
1069.3 
1874.7 
2793.4 
3369.8 
3832.0 
4636.1 
5427.3 
5749.8 
5329.8 
3391.7 
933.4 

. o  

.o  

. o  

. o  

. o  

.o  

.o  

.o  

. o  

.o  

. o  

.o  

.o 
-0 

178.4 
151.1 
160.2 
87.5 

286.5 
505.5 
606.8 
687.9 
829.1 
968.1 
662.4 
741.9 
501.9 
197.4 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

285.17 
285.00 
284.97 
270.00 
250.00 
230.00 
224.80 
210.00 
190.00 
175.56 
175.40 
170.00 
150.00 

18.99 
18.99 
18.99 
18.99 
18.99 
18.99 
18.99 
18.99 
18.99 
18.99 
18.99 
18.99 
18.99 

4701. 
4978. 
5028. 
6764. 
13663. 
25620. 
29353. 
41387. 
60995. 
77529. 
76965. 
55480. 
6238. 

3.73 
3.75 
3.75 
7.54 
9.18 

10.48 
10.92 
12.35 
14.48 
16.09 
16.10 
14.44 
7.13 

5.58 
5.77 
5.81 
11.30 
18.70 
26.00 
27.92 
33.39 
40.79 
46.05 
45.95 
39.33 
14.93 

.669 

.650 

.645 

.667 

.491 

.403 

.391 

.370 

.355 

.349 
,350 . 

-367 
-477 
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138.37 -00 -3 - 3 -49 .oo .ooo 14 

Total Normal Stress = 2616.77 (psf) 

Shear Stress - - 495.87 (psf) 
Pore Water Pressure .-= .oo (psf) 

Total Length of failure surface = 188.22 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.073 I 
Total shear strength available 
along specified failure surface = 193.523+03 lb 
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* X S T A B L  * 
* Slope Stability Analysis 
* using the * 

* Copyright (C) 1992 - 96 
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* All Rights Reserved * 
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* * 
* Ver. 5.201 96 - 1202 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y- lef t x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 
220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x-left y- lef t x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 

(BoQ949z 
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5 189.0 106.0 
6 410.0 142.8 
7 467.0 148.5 
8 183.0 105.0 
9 220.0 100.0 

10 300.0 100.8 
11 410.0 102.0 

--3 -Soil-unit-(s) specified- - 

Soil Unit Weight Cohesion 
Unit Moist Sat. Intercept 
No. (pcf) (pcf) (psf 1 

1 125.0 125.0 . o  
2 125.0 125.0 . o  
3 125.0 125.0 . o  

410.0 142.8 1 
467.0 148.5 1 
555.0 152.9 1 
220.0 100.0 3 
300.0 100.8 3 
410.0 102.0 3 
555.0 103.5 3 

NON-LINEAR MOHR-COULOMB envelope 

Friction Pore Pressure Water 
Angle Parameter Constant Surface 
(deg) Ru (psf 1 No. 

25.00 J .ooo .o 0 
30.00 .ooo -0 0 

-00 .ooo -0 0 

Soil Unit # 3 

Point Normal Stress 
No. (psf 1 

1 -1000.0 
2 .o  
3 720.0 J 
4 2880.0 
5 6480.0 
6 10080.0 

has been specified for 1 soil(s) 

Shear Stress 
(psf 1 

. o  

. o  

460.8 
820.8 
820.8 

.O J 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A SINGLE FAILURE SURFACE HAS BEEN SPECIFIED FOR ANALYSIS 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y- surf 
No. (ft) (ft) 

167.10 
183.00 
220.00 
300.00 1 
396.44 
396.69 
423.64 
430.93 

114.18 , 

105.00 
99 ..80 

100.60/ 
101.60 
101.85 
144.16 
156.79 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- -Sli-ce- . - 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

-x-base 
(ft) 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
388.22 
396.57 
403.35 
416.82 
427.29 

y-base 
(ft) 

109.59 
104.58 
101.98 
99.90 

100.10 
100.30 
100.50 
100.70 
100.91 
101.12 
101.33 
101.51 
101.73 
112.30 
133.45 
150.48 

height 
(ft) 

5.92 
12.75 
18.44 
24.80 
27.95 
31.05 
34.20 
37.35 
40.44 
43.58 
46.72 
49.56 
50.73 
41.29 
21.93 
5.95 

width 
(ft) 

15.90 
6.00 

31.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
16.44 

.25 
13.31 
13.64 
7.29 

Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
2 7.3578 1,7178 
3 7.4453 1.7200 
4 7.4432 1.7199 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
1 7.4432 1,7199 

SLICE INFORMATION ... continued : 
Slice Sigma c-value phi U-base 

(psf 1 (psf 1 (lb) 

1 1076.8 . o  30.00 0. 

. 

alpha- - -  -beta weight 
(lb) 

-30.01 
-8.00 
-8.00 

-57 
.57 
.57 
.57 
.59 
.59 
.59 
.59 
.59 

45.00 
57.50 
57.50 
60.01 

9.46 11759. 
9.46 9566. 
9.46 71448. 
9.65 62000. 
9.37 69875. 
9.37 77625. 
9.65 85500. 
9.37 93366. 
9.37 101097. 
9.65 108954. 
9.37 116810. 
9.46 101836. 
9.46 1605. 
9.46 68681. 
5.71 37393. 
5.71 5420. 

FOS moment 
1,7643 
1.7178 
1.7200 

FOS moment 
1T72 0 0 

u- top P-top Delta 
(lb) (lb) 

0. 0. .oo  

08049& 



1656.3 
2405.7 
3130.0 
3526.0 
3915.7 
4311.7 
4706.9 
5095.7 
5490.7.. 
5885.8 
6241.7 
5295.1 
3235.3 
-171-8.1 - 
421.6 

-153.6 
-153.61 
172.8' 
172.8 
172.8 
172.8 
172.8 
172.8 
172.8- . 
172.8 
172.8 
172.8/ 

.o  
. . _ _  -0 .- 

.o  

12.04 0. 0. 0. -00 
12.04 0. 0. 0. -00 
5.711 0. 0. 0. .oo 
5.71 0. 0. 0. .oo 
5.71 0. 0. 0. -00 
5.71 0. 0. 0. -00 
5.71 0. 0. 0. -00 
5.71 0. 0. 0. .oo 

5.71 0. 0. 0. .oo 
5.71 0. 0. 0. .oo 

25.00 0. 0. 0. .oo 
225-00----.. ~ -- .o ---00 
30.00 0. 0. 0. -00 

.-..5,71 - . P - _ _  .- - 0. ~ . . - 4.. - -- 00 . 

5.711 0. 0. 0. .oo 

Slice Base Normal Vertical Pore Water Shear 
x-coord Stress Stress Pressure Stress # 

(ft) (psf 1 (psf 1 (psf 1 (psf) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
388.22 
396.57 
403.35 
416.82 
427.29 

1076.8 
1656.3 
2405.7 
3130.0 
3526.0 
3915.7 
4311.7 
4706.9 
5095.7 
5490.7 
5885.8 
6241.7 
5295.1 
3235.3 
1718.1 
421.6 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4668.3 
5054.9 
5447.7 
5840.5 
6194.4 
6341.8 
5161.3 
2740.9 
743.7 

.o  

. o  

.o 

.o  

.o 

.o  

.o  

.o 

.o  

.o  

. o  

.o  

.o  

.o  

.o  

.o  

361.5 
116.1 
209.1 
282.5 
305.5 
328.1 
351.2 
374.1 
396.7 
419.7 
442.7 
463.4 
408.3 
877.2 
465.8 
141.5 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

183.00 
189.00 
220.00 
240.00 
260.00 
280.00 
300.00 
320.00 
340.00 

7.44 
7.44 
7.44 
7.44 
7.44 
7.44 
7.44 
7.44 
7.44 

15769. 
17881. 
34987. 
40053. 
45503. 
51332. 
57546. 
64108. 
71044. 

5.63 
6.50 
9.67 

10.71 
11.69 
12.64 
13.56 
14.45 
15.33 

11.83 
13.68 
23.20 
26.40 
29.50 
32.60 
35.80 
38.89 
41.99 

.476 

.475 

.417 

.406 

.396 

.388 

.379 

.372 

.365 



10 360.00 7.44 78361. 16.19 45.18 -358 
11 380.00 7.44 86059. 17.04 48.27 .353 
12 396.44 7.44 92669. 17.73 50.84 .349 

15 423.64 7.44 4329. 5.84 11.90 -491 
16 430.93 -00 0. 39.05 .oo -000 

13 396.69 7.44 91422. 17.75 50.63 -351 
14 410.00 7.44 35030. 11.75 31.95 -368 

Total Length of failure surface = 297.28 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.720 / 
Total shear strength available 
along specified failure surface = 198.283+03 lb 
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1 2 6 9  
1, 

XSTABL File: NLDl9BS 10-21-97 19:45 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* X S T A B L  * 
* Slope Stability Analysis * 

* 
* * using the 

* * 
* * Copyright (C) 1992 - 96 * * Interactive Software Designs, Inc. 

* Moscow, ID 83843, U.S.A. 

- _ _  * Method of Slices . _  

- - _ - .  * - -  
* All Rights Reserved * 
* * 
* Ver. 5.201 96 - 1202 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

Segment x-left y- lef t x- right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 

0 td0 439 



5 . 189.0 106.0 
6 410.0 142.8 
7 467.0 148.5 
8 183 .O 105.0 
9 220.0 100.0 
10 300.0 100.8 
11 410.0 102.0 

_._ _ _  3- Soil- unit- (s) speci-f-ied-- - 

Soil Unit Weight Cohesion 
Unit Moi s t Sat. Intercept 
No. (pcf) (pcf) (psf) 

1 125.0 125.0 .o  
2 125.0 125.0 .o  
3 125.0 125.0 .o  

a 

I269 3 Y 

410.0 142.8 1 
467.0 148.5 1 
555.0 152.9 1 
220.0 100.0 3 
300.0 100.8 3 
410.0 102.0 3 
555.0 103.5 3 

Friction Pore Pressure Water 
Angle Parameter Constant Surface 
(des) Ru (psf) No. 

25.00/ .ooo 
30.00 .ooo 

.oo .ooo 

.o  0 

.o 0 
-0 0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point 
No. 

1 
2 
3 
4 
5 
6 

Normal Stress 
(psf 1 

-1000.0 
- 0  

2880.0 
6480.0 
10080.0 

720.0 I 

Shear Stress 
(psf) 

.o  

:: J 
590.4 

1108.8 
1108.8 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10 
183.00 
220.00 
~ O O . O O /  
391.76 
391.92 
418.59 
425.88 

114.18 
105.00 

100.60 99*80 J 
101.64 
101.80 
143.66 
156.29 



1269 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . .  ~ . ~ .  - - . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-~ 
~ Slice . . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

x-base - 

(ft) 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
385.88 
391.84 
400.96 
414.29 
422.23 

y-base 
(ft) 

109.59 
104.58 
101.98 
99.90 

100.10 
100.30 
100.50 
100.71 
100.94 
101.17 
101.39 
101.57 
101.72 
115.99 
136.92 
149.97 

height 
(ft) 

5.92 
12.75 
18.44 
24.80 
27.95 
31.05 
34.20 
37.34 
40.41 
43.53 
46.66 
49.11 
49.95 
37.20 
18.21 
5.95 

width 
(ft) 

15.90 
6.00 

31.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
11.76 

.16 
18.08 
8.59 
7.29 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 7.9494 2,0542 
3 8.0127 2.0563 
4 8.0112 2.0562 

Iter # Theta FOS force 
1 8.0112 2,0562 

SLICE INFORMATION ... continued : 
Slice Sigma c-value phi U-base 

(psf ) (psf 1 (lb) 

1 1031.5 . o  30.00 0. 

alpha beta 

-30.01 
-8.00 
-8.00 

.57 

.57 

.57 
-57 
.65 
.65 
.65 
.65 
.65 

45.00 
57.50 
57.50 
60.00 

FOS moment 
2,0964 
2.0542 
2.0563 

FOS moment 
2,0563 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93342. 

101025. 

116642. 
72187. 
1010. 

84071. 
19554. 
5422. 

108833. 

u- top P-top Delta 
(lb) (lb) 

0. 0. .oo 
000501 



. .. ~. . . 

2 
3 
4 
5 
6 
7 
8 
9 

lo-. 
11 
12 
13 
14 
-15- - 
16 

1662.5 
2416.0 
3135.5 
3532.3 
3922.8 
4319.6 
4713.3 
5100.4 
5493.7. 
5887.1 
6195.7 
5138.3 
3010.1 
1473.4 
439.9 

-196.8 15-29 
-196.8j 15.29$ 
175.7) 8.19 
i75.7 8.19 
175.7 8.19 
175.7 8.19 
175.7 8.19 
175.7 8.19 
175.7. J 8.19! 
175.7 8.19 
175.7 8.19 
175.7 8.19 

.o  25.00 

.O 25.00 - 

. o  30.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

- 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
-0 . 
0. 

1269 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0.. 
0. 
0. 
0. 

- - 0. 
0. 

.oo 
-00 
. oo  
-00 
.oo 
.oo 
-00 
-00 
.oo 
.oo- 
.oo 
.oo 
-00 
.oo .. 

.oo 

Slice 
# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

11 
12 
13 
14 
15 
16 

1.0 

Base 
x-coord 

(ft) 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
385.88 
391.84 
400.96 
414.29 
422.23 

Normal 
Stress 
(psf 1 

1031.5 
1662.5 
2416.0 
3135.5 
3532.3 
3922.8 
4319.6 
4713.3 
5100 -4 
5493.7 
5887.1 
6195.7 
5138.3 
3010.1 
1473.4 
439.9 

Vertical 
Stress 
(psf 1 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4667.1 
5051.2 
5441.7 
5832.1 
6138.3 
6244.1 
4650.4 
2276.3 
743.7 

Pore Water 
Pressure 

(psf 1 

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  
- 0  
.o  
.o 
.o  
.o  
.o  
.o  
.o  

Shear 
Stress 
(psf) 

289.6 
125.3 
225.4 
305.0 
332.8 
360.2 
387.9 
415.5 
442.6 
470.2 
497.7 
519.3 
445.3 
682.6 
334.1 
123.5 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

183.00 
189.00 
220.00 
240.00 
260.00 
280.00 
300.00 
320.00 
340.00 

8.01 
8.01 
8.01 
8.01 
8.01 
8.01 
8.01 
8.01 
8.01 

14216. 
16391. 
34078. 
39605. 
45614. 
52095. 
59058. 
66372. 
74144. 

5.71 
6.53 
9.60 

10.69 
11.72 
12.72 
13.68 
14.62 
15.53 

11.83 .483 
13.68 .477 
23.20 .414 
26.40 .405 
29.50 -397 
32.60 .390 
35.80 .382 
38.87 -376 
41.95 .370 

~ ~ 0 ~ ~ 2  



1 2 6 9  
10 360.00 8.01 82382. 16.44 45.12 .364 
11 380.00 8.01 91087. 17.33 48.19 .360 

13 391.92 8.01 95654. 17.86 49.89 -358 

15 418.59 8.01 4700. 5.80 11.90 -488 

12 391.76 8.01 96421. 17.85 50.02 .357 

14 410.00 8.01 21863. 8.70 24.52 .355 

16 425.88 .oo 0. - .65 .oo -000 

AVERAGE VALUES ALONG FAILURE SURFACE 

Total Length of failure surface = 291.94 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

/ FACTOR OF SAFETY = 2.056 

Total shear strength available 
along specified failure surface = 233.793+03 lb 

000503 
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Large-displacement 

I 

Client: TnF Project: M F  Project/Roposal No.:- Task No.: 

GCUGMB Interface o(I) / 8.9 / 14.5 J 
GCL Internal O(I) / 2.6 5.3 J 
GCLIGMB Interface O(I) / 4.0 J 6.5 J 

PURPOSE 

Evaluate whether GCL QA sample no:21 complies with the shear strength reqtlirementsgiven in the GCL specification /- 
(Section 02772, Paragraph 2.01.E.3). 

- ._ 

METHOD 
_ - -  - - - - - - - - _ -  ~- - . _  - _ _ _ _  - - - 

The method for evaluating the GCL sample is outlined in RCI number 1702-006R. The method involves the following basic 
steps. 

I 1. 

2. 

Use shear test results fkom the GCL sample to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 3. 

SHEAR TEST RESULTS 

The results of the GCL internal shear and GCL/geomembrane interface shear tests performed on QA sample no. 2 1 are 
shown in the following table. The laboratory test results are presented in Appendix A. 

QA Sample 
No. 

21 

21 

I I Test Type Measured Shear Strengths 
Case I 

I I 5 psi I 20psi I 45 psi I 
Peak I ~ ~ ~ ~ n t e m a l  I 0")psi 4 I 9.4 psi 1 17.4 psi 4 I 

STABILITY ANALYSES RESULTS 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. / 
The analyses output files and figures showing critical slip surfaces are presented in Appendix B. 

J (I) Shear strength values for QA sample 21 at 5 psi normal stress were not available at the time that this calculation package 
was prepared. These values were assumed to equal zero. This assumption is conservative in the context of RCI 1702-00613. - 
GQO166-04/F9730113.DOC 00- 



I269 2/37 

APPENDIX A 



_ .  

1269 

*I997 GcoSynicc Consulmiils 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 211 

Test Specimen Configuration (from top. to bottom) and Placement Conditions: - - 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-21). GCL’s initial moisture content was 9.4%. GCL’s 
final moisture content ranged from 67% to 80% for the test series; and 

lower shear box: rigid substrate with textured steel gripping surface. 
/ 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 20, and 45 psi. 

Constant shear displacement rate: 0.004 in/min. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQOl66-04.1 lF9730113 I 97.1 I .03 

000509 
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TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 21G 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 
- -  - - 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-21) with woven geotextile against geomembrane. GCL's initial 
moisture content was 9.1 %. GCL's final moisture content ranged from 78 to 110% for the 
test series; 

80-mil NSC textured HDPE geomembrane (GM-8); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid subsirate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providmg a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

. Test normal stresses: 20, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface dlrect shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

(340166-04.1 lF9730113 2 97.1 1.03 
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SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
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DIRECT SHEAR TESTING 

-ON-SITE DISPOSAL FACILITY 

6000 

FIGURE NO. A- 1 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730113 

TEST SERIES NUMBER 211: INTERNAL STRENGTH OF 
BENTOflX NS GCL GCL-21) UNDER SOAKED AND 
CONSOLIDATED CON 6 MONS 

TEST CONDITIONS - a, = 20.0 psi - un = 45.0 psi 

-------------- 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hm at each stress 
SHEAR RAE 0.004 in./rnln. 

A 
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 2 

DISPIACEM ENT (in.) 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 

(Le., internal shear failure) was observed 

and shear stresses. 

(2) For each test, slidin 
to occur within the 8 C L  

DATE TESTED: 15 TO 24 OCTOBER 1997 
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TEST SERIES NUMBER 211: INTERNAL STRENGTH OF 
BENTOflX NS GCL GCL-21) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

C....PEAK : 
~ ~ w L D  SRENGM. bm = 6 ;  OU, = 5 p e  = 1.000 

6p = 18.; gp = 420 $f; = 1.000 

SOAKING 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

/ 
/ 

4 

NORMAL STRESS (psi) 

of 2 in. for each test. 
was observed 

DATE TESTED: 15 TO 24 OCTOBER 

. __ . . ._ 

1997 



_. 

1 2 6 9  

- GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

_ _  - _ _  - - - -  FLUOR -DANIEL- EERNALD --- - - - -- 

ON-SITE DISPOSAL FACILITY 
PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING _ _  

6000 

PROJECT NO. GQO1&6p&Ig 3 
DOCUMENT NO. 

FILE NO. 
F9%8V 13" 

TEST SERIES NUMBER 21G: BENTOflX NS GCL GCL-21) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBFAN 

UNDER SOAKED AND CONSOLIDATED CONDITIO S 

/ 80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-8) k 
t i  

TEST CONDITIONS - on = 45.0 psi 

-------------- 4500 - Un = 20.0 psi 
n 
v) 0 

SOAKING: 168 hrs at 3 psi 
u CONSOLIDATION: 48 hrs at each stress 
u SHEAR RATE: 0.004 In./rnln. 
o 3000 
L 

I I l l l l l l j  1 1 1 1 1 1 1  
0.0 0.3 0.8 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3. 

DISPLACEMENT (in.) 

NOTES: (1) The meported totol-sttess shear strength parameters of friction 
an le ond adhesion were determined from a best-fit line drawn thmu h the 
ti data. CautIon should be exercised in using the strength paramefen 
for applications involving normal stresses outside the range of 
stresses covered by the test series- 8 Sliding e, shear failure) was observed to occur within the 

L- rather an the intended Interface. 

DATE TESTED: 15 TO 24 OCTOBER 

I - I FIGURENO. A - 7  

. . . - -. - 

1997 
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FIGURE NO. 

PROJECT NO. 

DOCUMENT NO. 

FILE NO. 

GQ0166 - 04.1 
F9730113 
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PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 
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50 

1 TEST SERIES NUMBER 21G: BENTOFIX NS GCL GCL-21) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOUDATED CONDITIO d S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-8) 

MEASURED SHEAR STRENGTHS - 

a,, = 20.0 psi, ~ p s o k  = 8.9 PSI, TU = 4.0 psi 
u, = 45.0 psi, T+ = 14.5 psi, 7LD = 6.5 psi 

................................... 

SOAKING: 168 hm at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

o ~ l l l l l l l l l l l l l l l l l , l  
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Problem Description : OSDF Interim Closure/Short-Term,Peak 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

13 SURFACE boundary segments 

Segment x- lef t y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

.o 
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

. o  

. o  
136.5 
224.8 
285.0 
313.0 

153.0 
94.1 
91.4 
93.2 
94.4 
95.0 

129.0 
136.5 
224.8 
285.0 
313.0 
330.0 

y-right 
(ft) 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

y-right Soil Unit 
(ft) Below Segment 

153.0 
91.4 
93.2 
94.4 
95.0 

100.0 

1 
3 
3 
3 
3 
3 

OU0518 
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3 Soil unit (s) specified 

_ _  ~ Soil - Unit Weight Cohesion - Friction Pore- Pressure - Water 
Unit Moi s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf No. 

-0 0 
0 

.ooo 

.ooo -.0 
-000 . o  0 

2 125.0  125.0  2 o o * o J  .o  25.001 30.00 
1 125.0 125.0 

3 125.0 125.0 .o  .oo 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress 
No. (psf 

1 -1000.0 
2 . o  
3 7 2 0 . 0 1  
4 2880.0 
5 6480.0 
6 10080.0 

Shear Stress 
(psf 

.o 

::I 
1353.6 
2505.6 
2505.6 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

292.31 
284.78 
284.58 

164.88 
164.69 
1 2 5 . 8 1  
125.42 

99.19 
94.40 
94.19 

9 3 - 0 0 /  91.78 
91.97 

153.00  
153.68  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 

. ..- ~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

x-base 
(ft) 

288.65 
284.89 
284.68 
277.29 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
167.44 
164.78 
157.34 
139.50 
127.40 
125.61 

y-base 
(ft) 

96.86 
94.47 
94 -29 
94.04 
93.70 
93.30 
93.05 
92.85 
92.50 
92.09 
91.83 
91.88 

103.50 
131.51 
150.50 
153.34 

height 
(ft) 

2.73 
5.57 
5.82 
8.63 
15.00 
22.35 
26.96 
30.66 
37.10 
44.46 
49.06 
49.95 
40.93 
18.49 
2.81 
.30 

width 
(ft) 

7.31 
.22 
.20 

14.58 
20.00 
20.00 
5.20 
14.80 
20.00 
20.00 
5.12 

* 19 
14.69 
21.00 
3.19 
.39 

alpha 

-.. - ._ 

-32.45 
-32.45 
-46.40 
-1.14 
-1.14 
-1.14 
-1.14 
-1.17 
-1.17 
-1.17 
-1.17 
45.00 
57.50 
57.50 
57.50 
60.07 

beta 

6.34 
19.12 
19.12 
19.12 
19.29 
19.03 
19.29 
19.29 
19.29 
19.03 
19.29 
19.29 
19.29 
15.95 
10.71 
10.71 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force FOS-moment 
2 18.7127 2,3714 2.3483 
3 18.7011 2.3710 2.3714 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force FOS moment 
2 18.6795 2,3639 2,3646 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force FOS moment 
1 18.6795 2,3639 2T3 64 6 

weight 
(lb) 

2495. 
156. 
142. 

15724. 
37498. 
55869. 
17523. 
56722. 
92762. 

111155. 
31401. 
1205. 
75139. 
48534. 
1119. 

15. 

SLICE INFORMATION ... continued : 

Slice Sigma c-value phi U-base U-top P-top Delta 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

623.7 . o  30.00 
1313.3 200.0 25.00 
1669.0 -451.2 32.07 
1124.4 -451.21 32.071 

3025.9 432.0 17.74 

4126.7 432.0 17.74 
4979.5 432.0 17.74 
5953.1 432.01 17.741 

4288.5 432.0 17.74 
2825.7 200.0 25.00 
1244.3 200.0 25.00 
139.0 200.0 25.00 
20.5 .o 30.00 

2011.0 -451.2 32.07 

3635.9 432.0 17.74-- 

6558.1 2505.6/ . OOJ 

(lb) 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

(lb) (lb) 

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0 . . . . -0~. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. - -  ~ 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 

15 4 

-00 
-00 
. o o  
. o o  
.oo 
-00 
. o o  - 

-00 
.oo 
.oo 
-00 
-00 
.oo 
.oo 
* 00 
-00 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

288.65 
284.89 
284.68 
277.29 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
167.44 
164.78 
157.34 
139.50 
127.40 
125.61 

623.7 
1313.3 
1669.0 
1124.4 
2011.0 
3025.9 
3635.9 
4126.7 
4979.5 
5953.1 
6558.1 
4288.5 
2825.7 
1244.3 
139.0 
20.5 

341.3 
696.3 
727.4 

1078.5 
1874.9 
2793.4 
3369.8 
3832.6 
4638.1 
5557.8 
6133.0 
6243.7 
5116.0 
2311.2 
350.7 
37.7 

-0 
-0 
-0 
-0 
. o  
. o  
.o 
.o  
.o  
.o  
.o  
. o  
.o 
. o  
. o  
. o  

152.3 
343.7 
251.6 
107.2 
342.2 
592.4 
674.9 
741.4 
856.8 
988.6 

1060.0 
763.3 
642.0 
330.1 
112.0 

5.0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER'S (1973) - Magnitude EC Location of Interslice Forces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 285.00 18.68 4235. 3.56 5.46 -652 
2 284.78 18.68 4514. 3.55 5.68 .625 
3 284 -58 18.68 4928. 3.51 5.96 .590 
4 270.00 18.68 6923. 6.97 11.30 -617 
5 250.00 18.68 14994. 8.45 18.70 .452 
6 230.00 18.68 28771. 9.85 26.00 .379 

( J O 9 p ~ ~ . ~  



7 
8 
9 

10 
11 
12 
13 
14 

16 
15 - - 

224.80 
210.00 
190.00 
170.00 
164.88 
164.69 
150.00 
129.00 

125 -42 
125;8-1 - 

18.68 
18.68 
18.68 
18.68 
18.68 
18.68 
18.68 
18.68 

.oo 
1 8 ~ 6 8  - - 

32873. 
45769. 
65999. 
89430. 
95880. 
95162. 
36349. 
368. 

-- 1-0. 
-2. 

10.37 
12.00 
14.40 
16.85 
17.49 
17.50 
13.08 
2.04 

2.72 
-. 28 

1269 
27.92 
33.40 
40.81 
48.12 
50.01 
49.89 
31.97 
5.01 
- .60 
.oo 

Total Normal Stress = 2883.87 (psf) 
Pore Water Pressure = .oo  (psf) 
Shear Stress - - 543.12 (psf) 

Total Length of failure surface = 202.35 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.364 1 
Total shear strength available 
along specified failure surface = 259.793+03 lb 

'b 
-371 
.359 
.353 
.350 
.350 
.351 
.409 
.407 
.461 
. ooo  
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* X S T A B L  * 
* Slope Stability Analysis * 

* * using the 
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* * 
* Ver. 5.201 96 - 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

.o 
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

2 
2 
1 
1 
1 
1 
1 
1' 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 .o  153.0 129.0 153.0 1 
2 .o  94.1 136.5 91.4 3 
3 136.5 91.4 224.8 93.2 3 
4 224.8 93.2 285.0 94.4 3 
5 285.0 94.4 313.0 95.0 3 
6 313.0 95.0 330.0 100.0 OUO525 



1 2 6 9  

3 Soil unit(s) specified 

Soil Unit- -Weight - -Cohesion Friction Pore Pressure Water- 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf) No. 

. o  0 
0 

-000 
-000 .o  
.ooo .o  0 

2oo*01 . o  30.00 25 0°/ 
1 125.0 125.0 
2 125.0 125.0 
3 125.0 125.0 .o  * 00 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf) 

1 -1000.0 1 .o  1 2 .o 
3 720.0’ 
4 2880.0’ 1281.6 
5 6480.0‘ 2088.0 
6 10080.0’ 2088.0 

:: / 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

291.87 
284.25 
284.05 
224.80 / 
160.54 
160.38 
121.44 
120.52 

99.24 
94.39 
94.18 
93.001 
91.72 
91.89 

153.00 
154.60 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 
-. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

x-base 
(ft) 

288.43 
284.62 
284.15 
277.02 
260.00- 
240.00 
227.40 
217.40 
200.00 
180.00 
165.27 
160.46 
155.19 
139.50 
125.22 
120.98 

y-base 
(ft) 

97.05 
94.63 
94.28 
94.04 
93.70 
93.30 
93.05 
92.85 
92.51 
92.11 
91.81 
91.81 
100.03 
124.66 
147.07 
153.80 

height 
(ft) 

2.57 
5.50 
6.01 
8.72 

15.00 
22.35 
26.96 
30.66 
37.09 
44.44 
49.84 
51.53 
45.15 
25.34 
6.65 
-72 

width 
(ft) 

6.87 
-75 
-20 

14.05 
20.00 
20.00 
5.20 
14.80 
20.00 
20.00 
9.46 
.16 

10.38 
21.00 
7.56 
.92 

Nonlinear M-C Iteration Number - 1 

alpha 

-32.46 
-32.46 
-46.40 
-1.14 
-1.14 
-1.14 
-1.14 
-1.14 
-1.14 
-1.14 
-1.14 
46.74 
57.49 
57.49 
57.49 
60.17 

beta weight 
(lb) 

. _ _  

6.34 2204. 
19.12 . 519. 
19.12 147. 
19.12 15323. 
1'9.29 - 37497. 
19.03 55868. 
19.29 17523. 
19.29 56716. 
19.29 92735. 
19.03 111106. 
19.29 58937. 
19.29 1031. 
19.29 58580. 
15.95 66523. 
10.71 6282. 
10.71 82. 

Iter # Theta FOS force FOS moment 
2 17.8095 2,1509 2,1540 
3 17.8113 2.1510 2.1509 

Nonlinear M-C Iteration Number - 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force FOS moment 
2 17.8023 2,1421 2,1423 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force FOS moment 
1 17.8023 2,1421 2,1423 

SLICE INFORMATION ... continued : 

Slice Sigma c-value phi U-base U-top P-top Delta 

8005Z7 



1 
2 
3 
4 
5 
6 

- 7  
8 
9 

10 
11 
12 
13 
14 
15 
16 

596.5 
1323.4 
1689.2 
1137.3 
2009.5 
3021.8 
3623; 5.- 
4106.2 
4946.1 
5905.0 
6604.8 
4385.2 
3112.7 
1718.4 
402.3 
46.2 

. o  30.00 
200.0 25.00 
-427.2 30.68 
-427.2 30.68 
-427.2' 30.68/ 
636.5 12.63 

- 636.5 12.63- 
636.5 12.63 
636.d 12.63/ 
636.5 12.63 

636.5 12.63 
200.0 25.00 
200.0 25.00 
200.0 25.00 

. o  30.00 

2088.01 . O O J  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
-0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0; 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

. o o  

.oo  

.oo  

.oo  
-00 
. oo  
-:oo 
-00 
-00 
. oo  
.oo  
.oo 
.oo 
.oo  
* 00 
* 00 

Slice Base Normal Vertical Pore Water Shear 
x-coord Stress Stress Pressure Stress # 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

288.43 
284.62 
284.15 
277.02 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
165.27 
160.46 
155.19 
139.50 
125.22 
120.98 

596.5 
1323.4 
1689.2 
1137.3 
2009.5 
3021.8 
3623.5 
4106.2 
4946.1 
5905.0 
6604.8 
4385.2 
3112.7 
1718.4 
402.3 
46.2 

320.8 
688.0 
751.6 

1090.6 
1874.9 
2793.4 
3369.8 
3832 -2 
4636.8 
5555.3 
6230.2 
6441.8 
5643.6 
3167.8 
830.9 
89.4 

.o  

.o  

.o  

.o  

.o  

.o  

. o  

. o  

. o  

.o  

. o  

.o  

.o  

.o  

.o  

.o  

160.8 
381.5 
268.5 
115.6 
357.2 
613.1 
676.0 
726.5 
814.4 
914.6 
974.8 
755.7 
771.0 
467.4 
180.9 
12.4 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 285.00 17.80 3898. 3.29 5.13 .641 
2 284.25 17.80 4868. 3.28 5.87 .559 
3 284.05 17.80 5286. 3.28 6.15 .533 
4 270.00 17.80 7326. 6.49 11.30 .574 
5 250.00 17.80 15670. 8.04 18.70 .430 
6 230.00 17.80 29813. 9.43 26.00 



7 
8 
9 

10 
11 
12 
13 
14 
15- - -  

16 

224.80 
210.00 
190.00 
170.00 
160.54 
160.38 
150.00 
129.00 
12.1 -44.- - - 
120.52 

17.80 
17.80 
17.80 
17.80 
17.80 
17.80 
17.80 
17.80 

.oo 
-1-7- 80 

33900. 
46464. 
65640. 
87323. 
98315. 
97659. 
52810. 
3641. 

-1. 
-65. - -~ - ... 

9.96 
11.63 
14.06 
16.54 
17.74 
17.74 
14.34 
4.82 

.91 
66. - _ _  

27.92 
33.39 
40.79 
48.09 
51.59 
51.48 
38.82 
11.86 

- 1,4.3-. .__. 

.oo 

Total Normal Stress = 2971.95 (psf) 

Shear Stress - - 562.90 (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 207.40 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.142 f 
Total shear strength available 
along specified failure surface = 250.083+03 lb 

.357 

.348 

.345 

.344 

.344 

.345 
-369 
-406 
-.4.5g 
.ooo  
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XSTABL File: 
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e 

a 
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* X S T A B L  

* Slope Stability Analysis 
* using the 
* Method-of Slices - 

* Copyright (C) 1992 - 96 
* Interactive Software Designs, 

Moscow, ID 83843, U.S.A. 

* All Rights Reserved 

* 

* 

* 

* 

* 
* 
* 
* 
* .  
* 
* 

Inc. * 
* 
* 
* 
* 

* Ver. 5.201 96 - 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Description : OSDF Final Long Term - Large Displ. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

15 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

11 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139 -7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

SUBSURFACE boundary segments 

Segment x- lef t y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 

60.0 
120.0 
150.0 
183.0 

90.0 
100.0 
105.0 
105.0 

120.0 
150.0 
183.0 
189.0 

y-right 
(ft) 

100.6 
99.4 
97.5 

123.0 
126 -4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

y-right 
(ft) 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

Soil Unit 
Below Segment 

100.0 
105.0 
105.0 

I 106.0 
GO43532 

2 
2 
2 
1 



I269 
410.0 142.8 1 

6 410.0 142.8 467.0 148.5 1 
7 467.0 148.5 555.0 152.9 1 
8 183.0 105.0 220.0 100.0 3 
9 220.0 100.0 300.0 100.8 3 

10 300.0 100.8 410.0 102.0 3 
11 410.0 102.0 555.0 103.5 3 

5 189.0 106.0 

3 Soil unit(~) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

* 000 . o  0 
.ooo . o  0 
.ooo . o  0 

25.00/ 
1 125.0 125.0 .o 
2 125.0 125.0 . O j  30.00 
3 125.0 125.0 -0 .oo 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf) 

1 -1000.0 . o  
2 . o  .o 
3 

5 6480.0 763.2 
6 10080.0 763.2 

4 2880.0 720-0/ 374.4 1 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10 
183.00 
220.00 
300.00 
396.37 
396.56 
423.51 
430.80 

1 

114.18 
105.00 
99.80 
100.60 
101.66 1 
101.85 
144.15 
156.78 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_ _  - _. - - .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width alpha beta weight 
(ft) (ft) (ft) (ft) (lb) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
388.18 
396.47 
403.28 
416.76 
427.16 

109.59 5.92 15.90 -30.01 
104.58 12.75 6.00 -8.00 
101.98 18.44 31.00 -8.00 
99.90 24.80 20.00 .57 

100.30 31.05 20.00 .57 
100.50 34.20 20.00 .57 
100.71 37.34 20.00 .63 
100.93 40.42 20.00 .63 
101.15 43.55 20.00 .63 
101.37 46.68 20.00 .63 
101.57 49.49 16.37 .63 
101.76 50.69 .19 45.00 
112.40 41.18 13.44 57.50 
133.55 21.83 13.51 57.50 
150.47 5.95 7.29 60.01 

100.10 27.95 20.00 .57 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force FOS moment 
2 7.2588 1T5938 1,6384 
3 7.3557 - - - - -  1.5938 
3 7.3073 1.5949 
4 7.3533 1.5960 1.5949 
5 7.3522 1.5959 1.5960 

- - - - -  

Iter # Theta FOS force FOS moment 
1 7.3522 1T5959 1,5960 

SLICE INFORMATION ... continued : 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93350. 

101050. 
108875. 
116700. 
101277. 

1218. 
69173. 
36863. 
5421. 

Slice Sigma c-value phi U-base U-top 'P-top Delta 
(psf 1 (psf) (lb) (lb) (lb) 

(jo053.a 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

1104.1 .o 30.00 
1651 - 6 -124.8 9.83 
2397.4 -124.84 9.83' 
3125.9 63.4 6.16 
3522.3 63.4 6.16 
3912.4 63.4 6.16 
4308.9 63.4 6.16 
4703.1 63.4 6.16 
5090 -6 63.4 6.16 
5484.5 63.4 6.16 
5878.3 63.4 6.16 
6232.4 63.4' 6.161 
5304.4 63.4 6.16 
3170.8 .O 25.00 
1680.7 .O 25.00 
412.4 .o 30.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 . - ... 

0. 
0. 
0. 
0. 
0 .  
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

. . . . . __ 

0. -00 
0. -00 
0. -00 
0. .oo 
0. -00 
0. -00 
0. -00 
0. - .  00 
0. -00 
0. -00 
0. .oo 
0. .oo 
0. .oo 
0. .oo 
0. -00 
0. * 00 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330 .OO 
350.00 
370.00 
388.18 
396.47 
403 -28 
416.76 
427.16 

1104.1 
1651.6 
2397.4 
3125.9 
3522.3 
3912.4 
4308.9 
4703.1 
5090.6 
5484.5 
5878.3 
6232.4 
5304.4 
3170.8 
1680.7 
412 -4 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4667.5 
5052.5 
5443.8 
5835.0 
6186.8 
6336.0 
5147.6 
2728.4 
743.7 

. o  

.o  

.o 

.o  

. o  

.o 

.o  

. o  

.o 

.o 

.o 

.o  

.o  

.o  

.o 

.o 

399.4 
101.2 
182.2 
251.2 
278.1 
304.5 
331.3 
358.0 
384.2 
410.8 
437.5 
461.5 
398.7 
926.5 
491.1 
149.2 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 183.00 7.35 16627. 5.62 11.83 .475 
2 189.00 7.35 18643. 6.54 13.68 .478 
3 220.00 7.35 34869. 9.91 23.20 .427 
4 240.00 7.35 39305. 11.04 26.40 -418 
5 260.00 7.35 44202. 12.06 29.50 -409 
6 280.00 7.35 49553. 13.01 32.60 .399 
7 300.00 7.35 55364. 13.90 35.80 .388 

490,49$35 
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. . .  .- 

8 
9 

10 
11 
12 
13 
14 
15 
16 ._ 

320.00 
340.00 
360.00 
380.00 
396.37 
396.56 
410.00 
423.51 
430.80-- - 

7.35 
7.35 
7.35 
7.35 
7.35 
7.35 
7.35 
7.35 
. -... 00 .. .. 

61540 - 
68158 - 
75227. 
82745. 
89231. 
88280. 
33400. 
4154. 

0. 

14.75 38.88 
15.56 41.96 
16.35 45.14 
17.12 48.22 
17.73 50.77 
17.76 50.61 
11.67 31.75 
5.84 11.90 
.17 - -00- 

Total Normal Stress = 3557.36 (psf) 

Shear Stress - - 384.10 (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 297.11 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.596 / 
Total shear strength available 
along specified failure surface = 182.133+03 lb 

-379 
.371 
-362 
-355 
-349 
.351 
.367 
.491 
.ooo - -  
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XSTABL File: NLD21BS 10-28-97 12:33 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 

* using the * .Method of Slices - - * -  ._ 

* Copyright (C) 1992 - 96 * 

* X S T A B L  

Slope Stability Analysis * 
* 

* * 

* Interactive Software Designs, Inc. 
* MOSCOW, ID 83843, U.S.A. 

* 
* 
* * 

All Rights Reserved * 
* * 
* Ver. 5.201 96 - 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SEGMENT BOUNDARY COORDINATES 

15 SURFACE boundary segments 

Segment x- lef t y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126 -4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

y-right 
(ft) 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 106.0 

I _ :  

189.0 



1 2 6 9  
5 189.0 106.0 410.0 142.8 1 
6 410.0 142.8 467.0 148.5 1 
7 467.0 148.5 555.0 152.9 1 
8 183.0 105.0 220.0 100.0 3 
9 220.0 100.0 300.0 100.8 3 
10 300.0 100.8 410.0 102.0 3 
11 410.0 102.0 555.0 103.5 3 

3 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

. o o o  .o  0 

.ooo .o  0 

.ooo . o  0 
25.00/ 

1 125.0 125.0 . o  
2 125.0 125.0 . O j  30.00 
3 125.0 125.0 .o  .oo 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 -0 
2 . o  .o  

4 2880.0 576.0 
5 6480.0 936.0 
6 10080.0 936.0 

3 720.01 -0 1 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10 
183.00 
220.00 
300.00 
396.44 
396.69 
423.64 
430.93 

/ 

114.18 
105.00 
99.80 

100.60 
101.60 
101.85 
144.16 
156.79 

1 
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35/3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- - ~- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

x-base 
(ft) 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
388.22 
396.57 
403.35 
416.82 
427.29 

y-base 
(ft) 

109.59 
104.58 
101.98 
99.90 
100.10 
100.30 
100.50 
100.70 
100.91 
101.12 
101.33 
101.51 
101.73 
112.30 
133.45 
150.48 

height 
(ft) 

5.92 
12.75 
18.44 
24.80 
27.95 
31.05 
34.20 
37.35 
40.44 
43.58 
46.72 
49.56 
50.73 
41.29 
21.93 
5.95 

Nonlinear M-C Iteration Number - 

width 
(ft) 

15.90 
6.00 

31.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
16.44 

.25 
13.31 
13.64 
7.29 

1 

Iter # Theta FOS force 
2 7.5233 1,9094 
3 7.5998 1.9116 
4 7.5981 1.9116 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
1 7.5981 1,9116 

SLICE INFORMATION ... continued : 
Slice Sigma c-value phi U-base 

(psf 1 (psf) (lb) 

1 1044.3 .o  30.00 0. 

. -  .- 

alpha 

-30.01 
-8.00 
-8.00 

.57 

.57 

.57 

.57 

.59 

.59 

.59 

.59 

.59 
45.00 
57.50 
57.50 
60.01 

beta 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

FOS moment 
1,9579 
1.9094 
1.9116 

FOS moment 
1T9116 

weight 
(lb) 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93366. 

101097. 
108954. 
116810. 
101836. 

1605. 
68681. 
37393. 
5420. 

U-top P-top Delta 
(lb) (lb) 



2 
3 
4 
5 
6 
7 
8 
9 

- 10 
11 
12 
13 
14 
15 
16 

. .  

1661.5 -192.0 14.93 
2414.8 -192.0/ 14.931 
3134.6 288.0 5.71 
3530.4 288.0 5.71 
3919.9 288.0 5.71 
4315.7 288.0 5.71 
4710.6 288.0 5.71 
5099.2 288.0 5.71 
5494.0__ 288.0 5.71. 
5888.8 288.0 5.71 
6244.5 288.0J 5.71J 
5269.5 288.0 5.71 
3308.9 .o  25.00 
1757.2 .o  25.00 
433.9 .o  30.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
~0. - 

0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0-. 
0. 
0. 
0. 
0. 
0. 
0. 

. o o  

. o o  

. o o  
-00 
-00 
. oo  
. o o  
. o o  
. o o -  - 
. oo  
.oo  
.oo 
-00 
.oo  
.oo  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
388.22 
396.57 
403.35 
416.82 
427.29 

1044.3 
1661.5 
2414.8 
3134.6 
3530.4 
3919.9 
4315.7 . 

4710.6 
5099.2 
5494.0 
5888.8 
6244.5 
5269.5 
3308.9 
1757.2 
433.9 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4668.3 
5054.9 
5447.7 
5840.5 
6194.4 
6341.8 
5161.3 
2740.9 
743.7 

.o  

.o  

.o  

.o  

.o  

.o  
-0 
.o  
.o  
. o  
. o  
.o  
.o  
.o  
.o  
.o  

315.4 
131.3 
236.4 
314.6 
335.4 
355.7 
376.4 
397.1 
417.4 
438.1 
458.7 
477.3 
426.3 
807.2 
428.6 
131.0 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 183.00 
2 189.00 
3 220.00 
4 240.00 
5 260.00 
6 280.00 
7 300.00 
8 320.00 
9 340.00 

7.60 
7.60 
7.60 
7.60 
7.60 
7.60 
7.60 
7.60 
7.60 

14734. 
16943. 
34951. 
40667. 
46721. 
53108. 
59833. 
66859. 
74215. 

5.65 
6.45 
9.43 

10.40 
11.36 
12.31 
13.26 
14.19 
15.13 

11.83 
13.68 
23.20 
26.40 
29.50 
32.60 
35.80 
38.89 
41.99 

.478 

.472 

.407 

.394 

.385 

.378 
-370 
.365 
.360 
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10 360.00 7.60 81904. 16.05 45.18 .355 
11 380.00 7.60 89928. 16.97 48.27 .352 
12 396.44 7.60 96771. 17.72 50.84 .349 
13 396.69 7.60 95534. 17.73 50.63 ,350 
14 410.00 7.60 36632. 11.75 31.95 -368 
15 423.64 7.60 4564. 5.83 11.90 .490 
16 430.93 -00 0. 13.43 * 00 ,000 

Total Normal Stress = 3579.82 (psf) 

Shear Stress - - 392.40 (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 297.28 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.9121 

Total shear strength available 
along specified failure surface = 222.983+03 lb 
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GEOSYNTEC CONSULTANTS 1 2 6 9  Page -of .- 43 

PURPOSE 

- -  Evaluate whether GCL lot number 97101002 complies with the shear strength requirements given in the GCL specification- 
(Section 02772, Paragraph 2.01.E.3). The evaluation is based on the shear test results fiom GCL QA sample no. 22 and GCL / 
QC sample no. 08 

-- 

METHOD 

The method for evaluating the GCL samples is outlined in RCI number 1702-006R. The method involves the following 
basic steps. 

1. Use shear test results fiom the GCL samples to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 

2. Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 

3. Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 

J 

SHEAR TEST RESULTS 

The results of the GCL internal shear and GCL/geomembrane interface shear tests performed on QA sample no. 22 and the 
results of the GCL internal shear tests performed on QC sample no. 08 are shown in the following table. The results of the 
GCL internal shear tests for QA sample no. 22 were averaged with the results of the GCL internal shear tests for QC sample J 
no. 08. The averaged values for the GCL internal shear tests were used in the stability analyses. The laboratory test results 
for GCL QA sample no. 22 are presented in Appendix A. The laboratory test results for GCL QC sample no. 08 are 
presented in Appendix B. 

a 

Large-displacement 
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GEOSYNTEC CONSULTANTS 

Sample No. 

Written By : Date: I I / 5 /q? Reviewed by: Date: 11 1 4 147 
TaskNo.: 0 4  Client: Project: 0- ProjectlRopod~o.: 60 -Ot& 

STABILITY ANALYSES RESULTS 

Test Type Filename 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. 
- The analyses output files and figures showing critical slip surfaces are presented in Appendix C. - - 

Average QA22-QCO8 
QA 22 

GCL Internal NPP22AS J 2.8 / YES 1 

GCL/GMB Interface NPK22BS f 2.4 / YES / 

Average QA22-QCO8 
QA 22 

GCL Internal NPL22ADS 1.8 / YES / 

GCUGMB Interface NLD22BS J 2.7 J YES / 
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‘1997 GcoSyiitcc Consultants 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 221 

- ~- Test Specimenconfiguration (from top to bottom) and Placement. Conditions: 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-22). GCL’s initial moisture content was 10.0%. GCL’s 
final moisture content ranged from 55% to 75% for the test series; and 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: - 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5 ,  20, and 45 psi. 

Constant shear displacement rate: 0.004 in/min. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQOl66-04. I IF97301 17 1 97. I I .04 

63oos43 
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01997 GcoSyntec Consulta~lts 

TEST PROCEDURES AND CONDITIONS 
T E n  SERIES NUMBER: 22G 

- 
Test Specimen Configuration (from top to bottom) and Placement Conditions: 

- -  . .  .. 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-22) with woven geotextile against geomembrane. GCL's initial 
moisture content was 9.1 96. GCL's final moisture content ranged from 54 to 82% for the 
test series; 

80-mil NSC textured HDPE geomembrane (GM-16); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 
- 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 5 ,  20, and 45 psi. 

Constant shear displacement rate: 0.004 Wmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

GQol66-04.11F97303 17 2 97.1 I .04 



1269 

- 

- 5500 - 
5000 - 

- 
4500 - 

- 
n a000 - 
f! 
-3500- 
W - u 

v) - 

bi43 

TEST SERIES NUMBER 221: INTERNAL STRENGTH OF 
BENTOFIX NS GCL 
CONSOLIDATED CON ITIONS 

GCL-22) UNDER SOAKED AND 6 
TEST CONDITIONS - a,, = 5.0 psi - a,, = 45.0 psi 

-------------- - = 20.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hra at each stress 
SHEAR RATE: 0.004 In./mln. 

- FLUOR DANIEL FERNALD 
-ON-SITE DISPOSAL FACILITY 

- 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

SEE NOTE (2) 

0.0 0.3 0.6 0.0 1.2 1.5 1.8 2.1 2.4 2.7 2 
DISPIACEM ENT (in.) 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 
and shear stresses. 
internal shear failure within GCL was observed. 
Partial internal shear failure within GCL was observed. 

DATE TESTED: 23 OCTOBER TO 1 NOVEMBER 1997 - FIGURE NO. - 
IL GEOSYNTEC CONSULTANTS I- 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
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- 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

- ON-SITE DISPOSAL FACILITY 
- 

50 

c 

TEST SERIES NUMBER 221: INTERNAL SlRENGTH OF 
BENTOFIX NS GCL GCL-22) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

- - 
I- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

MEASURED SHEAR STRENGTHS 
------------------__-----------.--- 
a, = 5.0 psi, rm = 4.6 psi, T~ = 4.0 psi 
a, = 20.0 PSI, TW = 13.5 psi, TU = 2.9 psi 
a,, = 45.0 psi, T+ = 20.8 psi, T~ = 5.9 psi 

FIGURE NO. A-2 
PROJECT NO. 

DOCUMENT NO. 
GQOl66-04.1 

F9730117 
FILENO. ouo 552 

/ 
SOAKING 168 hm at 3 psi 
CONSOUDAllON: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

L 

NOTES: ( 

DATE TESTED: 23 OCTOBER TO 1 NOVEMBER 1997 
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- 
I- 
- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

- FLUOR DANIEL FERNALD 
--ON-SITE DISPOSAL --FACILITY 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

6000 I 

FIGURE NO. A-3 
PROJECT NO. 

DOCUMENT NO. 
GQOl66-04.1 

F9730117 

TEST SERIES NUMBER 22G: BENTOFIX NS GCL GCL-22) 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO rs S 
80-mil NSC TEUURED HDPE GEOMEMBRANE GM-16) 

TEST CONDITIONS - B, = 5.0 psi - un = 20.0 psi - Q, = 45.0 psi 

-------------- 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE 0.004 tn./mfn. 

I n  

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3 
DISPIACEM ENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 
and the contact area remained constant throughout the entire test. 

at the intended interface. 
(2) For each test, sliding (Le., shear failure) was observed to occur 

DATE TESTED: 11 TO 21 OCTOBER 1997 
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FLUOR DANIEL FERNALD 
-ON-SITE DISPOSAL FAClLIlY 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

50 

TEST SERIES NUMBER 22G: BENTOFIX NS GCL GCL-22) 
WITH WOVEN GEOTMTILE AGAINST GEOMEMBRAN i / 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-16) 
UNDER SOAKED AND CONSOLIDATED CONDITIO i S 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RAJE: 0.004 in./min. 

- 
0 l l l l I l l l l l l l l l l l l l I  

0 5 10 15 20 25 30 35 40 45 I 

NORMAL STRESS (psi) 
I 

DATE TESTED: 11 TO 21 OCTOBER 1997 
I FIGURENO. A--4 .. . 

PROJECT NO. GQOl66-04.1 I- 

'L GEOSYNTEC -CONSULTANTS 
DOCUMENT NO. F9730 1 17 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
F I W  0 554 

I- 

'L GEOSYNTEC -.CONSULTANTS PROJECT NO. GQOl66-04.1 
nnci IMFNT Nn F9730 1 17 
I .  WWUd44 
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Determining the lnlernol Shear Strength of  Caoaynthetics 
6 y  tM Direct Shear Method 

ASTM D 5321 

?:om! Nams: Perm Enviromenal Techna!oget 
;ate Tested: 1OX-37 

l_pl8tpan meters 
Materai Testea: Seosynthetic Clay Liner 
Shea: Rate: C . X M  lnimm 
7 3ay Hyo;atm 48 hour Consoicaricn 

Sarx le  IO 5011 No.00667 

a 

STS F q e c f  b 29550 

-1 N3rmel Shear 

^summam e* ROqm 

PeaK Frlcikn Angle: - 
AChesion. - 

Failure Envelope 

I 
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! 
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0 :3oc 2000 3MK: a o c  5100 
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5y :he Direc: Shear MelhoO 
ASTM D 5321 

SarrDle ID Roll No 60667 51s ? 3 , ] 8 C l C  E553 
Displa~ement Shear S:rsss Ca:e Testec: 7 S Z O - C i  

2800wf 
inches m n t  

0 .Ooo 
3.050 
0.100 
s 150 
C .200 
3250 
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0 400 
S . 6 0  
3500 
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0 S O  
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: 035 
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7 775 
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r331 
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1157 
1 x 2  
9% 
8 4 4 .  
741 
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46 1 
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400 
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29550-1 .XIS 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* * 
* X S T A B L  * 

* Slope Stability Analysis * 
* using the * 
* Method of Slices - * - 

* Copyright (C) 1992  6 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843,  U.S.A. * 
* All Rights Reserved * 

* * 

* * 
* * 
* Ver. 5 . 2 0 1  96 6 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

1 3  SURFACE boundary segments 

Segment x-left y-left x- right y- right Soil Unit 
N o .  (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  

. o  
9 2 . 0  

1 2 9 . 0  
1 5 0 . 0  
1 7 0 . 0  
1 9 0 . 0  
210 .0  
230 .0  
250 .0  
270 .0  
285 .0  
294 .0  
3 0 7 . 0  

1 6 0 . 0  
1 6 0 . 0  
1 5 3 . 0  
1 4 7 . 0  
1 4 0 . 0  
1 3 3 . 1  
1 2 6 . 1  
1 1 9 . 1  
1 1 2 . 2  
1 0 5 . 2  
1 0 0 . 0  

9 9 . 0  
9 9 . 0  

9 2 . 0  
1 2 9 . 0  
1 5 0 . 0  
1 7 0 . 0  
1 9 0 . 0  
2 1 0 . 0  
2 3 0 . 0  
2 5 0 . 0  
2 7 0 . 0  
285 .0  
2 9 4 . 0  
3 0 7 . 0  
3 3 0 . 0  

1 6 0 . 0  
1 5 3 . 0  
1 4 7 . 0  
1 4 0 . 0  
133.1 
1 2 6 . 1  
1 1 9 . 1  
1 1 2 . 2  
1 0 5 . 2  
1 0 0 . 0  

9 9 . 0  
9 9 . 0  

1 0 5 . 0  

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
N o .  (ft) (ft) (ft) (ft) Below Segment 

1 . o  1 5 3 . 0  1 2 9 . 0  1 5 3 . 0  1 
2 . o  9 4 . 1  1 3 6 . 5  9 1 . 4  3 
3 1 3 6 . 5  9 1 . 4  224 .8  93 .2  3 
4 2 2 4 . 8  9 3 . 2  2 8 5 . 0  94 .4  3 
5 285 .0  9 4 . 4  3 1 3 . 0  9 5 . 0  3 
6 3 1 3 . 0  95 .0  3 3 0 . 0  1 0 0 . 0  3 

000563 



i269 

Soil Unit Weight Cohesion Friction Pore Pressure Water- 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf 1 No. 

.ooo  . o  0 

3 1 2 5 . 0  1 2 5 . 0  .o  . o o  , 0 0 0  . o  0 

1 1 2 5 . 0  1 2 5 . 0  
2 1 2 5 . 0  1 2 5 . 0  I .ooo - . o  0 

25 .00  
.o  2oo.oj 3 0 . 0 0  

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf) (psf) 

1 - 1 0 0 0 . 0  .o  
2 . o  .o  
3 7 2 0 . 0  5 8 6 . 8 1  
4 2880 .0  1 9 1 9 . 0  
5 6480 .0  2774.2 
6 1 0 0 8 0 . 0  2774.2  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A SINGLE FAILURE SURFACE HAS BEEN SPECIFIED FOR ANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

290 .33  
282 .39  

282-18/ 224 .80  
1 5 6 . 4 3  
1 5 6 . 2 7  
1 1 7 . 2 8  
115.85 

9 9 . 4 1  
9 4 . 3 5  
9 4 . 1 4  
9 3 . 0 0 1  
9 1 . 6 5  
91 .80  

1 5 3 . 0 0  
1 5 5 . 4 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 

.. - 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

x-base 
(ft) 

287.66 
283.69 
282.28 
276.09 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
163.21 
156.35 
153.13 
139.50 
123.14 
116.57 

y-base 
(ft) 

97.71 
95.18 
94.24 
94.02 
93.70 
93.30 
93.05 
92.85 
92.51 
92.12 
91.78 
91.73 
96.72 
118.12 
143.80 
154.24 

height 
(ft) 

1.99 
5.27 
6.70 
9.07 

15.00 
22.35 
26.96 
30.66 
37.09 
44.43 
50.59 
53.05 
49.18 
31.88 
10.31 
1.11 

width 
(ft) 

5.33 
2.61 
.21 

12.18 
20.00 
20.00 
5.20 

14.80 
20.00 
20.00 
13.57 

.16 
6.27 

21.00 
11.72 
1.43 

ITERATIONS FOR SPENCER'S METHOD 

Iter # Theta FOS force 
2 16.9486 2,7942 
3 16.9746 2.7954 
4 16.9741 2.7954 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force 
2 16.9949 2,7784 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
1 16.9949 2,7784 

alpha 

-32.50 
-32.50 
-45.00 
-1.14 
-1.14 
-1.14 
-1.14 
-1.13 
-1.13 
-1.13 
-1.13 
43.15 
57.50 
57.50 
57.50 
60.11 

beta 

__ 
6.34 

19.12 
19.12 
19.12 
19.29 
19.03 
19.29 
19.29 
19.29 
19.03 
19.29 
19.29 
19.29 
15.95 
10.71 
10.71 

FOS moment 
2,8341 
2.7942 
2.7954 

FOS moment 
2,7775 

FOS moment 
2-7775 

weight 
(1b) 

1328. 
1721. 
174. 

13809. 
37502. 
55870. 
17523. 
56714. 
92724. 

111087. 
85815. 
1074. 

38534. 
-83678. 
15099. 

198. 

-~ 

SLICE INFORMATION . . .  continued : 



1 2 6 9  
Slice sigma c-value phi U-base U-top P-top Delta 

(psf) (PSf 1 (lb) (lb) (lb) 

1 
2 
3 
4 
5 
6 .  
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

408 .9  
1123 .3  
2235 .0  
1248 .2  
2052 .6  
3 04 1 .3 .. 
3637 .8  
4116.0 
4948.3 
5898.6 
6 6 8 9 . 1  
4737.2 
3579 .8  
2301.4 

707 .7  
7 6 . 0  

. o  30 .00  
2 0 0 . 0  2 5 . 0 0  
142 .7J  31.66’ 
1 4 2 . 7  31.66 
1 4 2 . 7  31.66 

1234.8 . 1 3 . 3 6 .  . 

1234.8 1 3 . 3 6  
1234 .8  1 3 . 3 6  
1234 .8  13 .36  
1 2 3 4 . 8 1  13.36’  

1234 .8  1 3 . 3 6  
200 .0  2 5 . 0 0  
200 .0  2 5 . 0 0  
200 .0  25.00 

. o  30 .00  

2774.2 I .oo/  

0. 
0. 
0. 
0. 
0. 
0. . 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. - 

0. 
0. 
0. 
0. 
0. - -  

0. 
0. 
0. 
0. 
0. 

0. . o o  
0. . o o  
0. . oo  
0. . oo  
0. . o o  
0. . o o  
0. . oo  
0. . oo  
0. . oo  
0. . o o  
0. . oo  
0. . oo  
0. . o o  
0. . o o  
0. . o o  
0. . o o  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf) (psf 1 (psf) (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

287.66 
283.69 
282.28 
276.09 
260 .00  
240 .00  
227 .40  
217 .40  
200 .00  
1 8 0 . 0 0  
1 6 3 . 2 1  
1 5 6 . 3 5  
153 .13  
1 3 9 . 5 0  
123 .14  
1 1 6 . 5 7  

4 0 8 . 9  
1123 .3  
2235 .0  
1 2 4 8 . 2  
2052 .6  
3041.3 
3637 .8  
4116.0 
4948.3 
5898.6 
6 6 8 9 . 1  
4737 .2  
3579.8 
2301.4 

707 .7  
7 6 . 0  

249.2 
659.0 
837.2 

1 1 3 3 . 7  
1 8 7 5 . 1  
2793 .5  
3369.8 
3832.0 
4636.2 
5554.3 
6323.8 
6631.5 
6147.6 
3984.7 
1288 .3  

1 3 8 . 6  

.o  

.o  

.o  

.o  

.o  

.o  

. o  

. o  

. o  

. o  

. o  
- 0  
. o  
.o  
.o  
-0 

85 .0  
260 .5  
547 .5  
3 2 8 . 5  
507.0 
704 .5  
755 .5  
796 .4  
867 .5  
948 .8  
998.5 
849 .5  
6 7 2 . 8  
458 .2  
1 9 0 . 8  

1 5 . 8  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 285 .00  1 6 . 9 9  1 9 2 5 .  2 . 5 1  3 . 9 9  .630 
2 282.39 1 6 . 9 9  4591.  2 . 8 0  6 . 5 6  .427 
3 282.18 1 6 . 9 9  5196.  2 .73  6 . 8 4  .399 
4 270 .00  1 6 . 9 9  9695. 4 . 5 1  1 1 . 3 0  .399 
5 250 .00  1 6 . 9 9  21151.  6 . 8 1  1 8 . 7 0  .364 



1 2 6 9  
6 
7 
8 
9 

10 
11 
12 
13 

230.00 
224.80 
210.00 
190.00 
170.00 
156.43 
156.27 
150.00 

16.99 
16.99 
16.99 
16.99 
16.99 
16.99 
16.99 
16.99 

37148. 
41648. 
55230. 
75416. 
97694. 

113736, 
113128. 
80709. 

8.99 
9.62 
11.48 
14.04 
16.60 
18.37 
18.36 
16.22 

26.00 
27.92 
33.39 
40.79 
48.08 
53.10 
53.00 
45.36 

. 18.40 14 129.00 16.99. . 11448. . 7.53 
15 117.28 16.99 172. 1.03 2.22 
16 115.85 .oo -2. .06 .oo 

Total Normal Stress = 3125.24 (psf) 
Pore Water Pressure = .oo  (psf) 
Shear Stress - - 594.37 (psf) 

Total Length of failure surface = 211.14 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.778 1 
Total shear strength available 
along specified failure surface = 348.683+03 lb 

.346 

.344 

.344 

.344 

.345 

.346 

.346 

.358 

.410 

.463 

. ooo  
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Problem Description : OSDF Interim Closure/Short-Term,Peak - 

13 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

.o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x- lef t y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

.o  
-0 

136.5 
224.8 
285.0 
313.0 

153.0 
94.1 
91.4 
93.2 
94.4 
95.0 

129.0 
136.5 
224.8 
285.0 
313.0 
330.0 

153.0 
91.4 
93.2 
94.4 
95.0 

100.0 

1 
3 
3 
3 
3 

'. 3 



3 Soil unit(s) specified 

Soil Unit Weight .Cohesion Friction-_ Pore Pressure-. _Water - 

Unit Moi s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

-000 .o  0 
.ooo - .o  0 
.ooo .o 0 

25 - 0°/ 1 125.0 125.0 200.0 
2 125.0 125.0 . O j  30.00 
3 125.0 125.0 .o  .oo 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 

Point 
No. 

3 

Normal Stress Shear Stress 
(psf 1 (psf 1 

-1000.0 
. o  

720.01 
2880.0 
6480.0 

10080.0 

.o  

.o  

1411.2 
2361.6 
2361.6 

374.41 

Trial failure 
the following 

Point 
No. 

surface specified by 
8 coordinate points : 

x-surf y-surf 
(ft) (ft) 

291.87 
284.25 
284.05 
224.80f 
160.54 
160.38 
121.44 
120.52 

99.24 
94.39 
94.18 
93.00/ 
91.72 
91.89 

153.00 
154.60 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

‘ I  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 

_ _  
1 
2 
3 
4 
5- 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

x-base 
(ft) 

288 -43 
284.62 
284.15 
277.02 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
165.27 
160.46 
155.19 
139.50 
125.22 
120.98 

y-base 
(ft) 

97.05 
94.63 
94.28 
94.04 
93.70 
93.30 
93.05 
92.85 
92.51 
92.11 
91.81 
91.81 

100.03 
124.66 
147.07 
153.80 

height 
(ft) 

.. 

2.57 
5.50 
6.01 
8.72 
15.00 
22 -35 
26.96 
30.66 
37.09 
44.44 
49.84 
51.53 
45.15 
25.34 
6.65 
-72 

width 
(ft) 

. .  

6.87 
* 75 
.20 

14.05 
20.00 
20.00 
5.20 
14.80 
20.00 
20.00 
9.46 
.16 

10.38 
21.00 
7.56 
.92 

alpha 

-32.46 
-32.46 
-46.40 
-1.14 
-1.14 
-1.14 
-1.14 
-1.14 
-1.14 
-1.14 
-1.14 
46.74 
57.49 
57.49 
57.49 
60.17 

beta 

6.34 
19.12 
19.12 
19.12 
19.29 
19.03 
19.29 
19.29 
19.29 
19.03 
19.29 
19.29 
19.29 
15.95 
10.71 
10.71 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS-f orce FOS moment 
2 17.4584 2.3707 2T3869 
3 17.4722 2.3712 2.3707 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force FOS-moment 
2 17.4757 2,3632 2.3631 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force FOS-moment 
1 17.4757 2,3632 2.3631 

weight 
(lb) 

2204. 
519. 
147. 

15323. 
37497. 
55868. 
17523. 
56716. 
92735. 

111106. 
58937. 
1031. 

58580. 
66523. 
6282. 

82. 

- ~ . .  

SLICE INFORMATION . . .  continued : 
Slice Sigma c-value phi U-base U-top P-top Delta 

Qe)OS7;;3 



1 
2 
3 
4 
5 
6 

. ~ . . .  7 
8 
9 
10 
11 
-x2 
13 
14 
15 
16 

565.4 . o  30.00 
1255.4 200.0 25.00 
1958.6 28-81 25.64j 
1182.5 28.8 25.64 
2029.7 28.8 25.64 
3017.4 650.9d 14.79J 
3620.0 - 650.9 14.79 
4103.6 650.9 14.79 
4944.9 650.9 14.79 
5905.4 650.9 14.79 

4-3 97 .4 650.9 -14.79 
3179.5 200.0 25.00 
1757.9 200.0 25.00 
416.1 200.0 25.00 
47.2 .o  30.00 

6606.1 2361.61 .oo J 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

..o. .. 

0. 
0 .  
0. 
0. 
0. 
0 .  
-0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf (psf (psf (psf 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

288.43 
284.62 
284.15 
277.02 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
165.27 
160.46 
155.19 
139.50 
125.22 
120.98 

565.4 
1255.4 
1958.6 
1182.5 
2329.7 
3017.4 
3620.0 
4103.6 
4944.9 
5905.4 
6606.1 
4397.4 
3179.5 
1757.9 
416.1 
47.2 

320.8 
688.0 
751.6 

1090.6 
1874.9 
2793 -4 
3369.8 
3832.2 
4636.8 
5555.3 
6230.2 
6441.8 
5643.6 
3167.8 
830.9 
89.4 

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

.o  

. o  

. o  

138.1 
332.3 
410.0 
252.4 
424.4 
612.5 
679.8 
733.8 
827.8 
935.1 
999.3 
766.7 
712.0 
431.5 
166.7 
11.5 

. o o  

. o o  

. o o  

.oo  

. o o  
* 00 

. oo  

.oo  

.oo  

.oo  

. o o  

.oo  

.oo  
-00 
-00 

.. oo.--- 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 285.00 17.48 3585. 3.27 5.13 .636 
2 284.25 17.48 4480. 3.26 .5.87 .555 
3 284.05 17.48 4984. 3.18 6.15 .518 
4 270.00 17.48 9048. 5.40 11.30 .478 
5 250.00 17.48 18796. 7.56 18.70 -404 
6 230.00 17.48 32898. 9.58 26.00 .368 

t 

c900573 



1269 2743 
7 
8 
9 

10 
11 
12 
13 
14 
15 .. 

16 

224.80 
210.00 
190.00 
170.00 
160.54 
160.38 
150.00 
129.00 
121.44 
120.52 

17.48 
17.48 
17.48 
17.48 
17.48 
17.48 
17.48 
17.48 
-17.48 

* 00 

36998. 
49652. 
69075. 
91149. 
102365. 
101710. 
55159. 
3922. 

. -68. 
0. 

10.16 
11.89 
14.30 
16.72 
17.88 
17.88 
14.45 
4.84 

.. ..66 - 
-2.06 

27.92 
33.39 
40.79 
48.09 
51.59 
51.48 
38.82 
11.86 
. A .  43 

.oo  

Total Normal Stress = 2989.71 (psf) 

Shear Stress - - 569.48 (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 207.40 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.363 / 
Total shear strength available 
along specified failure surface = 279.123+03 lb 

.364 
-356 
.351 
.348 
* 347 
-347 
-372 
.408 
,459 - 

. ooo  
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Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x-right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 

I 

Segment x-left y-left x-right y-right Soil Unit 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 

cpoq,p  



1 2 6 9  
5 189.0 106.0 410.0 142.8 
6 410.0 142.8 467.0 148.5 
7 467.0 148.5 555.0 152.9 

9 220.0 100.0 300.0 100.8 

11 410.0 102.0 555.0 103.5 

8 183.0 105.0 220.0 100.0 

10 300.0 100.8 410.0 102.0 

3 Soil unit(s) specified 

1 
1 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 ( deg 1 Ru (psf) No. 

.ooo .o 0 

.ooo .o  0 

.ooo  .o  0 
25-00/ 

1 125.0 125.0 
2 125.0 125.0 .o  30.00 
3 125.0 125.0 -0 .oo 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress 
No. (psf 1 

Shear Stress 
(psf 1 

1 -1000.0 .o  
2 . o  .o  

452.9 1 
630.8 
702.7 

3 
4 2880.0 
5 6480.0 
6 10080.0 702.7 

720*0/ 

Trial failure surface specified by 
the following 9 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10 
183.00 
220.00 
300.00/ 
409.90 
435.85 
435.99 
465.34 
472.40 

114.18 
105.00 
99.80 

100.60 J 
101.80 
102.13 
102.27 
148.33 
160.57 



11269 3. 
4 
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SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

x-base 
(ft) 

175.05 
186.00 
,204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
394.95 
409.95 
422.92 
435.92 
450.49 
465.17 
468.87 

y-base 
(ft) 

109.59 
104.58 
101.98 
99.90 

100.10 
100.30 
100.50 
100.71 
100.93 
101.15 
101.36 
101.64 
101.80 
101.97 
102.20 
125.03 
148.07 
154.45 

height 
(ft) 

5.92 
12.75 
18.44 
24.80 
27.95 
31.05 
34.20 
37.34 
40.42 
43.55 
46.69 
50.55 
52.89 
54.03 
55.09 
33.72 
12.14 
5.94 

width 
(ft) 

15.90 
6.00 

31.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
29.90 

.10 
25.85 

.14 
29.01 

.34 
7.06 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 7.7331 1,8198 
3 7.7506 1.8203 

Iter # Theta FOS force 
1 7.7506 118203 

SLICE INFORMATION ... continued : 
Slice sigma c-value phi U-base 

(psf 1 (psf 1 (lb) 

alpha 

-30.01 
-8.00 
-8.00 

.57 

.57 

.57 

.57 

.63 

.63 

.63 

.63 

.63 
-73 
.73 

45.00 
57.49 
57.49 
60.02 

beta 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
5.71 
5.71 
5.71 
2.86 
2.86 

. .  

FOS moment 
1,8424 
1.8198 

FOS moment 
1,8198 

weight 
(lb) 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93352. 

101056. 
108885. 
116714. 
188949. 

661. 
174574. 

964. 
122264. 

520. 
5241. 

.? 

U-top P-tops Delta 
(lb) (lb) 



1 
2 
3 
4 
5 
6 
7 

- - .  8 
9 

1 0  
11 
1 2  
13 
1 4  
1 5  
1 6  
1 7  
1 8  

1064 .1  .o  30.00 
1708.2 393.6 4 . 7 1  
2441.9 393.61  4.71’ 
3139.8 573.3J 1.14’  
3533.5 573.3 1.14 
3921.1 573.3 1.14 
4314.8 573.3 1.14 
4706.5 ’ - 573_.3 - 1 .14 .- 

5091.7 573.3 1.14 
5483.1  573.3 1.14 
5874.5 573.3 1.14 
6358.1  573.31 1.14’ 

6789.2 702.7 .oo 
5773.8 573.3 1.14 
2666.2 .o  25.00 

960.2 .o  25.00 
426.2 .o  30.00 

6647.5 702.7) .ooJ  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. ~ 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

1 2 6 9  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. - 
0. 
0. 
0. 
0. 
0 .- 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0.. - 
0. 
0. 
0. 
0. 

- 0. 
0. 

. 0. 
0. 
0. 
0. 

-00 
. o o  
. o o  
-00 
-00 
.oo 
. o o  
..oo -- 

.oo 

.oo  

.oo 
-00 
.oo 
.oo 
.oo 
-00 
. oo  
.oo  

Slice Base Normal Vertical Pore Water Shear 
Stress Pressure Stress # x-coord Stress 

(ft) (psf) (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14  
1 5  
1 6  
1 7  
1 8  

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
394.95 
409.95 
422.92 
435.92 
450.49 
465.17 
468.87 

1064.1  
1708.2 
2441.9 
3139.8 
3533 - 5  
3921.1 
4314.8 
4706.5 
5091.7 
5483 .1  
5874.5 
6358.1  
6647.5 
6789.2 
5773.8 
2666.2 

960.2 
426.2 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4667.6 
5052.8 
5444.3 
5835.7 
6319.4 
6611.4 
6753.4 
6886.5 
4214.5 
1517.9 

742.7 

. o  

.o  

. o  

. o  

. o  

. o  

. o  
-0 
. o  
. o  
.o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  

337.5 
293.5 
326.7 
349.4 
353.7 
358.0 
362.3 
366.6 
370.8 
375 .1  
379.4 
384.7 
386.0 
386.0 
378.3 
683.0 
246.0 
135.2 

Force Interslice Force Boundary Height 
Height Ratio 

Slice Right 
# x-coord Angle Force Height 

(ft) (degrees) (lb) (ft) (ft) 

1 183.00 7.75 15278. 5.68 11.83 .480 . 

2 189.00 7.75 18509. 6 .20 13.68 .453 
3 220.00 7.75 39467. 9 . 2 1  23.20 - 3 9 7  



4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

240.00 
260.00 
280.00 
300 .OO 
320.00 
340.00 
360.00 
380.00 
409.90 
410.00 
435.85 
435.99 
465.00 
465.34 
472.40 

7.75 
7.75 
7.75 
7.75 
7.75 
7.75 
7.75 
7.75 

_ _  7.75 . 
7.75 
7.75 
7.75 
7.75 
7.75 

.oo 

45886. 
52312. 
58746. 
65187. 
71549. 
77911. 
84274. 
90637. 

100151. 
100181. 
108000. 
107238. 
4734. 
4298. 

-2. 

10.28 
11.39 
12.53 
13 -69 
14.87 
16.07 
17.27 
18.48 
-20.30 
20.30 
21.91 
21.95 
5.59 
5.64 - 

- .06 

1 2 6 9  
26.40 
29.50 
32.60 
35.80 
38.88 
41.96 
45.14 
48.23 
52.88 
52.90 
55.15 
55.03 
12.40 
11.88 

-00 

Total Normal Stress = 3951.68 (psf) 

Shear Stress - - 402.44 (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 340.53 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.820 / 
Total shear strength available 
along specified failure surface = 249.463+03 lb 

-389 
.386 
-384 
-383 
.383 
-383 
-383 
.383 
..3 84 
.384 
-397 
-399 
.450 
.474 
.ooo 



e 

a 
c\I 

Q) 
0 
U + 
L 
3 
m 

I 2 6 9  

0 
0 
(D 

0 
0 
rf) 

0- 
S E  

X 

I 
X 

a 

0 
0 
M 

0 
0 

0 



1269 

tn 
W 
0 
& 
0 
LL 
w 
0 
-I 
tn 
Iy 
W 
I- 
Z 

- 
I 
I 
I 
I 
I - I 
I - 

0 
0 In 

0 
0 * 

0 
0 m 

0 
0 
h( 

0 
0 
c 

0 0 0 0 0 
0 v) v) 

I 
v) 

c - 

0 
0 * 

0 
0 m 

0 
0 cv 

0 
0 - 

o m  

0 

o n  

0 
0 
I 

X 
0 
0 
h( 

I ' I ' I ' I ' I ' I ' I '  

0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  

n 
a, 
Q, 

c 

rc 
W 

0 
0 * 
n 

Q, 
Q, 

+ 

rc 
v 

o m  
oL3 
W I y  
0 
0 
0 
I 

X 
0 
0 el 

0 
0 
c 



XSTABL File: NLD22BS 11-05-97 16:25 

I269 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* Slope Stability Analysis 
* using the * 

Method of Slices - * 

* Copyright (C) 1992 6 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* All Rights Reserved * 

* * 

. ._ 
* 
* * _ _  

* * 
* * 
* Ver. 5.201 96 A 1202 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x-right y- right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x- lef t y-left x- right y- right Soil Unit 

1 60.0 90.0 120.0 100.0 2 
2 120.0 100.0 150.0 105.0 2 
3 150.0 105.0 183.0 105.0 2 
4 183.0 105.0 189.0 106.0 1 

No. (ft) (ft) (ft) (ft) Below Segment 0 
0 0 0 58!i! I 



5 189.0 106.0 
6 410.0 142.8 
7 467.0 148.5 
8 183.0 105.0 
9 220.0 100.0 

10 300.0 100.8 
11 410.0 102.0 

410.0 
467.0 
555.0 
220.0 
300.0 
410.0 
555.0 

142.8 
148.5 
152.9 
100.0 
100.8 
102.0 
103.5 

c 2: 
4 2 6 9  
1 
1 
3 
3 
3 
3 

3 Soil unit ( s )  specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 125.0 125.0 . o  25.00 . ooo  . o  0 
2 125.0 125.0 30.00,) . ooo  . o  0 
3 125.0 125.0 . o  - O J  . o o  .ooo . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s1 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf) (psf 1 

1 -1000.0 .o  
2 . o  .o  
3 720.0 316.8 
4 2880.0 878.4 
5 6480.0 / 1584.0 f 
6 10080.0 1584.0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A SINGLE FAILURE SURFACE HAS BEEN SPECIFIED FOR ANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10 
183.00 
220.00 
300.00 
390.111 
390.27 
416.83 
424.12. 

114.18 
105.00 
99.80 

100.60 
101.63 
101.78 
143.48 
156.11 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. .  . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.- 

Slice x-base y-base height . width alpha 
(ft) (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
385.05 
390.19 
400.14 
413.42 
420.48 

109.59 5.92 15.90 -30.01 
104.58 12.75 6.00 -8.00 
101.98 18.44 31.00 -8.00 
99.90 24.80 20.00 -57 

100.10 27.95 20.00 -57 
100.30 31.05 20.00 -57 
100.50 34.20 20.00 -57 
100.71 37.34 20.00 .65 
100.94 40.41 20.00 .65 
101.17 43.53 20.00 .65 
101.40 46.65 20.00 .65 
101.57 48.97 10.11 -65 
101.71 49.69 .16 43.15 
117.27 35.79 19.73 57.51 
138.12 16.92 6.83 57.51 
149.80 5.95 7.29 60.01 

Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
2 8.4028 2,6916 
3 8.4430 2.6935 
4 8.4420 2.6935 

Iter # Theta FOS-f orce 
1 8.4420 2.6935 

SLICE INFORMATION . . .  continued : 

Slice Sigma c-value phi U-base 
(psf 1 (psf 1 (lb) 

1 974.9 . o  30.00 0. 

beta 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

FOS moment 
2,7319 
2.6916 
2.6935 

FOS moment 
2-6935 

weight 
(lb) 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93339. 

101018. 
108821. 
116625. 
61886. 
1013. 

88242. 
14451. 
5420. 

U-top P-top Delta 
(lb) (lb) 



2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

1 6 9 0 . 7  1 2 9 . 6  14 .57  
2437.5 1 2 9 . 6 1  14.57J 
3 1 4 3 . 1  3 1 3 . 9 8  1 1 - 0 9 ’  
3540.3 313 .9  1 1 - 0 9  
3 9 3 1 . 1  313 .9  11.09 
4328.3 313 .9  11 .09  
4722 .0  313.9 11.09 
5 1 0 9 . 1  313.9 11 .09  
5502 .5  313 .9  1 1 . 0 9  .. 

5896 .0  313 .9  11 .09  
6188.4 3 1 3 . 9  11-09 
5114.3 313 .9  11 .09  
3024 .2  .O 25.00 
1 4 3 0 . 0  .o  25.00 

4 6 5 . 8  .o  30 .00  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 .-. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

- 0-. 
0. 

1 2 6 9  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

. o o  

. o o  

. o o  

. o o  

. o o  
-00 
-00 
. o o  
.oo  - -  

-00 
. o o  
.oo  
.oo  
. o o  - 
. o o  

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf) (psf 1 (psf 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

175 .05  
1 8 6 . 0 0  
204 .50  
230 .00  
250 .00  
270 .00  
290 .00  
310 .00  
330 .00  
350 .00  
370 .00  
385.05 
390 .19  
400.14 
413 - 4 2  
420.48 

974.9 
1690 .7  
2437 .5  
3 1 4 3 . 1  
3540.3 
3 9 3 1 . 1  
4328.3 
4722.0 
5 1 0 9 . 1  
5502.5 
5896.0 
6188.4 
5114.3 
3024 .2  
1430 .0  

465 .8  

7 3 9 . 6  
1 5 9 4 . 4  
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4667 .0  
5050 .9  
5 4 4 1 . 1  
5831 .2  
6121.3 
6211 .5  
4473 .2  
2115 .2  

7 4 3 . 7  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  
-0 
.o  

2 0 9 . 0  
211 .3  
2 8 3 . 4  
345 .3  
3 7 4 . 2  
4 0 2 . 6  
431 .5  
4 6 0 . 2  
488 .3  
5 1 7 . 0  
545 .6  
5 6 6 . 9  
4 8 8 . 7  
5 2 3 . 6  
2 4 7 . 6  

99.8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER’S ( 1 9 7 3 )  - Magnitude & Location of Interslice Forces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

183 .00  
189 .00  
220.00 
240.00 
260.00 
280.00 
300.00 
320 .00  
340 .00  

8.44 
8.44 
8 .44  
8 .44  
8 .44  
8 .44  
8 .44  
8 .44  
8.44 

1 2 4 0 9 .  
1 5 1 3 2 .  
34750.  
41096 .  
47945.  
55291.  
63141.  
71354.  
80046.  

5 .77 
6 . 3 1  
9.18 

1 0 . 3 1  
1 1 . 4 1  
1 2 . 4 8  
1 3 . 5 2  
1 4 . 5 5  
1 5 . 5 6  

1 1 . 8 3  
13 .68  
2 3 . 2 0  
26 .40  
2 9 . 5 0  
3 2 . 6 0  
3 5 . 8 0  
3 8 . 8 7  
41 .94  

.488 

. 4 6 1  

.396 

. 3 9 1  

.387  

.383 

.378 

.374 

. 3 7 1  



10 360.00 8.44 89227. 
11 380.00 8.44 98896. 
12 390.11 8.44 103967. 
13 390.27 8.44 103257. 
14 410.00 8.44 19008. 
15 416.83 8.44 5211. 
16 424.12 .oo 0. 

1 2 6 9  
16.56 45.11 .367 
17.54 48.19 .364 
18.04 49.75 -363 
18.03 49.63 .363 
7.77 21.94 .354 
5.77 11-90 -485 

,26.48 -00 . ooo  

Total Normal Stress = 3542.66 (psf) 

Shear Stress - - 396.28 (psf) 
Pore Water Pressure = -00 (psf) 

Total Length of failure surface = 290.09 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.693 1 
Total shear strength available 
along specified failure surface = 309.633+03 lb 

000588 
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1 2 6 9  

GCL Internal 

GEOSYTVTEC CONSULTANTS Page I of ~45, 

5 psi 20 psi 45 psi 

Peak QA 23 5.2 J 9.7 J 19.7 J 
QC 09 4.44 J 13.951 21.46/ 

Average QA23-QC09 4.820 J 11.825 / 20.5801 

Evaluate whether GCL lot number 97101002 complies with the shear-strength requirements-given in the GCL specification- 
(Section 02772, Paragraph 2.01.E.3). The evaluation is based on the shear test results from GCL QA sample no. 23 and GCL 4 
QC sample no. 09 

QA 23 
QC 09 

Average QA23-QC09 
QA 23 
QA 23 

METHOD 

2.5 J 5.4 J 7.1 1 
3.02 t/ 3.10 J 4.49 9 
2.760 J 4.2504 5.795 J 
2.5 J 8.4 J 18.7 ./ 
1.7 I 4.5 J 8.3 

The method for evaluating the GCL samples is outlined in RCI number 1702-006R The method involves the following 
basic steps. 

1 1. 

2. 

Use shear test results from the GCL samples to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 3. 

SHEAR TEST RESULTS 

The results of the GCL internal shear and GCUgeomembrane interface shear tests performed on QA sample no. 23 and the 
results of the GCL internal shear tests performed on QC sample no. 09 are shown in the following table. The results of the 
GCL internal shear tests for QA sample no. 23 were averaged with the results of the GCL internal shear tests for QC sample 
no. 09. The averaged values for the GCL internal shear tests were used in the stability analyses. The laboratory test results 
for GCL QA sample no. 23 are presented in Appendix A. The laboratory test results for GCL QC sample no. 09 are 
presented in Appendix B. 

1 a 
Test Type I Case I Sample No. I Measured Shear Strengths (psi) 

fi Interface Laree-disolacement 
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Average QA23-QCO9 
QA 23 

GEOSYNTEC CONSULTANTS Page 2 of -, 45 

GCL Internal NPP23AS 4 2.8 J YES I 
GCL/GMB Interface NPK23BS 1 2.4 J YES 1 

Client: T,oF Project: OsDF 

STABILITY ANALYSES RESULTS 

Average QA23-QCO9 
OA 23 

The results of the slope stability analyses performed using the computer program XSTABL are shown in the table below. 
The analyses output files and figures showing critical slip surfaces are presented in Appendix C. - - 

I Sample No. I Test Type I Filename I Factorofsafety I Comply? 1 

GCL Internal I NPL23AS J 1.9 J YES 1 
GCL/GMB Interface I NLD23BS J 2.2 1 YES 1 
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'I" PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 231 

Test Specimen Configuration (from top to bottom) and Placement Conditions: . -  - 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-23). GCL's initial moisture content was 9.4%. GCL's 
find moisture content ranged from 56% to 88% for the test series; and 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5, 20, and 45 psi. 

Constant shear displacement rate: 0.004 in/min. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQOl66-04.lfF9730114 1 
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TEST PROCEDURES AND CONDITIONS 
TIST SERIES NUMBER: 23C 

Test Specimen Cofliguration (from top to bottom) and Placement Conditions: 
- .  - - 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-23) with woven geotextile against geomembrane. GCL’s initial 
moisture content was 9.4%. GCL’s final moisture content ranged from 57 to 84% for the 
test series; 

BO-mil NSC textured HDPE geomembrane (GM-7); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 5, 20, and 45 psi. 

Constant shear displacement rate: 0.004 inlmin. 

The direction of shear for each interface direct shear test was in the lrection of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

GQOl66-04. I IF97301 14 2 97. I I .03 
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I- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD . _. 

-ON-SITE-DISPOSAL FACILITY 
PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

FIGURE NO. A-1 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730114 

6000 

TEST SERIES NUMBER 231: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-23) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

TEST CONDITIONS - a, = 5.0 psi - a, = 20.0 psi 
CCCCL u, = 45.0 psi 

-------------- 

SOAKING 168 hrs at 3 psi 
CONSOUDATION: 48 hra at each stress 
SHEAR RATE: 0.004 In./mln. 

SEE NOTE (2) 

- 

SEE NOTE (3) 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 
DISPLACEM ENT (in.) 

I 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 
and shear stresses. 
Internal shear failure within GCL was observed. 
Partial internal shear failure within GCL was observed. 

DATE TESTED: 13 TO 22 OCTOBER 1997 
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FIGURE NO. A-2 
PROJECT NO. GQOl66-04.1 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

-ON-SITE DISPOSAL FACILITY 

5 4 

TEST SERIES NUMBER 231: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-23) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

MEASURED SHEAR STRENGTHS ________-__------------------------ 
a,, = 5.0 psi, 7- = 5.2 psi, 7u = 2.5 psi 
a,, = 20.0 psi, T~ = 9.7 psi, T~ = 5.4 psi 
a,, = 45.0 psi, T~ = 19.7 psi, T~ = 7.1 psi 

C..'PEAK : 6, = 20'; ap - 425 sf; R' - 0.995 
Q m W U )  6~ s'; & & PSf; = 0.916 

SOAKING: 168 hrs at 3 psi SEE NOTE (3) 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE; 0.004 in./min. 

0 5 10 15 20 25 30 35 40 45 ! 
NORMAL STRESS (psi) 

DATE TESTED: 13 TO 22 OCTOBER 1997 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 
F9730114 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
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'L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

TEST SERIES NUMBER 23G: BENTOFIX NS GCL GCL-23) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN 1 / 

A-3 FIGURE NO. 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730114 

t-C]R FILE pf]Qa . 

80-mil NSC TMTURED HDPE GEOMEMBRANE GM'-7) 
UNDER SOAKED AND CONSOLIDATED CONDITIO d S 

TEST CONDITIONS - an = 5.0 psi - un = 20.0 psi - an = 45.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./rnln. 

NOTES: (1) The shear box size was 1 2  in. by 1 2  in. (300 mm by 300 mm), 
and the contact area remained constant throughout the entire test. 

(2) Partial internal shear failure was observed to occur within the GCL 

(3) Shear failure was observed to occur at the intended interface. 

DATE TESTED: 13 TO 23 OCTOBER 1997 
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'L GEO SYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

7445 

FIGURE NO. A-4 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. 

FILE NO 
F9730114 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

--ON-SITE DISPOSAL FACILITY ._ 

50 

TEST SERIES NUMBER 23G: BENTOFIX NS GCL GCL-23) 
WITH WOVEN GEOTMILE AGAINST GEOMEMBRAN L / 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-7) 
UNDER SOAKED AND CONSOLIDATED CONDITIO S 

MEASURED SHEAR STRENGTHS ----------------------------------- 
(In = 5.0 psi, 7 p o k  = 2.5 psi, T~ = 1.7 psi 
on = 20.0 psi, T~ = 8.4 psi, T~ = 4.5 psi 
(I, = 45.0 psi, T~ = 18.7 psi, T~ 5: 8.3 psi 

._..!.PEAK : a,, = 22'; a,p = 60 R' = 1.000 
a m w  ID- STRENGTH: 6, = 9 ,  am = 1 F p s f ;  @ = 0.998 

SQAKlNG 168 hm at 3 Dsi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

SEENOTE&) 

0 
0 

0 
0 

0 
0 

4s;- - 

o ~ ~ l l l l l l ~ l l l ~ l l ~ ~ l l l  
0 5 10 15 20 25 30 35 40 45 

NORMAL STRESS (psi) 

DATE TESTED: 13 TO 23 OCTOBER 

-. 

1997 
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APPENDIX C 
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XSTABL File: NPP23AS 11-03-97 16:30 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* Slope Stability Analysis * 
* using the * 

_ _  Method of Slices . ._ 

* Copyright (C) 1992 6 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. 

* A l l  Rights Reserved * 

* * 

* * 
* * 

* * 
* * 
* Ver. 5.201 96 6 1202 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

13 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 

a 

. o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 .o  153.0 129.0 
2 .o  94.1 136.5 
3 136.5 91.4 224.8 
4 224.8 93.2 285.0 
5 285.0 94-4 313.0 
6 313.0 95.. 0 330.0 

y-right 
(ft) 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

. -  

Soil Unit 
Below Segment 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

y-right Soil Unit 
(ft) Below Segment 

153.0 1 
91.4 3 
93.2 3 
94.4 3 
95.0 3 

100.0 3 

Q O I B G m  
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ISOTROPIC Soil Parameters 
. . . . . . . . . . . . . . . . . . . . . . . . . .  a 

3 Soil unit(s) specified 

Water - Soil- Unit Weight Cohesion Friction Pore Pressure 
Uni t Moi s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 1 2 5 . 0  1 2 5 . 0  200 .0  2 5 . 0 0  .ooo  . o  0 
2 1 2 5 . 0  1 2 5 . 0  .o  30 .00  .ooo . o  . 0 
3 125 .0  1 2 5 . 0  .o  .oo  .ooo  . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil ( s )  

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000 .0  . o  
2 . o  . o  

6 9 4 . 1  
1 7 0 2 . 8 1  
2963.5 

3 
4 2880 .0  
5 6480.0 
6 1 0 0 8 0 . 0  2963 .5  

7 2 0 - 0 J  

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

289.82 
281 .78  
281.57 
2 2 4 . 8 0 j  
1 5 9 . 6 5  
1 5 9 . 4 9  
1 2 0 . 5 5  
1 1 9 . 5 1  

99.46 
94.34 
94.13 
9 3 . 0 0 J  
9 1 . 7 1  
91.87 

153.00 
154 .80  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a 



1 2 6 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 
Slice 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

x-base 
(ft) 

287.41 
283.39 
281.67 
275.79 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
164.82 
159.57 
154.74 
139.50 
124.77 
120.03 

-. 

y-base height 
(ft) (ft) 

- 

97.. 93 1.80 
95.36 5.19 
94.23 6.92 
94.01 9.18 
93.70 15.00 
93.30 22.35 
93.05 26.96 
92.85 30.66 
92.51 37.09 
92.11 44.44 
91.81 50.00 
91.79 51.86 
99.32 46.02 

123.25 26.75 
146.37 7.43 
153.90 .80 

width 
(ft) 

4i82 
3.22 
.21 

11.57 
20.00 
20.00 
5.20 

14.80 
20.00 
20.00 
10.35 

.16 
9.49 

21.00 
8.45 
1.04 

Nonlinear M-C Iteration Number - 1 

Iter # Theta FOS force 
2 17.3835 2,7982 
3 17.4056 2.7992 
4 17.4052 2.7992 

Nonlinear M-C Iteration Number - 2 

Iter # Theta FOS force 
2 17.4598 2,7844 
3 17.4590 2.7844 

Nonlinear M-C Iteration Number - 3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS - force 

. alpha 

-2.51 
-32 -51 
-45.00 
-1.14 
-1.14 
-1.14 
-1.14 
-1.13 
-1.13 
-1.13 
-1.13 
45.00 
57.50 
57.50 
57.50 
59.92 

beta 

6.34 
19.12 
19.12 
19.12 
19.29 
19.03 
19.29 
19.29 
19.29 
19.03 
19.29 
19.29 
19.29 
15.95 
10.71 
10.71 

FOS moment 
2,8273 
2.7982 
2.7992 

FOS moment 
2,7820 
2.7844 

FOS - moment 

weight 
(lb) 

1087. 
2093. 
178. 

13276. 
37498. 
55869. 
17523. 
56715. 
92728. 

111093. 
64686. 
1037. 

54592. 
70215. 
7850. 
104. 

.- 
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1 1 7 . 4 5 9 0  2.7839 2 .7844  

Iter # Theta FOS-f orce FOS moment 
1 17 .4590  2 .7839  217844 

._ - - - 
~ - 

SLICE INFORMATION ... continued : 

Slice Sigma c-value phi U-base U-top P-top Delta 
(psf 1 (psf) (lb) (lb) (1b)- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12  
1 3  
1 4  
1 5  
1 6  

374 .5  . o  30.00 
1 1 2 1 . 1  200 .0  25.00 

,2223 .9  357.9 25.03 
1 2 6 9 . 6  357 .9  25.03 
2045 .5  3 5 7 . 9 1  25.031 
3022 .9  694.2 19 .30  
3628 .5  694.2 19 .30  
4 1 1 4 . 1  694.2 19 .30  
4959 .2  694.2 19 .30  
5924 .0  694.2J 19.30’ 

4505 .8  694.2 19 .30  
3323.0 200.0 25.00 
1909 .3  200.0 25.00 

492.3 200.0 25.00 
54.6 .o  30.00 

6 6 4 7 . 1  2963 .51  . o o J  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. . o o  
0. . o o  
0. . o o  
0. . o o  
0. . o o  
0. . o o  
0. . o o  
0. . o o  
0. . o o  
0. * 00 
0. * 00 
0. . o o  
0. . oo  
0. -00 
0. . o o  
0. -00 

Slice Base Normal Vertical Pore Water Shear ’ 

# x-coord Stress Stress Pressure Stress 
(ft) (psf (psf 1 (psf 1 (psf 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

2 8 7 . 4 1  
283 .39  
281 .67  
275 .79  
260.00 
240 .00  
227.40 
217.40 
200.00 
180 .00  
164.82 
159 .57  
154.74 
139 .50  
124 .77  
120.03 

374 .5  
1 1 2 1 . 1  
2223 .9  
1269 .6  
2045 .5  
3022 .9  
3628 .5  
4 1 1 4 . 1  
4959.2 
5924 .0  
6 6 4 7 . 1  
4505.8 
3323.0 
1909.3 

492.3 
54 .6  

225 .5  
649.3 
8 6 5 . 1  

1 1 4 7 . 5  
1 8 7 4 . 9  
2793.4 
3369.8 
3 8 3 2 . 1  
4636 .4  
5554 .6  
6249 .8  
6482.6 
5752 .5  
3343.6 

929.0 
99.9 

. o  

. o  

. o  

. o  
-0 
. o  
.o  
.o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  
. o  

7 7 . 7  
259.6 
501 .6  
3 4 1 . 5  
471 .7  
629.6 
705 .8  
7 6 6 . 9  
873 .2  
994 .6  

1 0 6 4 . 5  
816.2 
628 .4  
391.6 
1 5 4 . 3  

1 1 . 3  
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Force Boundary Slice Right Force Interslice 
# x-coord Angle Force Height Height 

(ft) (degrees) (1b) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

285.00 
281.78 
281.57 
270.00 
250.00 
230.00 
224.80 
210.00 
190.00 
170.00 
159.65 
159.49 
150.00 
129.00 
120.55 
119.51 

17.46 
17.46 . 

17.46 
17.46 
17.46 
17.46 
17.46 
17.46 
17.46 
17.46 
17.46 
17.46 
17.46 
17.46 
17.46 

. oo  

1598. 
4891. 
5479. 
9928. 

20670. 
35133. 
39374. 
52536. 
72902. 
96213. 

109191. 
108572. 
62928. 
5568. 

89. 
-1. 

2.29 
2.79 
2.73 
4.51 
7.12 
9.51 

10.13 
11.92 
14.34 
16.74 
18.01 
18.00 
14.83 
5.40 
.74 

-6 -50 

3.61 
6.78 
7.06 
11.30 
18.70 
26.00 
27.92 
33.39 
40.79 
48.09 
51.91 
51.81 
40.23 
13.27 
1.60 
.oo 

Total Normal Stress = 3058.00 (psf) 

Shear Stress - - 581.03 (psf) 
Pore Water Pressure = .oo  (psf) 

Total Length of failure surface = 206.55 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.784 f 
Total shear strength available 
along specified failure surface = 334.113+03 lb 

Height 
Ratio 

.636 
-411 
.387 
.400 
.381 
.366 
.363 
.357 
.352 
.348 
.347 
.347 
.369 
.407 
.460 
. ooo  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  
* 
* 
* 

_ -  . *  
* 
* 
* 
* 
* 
* 
* 
* 

Slope stability Analysis 
using the 

- -Method of Slices - 

Copyright (C) 1992 - 96 
Interactive Software Designs, Inc. 

Moscow, ID 83843, U.S.A. 

All Rights Reserved 

Ver. 5.201 96 - 1202 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Interim Closure/Short-Term,Peak 

SEGMENT BOUNDARY COORDINATES 

13 SURFACE boundary segments 

No. (ft) (ft) (ft) (ft) Below Segment 
Segment x-left y- lef t x-right y-right Soil Unit 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

.o  
92.0 

129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 

160.0 
160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

92.0 
129.0 
150.0 
170.0 
190.0 
210.0 
230.0 
250.0 
270.0 
285.0 
294.0 
307.0 
330.0 

160.0 
153.0 
147.0 
140.0 
133.1 
126.1 
119.1 
112.2 
105.2 
100.0 
99.0 
99.0 

105.0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 . o  153.0 129.0 153.0 1 
2 .o 94.1 136.5 91.4 3 
3 136.5 91.4 224.8 93.2 3 
4 224.8 93.2 285.0 94.4 3 
5 285.0 94.4 313.0 95.0 3 
6 313.0 95.0 330.0 100.0 3 

OOOS%?$ 
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3 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction- ~ Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

.o  0 
- 0  0 

3 125.0 125.0 .o  .oo * 000 .o  0 

1 125.0 125.0 
2- 125.0 125.0 

.ooo  

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 1 

1 -1000.0 .o 
2 .o  .o  
3 720.0 J 
4 2880.0 1209.6 
5 6480.0 2692.8 
6 10080.0 2692.8 

360.0/ 

Trial failure surface specified by 
the following 7 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

1 292.35 99.18 
2 284.83 94.40 

91.83 

3 
4 
5 169.45 
6 169.22 92.07 
7 130.71 152.51 

224.80 94 93.00 -19 I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Slice 

- . ~ .  ~ 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

x-base 
(ft) 

288.67 
284.91 
284.73 
277.32 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
169.73 
169.33 
159.61 
140.36 

y-base 
(ft) 

96.85 
94.45 
94.29 
94.04 
93.70 
93.30 
93.05 
92.84 
92.48 
92 :05 
91.84 
91.95 

107.15 
137.37 

height 
(ft) 

2 ..75 
5.58 
5.80 
8.62 

15.00 
22.35 
26.96 
30.67 
37.12 
44.50 
48.26 
48.28 
36 -48 
12.38 

Nonlinear M-C Iteration Number - 

width alpha 
(ft) 

-7.35 -32.46 
.17 -32.46 
.20 -46.40 

14.63 
20.00 
20.00 
5.20 

14.80 
20.00 
20.00 

.55 

.23 
19.22 
19.29 

1 

Iter # Theta FOS force 
2 18.9324 2,4338 
3 18.9205 2.4334 

Nonlinear M-C Iteration Number - 2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
2 18.9212 2,4325 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
1 18.9212 2,4325 

SLICE INFORMATION ... continued : 
Slice Sigma c-value phi U-base 

(psf 1 (psf 1 (lb) 

-1.14 
-1.14 
-1.14 
-1.14 
-1.21 
-1.21 
-1.21 
-1.21 
46.22 
57.50 
57.50 

beta 

6.. 34. 
19.12 
19.12 
19.12 
19.29 
19.03- 
19.29 
19.29 
19.29 
19.03 
19.29 
19.29 
19.29 
15.95 

FOS moment 
2,4079 
2.4338 

FOS moment 
2,4325 

FOS-moment 
2.4325 

weight 
(lb) 

2523. . .  

121. 
143. 

15763. 
37500. 
55869. 
17523. 
56733. 
92811. 

111242. 
3318. 
1388. 

87652. 
29856. 

u- top P-top Delta 
(lb) (lb) 

1 624.5 . o  30.00 0. 0. 0. .oo 
0006131 



2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
14  

1308.4 
1854 .1  
1165.2 
2018.6 
3001.7 
3620.3 
4120.6 
4987.5 
5977-. 3 
6482.4 
4083.4 
2515.0 

816.0 

200.0 
76.8 
76.8 
76.8J 
23.0 
23.0 
23.0 
23.0 
23.0J 

2692.8./ 
23.0 

200.0 
200.0 

25.00 
21.47 
21.47 
21.471 
22.39 
22.39 
22.39 
22.39 
22.. 3 9J . O O J  
22.39 
25.00 
25.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. .- 

0. 
0. 
0. 
0. 

1269 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. - - 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 

%5 

. o o  

. o o  

. o o  
* 00 
.oo  
.oo  
-00 
-00 
.oo  - 
.oo 
.oo  
.oo 
.oo 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13  
1 4  

288.67 
284.9.1 
284.73 
277.32 
260.00 
240.00 
227.40 
217.40 
200.00 
180.00 
169.73 
169.33 
159 .61  
140.36 

624.5 
1308.4 
1854 .1  
1165.2 
2018.6 
3001.7 
3620.3 
4120.6 
4987.5 
5977.3 
6482.4 
4083.4 
2515.0 

816.0 

343.2 
697 .1  
7 2 5 . 1  

1077.5 
1875.0 
2793.5 
3369.8 
3833.3 
4640.5 
5562.1  
6032.6 
6035.3 
4560.5 
1547.8 

-0 
.o  
-0 
.o  
-0 
.o  
.o  
-0 
.o  
.o  
.o  
-0 
. o  
. o  

148.2 
333.0 
331.4 
220.0 
358.0 
517.9 
622.6 
707.4 
854.2 

1021.9 
1107.0 

7 0 1 . 1  
564.3 
238.6 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  

285.00 
284.83 
284.63 
270.00 
250.00 
230.00 
224.80 
210.00 
190.00 
170.00 
169 - 4 5  
169.22 
150.00 

18.92 
18.92 
18.92 
18.92 
18.92 
18.92 
18.92 
18.92 
18.92 
18.92 
18.92 
18.92 
18.92 

4238. 
4452. 
4925. 
8686. 

17103.  
29314. 
33133. 
45563. 
65852. 
90128. 
90851. 
89986. 
21250. 

3 .60  
3.59 
3 . 5 1  
6 .15  
8.59 

10 .75  
11 .29  
12.86 
15 .06  
17 .30  
17 .36  
17 .37  
11.83 

5 .49  
5.66 
5 .94  

11 .30  
18 .70  
26 .00  
27 .92  
3 3 . 4 1  
40 .84  
48 .16  
48 .36  
48 .20  

.655 

.634 

.590 

.544 

.459 
-414 
.404 
.385 
.369 
.359 
.359 
-360  

24 .76  .478 
0 0 0 6 ;E Q: 
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3M5 

14 130.71 .oo 0. 11.57 .oo -000 

Total Normal Stress = 2785.38 (psf) 

Shear Stress - - 524.57 (psf) 

Total Length of failure surface = 196.41 feet 

- - Pore Water Pressure = .oo (psf) . -  . .  

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 2.433 J 
Total shear strength available 
along specified failure surface = 250.623+03 lb 
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XSTABL File: NPL23AS 11-03-97 16:33 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * 
* Slope Stability Analysis * 
* using the * 

* Copyright (C) 1992 6 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* All Rights Reserved * 

* * 

* Method of Slices .. 
* 
* * 

* * 

* * 
* Ver. 5.201 96 6 1202 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 60.0 90.0 120.0 100.0 
2 120.0 100.0 150.0 105.0 
3 150.0 105.0 183.0 105.0 
4 183.0 105.0 189.0 106.0 

2 
2 
2 



1269 %5 
5 189.0 106.0 410.0 142.8 1 
6 410.0 142.8 467.0 148.5 1 
7 467.0 148.5 555.0 152.9 1 
a 183.0 105.0 220.0 100.0 3 
9 220.0 100.0 300.0 100.8 3 

10 300.0 100.8 410.0 102.0 3 
11 410.0 102.0 555.0 103.5 3 

3 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Mo i s t Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf 1 (deg) Ru (psf 1 No. 

1 125.0 125.0 . o  25.00 .ooo  . o  0 

3 125.0 125.0 .o  .oo -000 . o  0 
2 125.0 125.0 - 0 1  30.001 .ooo  . o  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress Shear Stress 
No. (psf 1 (psf 

1 -1000.0 .o  
2 .o  -0 
3 720.01 
4 2880.0 612.0 
5 6480.0 834.5 
6 10080.0 834.5 

397-4 J 

Trial failure surface specified by 
the following 8 coordinate points : 

Point x-surf y-surf 
No. (ft) (ft) 

167.10 
183.00 
220.00 
300.00 
404.92f 
405.17 
432.64 
439.93 . 

114.18 
105.00 
99.80 

100.60 
101.70 
101.95 
145.06 
157.69 



8 2 6 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.~ ~ ~ - . .  -. ._ - .... ~ - ~ ~.~ . ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base 
(ft) 

1 175.05 
2 186.00 
3 204.50 
4 230.00 
5 250.00 
6 270.00 
7 290.00 
8 310.00 
9 330.00 

10 350.00 
11 370.00 
12 392.46 
13 405.05 
14 407.59 
15 421.32 
16 436.29 

y-base 
(ft) 

109.59 
104.58 
101.98 
99.90 

100.10 
100.30 
100.50 
100.70 
100.91 
101.12 
101.33 
101.57 
101.82 
105.74 
127.30 
151.38 

height 
(ft) 

5.92 
12.75 
18.44 
24.80 
27.95 
31.05 
34.20 
37.35 
40.44 
43.58 
46.72 
50.21 
52.05 
48.56 
28.54 
5.95 

width 
(ft) 

15.90 
6.00 

31.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
24.92 

.25 
4.83 

22.64 
7.29 

Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
2 7.6488 1T9041 
3 7.6785 1.9050 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force 
1 7.6785 IT9050 

SLICE INFORMATION ... continued : 

Slice Sigma c-value phi U-base 
(psf) (psf 1 (lb) 

1 1047.2 . o  .30.00 0. 
2 1698.0 325.9 5.67 0. 

alpha - 

-30.01 
-8.00 
-8.00 

.57 

.57 

.57 

.57 

.60 
-60 
.60 
.60 
.60 

45.00 
57.49 
57.49 
60.01 

-beta 

9.46 
9.46 
9.46 
9.65 
9.37 
9.37 
9.65 
9.37 
9.37 
9.65 
9.37 
9.46 
9.46 
9.46 
5.71 
5.71 

FOS moment 
1T94 3 9 
1.9041 

FOS moment 
1T9041 

- weight 
(1b) 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93363. 

101089. 
108939. 
116790. 
156396. 

1627. 
29317. 
80764. 
5420. 

U-top P-top 
(lb) (lb) 

0. 0. 
0. 0. 
000626 

Delta 

. o o  

. o o  



3 
4 
5 
6 
7 
8 
9 

10 

1 2  
1 3  
1 4  
1 5  
1 6  

11 -_ 

2432.9 325 .91  5 ~ 6 7 ~  
3136 .9  434.0J 3 . 5 4 J  
3531 .7  434 -0 3 . 5 4  
3920.3 434.0 3.54 
4 3 1 5 . 1  434.0 3.54 
4708.8 434.0 3.54 
5 0 9 6 . 1  434 .0  3 . 5 4  
5489 .7  434 .0  3.54 
588323.. - - 434,o- - 3: 5.4 - _  
6320.8 434.0 3.54 
5425.3 434.0 3.54 
3884 .O .O 25.00 
2282.5 .o 2 5 . 0 0  

432.9 .o 30 .00  

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

-. - 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

_ _  

1 2 6 9  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

-. . ~ 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf (psf 1 (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

1 7 5 . 0 5  
186 .00  
204 - 5 0  
230 .00  
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
392.46 
405.05 
407.59 
421.32 
436.29 

1 0 4 7 . 2  
1 6 9 8 . 0  
2432.9 
3 1 3 6 . 9  
3 5 3 1 . 7  
3920.3 
4 3 1 5 . 1  
4708.8 
5 0 9 6 . 1  
5489 .7  
5883.3 
6320.8 
5425.3 
3884 .0  
2282.5 

4 3 2 . 9  

739.6 
1594 .4  
2304.8 
3100 .0  
3493.8 
3881.3 
4275.0 
4 6 6 8 . 1  
5054.4 
5447.0 
5839.5 
6275.9 
6 5 0 6 . 1  
6069.7 
3566 .9  

743 .7  

. o  

. o  

.o  

.o  

. o  

. o  

. o  

. o  

. o  

.o  

.o  

.o  

. o  

. o  

.o  

. o  

317.4 
259 .6  
297 .9  
329 .6  
342 .4  
355 .0  
367 .8  
380 .6  
393 .2  
4 0 5 . 9  
418 .7  
432 .9  
403 .8  
950 .7  
558 .7  
131 .2  

. o o  

. o o  

.oo  

. o o  

. o o  

. o o  
-00 
. o o  
. o o  

. o o  

. o o  

. o o  

. o o  

. o o  - - 

1 183.00 7.68 14796 .  
2 189.00 7.68 17813 .  
3 220.00 7.68 37828.  
4 240.00 7.68 43847.  
5 260.00 7.68 50044. 
6 280.00 7 . 6 8  56417.  
7 300.00 7 . 6 8  62969. 
8 320.00 7 . 6 8  69654. 
9 340.00 7.68. 76510.  

1 0  360.00 7 . 6 8  83540.  

5 .67 
6.22 
9.22 

10 .29  
11 .36  
12 .45  
13 .53  
1 4 . 6 1  
15 .68  
16 .75  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SPENCER'S (1973)  - Magnitude & Location of Interslice Forces 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

1 1 . 8 3  
1 3 . 6 8  
23 .20  
26.40 
29.50 
32.60 
35.80 
38 .89  
41.98 
45 .17  

.479 

.455 

.397  
- 3 9 0  
- 3 0 5  
.382 
.378 
.376 
.374 
. 3 7 1  
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11 380.00 7.68 90745. 17.82 48.26 .369 
12 404.92 '7.68 99964. 19.15 52.15 .367 
13 405.17 7.68 98697. 19.17 51.94 .369 
14 410.00 7.68 73624. 17.60 45.17 .390 
15 432.64 7.68 4549. 5.82 11.90 .489 
16 439.93 .oo -3. -51.16 .oo . o o o  

Total Normal Stress = 3665.30 (psf) 

Shear Stress - - 396.22 (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 306.71 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973) 
procedure gives a 

FACTOR OF SAFETY = 1.905 J 
Total shear strength available 
along specified failure surface = 231.513+03 lb 
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XSTABL File: NLD23BS 10-28-97 8:20 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* X S T A B L  * * 
* Slope Stability Analysis 

* 
* * 

* * 
using the 

Method of Slices ~- 

* Copyright (C) 1992 - 96 * 
* Interactive Software Designs, Inc. * 

* All Rights Reserved * 
* * Moscow, ID 83843, U.S.A. * * 

* * 
* Ver. 5.201 96 - 1202 * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : OSDF Final Long Term - Large Displ. 

15 SURFACE boundary segments 

Segment x- lef t y-left x-right 
No. (ft) (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

5.5 
35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 

95.6 
100.6 
99.4 
97.5 

123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 

35.5 
62.5 
67.0 

220.0 
240.0 
260.0 
280.0 
300.0 
320.0 
340.0 
360.0 
380.0 
410.0 
465.0 
555.0 

y-right 
(ft) 

100.6 
99.4 
97.5 
123.0 
126.4 
129.7 
133.0 
136.4 
139.7 
143.0 
146.4 
149.7 
154.7 
160.2 
164.7 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

11 SUBSURFACE boundary segments 

Segment x- lef t y- lef t x- right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 
2 
3 
4 

60.0 90.0 120.0 100.0 
120.0 100.0 150.0 105.0 
150.0 105.0 183.0 105.0 
183.0 105.0 

2 
2 
2 

189.0 106.0 1 
0004;3% 
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5 189.0 106.0 
6 410.0 142.8 
7 467.0 148.5 
8 183.0 105.0 
9 220.0 100.0 

1 0  300.0 100.8 
11 410.0 102.0 

3 Soil unit(s) specified 

Soil Unit Weight Cohesion 
Unit Moist Sat. Intercept 
No. (pcf) (pcf) (psf 1 

.O I 1 125.0 125.0 
2 125.0 125.0 . o  
3 125.0  125.0 . o  

410.0 142.8 
467.0 148.5 
555.0 152.9 
220.0 100.0 
300.0 100.8 
410.0 102.0 
555.0 103.5 

Water Friction Pore Pressure 
Angle Parameter Constant Surface 
(des) Ru (psf 1 No. 

25.00 .ooo  

.oo  .ooo 
3 0 . 0 0 1  .ooo 

.o  0 

. o  0 
- 0  0 

NON-LINEAR MOHR-COULOMB envelope has been specified for 1 soil(s) 

Soil Unit # 3 

Point Normal Stress 
No. (psf) 

Shear Stress 
(psf 1 

1 -1000.0 .o  
2 -0 .o  
3 720.0 
4 2880.0 648.0 
5 6480 .O 1195.2 
6 10080.0 1195.2 

244.8/  

Trial failure 
the following 

Point 
No. 

surface specified by 
8 coordinate points : 

x-surf y-surf 
(ft) (ft) 

167.10 
183.00 
220.00 

300.00/ 392.34 
392.50 
419.20 
426.49, 

114.18  
105.00 

99.80 
100.60 
1 0 1 . 6 6 J  
101 .81  
143.72 
156.35 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SELECTED METHOD OF ANALYSIS: Spencer (1973) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- _  - -  - _. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SUMMARY OF INDIVIDUAL SLICE INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Slice x-base y-base height width alpha beta weight 
(ft) (ft) (ft) (ft) (lb) 

1 175.05 109.59 5.92 15.90 -30.01 9.46 
2 186.00 104.58 12.75 6.00 -8.00 9.46 
3 204.50 101.98 18.44 31.00 -8.00 9.46 
4 230.00 99.90 24.80 20.00 .57 9.65 
5 250.00 100.10 27.95 20.00 .57 9.37 
6 270.00 100.30 31.05 20.00 .57 9.37 
7 290.00 100.50 34.20 20.00 .57 9.65 
8 310.00 100.71 37.34 20.00 .66 9.37 
9 330.00 100.94 40.41 20.00 .66 9.37 

10 350.00 101.17 43.53 20.00 -66 9.65 
11 370.00 101.40 46.65 20.00 .66 9.37 
12 386.17 101.59 49.14 12.34 .66 9.46 
13 392.42 101.73 50.04 .16 43.15 9.46 
14 401.25 115.54 37.70 17.50 57.50 9.46 
15 414.60 136.50 18.66 9.20 57.50 5.71 
16 422.85 150.03 5.95 7.29 60.00 5.71 

11759. 
9566. 

71448. 
62000. 
69875. 
77625. 
85500. 
93338. 

101014. 
108815. 
116616. 
75797. 
1001. 

82462. 
21460. 
5422. 

Nonlinear M-C Iteration Number - 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATIONS FOR SPENCER'S METHOD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Iter # Theta FOS force FOS moment 
2 7.9348 2,1872 2,2329 
3 7.9950 2.1893 2.1872 
4 7.9936 2.1893 2.1893 

Iter # Theta FOS-f orce FOS moment 
1 7.9936 2.1893 2,1893 

SLICE INFORMATION ... continued : 
Slice Sigma c-value phi U-base U-top P-top Delta 

(psf 1 (psf 1 (lb) (lb) (lb) 

1 1013.8 . o  30.00 0. 0. 0. .oo 
0006G3 

A 



2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
14  
1 5  
1 6  

1682.0 110.4 
2424.9 110.4J 
3136.5 210.21 
3533.3 210.2 
3923.8 210.2 
4320.6 210.2 
4713.9 210.2 
5100.5 210.2 
5493.5 210.2 -. 

5886.4 210.2 
6200.3 210.2 
5204.7 210.2 
3090.2 .o  
1529.7 .o  

447.2 .o  

10 .57  
10 .571 

8.64/ 
8.64 
8.64 
8.64 
8.64 
8.64 
8.64 _ _  
8.64 
8.64 
8.64 

25.00 
25.00 
30.00 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

12 6.9 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
-0 . 
0. 
0. 
0. 
0. 
0. 
0. 

0. . oo  
0. . oo  
0. . o o  
0. . o o  
0. -00 
0. . o o  
0. .oo 
0. . o o  
0. -00 
0. -00 
0. .oo 
0. .oo 
0. . o o  
0. -00 
0. -00 

Slice Base Normal Vertical Pore Water Shear 
# x-coord Stress Stress Pressure Stress 

(ft) (psf 1 (psf 1 (psf) (psf 1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14  
15  
16  

175.05 
186.00 
204.50 
230.00 
250.00 
270.00 
290.00 
310.00 
330.00 
350.00 
370.00 
386.17 
392.42 
401.25 
414.60 
422.85 

1013.8 
1682.0 
2424.9 
3136.5 
3533.3 
3923.8 
4320.6 
4713.9 
5100.5 
5493.5 
5886.4 
6200.3 
5204.7 
3090.2 
1529.7 

447.2 

739.6 
1594.4 
2304.8 
3100.0 
3493.8 
3881.3 
4275.0 
4666.9 
5050.7 
5440.8 
5830.8 
6142.4 
6254.4 
4712.1  
2332.6 

743.7 

.o 

.o  

.o 

.o 

.o 

.o 

.o 

.o 

.o  

.o 

.o  

.o  

.o  

.o  

.o  

.o  

267.3 
193.8 
257.2 
313.8 
341.4 
368.5 
396.0 
423.3 
450.2 
477.4 
504.7 
526.5 
457.4 
658.2 
325.8 
117.9 

Slice Right Force Interslice Force Boundary Height 
# x-coord Angle Force Height Height Ratio 

(ft) (degrees) (lb) (ft) (ft) 

183.00 
189.00 
220.00 
240.00 
260.00 
280.00 
300.00 
320.00 
340.00 

7.99 
7 .99  
7.99 
7 .99  
7 .99  
7 .99  
7 .99  
7.99 
7 .99  

13694. 
16300. 
35020. 
40724. 
46904. 
53553. 
60679. 
68135. 
76044. 

5 . 7 1  11.83 
6.35 13.68 
9.34 23.20 

10.45 26.40 
1 1 . 5 1  29.50 
12.53 32.60 
1 3 . 5 1  35.80 
14.47 38.87 
1 5 . 4 1  0 fi8GY/% 

.482 

.464 

.402 

.396 

.390 

.384 

.377 

.372 

.367 
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1 0  360.00  7 .99  84413.  16 .33  4 5 . 1 1  .362 ' 

11 380.00 7 .99  93242. 17 .24  4 8 . 1 8  .358 

13  392.50  7 .99  98202.  17 .80  4 9 . 9 7  .356 
14 410.00  7 .99  24115.  9 .06  2 5 . 4 2  -356  
15 419.20  7 .99  4835.  5 . 8 0  1 1 . 9 0  .488 
16 426.49  .oo 0 .  12 .37  -00 .ooo 

12 392.34 7 .99  98916.  17 .80  5 0 . 1 0  .355 

Total Normal Stress = 3 5 4 7 . 7 1  (psf) - - 

Shear Stress - - 393.00  (psf) 
Pore Water Pressure = .oo (psf) 

Total Length of failure surface = 292.57 feet 

For the single specified surface and the assumed angle 
of the interslice forces, the SPENCER'S (1973)  
procedure gives a 

FACTOR OF SAFETY = 2 . 1 8 9 J  

Total shear strength available 
along specified failure surface = 251.723+03 lb 
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PURPOSE 

GCL Internal 5.3 / 3.5 / 6.1 / YES / ’  

GCL/GMB Interface 2.0 6.2 / 6.3 YES v ’  

. - __ - - . - -Evaluate whether GCL QA-sample no.-24 complies-with the shear strength requirements given in the GCL specification - _. - _ _  
(Section 02772, Paragraph 2.01 .E.3). 

METHOD 
. .  

The method for evaluating the GCL sample is outlined in RCI number 1702-006R The method involves the following basic 
steps. 

1. Use shear test results fiom the GCL sample to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 

2. Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 3. 1 

Note: Whenever the shear test results for the GCL sample are higher than the shear strengths defined to obtain the baseline 
factor of safety, the slope stability analysis is not performed since it would necessarily result in a factor of safety higher than 
the baseline factor of safety. 

SHEAR TEST RESULTS 

The results of the GCL internal shear and GCL/geomembrane interface shear tests performed on QA sample no. 24 are 
shown in the following table. The laboratory test results are presented in Appendix A. 

/ 

/ 
QA Case Test Type Measured Shear Strengths Comply? 

Sample (see note 

5psi I 20psi I 45psi above) 

1”1 GCL Internal 
GCL/GMB Interface 2.5 ’ 8.4 J 16.8 / YES ’ 

GQO 166-04/F9730124.DOC 000638 
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"1997 GecSyntcc Consultants 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 241 

_ _  Test Specimen Configuration (from top to bottom) and Placement Conditions: _ _  

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-24). GCL's initial moisture content was 8.3%. GCL's 
final moisture content ranged from 56% to 90% for the test series; and 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5, 20, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

CQOl66-04. I IF97301 24 1 97.1 1.18 

Oa0640 
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T E S  PROCEDURES AND CONDITIONS 
"En SERIES NUMBER: 24G 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 
- - - 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-24) with woven geotextile against geomembrane. GCL's initial 
moisture content was 8.4%. GCL's final moisture content ranged from 61 to 100% for the 
test series; 

80-mil NSC textured HDPE geomembrane (GM-16); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 5, 20, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 
.. .. 

G40166-O4.1 IF97301 24 2 97.11.18 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

6000 
- 

5500 - 
- 

5000 - 
- 

4500 - 
- 

4000 - n 
v) .n 

-3500- 

- 
w u - 

3000- 

- 
I 
I- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

I 
u) 

2000 7 

FIGURE NO. A- 1 
PROJECT NO. GQOI 66-04.1 
DOCUMENT NO. 

it& FILE Nb!uuQ' 

F9730 1 24 

1 15m1 000 

TEST SERIES NUMBER 241: INTERNAL SlRENGTH OF 
BENTOFIX NS GCL GCL-24) UNDER SOAKED AND 
CONSOLIDATED CON 6 ITIONS 

TEST CONDITIONS - an = 5.0 psi 

CCCCI on = 45.0 psi 
- Un = 20.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./rnln. 

SEE NOTE (2) 

- 
500 - 

I I i  
0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3 

DISPLACEM ENT (in.) 

.- 

NOTES: (1) A constant area of 1 ftz was assumed when computing normal 
and shear stresses. 
Internal shear failure within GCL was observed. 
No internal shear failure within GCL was observed. 

DATE TESTED: 25 OCTOBER TO 3 NOVEMBER 1997 
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ON- S ITE Dl S PO SAL FACJ LlTY 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

50 

- 
45 - 

- 
40- 

- 
35- 

e - 30- 
v) 
u) 

- 
u) a 

- 

TEST SERIES NUMBER 241: INTERNAL STf?ENGTH OF 

CONSOLIDATED CON ITIONS 
BENTOFIX NS GCL GCL-24) UNDER SOAKED AND 6 

MEASURED SHEAR STRENGTHS ................................... 
an = 5.0 psi, T~ = 5.3 psi, T~ = 5.3 psi 
On = 20.0 psi. rw = 8.0 psi. TU) = 3.5 psi 
an = 45.0 psi, T~ = 17.2 psi, T~ = 6.1 psi 

DATE TESTED: 25 OCTOBER TO 3 NOVEMBER 1997 

- 

- 
3 20- 
I 
v) 

15 - 
- 

10- 

- 
5 -  

S E N O W 4 )  

/ 

- 
1.- 
L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. A-2 
PROJECT NO. GQOl66-04.1 
DOCUMEN -e7301 24 
FILE NO. ‘Lp 
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J 

4500 - - 
n 4000 - 
e 
-3!j00- 
W u 

v) - 
- 

E 3000- 
- 

1 2 6 9  

TEST CONDITIONS - on = 5.0 psi - un = 20.0 psi - un = 45.0 psi 

___----------- 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hra at each stress 
SHEAR RATE: 0.004 In./rnln. 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILIW ._ 

- 
I 
I- - GEOSYNTEC CONSULTANTS 

SOILGEOSYNTHETIC INTERACTION TESTING LABORATORY 

TEST SERIES NUMBER 24G: BENTOFIX NS GCL 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-16) 
UNDER SOAKED AND CONSOLIDATED CONDITIO 4 S 

FIGURE NO. __.I A-3 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730124 

' FILE N00*a0544 



FLUOR DANIEL FERNALD 
- ON-SITE DISPOSAL FACILIV 

~ 

PROJECT NO. G Q O l 6 6 - 0 4 . 1  
DOCUMENT NO. F 9 7 3 0 1 2 4  

' FILE N O Q ( ) Q 6 4 S  

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

TEST SERIES NUMBER 24G: BENTOFIX NS GCL 

80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-16) 

GCL-24) 
WITH WOVEN GEOTDUIE AGAINST GEOMEMBRAN L / 
UNDER SOAKED AND CONSOLIDATED CONDITIO t i  S 

MEASURED SHEAR STRENGTHS 
-----------------___---------------, 

a, = 5.0 psi, T- = 2.5 psi, T~ = 2.0 psi 
a, = 20.0 psi. = 8.4 psi. TU = 6.2 psi 
a, = 45-0 psi, TW = 16.8 psi, 7Lp = 6.3 psi 

SEE NOTE (3) 
SOAKING: 168 hrs at  3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 0 

c 

0 ' j 1 ~ 1 ~ 1 ~ 1 ~ 1 1 1 ~ 1 ( 1 1 1  

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

NOTES: (1) The reparted total-stress shear strength parameters of friction 
an le and adheslon were determined from a best-flt line drawn thmu h the 
t e 3  data. 
for applications involving normal stresses outside the range of 
stresses covered the test series. 

!t!nThth e 3 s ear f orce at a shear displacement of 2 in. for each test. 8 %ding I;; I e .. shear failure) was observed to occur within the 

Caution should be exercised in using the strength paramefern 

e la a dls ? acement shear strength ( T ~ )  was calculated 

L rather an the intended interface. 

DATE TESTED: 25 OCTOBER TO 3 NOVEMBER 1997 - 
I- 

'L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

I FIGURENO.- A-A 
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QA 
Sample 

PURPOSE 

Case Test Type Measured Shear Strengths Comply? 
(see note 

5psi I 20psi I 45psi above) 

_ _  - - Evaluate whether GCL QA sample no. 25 complies with the shear strength requirements given in the GCL specification __ _ _ _  
(Section 02772, Paragraph 2.01 .E.3). 

METHOD 

The method for evaluating the GCL sample is outlined in RCI number 1702-006R The method involves the following basic 
steps. 

1. 

2. 

Use shear test results fiom the GCL sample to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 

3. Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. J 

Note: Whenever the shear test results for the GCL sample are higher than the shear strengths defined to obtain the baseline 
factor of safety, the slope stability analysis is not performed since it would necessarily result in a factor of safety higher than 
the baseline factor of safety. 

SHEAR TEST RESULTS 

The results of the GCL internal shear and GCL/geomembrane interface shear tests performed on QA sample no. 25 are 
shown in the following table. The laboratory test results are presented in Appendix A. N /  

I 25 I I GCLInternal I 4 .2~s iA  9.1Dsi 4 17.6usi -t YES f 
I GCL/GMBInterface I 2.6 /I 8.7 /I 16.0 /1 YES 

25 GCL Internal 3.9 / 5.6 / 7.4 YES 
GCL/GMB Interface 1.8 / 5.6 1 6.0 / YES ,/ 

GQOl66-04R9730 125.DOC 
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01997 GeoSyiilec Consultants 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 251 

___  - - . - Test Specimen Configuration (from top to_bottom)-and Pla$ERt Conditions: - -- ~ _ _ _ _  - - 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-25). GCL’s initial moisture content was 9.0%. GCL’s 
final moisture content ranged from 62% to 76% for the test series; and 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soakiig period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5, 20, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQOl66-04.llF9730125 1 97.1 1 .I8 

0 0 0 ~ 5 0  
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O1997 GeoSyiilcc Corisultaiits 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 25G 

4/g 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 
_ _  _ _  

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-25) with woven geotextile against geomembme. GCL's initial 
moisture content was 9.4%. GCL's final moisture content ranged from 55 to 84% for the 
test series; 

80-mil NSC textured HDPE geomembrane (GM-11); and 

lower shear box: bed- layer of compacted concrete sand. 

Test Interface: GCL against geomembme 

Test Procedures for Each Normal Stress Condition: 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid subsirate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a nonnal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 5 ,  20, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 
-- 

-0166-04. I lF97301Z 2 97. I I .  18 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

- ON-SITE DISPOSAL -FACILITY - - 
- - - - - - -. - - 

CONSOLIDATED CONblTlONS 

TEST CONDITIONS - a,, = 5.0 psi - a,, = 20.0 psi 
YYI un = 45.0 psi 

-------------- 

SOAKING 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 In./rnin. 

TEST SERIES NUMBER 251: INTERNAL STRENGTH OF 
BENTOflX NS GCL (GCL-25) UNDER SOAKED AND 

I - 
I- 

'L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FIGURE NO. A-1 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 25 
FILE N d l l r W b  ad 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 
and shear stresses. 
No internal shear failure within GCL was observed. 
Partial internal shear failure within GCL was observed. 
Internal shear failure within GCL was observed. 
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0-N-SIf-E DISPOSAL- FACILITY 
PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

50 

TEST SERIES NUMBER 251: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-25) UNDER SOAKED AND 
CONSOLIDATED CON 6 mONS 

MEASURED SHEAR STRENGTHS 
~~~~~ 

O n  = 5.0 psi, = 4.2 psi, TD = 3.9 psi 
On = 20.0 psi, 7- = 9.1 psi, TU) = 5.6 psi 
On = 45.0 psi, TW = 17.6 psi, TU = 7-4 psi 

tee.. PEAK : 6, = 19": fp - 350 sf; R' - 1.000 
4 . W  ID STRENGTH: 6m = 5 : arp - 580 psf; R' - 0.986 

SOAKING 168 hrs at 3 psl 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

SEE NOTE (5) 

SEE NOTE (4) / 
SEE NOTE (3) Y 

0 5 10 15 20 25 30 35 40 45 
NORMAL STRESS (psi) 

NOTES: ( 

c 

- -  

I )  The re rted total-stress shear strength parameters of frlctlon 
in le and?dhesion were determined from a best-fit line drawn thmu h the 
:e3 data. Caution should be exercised In uslng the strength pararne?ers 
'or applications involving normal stresses outside the mnge of 
jtresses cowred the test serias. 
,2 The lor e dls acernent shear strength ( T ~ )  was calculated 
p n  the s ear orce at a shear dis lacement of 2 In. for each b t .  
3 t o  Internal shear failure within &L was observed. 
'4 Partial internal failure within GCL was o b ~ e r ~ d .  
15 I Internal shear failure within GCL was observed. 

DATE TESTED: 27 OCTOBER TO 5 NOVEMBER 1997 - 
I- - GEOSYNTEC CONSULTANTS 

~ 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

PROJECT NO. GQOl66-04.1 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

- - - - - - - . - 
- -  --ON-SITE- DISPOSAL -FACILITY- 

- - 

5000 - 
- 

4500 - 

n 4000 - 
E 
-3500- 
W - u 

- 

v) - 

TEST CONDITIONS - a, = 5.0 psi - un = 20.0 psi - on = 45.0 psi 

SOAKING: 168 hrs at 3 psi 
CONSOLIDATION: 48 hm at each stress 
SHEAR RATE. 0.004 In./rnln. 

-------------- 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 J 
DISPIACEM ENT (in.) 

NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 

(2) Sliding (Le., shear failure) was observed to occur within the 

and the contact area remained constant throughout the entire test. 

GCL rather than the intended interface. 

- 
I- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

DATE TESTED: 27 OCTOBER TO 5 NOVEMBER 1997 
FIGURE NO. A-3 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. ,,. F9730125 
FILE W W Q ; ; a *  . 



FLUOR DANIEL FERNALD 
-ON-SITE DISPOSAL FACILITY - -  
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'L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

PHASE 

FIGURE NO. A-4 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 25 
FILE@$)OG 55 

DIRECT 
1 CO NSTRU CTlO N 
SHEAR TEST1 N G 

50 . .  

TEST SERIES NUMBER 25G: BENTOFIX NS GCL 
WITH WOVEN GEOTMTIE AGAINST GEOMEMBRAN L / 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-11) 
UNDER SOAKED AND CONSOLIDATED CONDITIO rJ S 

GCL-25) 

MEASURED SHEAR STRENGTHS ----------------------------------- 
On = 5.0 psi, Tpcnk = 2.6 psi, TU = 1.8 psi 
an = 20.0 psi, TP.Q = 8.7 psi, TU, = 5.6 psi 
O n  = 45.0 psi, TW = 16.0 psi, TU = 6.0 psi 

SEE NOTE (3) 

I 

SOAKING: 168 h r s  at 3 psi 
CONSOLIDATION: 48 hrs  at each stress 
SHEAR RATE 0.004 in./min. 

1 ~ 1 ~ 1 ~ 1 ~ 1 ) 1  
0 5 10 15 20 25 30 55 40 45 ! 

NORMAL STRESS (psi) 
NOTES: (1) The reparted &tal-stress shear strength paromatem of friction 

an le and adhesion were determined from a best-fit line drawn thmu h the 
t e s  dato. Caution should be exercised In using the strength parornefem 
for applications involving normal streeaes outslde the range of 
stresses covered the test series. 
(2) The lor e dis ? acement shear strength (sm) was calculated 
usin the stear k r c e  at a shear displacement of 2 in. for each test. & .  %ding shear failure) was observed to occur within the 

L rather ki the intended interface. 

DATE TESTED: 27 OCTOBER TO 5 NOVEMBER 1997 

I- - U L W U 1 1 ~ 1 I c L  L V l Y 3 U L l t L l Y 1 3  

F9730 1 25 DOCUMENT NO. 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FILE@$)OG 55 
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QA 
Sample 

PURPOSE 

Case Test Type Measured Shear Strengths Comply? 
(see note 

5 ~ s i  I 20mi  I 4 5 ~ s i  above) 

_ _  --Evaluate whether-GCL QA sample no.-26 complies-with the shear- strength requirements given in the GCL specification . --- - . . 

(Section 02772, Paragraph 2.01 .E.3). 

26 

METHOD 

GCL Internal 4.3 / 4.0 5.6 / YES 1’ 

GCL/GMB Interface 2.0 Y 5.5 J 6.2 / YES 4’ 

The method for evaluating the GCL sample is outlined & RCI number 1702-006R The method involves the following basic 
steps. 

1. Use shear test results from the GCL sample to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 

2. Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1.. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 3. / 

I 26 I I GCWGMB Interface I 2.5 /I 8.6 /I 17.7 /I YES 

000658 
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*I997 GeoSyntec Coiisulumls 

TESI’ PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 261 

3t8 

_ _  . Test Specimen Configuration (from top to bottom) and Placement Conditions: . .  

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-26). GCL’s initial moisture content was 10.0%. GCL’s 
final moisture content ranged from 49% to 70% for the test series; and 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5,20, and 45 psi. 

Constant shear displacement rate: 0.004 in/min. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQO166-04.1 lF9730128 I 97.11.18 

000660 
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01 997 GeoSyiitec Coiisul lniils 

4/% 

TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 26G 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 
-. - - 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-26) with woven geotextile against geomembrane. GCL’s initial 
moisture content was 9.1%. GCL’s final moisture content ranged from 49 to 9 1 96 for the 
test series; 

80-mil NSC textured HDPE geomembrane (GM-11); and 

lower shear box: bedding layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 

0 

0 

e 

0 

0 

e 

e 

0 

0 

e 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 5 ,  20, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

GQ0166-04.1lF9730128 2 97. I 1.18 
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FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

~ 

- - -  -ON-SITE DISPOSAL- FACILITY' - - -  - 

_ _  - 

6000 

5000 

4500 7 TEST SERIES NUMBER 261: INTERNAL STRENGTH OF 
BENTOflX NS GCL (GCL-26) UNDER SOAKED AND 
CONSOLIDATED -CONbrnONS ' 

TEST CONDITIONS - an = 5.0 psi - a;, = 45.0 psi 
- = 20.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 ln./rnin. 

SEE NOTE (3) 

- SEE NOTE (2) 
500 - 

0.0 0.3. 0.6 0.9 1.2 1.5 1.8 2 1  2.4 2.7 3 
DISPLACEMENT (in.) 

NOTES: (1) A constant area of 1 ft' was assumed when computing normal 
~ ~ and shear stresses. 
2 No internal shear failure within GCL was observed. 
3 Internal shear failure within GCL was observed. 

DATE TESTED: 29 OCTOBER TO 7 NOVEMBER 1997 - 
1.- 
I 

L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

~~~ 

FIGURE NO.- A-1 
PROJECT NO. GQOl66-04.1 

F9730 1 28 
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1.- - GEOSYNTEC CONSULTANTS 

SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 
- -  ON-SITE DISPOSAL FACILITY 

FIGURE NO. A-2 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 28 
FILE Ipof))'f) f' f? 3 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

50 

TEST SERIES NUMBER 261: INTERNAL STRENGTH OF 
BENTOFIX NS GCL GCL-26) UNDER SOAKED AND 
CONSOUDATED CON b ITlONS 

MEASURED SHEAR STRENGTHS ................................... 
Un = 5.0 psi, = 4.7 psi, TW = 4.3 psi 
U n  = 20.0 psi. Tp.al( = 9.5 psi. TU, = 4.0 psi 
Un = 45.0 psi. T- = 17.9. psi, 7 m  = 5.6 psi 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 46 hw at each stress 
SHEAR RATE: 0.004 in./min. 

SEE NOTE (4) 

I I I I I  
0 5 10 15 20 25 30 35 40 45 

NORMAL STRESS (psi) 

an le and adheslon were determined from a beitt-fit line drawn thmu h the 
t e 9  data. Caution should be exercised in using the strength paramefen 

NOTES: (1) The meparted total-Stress shear strength parameters of friction 

outside the range of 

shear strength (T ) was calculated 
ahear displaceme3 of 2 In. for each test. 

nternol shear failure within GCL was observed. 
4 No internal failure within GCL was observed. 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY - 

6000 ::I 4500 

4000 - n 
VJ s 

-3500-  

- 
W u 

3000- - 
g 2500- 
I 
u) 

2000 - 
- 

1500 - - 
1000 - 

TEST SERIES ’NUMBER 26G; BENTOFIX NS GCL GCL-26) 
WITH WOVEN GEOTEXTIE AGAINST GEOMEMBRAN tL / 
UNDER SOAKED AND CONSOLIDATED CONDITIO r! S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-11) 

TEST CONDITIONS - on = 5.0 psi - un = 20.0 psi 
CCCCI un = 45.0 psi 

-------------- 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hm at each stress 
SHEAR RAE 0.004 In./mln. 

A SEE NOTE (2) 
/ 

1 

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3 
DISPLACEMENT (in.) 

NOTES: (1) The shear box size was 12  in. by 12 in. (300 mm by 300 mrn), 
and the contact area remained constant throughout the entire test. 

(2) Sliding (Le., shear failure) was observed to occur within the 
GCL rather than the intended interface. 

DATE TESTED: 29 OCTOBER TO 7 NOVEMBER 1997 - I FIGURENO. A-3 
~~ 

I 
I- 

‘L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

I PROJECTNO. GQOl66-04.1 
DOCUMENTNO. A ~ F9730128 
FILE N & ’ U U O Q *  



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- 
1.- 
L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

TEST SERIES NUMBER 26G: BENTOFIX NS GCL GCL-26) 
WITH WOVEN GEOTEXTILE AGAINST GEOMEMBRAN k / 
UNDER SOAKED AND CONSOLIDATED CONDITIO rl S 
80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-11) 

FIGURE NO. A-4 
PROJECT NO. GQO166-04.1 

FILE NO(POObb,~ . -  DOCUMENT NO. F9730128 

MEASURED SHEAR STRENGTHS ---------_-------___--------------- 
U n  = 5.0 psi, ~ p s o k  = 2.5 psi, TW = 2.0 psi 
U n  = 20.0 psi, TW = 8.6 psi, TU) = 5.5 psi 
U n  = 45.0 psi, ~ p w k  = 17.7 psi, TW = 6.2 psi 

C . . !  PEAK : 4 = 21.; f p  = 100 f. P = 0.999 
a m m  ID STRENGTH: am = 

SOAKING: 168 hrs at 3 psi 
CONSOUDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 in./min. 

5 ;  am = & 'psf; R' = 0.748 

SEE NOTE (3) 

c 

m 8- 

0 5 10 15 20 25 30 35 40 45 ! 
NORMAL STRESS (psi) 

an le and adhesion were dehrmined from a best-fit line drawn thmu h the 
te3 data. Caution should be exercised in using the strength pamme?ers 

NOTES: (1) The reparted total-stresa shear strength parameters of friction 

autslde the range of 

DATE TESTED: 29 OCTOBER TO 7 NOVEMBER 1997 
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QA 
Sample 

PURPOSE 

Case Test Type Measured Shear Strengths Comply? 
(see note 

5 ~ s i  I 2 0 ~ s i  I 4 5 ~ s i  above) 

_. 
- Evaluate whether GCL QA sample no. 27 complies with the shear strength requirements given in the GCL specification 

(Section 02772, Paragraph 2.01.E.3). 

27 

METHOD 

c 
GCL Internal 4.7 4.2 J 7.6 J YES d’ 

GCUGMB Interface 1.6 / 5.0 J 6.1 / YES L*’ 

The method for evaluating the GCL sample is outlined in RCI number 1702-006R The method involves the following basic 
steps. 

1. 

2. 

Use shear test results fiom the GCL sample to establish the envelopes of measured peak and large-displacement 
internal and interface shear strength. 
Reanalyze two slope stability cases that were included in the OSDF design calculations using the measured peak 
and large-displacement strength envelopes established in Step 1. Obtain the slope stability factors of safety for the 
critical potential slip surface for each analysis case. 
Compare the slope stability factors of safety computed in Step 2 to the baseline factors of safety. 3. r/ 

Note: Whenever the shear test results for the GCL sample are higher than the shear strengths defined to obtain the baseline 
factor of safety, the slope stability analysis is not performed since it would necessarily result in a factor of safety higher than 
the baseline factor of safety. 

SHEAR TEST RESULTS 

The results of the GCL internal shear and GCL/geomembrane interface shear tests performed on QA sample no. 27 are 
shown in the following table. The laboratory test results are presented in Appendix A. 

/ 

J a 

I 27 I I GCLInternal I 4.8 psi ,+’ 8.3 psi 1 17.4 psi < YES k 
I GCUGMBInterface I 2.7 / I  8.4 17.4 A YES 
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TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 271 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

Bentofix NS GCL (GCL-27). GCL's initial moisture content was 10.0%. GCL's 

upper shehr box: rigid substrate with textured steel gripping surface; 

final moisture content ranged from 55% to 71 % for the test series; and 

lower shear box: rigid substrate with textured steel gripping surface. 

Designated Shear Plane: Within GCL 

Test Procedures for Each Normal Stress Condition: 

A fresh GCL specimen was trimmed from the bulk sample of the GCL and placed 
between two rigid wooden substrates with textured steel gripping surfaces. The ends 
of each geotextile were then sandwiched between a second rigid wooden substrate 
prior to testing. The entire test specimen was then placed in the shear box to 
provide confinement for the exposed bentonite component. The textured steel 
gripping surfaces were employed to minimize slippage between each geotextile 
component of the GCL and rigid wood substrate, therefore providing a relatively 
uniform transfer of shear load onto the GCL specimen. 

Soaking conditions: The GCL specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was 
drained, and the GCL specimen was consolidated for 48 hours under each test 
normal stress. 

Test normal stresses: 5, 20, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of 
manufacture (machine direction) of the Bentofix NS GCL sample. 

Each test was sheared until a minimum total shear displacement of 2 in. was 
achieved. 

GQO166-04.llF9730130 I 
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TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 27G 

Test Specimen Cofliguration (from top to bottom) and Placement Conditions: 
..-. - 

upper shear box: rigid substrate with textured steel gripping surface; 

Bentofix NS GCL (GCL-27) with woven geotextile against geomembrane. GCL’s initial 
moisture content was 8.1 S. GCL’s final moisture content ranged from 53 to 80 % for the 
test series; 

80-mil NSC textured HDPE geomembrane (GM-11); and 

lower shear box: bed- layer of compacted concrete sand. 

Test Interface: GCL against geomembrane 

Test Procedures for Each Normal Stress Condition: 

0 

0 

a 

0 

0 

0 

a 

a 

a 

a 

A fresh specimen of concrete sand was compacted into the lower shear box by hand tamping 
to a relatively dense state under dry conditions forming a 3 in. thick bedding layer. 

A fresh specimen of geomembrane was trimmed from the bulk sample and attached to the 
lower shear box with mechanical compression clamps. 

A fresh specimen of GCL was trimmed from the bulk sample and attached to the upper shear 
box with mechanical compression clamps. The GCL was oriented so that the woven 
geotextile component of the GCL was in contact with the geomembrane. 

A rigid substrate with a textured steel gripping surface was placed on top of the GCL. The 
textured steel gripping surface was used to minimize slippage between the upper geotextile 
component of the GCL and rigid wooden substrate, therefore providing a relatively uniform 
transfer of shear load onto the test interface. 

Soaking conditions: The entire test specimen was soaked in tap water for 168 hours under 
a normal stress of 3 psi. 

Consolidation conditions: After the 168 hour soaking period, the tap water was drained, and 
the entire test specimen was consolidated for 48 hours under each test normal stress. 

Test normal stresses: 5 ,  20, and 45 psi. 

Constant shear displacement rate: 0.004 idmin. 

The direction of shear for each interface direct shear test was in the direction of manufacture 
(machine direction) of the geosynthetic samples. 

Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 

2 97.1 I. 18 



FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

ON-SITE DISPOSAL FACILITY 

- 
I 
I- 

'L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

6000 

FIGURE NO. A- 1 
PROJECT NO. GQO166-04.1 
DOCUMENT NO. F9730130 
FILE N ~ ~ J O Q G ~ ~  

1 

1500j 1000 

TEST SERIES NUMBER 271: INTERNAL STRENGTH OF 
BENTOflX NS GCL GCL-27) UNDER SOAKED AND 
CONSOUDATED CON 6 ITIONS 

TEST CONDITIONS - on = 5.0 psi - 20.0 psi 
CCCCI on = 45.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE: 0.004 ln./mln. 

n /SEE NOTE (3) 

3 

NOTES: (1) A constant area of 1 ft2 was assumed when computing normal 
and shear stresses. 
No internal shear failure within GCL was observed. 
Internal shear failure within GCL was observed. 

DATE TETED: 1 TO 10 NOVEMBER 1997 
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'L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 
ON-SITE -DISPOSAL FACILITY 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

FIGURE NO. A-2 
PROJECT NO. GQOl66-04.1 

FILE NO. " " ' DOCUMEKTAS e -f , 9730130 

50 
- 

TEST SERIES NUMBER 271: INTERNAL STRENGTH OF 
BENTOFlX NS GCL GCL-27) UNDER SOAKED AND 6 45 - 

- CONSOUDATED CON mONS 

- MEASURED SHEAR STRENGTHS 

35-  on = 5.0 psi, -re = 4.8 psi, TU) = 4.7 psi 
- U n  = 20.0 psi, 7,- = 8.3 psi, TU = 4.2 psi 

a, = 45.0 psi, T~ = 17.4 psi, T~ = 7.6 psi 

40- 

_---------------------------------- 

8. 
- 3 0 -  
v) 

C O ~ S  PEAK : S, = 18.; f D  = 390 f. R' = 0.989 
~ B W  ID SIRENGTH: dm = 4 ; am E: 5g *psf; R' = 0.742 - 
SOAKING 168 hrs a t  3 psi 
CONSOUDATION: 4-8 hm at  each stress 
SHEAR RATE: 0.004 in./rnin. 

- - 
3 20- 
I 
v) 

- 

- 

15 - 
SEE NOTE (3) 

10 - 

5 -  - 
4 - 

0 l ~ l ~ l ~ l ~ 1 ~ 1 ~ 1 ~ 1 ~ 1 ~ 1  

0 5 10 15 20 25 30. 35 40 45 ! 
NORMAL STRESS (psi) 

NOTES: (1) The raported tatal-Stress shear strength parameters of frlctlon 
an le and adhesion were determined from a best-fft line drawn thmu h the 
tea data. Caution should be exercised in using the strength paramefeo 
for applications involving normal stresses outside the range of 
stre- covered the test series. 
(2) The -iarqp di s 7 acement Shear strength  was calculated 
usn the s ear orce at a shear dis lacement of 2 in. for each test. 
3 t o  internal shear failure within &L was observed. 

141 Internal failure within GCL was ohenmi. 

I 
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4500 - 
- 

n 4000- 

0 
-3500- 
w u 
K 

v) - 
- 

e 3000- 
- 

=rfS 

TEST CONDITIONS - an = 5.0 psi - u,, = 45.0 psi 

-------------- - = 20.0 psi 

SOAKING 168 hrs at 3 psi 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RAE 0.004 In./rnln. 

FLUOR DANIEL FERNALD 

PHASE 1 CONSTRUCTION 
DIRECT SHEAR TESTING 

- ON-SITE DISPOSAL FACILITY 

I 

PROJECT NO. GQOl66-04.1 
DOCUMENT NO. Fg730 1 30 
FI-0 b’p4 . 

DATE TESTED: 1 TO 10 NOVEMBER 1997 - 
I- 
I 

‘L GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

I FIGURENO. A-3 
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- 
c- 
IL GEOSYNTEC CONSULTANTS 
SOIL-GEOSYNTHETIC INTERACTION TESTING LABORATORY 

FLUOR DANIEL FERNALD 
ON-SITE DISPOSAL FACILITY 

FIGURE NO. A-4 
PROJECT NO. GQOl66-04.1 
DOCUMENT NO. F9730 1 30 
FILE @.$0575 

PHASE 1 CO N STR U CTI 0 N 
DIRECT SHEAR TESTING 

TEST SERIES NUMBER 27G: BENTOFIX NS GCL 

80-mil NSC TEXTURED HDPE GEOMEMBRANE GM-11) 

GCL-27) 
WITH WOVEN GEOTEXTIE AGAlNST GEOMEMBRAN 1 / 
UNDER SOAKED AND CONSOLIDATED CONDITIO b! S 

C.CL-0 PEAK 5 = = 135 f. R = 1.000 
e . w  ID STi(ENCTH. 6, - , am = 2g 'm = 0.826 

SEE NOTE (3) 
SOAKING 168 hrs at 3 psi / 
CONSOLIDATION: 48 hrs at each stress 
SHEAR RATE 0.004 in./min. 

0 5 10 15 20 25 30 3 5 . .  40 45 ! 
NORMAL STRESS (psi) 
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Geomembrane Test Results 
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. . . . . .  

. . . . . .  

lCC,L+ 

3!?5f!.. .. 

!!*e! 
= V6,. . . . .  

- - 

O.C. DOCUMENTS 

D A K  
RECElvEt 
(day/mo 

eg@. . 
. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  1 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  --. 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

#T!?.F .?t 

?% .+. != 

?W. fie 
'30 - 5 .  F 
. . . . . . . .  

DATE 
CHECKED PASS/ 
:doy/mo) FAIL 

!Z.?<f., .?. ;.. . 

I 
I 

. . . . . . . . . . . . . . . . .  

. . . .  ' " " ' 1" ' 

. . . . . . . . . . . . . I . . .  
I 
I 

" ' i" ' 

. . . . . . . . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . .  
. '  ' 1" ' 

I 
I .  

, .  ' 1 ' .  , 
. . . . . . . . . . . . I . . .  

I 
I 

. . . . . . . . . . . . I . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . .  

. . . . . . . . . . . . . . . .  

. . . . . . . . .  

. . . . . . . . . . . . I . . .  
I . . . . . . . . . . . . . . . .  

?<? . .=. .y . . . .  1. . .  

, F.4c; .*:'.E ! 3 r 
I 

. . .  1 . .  . .  . . . . . . . . .  

I 

- 
OA It 
- 
fld. 

.J: . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . . .  

. . . . .  

. . . . . .  

. . . . . .  

. . . . .  

$6.. 

. . e . .  

. . . . .  

. . . . .  



NUMBER OF ROLLS ABOVE: 2 5  ACCUMULATIVE NUMBER OF ROLLS: 

MATERIAL INVENTORY a 
PROJECT: ON-SITE DISPOSAL FACILITY (OSDF) --.- 

LOCAnON: FERNALD, OHIO PROJECT_-NO: G0°166 .TASK_NO.: 04-1 

DESCRIPTION: '%e. 1- ( 3 7 t , U  mh/ YEAR: /qsF 
c 

PRODUCT TYPE: $a t.&Bn55nLF MANUFACTURER: - !  /El 

........ 

. 
INVENTORY O.A. CONFORMANCE O.C. DOCUMENTS 

SAMPLE 
NO. 

DATE PASS, 
FAIL 
1 

I 
I 
I 
1 
I .  
I 
I 
1 .  
1 . .  . 
I 
I 
1 . .  
I .  
I 
I 
1 -  
1 . '  
I 
I 
1 ,  " 
1 . .  . 
I 
I 
I . . '  
I . .  . 
I 
1 ' .  
1 .  ' 
I . . .  
I 
I"' 
I .  " 

. .  

. . . .  

. .  

. . .  

. . .  

PASS 
FAIL 
7- 

. I . .  
I 
I 

" I '  
. . I . .  

I 
i 

" I  
. . I . .  

I 

' I "  
. . I . .  

I 

. I .  
. . I . . ,  

I 
I 

' 1 . "  
. . I . . .  

I 
I 

- 1 .  
. . I . .  . 

I 
I 

- ' I "  
. . I . . .  

I 
I 

" l ' . '  

. . . .  

. . . .  

. . .  

i 

. . . .  
i 

. . . . . .  

. . . .  

. . . . . .  

. . . . . .  

I 

OA IC 

. . . . . .  

. . . . .  

. . . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . .  

. . .  

. . . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . . .  

. . . . .  

. . . . . .  

. . . .  

. . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

/2 
. .  

. . .  

. .  

. . . .  

. . . .  

. . .  

. . . .  

. . . .  

. . . .  

. .  

. .  

. . . .  

. . . .  

. . .  

. . .  

. .  

. .  

. . .  

. . .  

. . .  

. .  

. . .  

. . .  

zi /2  , . . . . . . .  . . . . . . . . . .  

. . . . . . .  

. . . . . . . .  

;T-o+oS 

. . .  

. . . . . .  

. .  

. . . . . . . . .  

./sa 
. . . . . . . .  

7=07,0..? 

AVG. ROLL WIDTH: 1: 1 0 f f .  AVG. ROLL LENGTH: 



- _ _  LOCATION: FERNALD, OHIO PROJECT-NO:  G00'66 TASK. NO.: 04-1 

DESCRIPTION: € E PhA457ii~ O J  YEAR: /99'3- 
PRODUCT TYPE: -guz. d-7,* MANUFACTURER: w 5 - A - e  Tm&u 6G-5 

I N V E N T O R Y  

_ _  

. . . . . . .  

. . . . . . .  

. . . . . . . . .  

. . . . .  

. . . . . .  

. .  

. . .  

. . . . . . .  

. . . . .  

. . . . . . .  

. . . . . . .  

. . . . .  

. . . . . . .  

. . . .  

. . . . .  

. . . . . .  

. . . . . . . . .  

. . . . . . . .  

. . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

c 
r 

- 
OA I 

BE 
. . .  

. . . . .  

. . . . .  

. . . .  

. . .  

. . . . .  

. . .  

. .  

. . .  

. . .  

. .  

. . .  

. . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

- - 

O.A. C O N F O R M A N C E  

. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  

O.C. D O C U M E N T S  

!2 = 
. . . . . . . .  

. . . . . .  

. . . . . . . .  

. . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . .  

. . . . . . . . . .  

. . . . . . . .  

. . . . .  

. . . . . . . .  

. . . . . . . . . .  

. . . . . . . . .  

. . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

AVG. ROLL WIDTH: 1.5.0 &. AVG. ROLL LENGTH: ?80 +?, 
NUMBER OF ROLLS ABOVE: ACCUMULATIVE NUMBER OF ROLLS: u'z 
CUMULATIVE AREA: 49/=40 DK'NO. OF CONFORMANCE TESTS (poge/totol): 9 / 7: J 

%EOSWTEC ~ S U L T A N T S  FlLE NO. 3-01-MF REHEWD Br: OBbOT 0% WEET NO. A W L .  
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MATERIAL INVENTORY 
c 

PROJECT: ON-SITE DISPOSAL FACILITY (OSDF) 

O.A. CONFORMANCE O.C. DOCUMENTS INVENTORY 

BATCH / ROLL NO. 
809 

I j O l  t 
?7! 26!. . . .  .I!! 3 0 .  . 

97!?6:3.. . . . . . . . . .  

q ? ! . w  . . 
9?! 265. . . . . . . . . . .  

~7!21p6 . . . . . . . . . . .  

v!=?. . . . . . . . . . .  

???we. .  . . . . . . . . .  

97 ! 269. . . . . . . . . . .  

9?.!2?!. . . . . .  . .  

q?! 272. . . . . . . . . . .  

97073.  . . . . . . . . . .  

V! 2?3. . . . . . . . . . .  

371.2.?5. . . . . . . . . . .  

77!276. . . . . . . . . . .  

97 !.M7.. . . . . . . . . .  

q? !??? . . . . . . . . . . .  

?7!.27?. . . . . . . . . . .  

7?!tt??. . . . . . . . . . .  

77.1 mz-. . . . . . . . .  

97 ! M 3  . . . . . . . . . .  

97 .!ts 3. . . . . . . . . .  

971262 . . . . . . . . . . . . . . . . . . . .  

12as . . . . . . . . . . . . . . . . .  

471 207 

- 
OA ID 

- 
RL . . . . . .  

- 
PASS, 
FAIL 
I 
..I.. . . I . .  
"I" 
. . I . .  
I 
i 

' . I . '  
..I.., 
PI.., 

i 
"I"' 
. . I . . .  

I 
i 

" I " '  
. . I . . .  

I 
i 

" I" '  
. . I . . .  

I 
I 

" I " '  

. . . .  

. . . . .  

. . . . .  

. . . . . .  

- 
PASS, 
FAIL 
1 
f!. J . . .  

u.. .  
? I 

P '  

f '  "1" '  

P. 1 . .  . 
8 '  " 1 " .  

e.! . . .  

Q. 1. .  . 

1 ' "  
. . I . . .  
P:.. , . 

" 1 " '  
?. J . .  . 
I?.! . . .  

P. I.. . 

f. J . .  . 

I 

f. I.. . 

I). . . . .  

e. I . . .  
e, 1 . .  
8 '  

e.! . . .  

P . , . . .  I 

"1" '  
P . J  . . .  

. . .  

DATE 
(do y/mo' 

SAMPLE 
N 0. 

OA ID 

- 
. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

w ! s  
. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

w[ak 
. . . . . .  

. . . . . .  

. . . . . .  

G. 
. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . . .  

. . . .  

. . . .  

. . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

- - 

i'2 . . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  
3 

!Ir. 
. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

I "  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . . . .  . . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  
\ 

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

. .  

' \  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

- 

. . .  

. . .  

. . .  

. .  

. . .  

. . .  

. . .  

. . . .  

. .  

. . , .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . . . . . . . . .  

. . . . .  

. . . . . . . . . . .  

. . . .  
t i  Auq . . . . . . . .  5T- lO-02 . . . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  . . . . . . . . . . .  

. . . . . . . . . .  . . . . . . . . . . .  

. . . . . . . . . .  . . . . . . . . . . .  

. . . . . . . .  

. . . . . . . . . .  . . . . . . . . . . .  

. . . . . . .  

. . . . . . . . . .  . . . . . . . . . .  

. . .  

. . .  

. . .  

. . .  

. .  

. .  

f7 

. .  

. . . . . . . .  . . . . . . .  

. . . . . . . . . .  

. *! A9.$ 
. . . . . . . . . . .  

al--ro-of . . . . . . . . . .  

. . . . . . . . . .  . . . . . . . . . . .  

. . . .  . . . . . . .  

. . . . . . . . . .  . . . . . . . . . . . . .  

AVG. ROLL WIDTH: 15.0 AVG. ROLL LENGTH: s70 i? 

NUMBER OF ROLLS ABOVE: 2 5  ACCUMULATIVE NUMBER OF ROLLS: 2r  

CUMULATIVE AREA: 2 1 3 ~ 5 o  +I 60. OF CONFORMANCE TESTS (poge/totol): 2 / 2  



. 

NUMBER OF ROLLS ABOVE: 25  ACCUMULATIVE NUMBER OF ROLLS: 

I 2  4 . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

!G 
. . .  

. . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . .  

. . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . .  

. . . .  

. . .  

. . .  

. . .  

- - 

INVENTORY 

BATCH / ROLL NO. 
809 
471,206 . . . .  .I! !?? 
?7!.?39.. . I ! ? ! ? .  . 

g.71 z? 0 . . . . . . . . . .  

Q?r t: s J . . . . . . .  !?? . .  

BoL* 

Ob* k- 

On1 I: 

47 !.Z%. . . . . . . .  

??. !.?!?. . . . . . . . .  

97. .!2ss.. . . . . . . .  

97. .!249. . .  !i:-!>. . 
a:. .. 

97! 30 4.  . . . . . . . . .  

971 !.3!.0.. . . . . . . . .  

97. !?.!I.. . . . . . . . . .  
77/3 f 

0.A CONFORMANCE 

. . . . . . . . .  

. . . .  

. . . . . . . . . .  

. . . . . . . . . .  

21 wq . . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

lw?6. 
. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

SAMPLE 
N 0. 

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

i7- /O - 01 . . . . . . . . . . .  

. . . . . . . . . .  

. . . .  

. . . . . . . . . . .  

. . . .  

. . . . . . . . . . .  

. . . .  

. . . . . . . . . . . .  

PASS, 
FAIL 
I 
. . I . . ,  . . I . . .  
" I " '  
. . I . . .  
I 
i 

" I " '  
91 . . .  

I 
i 

" I " '  
. . I . . .  

I 
i 

" I " '  
. . I . . .  

I 
i 

' ' I . ' .  
. . I . . .  
3.! . . .  

I 
' . l ' . .  
. . I . . .  

I 
I 

"I"' 
. . I . . .  

I 
I 

"I"' 

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . . .  

. . . . . .  

OA ID 

- 
. . . . .  

. . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
3AIeL . . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
R L  . . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
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APPENDIX J: 

CONTRACTOR’S 

OF SUBGRADE SURFACE 
CERTIFICATE OF ACCEPTANCE - 
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CERTIFICATE -OF ACCEPTANCE 
SUBGRAD.E SURFACE 

INSTALLER 
7 

~ PROJECT 

I ,  The undersigned, duly authorized representive of 
do hereby a c c e p t  t h e  s u r f a c e  on which t h e  geosynthe t ics  will be installed and  shall be 
responsible for maintaining t h e  suitability of this sur face ,  in a c c o r d a n c e  with t h e  project  
specifications.  (Le., The c o n t r a c t o r  shall n o t  install t h e  geasyn the t ics  until t he  s u b g r a d e  
s u r f a c e  is acceptable .  Installation of t h e  geosynthe t ics  will be considered a c c e p t a n c e  of 
t h e  subgrade . )  

PRIMARY: 0 SECONDARY OTHER: [7 

PANEL NOS. 

.S:!. . .T4flQO~ 4 .  . .  3 -?.7. . . . . . . . .  

JllP . .  f l R O U ~ 4 . .  . .J.-.3.74,. . . .  

.-%? . .  .r4rr.oY~ 1 .z . . . . . . . . . . . . . . . .  S - Y Z  
.s-.d3, . .%?aU'i/7. . .s f 
.J:#%. . YhZW&. . .  -f-.-. . . . . . .  

s 5 3 .  . @m'+ . .  .s - b.l . . . . . . .  

. S - M  r~?/Zoq4 s- 6.7 . . . .  

s- 74/. .?%rn.CfC'. .s.-w .03. 
.5 : .iw .Yb, W.l?./ 5 . .5 53 . . . . . . .  

.=-. 9v. "r//noQyl,. . s.-/=T/.-.: 
J:/R? %mLy 

. 

S-66 X h w T 4  5 - 7 3  . . . .  
R& 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . .  . . . . .  . . . . . . . . . . . . . . . . .  

%EOSWTEC CD(SULTNE. nu NO. s-03-w 

1 SIGNATURE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
~~ 

. . . . . . . . . . . . . . . . . . . . . . .  
/ 

(sw .p??yE. . .z. . C K .  2). . . . . . . . . . . . . . . . . . . . . . . .  I 
($€e. .f??p5.. . Z a f .  9,. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
n 



CERTIFICATE OF ACCEPTANCE 

INSTALLER 
AU THORl ZED 
REPRESENTATIVE: m y  L %Z IYlLwrh 4 OWNER: O'J PEA o : E L m w  /w.& 

SUBGRADE SURFACE 

do hereby occept the surface on which the geosynthetics will be installed and shall be 
responsible for maintaining the suitability of this surface, in accordance w i th  the project 
specifications. (Le., The contractor shall not install the geosynthetics until the subgrade 
surface is acceptable. Installation of the geosynthetics will be considered acceptance o f  
the subgrade.) 

PRIMARY 0 SECONDARY OTHER: [3 i 

PROJECT 

I I 

. . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  

'CEOSWTEC CONSULTANTS CUE NO. MU-CAS 
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do hereby accept the surface on which the geosynthetics will be installed and shall be 
responsible for maintaining the suitability of this surface, in accordance with the project 
specifications. (Le., The contractor shall not install the geasynthetics until the subgrade 

CERTIFICATE OF ACCEPTANCE 
SUBGRADE SURFACE 

I I I  I 

surface is acceptable. Installation of the geosynthetics will be considered acceptance of 
the subgrade.) 

1 PRIMARY: 0 SECONDARY OTHER: 0 I 

. . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  

0 




