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SECTION 2.0 - EXECUTIVE SUMMARY

The two K-65 silos, és analyzed for this report, are capable
of sustéining the present static loads plus the internal radon |
attenuation sand layer. The addition of the sand layer to the
existing silos produces slight additional bending in the silo
walls. The stresses in the dome and base slab are essentially
unaffected. ‘All static stresses induced by the imposed loads
are within allowable values as determined by ACI.

The silos are also capable of sustaining the static loads in
conjuction with earthquake loads. Both silos-would experience -
some cracking in the base slab but would remain functional as
containers.

This report is intended to analyze an additional load
condition not covered by Ref. [1]. In that respect, it does not .
‘supercede any of the conclusions or recommendations presented by
that evaluation. The life expectancy of the silos as stated in

Ref. {1] will remain unchanged by this report.

2.1 ‘ 000003
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TABLE 4.0.1 ALLOWABLE STRESSES

NORTH SILO

COMP. SHEAR SHEAR
COMF. TEN. HOOF BASE/DOME wAaLL
LOCATION ELEMENTS f- c 0.43F°c 0.03Fc 0.185F°c 1.44Fc 1.23Fc
EASE 1#263 2000 | 1350 20 540 20 -
WALL I6*S36 D000 1350 50 540 - &7
SI7#LPE 2S00 1575 105 LSO - 73
DOME LHPTHSZO 4000 1200 120 720 104 -
| SRI#P0OS 3500 1575 105 AH30 27 -
DOTEDTE ZO00 1350 20 540 20 -
977#1000 2S00 1125 75 450 22 -
SOUTH SILO
, COMP. SHEAR SHEAR
. _ . COMP. TEN. HOOP BASE /DOME WALL
LOCATION ELEMENTS. f-c 0.45fF"c O0.03fc O.13fFc 1.64VFc 1.23VF cC

BASE 14368 2000 1350 20 540 20 --
WALL IHTEIPZ 2000 IS0 20 540 - ~7
IPIHLZE  ITOC 1575 105 A0 - 73
LIZSHETE 4000 1300 120 720 -- 73
CIOME CPT7#77L T 4000 1200 120 720 104 --
777#848 3500 1575 105 30 27 -
S49#974 2000 1350 20 S40 20 --
977%1000 2500 1125 75 450 22 -
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SECTION 5.0 - RESULTS: COMBINED STATIC AND DYNAMIC

The final load combination analyzed was the static loads
combined with dynamic earthquake loads. Appendix B.l describes
in detail the hypothetical earthquake acting alone on the
silos. Superposition of loads is used td_combine dynamic and
static stresses. All combined stresses‘listed in this section
are reduced by 1/3 in accordance with Section 917.4 of the.Ohid
Basic Building Code. The. reduced stresées can then be compared
directly to the allowable stresses listed in Table 4.0.1.
Figures 5.0.1 through 5.0.12 present the maximum and minimum
stresses occurring over the full durafion of the seismic event.
- These figures provide é stress envelope expressed as a funcfion
of a given points distance outward from the silo centerline or
upward from the base slab.

The base slab in the north silo‘wogld éxpe?ience maximum
compressive stresses of -172 psi longitudinal stress and -149
psi hoop stress. The south silo base slab would experience
maximum compressive sﬁresses of -231'psi longitudinal stress and
-86 psi hooé.stress. These values are well below their
respective allowable stresses as listed in Table 4.0.1. Maximum
base slab hoop tensile stresses are +52 psi in the north silo
and +41 psi in the south silo. These values are also below
allowable tensile stfessllevels. Maximum bése slab longitudinal
teﬁsile stresses of 4126 psi in the north silo and +176 psi in

the south silo are above the 90 psi allowable stress level, but

5.1 000005,



below the modulus of rupture of 383 psi. Stress levels in the
reinforcing steel would be 25,220 psi in the north silo and
33,900 psi in the south silo. While both values are above the
20,000 psi allowable reinforcing steel stress, they remain belaw
the yield stress of 40,000 psi. Since the étrain'levels are
elastic, the result of these high tensile stresses would-be the
- occurrence of some microcracking of the base slab in each silo.
The stréss levels for the reinforcement steel are computed based
on the full area of steellpe: the original design. The
nondestructive testing performed in Reference (1] could not
determine the condition of reinforcement in the base.slab in
éreas such as this which are not directly under the side wall.
Should less than the full area of steel be remaining, stresses
could exceed yield, producing larger cracks in the base slab.

All stresses in the walls of both silos remain compressive.
The maximﬁm longitudinal stress of -323 psi énd maximum hoop
stress of -370 psi are both below allowable stresses presented
in Table 4.0.1.

The maximum longitudinal stresses in the dbmes are +78 psi
tension and -225 psi compression. The tensile value occurs in
4000 psi concrete in the north silo having an allowable tensile
stress of 120 psi. The compressive value is well below'
allowable. Maximum hoop stresses ih the dqmes are +56 psi
tension and -260'psi compression. Both are below allowable

atwv?

stress levels.

* | 000605
5.2




oo
o

Shear stresses for the static analysis and the dynamic
.analysis were both negligible. Combined values are,

consequently, also negligible.

0009
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Two Concrete Storage Siles Holding Solid K-65
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1. EXECUTIVE SUMMARY & CONCLUSIONS

The earthquake analysis was performed on both the North and

South NLO concrete Siiocs « A three-dimensional analysis was

conducted through the time domain (time history analysis). Each

time step was 0.01 sec and the earthquake was described .at every

0.01 seconds over 10 seconds. The investigator conservatively

made the following assumptions:

1)
2)

3)

4)

5)

6)

7)

The solid K-65 stored in the siles. and the added sand
blanket adds mass but not stiffness;
Earlier tests showed that the structural integrity of
the concrete dome had deteriorated. Later, a video
display of the dome indicated that the concrete dome
thickness was still intact. Thus, provision for this '
deterioration was accounted for by adding the mass: of
the concrete dome but stiffness was reduced.
'Added weight was imposed on the dome to account for a
dome cap, and a foam of lpsf was also lntroduced as
added dead weight.
Damping was neglected (the damping in a faCLIity of
this type could be taken approximately to be 10 - 15% );
The Sii¢ was assumed to be a homogenous isotropic
uncracked concrete;
All connections between the walls and base slab, and
walls and the dome have enough tendons to cause the
system to-act as a unit through the majority of the
earthquake; and

All stresses reported herein are a result of the

earthquake and do not account for the compression
stresses existing in the silec due to post tensioning

_ and induced by other loads such as self weight, etc.
. Further, the analysis is based on the assumption that
‘the foundation system is not subject to liquification

due to the imposed earthquake loading. This conditions
should be examined by a qualified geotechnical engineer.

Dome-The dome on both structures moved as a rigid body  in

the radial direction, vertical movements were negligible and the

maximum Hoop Stresses were +75/ -146 psi for the North sile and’

+140/-144 psi for the South <uo .. Longltudinal stresses were

+54/-202 psi for the North and -101/99 psi for the South Silo .

fhe stresses described above were near the top of the Silo walls.

- .000049



Stressésa near the middle of the dqme were negligible because the
dome is extremely flexible and therefore does not significantly
resist the earthquake movements. Shear stresses were found to be
negligible.

Walls-The stresses in the walls may be conéidered
insignificant except near the bottom of the Sile L. The stresses
'approximately 3 ft above the base slab were found to experience
Hoop stresses of -152/84 psi for the North, and -86/100 psi for
the South Sie . Longitudinal stresses were -66/83 psi for. the
‘North and -46/35 psi for the Soutﬁ sile - ' "Shear stresses .were
negligible. | o .

Base Slab-The Hoop stresses in the base slab were fouﬁa éo_
be -154/84 psi in the North s“é and -59/76 psi in the South
SNo . Londitudinal stresses were 188/-199 for the north silo and

258/-266 psi for the south S\lc.. Shear stresses were neglibible.

i u
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5. RESULTS AND FINDINGS

It was the objective of this investigation to perform a time
history analysis on the three (3) dimensional concrete storage
-suc deécribed earlier'in this report. Before a detailed time
history analysis is conducted, it is advisable to perform a free
vibration analysis to obtain the nétural period and frequency of
the soil-structure system; Therefore, an ahalysis'was conducted
to examine the>first 10 to 15 modeé.‘ The results of this study
showed that the fundamental frequency was 6.03 hz f§r the North
she and 5.51 hz for the South <ilo.. The results of the first 5

modes are presented below for review.

Table B-1 MNatural Fequency

, North Silw South Sile

Mode Period Frequency . Period Frequency

Numberx (Sec.) (hz) (Sec.) (hz)

1 0.166 6.03 0.182 - 5.51

2 0.136 - 7.34 0.142 7.05

3 0.117 8.53 0.122 8.18

4 0.094 .10.69 0.105 9.47

5 0.089 11.22 0.100 9,99

Time history aﬁalysis gives the response of the strudture'at
selected points in time. The earthquake analysis reported herein
was cohdu&ted using an incremental time step of 0.01 sec and 10
modes were used to conduct a moda1~ana1§sis.

North <$\erThé‘5@n> :esponded to the simulated earthquake

record with negligible vertical movements and small radial
displacements over the time period.  The structure moved-o?erali
- as a rigid body‘and the maximum radial displacement occured near
fhe top of the svlo wall (nodes 115 to 121). These displacementé

'were‘-0.24f at 6.1 sec and 0.23‘ at 8.3 sec. .Tﬁe radial

I
.
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presented in Figs. B-17 thru B-28.

displacements of the top'of the silo: wall versus time was plotted
and at each 0.10 sec and are presented in Fig. B-1. The maximum

radial displacements for the ¢$.\c¢ are presented in Fig. B-2.

Shell stresses consist of longitudinal and hoop stresses and

shear stresses. The maximum stresses occured at two points of

time 6.1 and 8.3 sec. A summary of the results are presented

»in tables B-2 and B-3. The results for the longitudinal and hoop

stresses for each of these two time steps were calculated at the

center of each element instead of the node as presented in the

1985 analysis. The results of the longitudinal and .hoop

stresses for 6.1 sec are presented in Figs. B-=3 thru B-8. The
results for the longitudinal and hoop stresses for 8.3 sec are

presented in Figs. B-9 thru B-14.

South Si.\o -The Si\o responed in much the same way as the

North éno‘ did. The structure also displaced as a rigid body and
the maximum radial displacements occured near the top of the wall
(nodes 115-121). These_displacements were -0.29 at 6.1 sec and
0.27 af 6.8 sec, into the earthquake, see Fig. B-15. The
displacements at the top of the wail, Node 121 were plotted at
every 0;10 sec and are presented in Fig. B-16. |
The maximum shell stresses in the South Sile occured at the

time periods 6.1 and 6.8, respectively. A summary of’the.resdlﬁs

are presented in tables B-4 and B-5 for consideration.

The longitudinal and hoop stresses ggmthe shell are

500052




56 21

llem jo doj sjuswaoeldsiqg [eipey

88, 'AO} ors UjdonN

000053

(u) juswaon!dsiC



0 _
r v - uu_d_um,

(v o...+¢1::on._ )?°4insqng. L

() seipog
|

)

P
]

I

-

0
~

‘zoi|

8

?
,’-{r-‘}-‘------..--.._ coPpmecmce
’
’
4

(#2001 'pres)

m . m E\S p—tdm |T 69 -) f:..ﬂduw . .

- o ecdDecPeoas e —occlo o .
.-~ o

(1]
" (42d b1 { pos)
- . * . o ..
S - 395 |'9 o
12 ~ el AMWBAORY  prs
2217 SIS o
a— s ~ee Illlllll : .
Sy ﬂ.° *‘ B 'l'"..'.&' L1
n*‘:.’Ot ars . o
A.wwm_v wvo “
A dony swo(] MM__

Sixy (2) 1”999 ¢

9ok




- A
-

5 Vo) R
\
_ -
. =)
NLR0LEZ° 631SOT60° 6STESH0" .  IGTUIT°T  PLOPSS - zo* 13 4° 2 »C - €2~ . s Lz zot o~
9501 ° - ril-Z- 9S06°T~ . 9CCO" 300" 1 -z~ 3 °5- €z 31— bt s0° se-oc s°z 1131 Q
A4I8S510° 01806°€C~ L16T10°p- ov-mm"uuwﬁﬂ“mosuo. 9°-9- 608~ &€ 30° 20°~ ez’ -~ S56°%4 84°3 o8t
4999920°  CCCIC*9- CCESC°9- CCECUs 't  b9°s 1= . 6%~ 4 »0° €o°- 1 $°0Zt € - . 648
1062201 909962~ Z56+9°6- OCSI92°C CTO9L0¢° L 38 L 42~ e°S et 9~ 9°2- $°59¢ 3°C L 234
15 952°8-  KFOC°Of -~ 251°9% €CEF9S " ~ e°x2- 0°pg- 9?6 z°s bog- 279~ $°01Z - Si°C 121
5102 ST6°0f- SZ0°Cl- STIC ¥ S200°t T 92~ 8°db- s°2t 1z 0 2~ €°c- . . $°8S8? > 941
KEJTZTCC"  05620°S- ZIS6H°C- 0€9Z9°C~ ZhOZ2°11 9°42- " T O~ T L1 3 vz 1€z $°00¢ b s28
TI1IS 1 - $LOZ°SI- 2€022°€- 2€0€°22- P0LCO°2C z-0¢c- 4°Tr- e°1Z 1°S- €°6t 2°18 $°56C s*» »a1
40523 k-  0€12°6€- BEZO°6T-  CL42°T9- S526Z°0L 4°2€~- | S 6Ct~ z°0Z 4°91- 6°9¢ c-op2 13 S2°v €413
b-9- ZS0°99- ©8kC Cr- 8rb°1C-  808°9C d°6p- $°€22~ Ll sc- i z°2Zrt sSop s zat
r05°9-- ZCr 26~ B9t 21— 25°9- | 91°2 »4a9- »ZH- 3 142~ 0°31¢€ s 02 42 S 143
T65°5- $21°208- 9297201~ 96€ ° 9C 9SC "ok~ »e- 465~ $°6- ‘€2~ »6" -~ 6 68t~ cr> s 048
“ZE - PS0°¥IE~ 9@ 278~ »9-02 %6~ $°S6~ 2 265~ >-8t - 221 - - pC~ cre~ 314 s 691
ACLVL°ZT- S66°ZI8- I6T 66— 91§99°66 6.40°60%1- T°901- ©°C69~ 6°5Z- 2°C8- co99- T 928~ 19 $°S a9l
SC662°T-  J01°91%- P26 LM~ 99§9C€°16 228°101- > 811~  9°6CO- »C~ $-2zt- 6°08~ Z°009- 49% S 49t
LNSITET- 29k 211~ 3°Crl- €41€° 12~ 60C°ZTOZ- €°921- 826~ 9°866- 4°2~ |-221- b 0be- b $°2 98
5L P8I °9IL~ IbS 9pE— SZIC6 68  906°COL- 6C1- 8°0901- &°SS- > 6°39T- #°ccot - $°64bp .. 39t
EZIC0LT- 9SC°TIl- 69Z2°CIE~ 8ChCEF 8  €9590Z°9 4°29t- S°e60- ®°03 $°2-~ z-ot- TR ezc. S Cop. e »et
49121~ 696°021- I1CO°CZI- 86129C°1  €10250°¢ 92~ 926~ 4°6 €3 18- $9°3~- 20€ s°cop * €9t
LU92622° 641°128- 2S8°CZI- 1+€80°9- OI166"°9- 86¢ - 0°9re- Sep- | g°2 66~ or y- »02 S-cor Sd°4 L34
CCL69Z°8 IPC ZII- 612°bTt~ €SZSL°4~ CIPCO°O- Cig%- ' 2°6b0- T 69~ s°13 0°o~ . Ze 3~ 092 $°cop $°2 L34
£49301F°2Z  G09°I¥8- SSC CIT- 1100°11~ 9590271~ €09~ 9°Cre- s68- | 9°22 zoo- »z-t- ”®2 s cer s°2 o9t
51S528Z2°€ €92 108~ 264°Z0f1~ €606°PI- 921Z°S1~ 9°ZZO-  1°6C4- S°60T~ 8°02 2°9- z- 2z S Cop S22 6S1
08SOFre P  €196°6d- FOIL 10- 6ZPE°CZ- CPIS €2~ 4°€96-  ©°C9S- »91 - ?°6C 4°p- 2"~ o0y s -ceyr r) ost
BI556S°S  ZZIF 09~ 6bLZ"[9- CE2Z° 82~ ZopPu'82- 4001 - 8°SZh- 961 - 4°Sb > g~ 39"~ »9t S cop 2 451
s€29€7" ZOIP"SE€- S520°SE- 89°6Z- AL 62~ 0023~ S 6bZ- 802z~ 1°6S 6°t- 02"~ obs ‘S Cop 4 958
O15SL4°8  1CSKL S~ TbOPY ° S- 12S8°9C- 1256°9€~ 9028 - 9~ 8s2- » -89 zo* o 9%y s cop 2 SSt
TE56CT0T  POI6EL CC 6S62C°»¢ SS9 PE-  CLZSTPC- 69CT - 9°662 zre- 8°r8 >z %G" z6 s cep r rst
HEGrR9'S  ZOOPI° 09 06FFB° 1Y €CO0S°0b- BLSC OP- 90»1 - ez <ez- 190 1°p 19 2 $°Cop 4 st
15522673 €P129°€L C€P126°0d TTCZ Cr-  SCSO°Ch- 4601 - 6°61S zoc- e°ZS 6 » €e° 98 S°cop r zst
6C69F2°C  ZES6L°ZO 2CO0I1°b0 198C pbb- €SO0 “bhb- ori-1 - z ves or1¢C- %-0¢ »-s ze* zr S°cor r 1 3.
SC19Cut * 49€80°CO 190CH"bO CCHZ - 2P0 IP- »-22rt- C°90S SZ6- s°t s ze- (1 S-cep 2 ost
1e6epHZ° B80C6T 04 POIGH 62 Z2218°09- C€919°09- 9901 - ¢°195 SZh- z 3% o° 22 s-cor 4 &bt
€Z014SZ" 4TCIP°SL CL9CL- 9 2591 °19-  1226°02- o 2°2€S £°2Zb~ 12 z°3 aa° 14 $-cop 4 eri
C29C€8L°~  POZOO°CL CSIZZ Wi POZI "9~  29C6"19~ orp1 - € SIS Z pCr- »o9- S 84° s°9t $°C8b> 4 203
“16564°~  90Zhb 0L 90ZH9°TY 098, S99~ 266559~ T 45k~ £-26P > 65— $°9- 6 €e° s°Ct $°Cop 4 a» 1
19616k°~  66P09°02 96628 °22 COIS"9Ip-  218Z°9p- »-9221- Z 829 9 0>~ »od- o°tt el°t ® S °cep $°6 se1
29TpSC" 8 S21S°18 CB0ZL"62 41602°2€ CONIL"°2€ €°Co8- 656 2°05b $°2¢€ L3 3 >Lo S~ c6b 1. >bt
299161 "% $4€9°CO  216206-06 802ZF°6€ S$SZ00-6€ C-zre- 0°986 9°0i0 *:92 4°€C~ $0° S~ sz seb 2t ]
S2€0° €C€OeS59°p9 SZE°19 25°66~ 96°uP - e-9ce $°652 €°9901- @8°. 9° 26~ T6°b- $2°t66 21 zrt
€C<CB00" ¢t CO0ZF P9 COSKO°29 €e€1°€o- g6k Co- 008 8°8S52 9°666~ z°pz s 02- ozZ°p- © SThap z {4}
SZ9sS0° ¢ 216S2°C9 21b1L°09 12p1°CO- 961IS°CO- = 9°9022 ' Tbke 000% - L1381 20°62- v b~ S°C€» ' 2t ort
er9° 101°29 6€0°19 2029 S52- 0646°S2- €569 1°519 6S2- c°ot s6°8- €C 1~ zZsh ot 6Ct
299995~  19966°6b L199C9°1S 200°€CT-  A2°ZCH - o9 6 ->0¢ €164~ »oc- 2E6°h bae : ore 9 ect
SZ929° - SIF-A€ 986°6C 652°T61- IrS-161- €-2ss 9-z91 9°992~ 49°%~ 26°% 62° : $°p2p > i<
52€99°~ $6Z°6Z $S6°0C 161 "661- 656°061 - 42258 <ozt € 964~ 4d°3- 80°Z 13 5°S0» > oCt
528CC 1~ SIT°6T  SZh°IC €O CL1- HICCLI- ° S°TSH »-61t > P69~ 49°€- 2 €9° 92¢€ > sct
S2TL" - Z1°€2. . €hb°ST C€S6°2k1~ ©069°2v1- 2°Ss¢€ €86 €129~ »6°T- 0z 2 vc* _ »Zc > 3
SeEET - si26°4t  gzastan 98°COT-  PLTCOT - »6°ISZ  S°C2 zZ st~ .- s0°t oy Y 25T > cct
526997 - SZI°2ZY | SO9°Ct K912 02— 6606 69- 12°991 Z9°tS§ » - 002~ da°t- 80°2 1 3 i oot > ZCt
- S4086°1° S2¥S6-2 9812 Ih-  CCT Th- 64°96 ©9°0¢ 12°P9T- P9°- Sd° L S ' 8oy » {3
REDRE S2S€°2 - 9221°2 €9TS L1~ Actetar- z9-0¢ 460t ©9° 89~ > G- %€ -9 s6° S°9¢ > oct
<2 A8 < o4 ) . TESSToT TTmows Sweses ) sees .
c¥mds . quo-z a¥0-3 vy
15 aveysg c18d) 988435 JoON  ~CISAL #8eUIS “BUOT  J-WHIHS  J-IWID 419434 HOM-X  WOM-J213  UOW-ZI¥IW cen®y)  WaT3l .-
. . *S P A0O)Y JUSMIII . B
$1°9 = d3A1S INTL Otls Hidon "

28 o




Irl092* -
4.3 S
CU9LPbO° -~
499920 -
SOr2Z290° -
CCCSOP° -~
SZ90S° ~
SS09LY * -
40b20b2 "
199161
992
ICL°2
80z-2

[ ] 2 §
61 2ZF69"
06208 °
29365k " -
C9s81Y "1 -
Gi6ar "
32V ° -
SrS6CH - -
L9pSCT N -
0Z5°2Z2-
ot C-"C~
Drao] § -0
1S3 S G~
32401 L~
L1101 JPah: B8
B2 X ad) ) £
020155~
190CC " 9~
6Py Q-
PBIEST * -
a0p0Z2Z" ~
€592€2 " ~
3C€29€C02"
+B1 6562 °
(114 Jedtid -4 g
PR Jol R B3
21625 ¢ -
29¥pS° ¥ ~
[: 31 4 Sl B
ASHLIk-1 -
9L6°~
1499991S5"
526"
$52€6°
2691
526 °

DA o
3298 °
SZip”
$485°2

¢ 1sd>
AR S Aweysg

COBPY "7 ~
Z¢o®"2
401406
499906 £
64p51 " 01
49Z6K°11
S4€6 -0t
86€9C" 11
I»202°21
92206062
»O0°tIp
ZeC"2s
9% »0°-0s
06043
95260°6S
€5066°6S
800° 09
€600 085
09123 9s
STIT 68
20696 " 95
4966 °2S
89°Cp
162k9°3C
69P6L P
ZErT "9~
9449° 36~
Z650°TO-
845°00% -
421228 -
tde°6€8 -
669°8bt -~
2TC°6PT -
086°CpY -
$99°Ipt -
Z02°6€1 -
i 9 ~
20Z°4€Y -
642°288 -
Zre St -
621 °SC8 -
COP“pCs ~
>04°2C8 -
>82°0Ct -
9 418~
cta°208 ~
9t14°Ce~

5405 ° 82~
5201 18-

<

Cc18dy 280435 dooy

65222 -
8946 "2
952621 "S5
6L
82694 "0t
03 €Y
sSZLIZ-Ze
S$9659° 01
65266°1¢
T1081C€° 02

C90PbL *S¢
CteLb 285
S2€Z°6S
668696 " 25
982 °CS

-1

S4€50°2¢C
65615 pt
6S6€C "9~
CE92"2¢~
2211 °C9-
»61 “20t -
6St "6y -
Zrt -
06¢"0S?t -
204°1S8~
906€ "9t ~
6€6"CPrt -~
SSF-Ir) -
269°0Ct ~
497 "0V -
B8CO AT -
|22 051 -
PSS TCE~
23€°1CT ~
64€°6T1 -
96Z°621 -
L4Z°61 1 ~
290" sot -
9€6 " S6 -
S49° 06 -
S2€T " 22~
TS eSS~
29" Cir -
829S5° 92~
3T92° 28 ~

[ ]

¢

(13 “t-
%L -
MO.IO-nl
¢nNLIC" 2~
9% €~

[ 1" 3ad
Z19400°%
orior6e 6
4P66L°CY
»0C°-1t
9981 °T1-
»y 22—
86° 1
9896 "0S-
€926 " Sk~
PIZ - 2Zh-
[ 11 8 Dl 4 g
C10244°2
S2€rZPk°S
Z29sZ5° 9t
9CS6°61
Z6¢€° 82
25640 °0C
€91 95 ° 0Ob
(-3 121 _Ra:1 4
S32.9° 8P
59260° 9%
086bF S
696t “09
964€Z°C9
26060 "9
reIer - 29
96211 08
4862424
860890 ° 94
364CH"C8
1906€ " 09
96° 6L -
SZ12° 1~

9561¢ "0

S4€ST°62
80Zp1 08
bPBOF° 24

cCZr"62Z8
SivpsS 268

SZ21T0°1v
S4626°61

2>

-cytsd), sseas

»04C019°
LY B
ArGCBEH° -
2°2-
S19v60P°
SCEC60L"
e i
>11€T -9~
04629t ~
ribScer~
939" by -
2€9% "~
b2
»6°Ch
69248°CS
2000k "6 b
01 * 9

$2€69°6F°

808126

SZ1r9° 00
91€9°22
4941621
520z 201
99° 961
0845° 121
SZ00° 0Kt
804S- 201}
522769
52620 °0F
S2120°61

<¥>

*Buosy

[ 35 9°3 - "~ £ S
92 ®°9 [ S0 st°
[ [ 33 38~ 90° -
€2t [ % 1T~ »0° -
9°41 (&3 1€~ 3y °—~
S°r2 39 4°p- $6°~
[ 303 € 9 - SC°%~
8°CC [ 2 L4 »°6- €5° -
2 8¢ 4°59 6°38~ $°T
2°Fb 1°418 (3845 T4
$°ZS t-Zot b o~ 6°0%
4°T9 é-ere [ < S
S$°12 4°962 S° T°6
94l 4°02T¢C -3 t-9
6°Z0 4°S9¢ e s$°C
9°26 T 4Cp L 383 92"
€°C6 $°S0S 4-vt C p-
1 “00t% Z°8CS 3°02 6Ty~
8°S52t " 9Sh 0-ZZ $
2z 214 06°CH [ g B
[ 3821 Srb 9 62t b p-
»-Z0os 4°96€ 1°08t 4°2%-~
4°509 occ 6°-061 4°C2Z~
9°4€Ce 6°0K2 T rzT 8T~
€°C66 Z°10¢ bez 1 °0Ob~
z°1zZiy 4°Cp- [l 21 €Sk~
teA521 8°CZZ~ > ors 405~
P°SSCT 1°8Cb~ 3 °THE 49~
NSkt 4°602- € 08¢ s°co-
€560 468- [ 3414 4 Sb-
(33! Z°9686~ S*'topb 4°23~
6°6p5Y 4°0kQt - L L d 9°62-
6°C2Z51 9°€S0T - T 9CP [ 3.5
S° 1251 3103 - 9°638 [ 25
8°0b 53 2°666— 6 TPS [ 8.3
1°9€51 €-T86~ €SS »°9
8" 0951 $°€96~ 6°20S $°9
r5S218 S$°21Q8 - S5°14S 6°S
199 6°100% ~ 4°Sib- € Ch-
€° 004 $zO1 - T°16p~ [ 3 15
1°366~ »°009% - ¥1°S10t 46~
§°SC6~ 9°F6S5T - 6°€56 €TC-
bZL8- 52457~ 4°696 $6°¢CC-
0°994~ »-00Ct - 2°522 2°bT~
8 022~ 40V 2~ 9544 1°C
" 399~ 5°S1b- S°6rd "z
T°C€C9~ €°6LC~ €484 8°z

€ 9SS~ 6°bsSC- 5°409 $°p
1°6pb- 6°C0C~ 6°€9S "2z
2°92€~ 8°S¢C2- 5°01p €t
1°Q2T- 0°691- $°442 €2
€°0CT ~ € rot - [ 23 A 1
27 2€~ 6°95~ 644 [ ]

J-WYINS 4-3413 4- 193 HOoW-X

¢ 8 9oL

()
46" e b 3d 4 $2°2 b4
43 °~ »0°~ ) 56°0C . 8°2 18
[ 4 3 03 2 $6°94 42 08t
»0° »°Z~ 5° 038 € 6Lt
rS* »-2 $°5S9t L1 2l 3 [ 73]
[ 23 3 v $°0%2 %2°C 441
4°3 e0° S§°SST [ 4 943
90°% - L84 & $°00C S22 941
8°9- S Zp-~ $°SpC -3 4 [ 23]
C*9t- 9°09~ 16€ S&°p cat
1°6% - 3°pS- b1 4 S 241
[ ] B 40°2 P x4 4 S 141
te°s S°C6 11 4 S 041
S°t12 643 (414 S 89t
[ 13 C°po2 . 190 S$°S 091
Z°tS 1 °9¢¢C 49 -8°9 193
€°69 LT zar S°2 998
€*06 9°205 . $°64b -] 991
"9 44 [: X1 S°Cop e ‘b9t
8 84" 06 S$°Copr e <9t
Sy .} M »82Z S"Cop S4°2 zZ9t
4°C 95" 092 $°Cap S°4 191
€ Skb° %2 S$°Coy 8°2 098
8°t 22° 212 $-Cop 522 658
t1S° [+ 3d eat S"Cop 4 ast
64"~ 4 B »91 S"C6b d 458
» - 9¢ "~ or3 s$°Cor 4 9st
C°p- | & 2k a1t S‘cov P SS%
9°9- 66"~ T6 S Cop P rst
€°6- bzt - TL S Cor 2 [$-1]
1°6~ L: S B 95 S°Cap l 281
9°6- Srel- t+ 4 S*Cop 4 st
4°6~ Skt~ (1 S Cop 2 0s3
$°6~ (L & 22 S Cor 2 ert
€6~ bt~ 312 S°Cep 4 ort
T8~ [: 1l B S°9 S°Cop P Pl gl
00° 6~ 91~ S$°Ct S$°Cop 4 9t
[ Sk 44 SC°¢- 6 S°cor S°6 skl
608 »9°2 (<2 4 Z1 vl
9°bp 4t $Z° SOy 2t [{2]
S°Cr €9°9 SL°t100 ‘'z zrt
[ 13 t4°9 . b F1J 2t 114
6" 6€ 66°93 $°C9 2zt orl
»e2 98°t 24b .0t 6C1
96>~ | & S orp 9 [:14
t°Q- Gt ® ~ 5°b2Zp [ 461
96 ° 2~ | LS $° SNy » 9t
t A8 O 64"~ 62€ [ 4 SCt
t°¢c- b~ . . »ZC 4 »C3
§$°¢~ [ X . 292 | d (<4
4°Z- pe- onl 4 2¢t
€ 3~ 6t~ eot > 38
L &d B3 T2~ S°-9¢ [ ogt

ado-2 . YO~y [A15 >
HOH-29E3 - HOM- 133N ) o)) “oty
./ CB4pACGOD JUens 13
€°0 =» 43158 3INIL Q'S HidoN




5%§§i1"

Ll B~ .utc&

00S 00v - 00€ 00Z
2 1 1

001 0
1

(2) owbis —— &

- 0G1—-

Lool-

l .
Q
7

oS

(1) oEm_m_ —B8—

c-g sassaJ}s ‘Fuoj .n_ﬂm aseq

'09S 1'g Y@ °ls sﬁoz

00Z- -

000057

Isd — ssa)g



56 2%

(@) oEo_n ——

(1) owbis —g—

h-8

0ot

Ul — Yu|d o/nuvyu _ +H

00¢ 002 00l
1 . :

T
Q
)

‘039S 1'Q Je

sossaxys ‘Juof [reMm

oyrs UYJION

0z

T
Q
T

isd — ssanyg




56 2:@;

Ul— SNIpDY

' 00S 00+ 0o¢ 002 oot .0 __
. 1 . L L —1 - 00€—

39

0009

- OONI_

1S

- 001-

isd — ssaJ

0]

(2) oE.a._a ——

ool

(1) oEa_m —8—
| sassaa)s "Juoy auwro(

*e ‘D29 ['Q 1@  ©°f!s YLION

\-ﬂ




ut — snipoy

00S 00t oo 002 00! 0 .
1 1 . | 1 Q‘,
- 0¢
%)
—
N
9.
/)
7))
I
@
- 09 —
(2) owbie s
(1) ouibis —g— I 06
_ sassal}s dooy qeis asegq
78 D9S8 T

m.qm | °I!'S "UlION

000060




5623

oot

Ul — yujs aaoqu H

00¢ 002 o6 0
1 1 | ; 0Gl-

(2) O:_um_n ——

- 001—

!
p
T

—
o

- 0G

, — - 001

(1) owbis _g—

L-9

S9SS3J)S mo,o&_ mem

098 1'9 1 °I'S YMIoN

000061

1S

iIsd — ssau



ut— snipoy

00S oot - 00g 002 00l 0.
1 1 1 | i onF.l
N
@D
o -
o
| 3
- }oot-
v
—~
-
o
v
- 0G— ®
!
o
o,
Sy = S N e 10
(2) owibie —s—
(1) oc...._.m_n —a— : ,
0S
. - sassax)s dooy awo( | |
8 09S 1°'Q e  o's YlJION
lﬁ& | A |
<.

g




- 006 00% 00¢ 002 001
2 S | [ 1 1 om.lo
i Te

[FFmmmmm i) 0

_ 05

L 001
Ton—

(z) Pwbis s

- 002

(1) owbis g
| sSassaJ)s "duo] qels aseq

‘e 089S g'g 1@ °I's YHION

000953

isd — ssa.ng




oot

-3 s BRI TR

00€ 00z ool
1 . 1

(2) owbis —sx—

(1) owbis 5

T
Q

0_\.m

5628

§3ssaJ)s "duof [[epm

'09s g'g 18 o's YHION

000064

iIsd — ssa.

06

1S




oo oob 00 ooz ool o
. 1 1 i 1 ]

56 21

D) b&,o_a ——
(1) owbis —g—

c

,,.Oﬂ.

00!

s3ssauls ‘Fuo awroq

e 098 g'g 18 ol's UION

00ti-

000035

- 06—

| gsd‘ ~ ssang




00s

00y 00€ ° 00z 00l
i | | _ 2 3

-t 001L-

00¢-

- 0G1—

uoml_

219 m,mmm.mbm dooy qers aseg

"09S g'g 1B °'S YJION

Isd — $83.41S

000066




56 21

00 | 00¢ 0z @ oot 0
. A ) s

00¢-

(z) owbis .Ix|

- 0G1

6400572

- 001—

1S

¥
(@]
Ty
|.
iIsd — ssaJ

T
Q

- 06

(1) o&m_w —8— _
¢1g - S9SSaJls QOOQ :M;

'09S €'8 1B oS ﬁ,az

+- 001



56 21

Stress — psi

North Sile

Dome hoop stresses

m_w 8.3 sec.

r

600068 .

—8— sigma (1)

80

60 -

'
o
1

N
o
1

—x— u.mw:.o (2)

200

e



5624

4

Globel () Auig

(and, 114 pof)

ANMZR&E:X4

~ (Selid 100 pef)

000063




5621

South ‘Sile Nov. '88

Radial Displacements top of wali

M 0 . 1

e e st e s ae e e e e———

|

c : * AT
SRR 1P TTHA
: At

—.2 - _

Tima s (2 2D




56 21

.9,

SOUTH <\¢ TINE STEP = 6.1

R _
Tuble BY 2 -
0 B
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Elenent Coord’s.

Elen tCaed ' RERI-NON CIRC-HON X-fon HERI~-F CIRC~F SHEAR-F lLong. Stress <(psid>- Hoop Stress <psid> Stiear Sitr
<ind R~-0RD Z-0RD . . <psid>
e e e e ) <1 2> <i> <2>
130 q 6.5 74 - 4.9 -4.2 ~-90.6 © 11.4 2.0 ~24.4225 ~24.977S q4.6875 1.0125 -1.578
13 « 108 g ~-.0u5 -.04 -236 11 122.9 : -59.5 - -59.5 2.73125 2.7687S -.015
132 L] 180 . . «19 | 1.3 -1.1 =399 19.2 . 212.1 ' ~-99.6788 -99.821> C 5.2975 q9.3125 - 4125
132 L] 252 . « 04 2.9 -e25 -5¢9.8 29 313 =144.938 ~144,965 8.3375 /" 6.1625 -.09275
134 49 324 b . . .75 ~ .65 -704.1 q2 «9436.3 -195.984 ~196.066 - 10.76S5 .. 10.218 —. 249575
135 4, 379 o «J6 2.4 -2 -935.4 56.5 5406.8 -253.715 =233.985 . 15.025 ‘4 .13,225 -.75
136 4 <0S.5 . oo . «06 «39 --33 ‘=1062.3 60.8 ' 628.09 ~265.670 -265.72> 15.34625 .15.0537% —-. 12275
13?7 q q24.5 I o . =205 -.3 -26 -1054.4 81.2 663.6 -263.619 -263.561 20.1975- 20.4125 0975
138 6 ' «44q0 1 6.7 -4.8 -1086.1 217.8 716.7 -180.85 -1681.18> 37.41667 35/1633> -.6
139 10 452 o . .03 3.0 ~-1050.7 q95.S TE6.1 -105.67 ~105.87 49.5518 .49.5482 . 1810
140 12 463.5 -2.4 -15.93 1.5 ~1343.8 600. 860.2 -112.083 -111.88D 49.40417 50.72917 .5€25
141 12 47<4.5 -2.3 .15.5 13.1 -1349.2 614. 915.4 -112.4496 ~112.254 51.19167 531.19167 « 54458432
142 12 481./5 . -2.7 -17.8 1S.1 -1413.86 614.8 975.6 -117.929 =-117.704 50.49167 .51.9?75 «6291c6E7
143 12 405 ..:5 | < -2.8 ~18.3 15.8 500.9 898.4 -915.9 41.625 41.859d> 74.10417 75.62917 .88
_144 12 Q33 -3.1 -20.5 17.4 490.3 870.3 -871.4 40.77917 41.0375 T1.6708d> ?I.D¢7917 725
145 9.5 <403.5 9 1.6 10.8 -10.13 -262.93 636.7 =1944.9 ~-27.567d ~27.7801 67.73306 6€£.30105 —-.71800e
146 v 463.5 13.5 -9 4.5 -g.7 =320.35 474 -15€0.1 =q5.6739 -~4£.8404 668.26591 67.16327 -1.068&51
147 ? q63.5 16.5 -? 4.7 -0.6 -301.9 495.6 -1636.7 -43.0429 ~43.z143 71.37551 70.22449 ~1.05208
140 I'd 463.5 21 - T3 4.9 2.3 ~290.3 519.2 ~1640.S -41.3820 -41.56£08 7TA.7714d 73.5714> ~2616227
149 T qu3.S 27 + 76 S.1 2.2 -2?22.9 547.1 -1669.3 -~38.8927 -39.078608 78.78163 TT.S)26S5 « 269371
150 7 “qu3.5 31 .08 S.9 «83 -184.5 607.9 =-1624.2 -26.249949 -26.4549 87.56531 66€.12041 «1016227
151 T 463.5 42 1.1 7.1 39.6 ~149.7 691.9 -~1661.4 -21.2510 -~-21.5204 98.71224 97.97347 q.7265d1
152 L4 <463.5 56 <96 6.4 69.4 -~149,.€6 626.7 -1647.9 -21.2539 -21.4890 90.31224 8€&.74490 8.497953
1£3 v 463.S Tz 62 5.4 61.5 -1-44.2 $31.9 -1610.3 -20.4996 -20.7004 7T6.64694 ?5.32449 7.530¢.12
154 7 463.5 92 -8 3.2 118.3 -79.9 310.2 -1565.3 -11.3555 -11.47d>1 49.70612 43,9224S5 14.498571
158 7 “83.S 116 0 -.04 ar.? -100.8 -19.5 =~1464.2 -14.4 -14.4 -2.79061 ~2.70082 11.96%27
15¢€ 7 4683.5 140 -.od -2. 02.3 -e0.2 ~-277.8 ~1357.3 -06.648%8 -8.55102 -40.0163 ~19,.39551 10. 13878
187 Ie 483.5S 164 - ?2 -4.8 - 66.4 -E5.% ~-490.1 ~12008.3 ~-8.073688 -7.8975% -70.61020 -€9.426S 8. 130612
1586 ? 483.5 . 184 -.97?7 -5.4 £q4.0 ~an.7 -655.4° -1063.9 —q.50449 ~4.2569+ ~94.41¢ ~%2.8449% C
159 .25 <“63.5 212 -1.16 -P.0 33.1 10.4 -??7.1 -8681.5S 1.3020069 1.566£897 -103.06% ~-106.307
160 7.5 463.5 226 ~1.29 ~8.& . 27.8 &3.7 -861.9 -711.4 d.0224 D.2%76 -115.837 ~114.00>
161 T.S 3.5 260 -1.5 . o=10 13.8 N7.9 -339.1 -504.6 4.633333 S.2133>> -1256.268 -124.14? 1.450€
162 7.75 <463.5 204 -1.5 -10.3 -2 H8.3 ~-909.1 ~-356.4 6.082414 §£.392102 ~110.203 ~116.14S -.0z14977
163 -} du3.Ss . 30&6 -1.8 ~-11.9 -2.6 62.9 -1038.7 -252.0 7.693?5 ° ©.0312S - ~130.9449 -128.731 ~.24U7S
_ 164 -] 1463.5 320 ~1.76 ~-11.7 L -4 110.€ ~-1022.4 -~177.4 13.66 13.99 =1z0.6897 ~-126.70> -.042160
165 & -“7r3.5 -385.4 ~149.73 1.1 -S1.1 -1039.9 -140.2 ~968.76868 B©5.999%75 ~143.9497 ~116.028 -.103128
16 7.5 372 ~303.2 -111.5 -~11.2 [ -9€5.5 -127.1 ~-30.7013 60.5490 ~140.76 -11€.973 -1.19467
167 6.5 e ~539.7 ~-82.5 -14.5 -825.8 -116.3 -~95.4450 €6.24497 ~130.7€2 —115.330 -2.05917
160 5.5 e 1 \ -491 .5 -14.5 -6681.49 -107.1 =3101.389 9d.330943 =127 -1249.010 -2.0780)>
169 5 453 . -315.6 ~-30.4 V.4 ~564.83 -96.9 -79.704 72.784 ~124.25¢ ~109.6584 -dq.170C
170 s 443 -141.D> 1.7 B ) " -524.2 ~-65.3 =-35.232 32.592 ~104.4932 -105.248 -5.%
171 s 127 3.8 22.2 .3 ] -413.4 ~-69.1 9.692 -7.972 =¥v-1.920 ~90.452 -5.M1
172 5 A0S . 141.8 46.2 .73 S -267.2 -51.8 37.092 -30.97v2 -2.35¢ -64.520 -5.73¢
17> 4.75 301 144.2 3?7.5 -3 21.5 -130.1 -0 42.87313 =-33.820%S ~1%. 1014 -39.0450 -3.95539
1v4 q.5% 3«45.5 /A?v.0 . 10.4 4 r 2.0 ~-45.5 -32.3 31.003148 -20.9481 ~-4.6592¢ ~15.5830 -1.39259
175 4.25 300.5 <1 1.8 . ] TS -20.2 -29.S 11.18754 ~-2.75401 -q.15502 -5 .35087 «4319339
176 4 25.5 . -3.5 -2.5 .9 3.1 -30.8 ~-20 1.96258 q4.5075 -8.637% -€.?762S -€75
177 3.75 210.5 ~-6.2 -1.9 Q4 9.2 -37.4 -23.3 ~.192 5.098¢67 ~10.764 -9.16267 - 3564
176 3.25 1€5.5 -2.1 —32 V] 6.3 . -28.9 ~-16.9 . 7455621 3.131361 ~9.07400 -€.7105> BN ¢]
179 3 120.9 - -54 2 ~- 11 S -20.86 -11.9 2.026667 1.306867 TS ) ). ] -7 ~.073533
100 2.7S TE.95 03 -0% - 77 2.6 -12 -T2 1.33289>3 1.205289 —ed. 29220 -q.43504 -.510909
181 2.5 30.95 P . ~.14 2.5 -5.5 ~2.6 1.2016 - 7304 ~2.000 -—2.392 - - . 13494
2.5 4.8 -7 -.dd 21 -3 1.2 .02 -.588140 «a37037 05925933 1.007407 « 2488669
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