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SECTION 2 . 0  - EXECUTIVE SUMMARY 

The two K-65 silos, as analyzed for this report, are capable 

of sustaining 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. [ll. 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 1  will remain unchanged by this report. 
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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.1 describes 

in detail the hypothetical earthquake acting alone on the 

silos. Superposition of loads is used to 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 Ohio 

Basic Building Code. The reduced stresses 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 duration of the seismic event. 

These figures provide a stress envelope expressed as a function 

of a given points distance outward from the silo centerline or 

upward from the base slab. 

The base slab in the north silo'would experience maximum 

compressive stresses of -172 psi longitudinal stress and -149 

psi hoop stress. The south silo base slab would experience 

maximum compressive stresses of -231 psi longitudinal stress and 

-86 psi hoop 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 stress levels. Maximum base slab longitudinal 

tensile stresses of +126 psi in the north silo.and +170 psi in 

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

'., . 
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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 below 

the yield stress of 40,000 psi. Since the strain 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 stress levels for the reinforcement steel are computed based 

on the full area of steel per the original design. The 

nondestructive testing performed in Reference ( 1 1  could not 

determine the condition of reinforcement in the base slab in 

areas 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 maximum longitudinal stress of -323 psi and maximum hoop 

stress of -370 psi are both below allowable stresses presented 

in Table 4.0.1. 

The maximum longitudinal stresses in the domes are +78 psi 

The tensile value occurs in tension and -225 psi compression. 

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 in the domes are +56 psi 

tens'ion and -260 psi compression. Both are below allowable 

stress levels. 
, 
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Shear stresses for the static analysis and the dynamic 

.analysis were both negligible.. Combined values are, 

consequently, also negligible. 
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1. EXECUTIVE SUMMARY ti CONCLUSIONS 

The earthquake analysis was performed on both the North and 

S o u t h  NLO concrete s i l o 5  A three-dimensional a n a l y s i s  was 

conducted through the time domain (time history a n a l y s i s ) .  Each 

time step was 0.01 sec and the earthquake was described a t  every 

0.01 seconds over 10 seconds. The investigator conservatively 

made the following assumptions: 

1) 

2 )  

3 )  

The solid K-65 stored i n  the Sile5 and the added sand 
blanket adds mass b u t  not. s t i f f n e s s :  
Earlier t e s t s  showed t h a t  the structural integrity of  
the concrete dome h a d  deteriorated.  Later,  a video 
display of the dome indicated t h a t  the concrete dome 
thickness was s t i l l  intact .  Thus, provision for this  
deterioration was accounted for by adding the mass- o f  
the concrete dome b u t  st i f fness  was reduced. 
Added weight was imposed on the dome to  account for a 
dome cap,  and a foam of l p s f  was a l s o  introduced as 

Damping was neglected (the dampjng i n  a f a c i l i t y  of 
this  type could be taken approximately t o  be 10 - 1 5 %  ) ;  
The S i l o  was assumed t o  be a homogenous i s o t r o p i c  
uncracked concrete: 

A l l  connections between the walls and base slab, and 
walls  and the dome have enough tendons t o  cause the 
system t o - a c t  a s  a u n i t  through the majority o f  the 
earthquake; and 

added dead weight. 

7 )  A l l  s t r e s s e s  r e p o r t e d  h e r e i n  a r e  a r e s u l t  o f  the 
earthquake and d o  n o t  account  f o r  t h e  compression 
stresses exist ing i n  the s i 1 0  due t o  post tensioning 
and induced by other loads such as s e l f  weight, e t c .  

- Further, the analysis i s  based on the assumption t h a t  
the foundation system i s  not subject to  l iquification 
due to  the imposed earthquake loading. 
should be examined by a qualified geotechnical engineer. 

This conditions 

Dome-The dome on b o t h  structures moved as a r igid  body i n  . - 
the radial direction, v e r t i c a l  movements were negligible and the 

maximum Hoop Stresses were + 7 5 / - 1 4 6  p s i . f o r  the North S i l e  and 

+ 1 4 0 / - 1 4 4  psi  for the South Si10 .. Longitudinal stresses were 

+54/-202 psi for the North and -101/99 psi  for the S o u t h  Si lo  . 
The stresses described above were near the t o p  of the S * l o  walls. 



Stresses-- near the middle of the dome were negligible because the 

dome i s  extremely f lexible  and therefore does not s i g n i f i c a n t l y  

r e s i s t  the earthquake movements. Shear stresses were found t o  be 

negligible.  

W a l l s - T h e  s t r e s s e s  i n  t h e  w a l l s  may be c o n s i d e r e d  

insignificant except near the bottom of the SJc -. The stresses 

approximately 3 f t  above the base slab were found t o  experience 

Hoop stresses of - 1 5 2 / 8 4  psi  for the North, and - 8 6 / 1 0 0  p s i  for  

the South S i b  . the 

North and - 4 6 / 3 5  psi for the South Si le  'Shear stresses were 

negligible.  

----- 
. 

Longitudinal stresses were - 6 6 / 8 3  psi  for.  

Base Slab-The Hoop stresses i'n the base slab were found t o  -- 
be - 1 5 4 / 8 4  p s i  i n  the North Si\o a n d  - 5 9 / 7 6  p s i  i n  the South 

si\o . Longitudinal stresses were 188 / -199  for the north silo and 

258/ -266 psi  fo r  the south .. 
- .  

Shear stresses were neglibible.  



5. RESULTS AND FINDINGS 

I t  was t h e  o b j e c t i v e  of t h i s  i n v e s t i g a t i o n  t o  perform a time 

h i s t o r y  a n a l y s i s  on t h e  three ( 3 )  dimens iona l  c o n c r e t e  s t o r a g e  

s-.\c described e a r l i e r  i n  this r e p o r t .  Before a d e t a i l e d  time 

h i s t o r y  a n a l y s i s  i s  conducted ,  i t  i s  a d v i s a b l e  t o  perform a free 

v i b r a t i o n  a n a l y s i s  t o  o h t a i n  t h e  n a t u r a l  p e r i o d  and frequency of 

t h e  s o i l - s t r u c t u r e  system. The re fo re ,  an  a n a l y s i s  was conducted 

t o  examine t h e  f i rs t  1 0  t o  15 modes. . The r e s u l t s  of t h i s  s t u d y  

showed t h a t  t h e  fundamental  f requency  was 6.03 hz f o r  t h e  North 

5',\a and 5.51 hz f o r  t h e  South %;lo.. The r e s u l t s  o f  t h e  f i r s t  5 

modes are p r e s e n t e d  below for review. 

. 

I 

Table B-1 Et i tura l  Fequency 

Mode 
Number 

1 
2 
3 
4 
5 

North 
Per iod  
(Sec . ) 
0.166 
0.136 

0.094 
0.089 

0.117 

Ti\= 
Frequency 

( h z )  
6.03 
7.34 
8.53 
10.69 
11 . 22. 

South  
Pe r iod  
(Sec,) 
0.182 
0.142 
0.122 
0.105 
0.100 

5*\0 
Frequency 

(hz)  
5.51 
7.05 
8.18 
9.47 
9.99 

Time  h i s t o r y  a n a l y s i s  gives the  r e sponse  of t h e  s t r u c t u r e  a t  

selected p o i n t s  i n  time, The ea r thquake  a n a l y s i s  r e p o r t e d  h e r e i n  

was conducted u s i n g  a n  inc remen ta l  time s t e p  of 0.01 sec and 10 

modes were used t o  conduct  a modal. a n a l y s i s .  

North S;ie.-The s,  i b  responded t o  t h e  s i m u l a t e d  ea r thquake  -- 
record w i t h  n e g l i g i b l e  v e r t i c a l  movements a n d  s m a l l  r a d i a l  

' d i sp lacemen t s  ove r  t h e  time pe r iod .  The s t r u c t u r e  moved o v e r a l l  

as a r i g i d  body' and t h e  maximum rad ia l  d i sp l acemen t  occured near  

t h e  t o p  of t h e  Silo w a l l  (nodes 115 t o  121). These d isp lacements  

were -0.24" a t  6.1 sec a n d  0 . 2 3 "  a t  8.3 sec.  T h e  r a d i a l  

3 r * ' .  
t ,  



displacements of the t o p  of the 5 J b :  Wall Versus time was plotted 

and a t  each 0 . 1 0  sec and are presented i n  Fig.  8-1. The maximum 

radial displacements for the S;\c are presented i n  Fig.  B - 2 .  

Shell stresses consist o f  longitudinal and hoop stresses and 

shear stresses. The maximum stresses occured a t  two points o f  

time 6 . 1  and 8 . 3  sec. A summary of the results  are presented 

i n  tables 8-2 and 8-3. The results for the longitudinal and hoop 

stresses for each of these two time steps were calculated a t  the 

center of  each element instead of the node as presented i n  the 

1 9 8 5  a n a l y s i s .  The r e s u l t s  o f  t h e  l o n g i t u d i n a l  and,hoop 

stresses for 6 . 1  sec are presented i n  Figs.  8-3 thru B-8. The 

results  for the longitudinal and hoop stresses for 8 . 3  sec are 

presented i n  Figs. B-9 thru 8-14. 

South 5.\0 -The S , ~ O  responed i n  much the same way a s  the 

North 4th d i d .  The structure also displaced as a r i g i d  body and 

the maximum radial displacements occured near the t o p  of the w a l l  

(nodes 1 1 5 - 1 2 1 ) .  These displacements were -0.29 a t  6 . 1  sec and 

0 . 2 7  a t  6 . 8  s e c .  i n t o  t h e  e a r t h q u a k e ,  s e e  F i g .  8 - 1 5 .  The 

displacements a t  the top of the wall, Node 121 were plotted a t  

every 0.10 sec and are presented i n  Fig. E-16. 
I 

The maximum shell  stresses i n  the S o u t h  S i l o  occured a t  the 

time periods 6 . 1  and 6 . 8 ,  respectively. A summary of the results  

are presented i n  tables B-4 and 8-5 for consideration. 

The l o n g i t u d i n a l  a n d  h o o p  s t r e s s e s  i n  t h e  s h e l l  are  ,*,-;< .. 
I .  

presented i n  Figs. 8-17 thru B-28.  
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