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LOFT PROGRAM 

. . 
T I T L E  

Mechanical Analys is  o f  LOFT Reactor I n t e r n a l s  Due t o  
R E  R T  N O .  11 1  fP.5-34 sup;. 1 

ABSTRACT , . . 
. . 

A l i n e a r  e l a s t i c  ana lys i s  o f  the  LOFT r e a c t o r  i n t e r n a l s  was conducted t o  

demonstrate t h e  s t r u c t u r a l  i n t e g r i t y  o f  t h e  r e a c t o r  system.dur ing two Loss-of- 

Cool a n t  ~ c c i d e n t s  (LOCA) . Time. dependent pressure t r a n s i e n t s  were used t o  pre- 
. . 

' d i c t  t h e  behavior o f  t h e  i n t e r n a l s  f o r  t h e  f o l l o w i n g  LOCA1s: . . 

14" 15 msec Reactor Vessel Nozzle Hot Leg Break' 

14" 15 msec Reactor Vessel Nozzle Cold Leg ~ r e a k .  

For the  most severe design LOCA (Cold Leg LOCA) , t h e  LOFT r e a c t o r  i n t e r n a l s  
.. . 

' can' sa fe ly  w i ths tand st resses due t o  a combination o f  pressure t r a n s i e n t  load-  

i ng ' and seismic 1 oadi ng. 
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MECHANICAL ANALYSIS OF LOFT REACTOR INTERNALS 

DUE TO LOSS OF COOLANT ACCIDENTS 

I. INTRODUCTION 

The s t ruc tura l  analysis o f  the LOFT reactor  in ternals  f o r  Loss-of-Coolant 

Accident (LOCA) condit ions i s  documented i n  t h i s  report. The analysis accounts 

for the l a t e r a l  time h is to ry  in teract ions o f  the vessel, vessel f i l l e r s ,  core 

barre l  , flow s k i r t  , core f i 11 ers , corner modul es , center module, control  

modul es , control  gui de assembly, and control  rods. The model i s shown i n  

Figure 1, and i s  the same model as tha t  used i n  Reference 2 f o r  analyzing the 

in ternals  f o r  Loss-of-Coolant Experiment (LOCE) conditions. 
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11. DISCUSSION OF THE MODEL 

The var ious i n t e r n a l  components were a l l  modeled as l i n e a r ,  e l a s t i c  beams 

compatible w i t h  t h e  SAP I V  s t r u c t u r a l  ana lys i s  computer program. Appendix A 

o f  the  o r i g i n a l  r e p o r t .  (LTR 1115-34) conta ins  a  l i s t i n g  o f  t h e  CDC vers ion  

used f o r  t h i s  ana lys is .  The f o u r  corner  f u e l  modules were represented by a  

s i n g l e  beam having f o u r  t imes the  mass and f o u r  t imes the  s t i f f ness  o f  a  s i n g l e  

module b u t  w i t h  t h e  same mass/s t i f fness  d i s t r i b u t i o n .  Th is  y i e l d s  fo rces  i n  

the  model which are  f o u r  t imes the  fo rces  i n  a  s i n g l e  corner  module b u t  d i s -  

placements i n  t h e  model which are  c o r r e c t  w i t h o u t  mod i f i ca t i on .  Th is  same 

. . procedure was used i n  modeling the  f o u r  c o n t r o l  modules', guide assemblies, 

and c o n t r o l  rods. Model 9 (F igure 1) i s  the  des ignat ion  used f o r  t h e  model 

employed i n  t h i s  .ana lys is .  

A l l  l a t e r a l  s t i f f n e s s  values were based on t h e  c e n t r o i d a l  moment of 

i n e r t i a .  I n  t h e  fuel reg ion  o f  t h e  modules, guide tubes and f u e l  rods were 

accounted f o r  i n  t h e  s t i f f n e s s .  I n  a  dynamic ana lys i s  by MPR o f  t h e  f u e l  

modules, Reference 4, a  procedure i s  ou t l ' i ned  f o r  us ing  a  reduced f u e l  s t i f f -  

ness t o  account f o r  t he  d e f l e c t e d  shape o f  t h e  f u e l  region.  While t h i s  approach 

t o  the  ana lys is  i s  c u r r e n t l y  being reviewed, t h e  e f f e c t  of f u e l  module s t i f f -  

ness on the  s t r u c t u r a l '  i n t e g r i t y  o f  t h e  core support components i s  n o t  consid- 

ered t o  . . be s i g n i f i c a n t .  . 

Lumped masses were app l i ed  t o  d i s c r e t e  node p o i n t s  t o  o b t a i n  an accurate 

representa t ion  o f  t h e  ac tua l  mass d i s t r i b u t i o n  i n  each o f  t h e  beams. 

Hydrodynamic e f f e c t s  from t h e  i n t e r a c t i o n  o f  t h e  water w i t h  t h e  i n t e r n a l s  

were accounted f o r  by app ly ing  lumped masses t o  d i s c r e t e  nodes t o  represent  

the  d i s t r i b u t i o n  o f  t he  water 's  mass. A t  bear ing  pad l o c a t i o n s  between the  

vessel and vessel f i 1  l e r s ,  vessel f i l l e r s  and b a r r e l  , support was assumed t o  

e x i s t  hased on hydradynamic mass cons idera t ions .  ~ e t a ' i l  s  o f  these c a l c u l a t i o n s  

are a v a i l a b l e  i f  desi red.  

3 
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111. FORCING FUNCTIONS 

Pressure. t r ans ien t s  predicted,. by WHAM analyses. o f  two- LOCA condi t ions 

- were used as the basis f o r -  ca l cu la t i ng  l a t e r a l  t ime-varying loads imposed on 

the  vessel ,. vessel f i l l  ers',, and. bar re l .  The. analysi  ST was-. conducted. f o r  0.100 

sec. w i t h  1.000. t i m e  i nc - remds :  o.xe,r the: interoarl'. Th.e:. WHMPLT" computer program 

was used. to.  conve:rt: the. p.re.s:s.ure t rans ien ts -  t o  e.qui val  ent.: t.tme;varyi ng forces 

on the- i n t e r n a l  s:. A l'i'sti ng of: WHMPLT' i s .  contained in7: Appendix A' of" the 

o r i g i n a l '  repor t .  To; reduce the-  computer t ime required- for"  a: so lu t ion,  each 

f o r c e  t rans ien t -  was reduced from; 1000 t ime increments to-  an- equivalent  t ran-  

s i e n t  consist ing.  o f  ' 200' time. increments. u s i n g  the1 WHA.TAB computer program, A 

. 1 i s t i  ng o f *  WHATAB' . i s  contad ned' i n  Appendtx: C:' o f  the: 0r i~ ina.1:  repor t .  These 

f o r c i n g  functions, were- t h e n  inpu t '  t o  SAP: I V '  t o  analyze the response o f  the 

i nterna.1 s t o  the- f o l l  owimg. LOCA conditions-: 

(a)  14" 15: msec Hot. Leg LOCA 

(b) 14.'" 15 msec' Col'd Leg  LOCA.. 

The use o f  these: LOCA. condl t.ions, as; the basis f o r  the: analysis,  i s  j u s t i f i e d  

i n  Reference 5' where. the: LOCK i s  defined' as a double-ended. o f f s e t -  shear occur- 

r i n g  i n  15 msec. The. 15 msec is.  a t o t a l  break t ime cons is t ing  o f  a 5 msec 

p ipe  break time. p lus  10. msec allowance f o r  the offset t o  occur, 
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I V .  DISCUSSION OF RESULTS 

Bending st resses f o r  the  i n t e r n a l  components due t o  a  LOCA Cold Leg Break 

are shown i n  Figures 2  t o  10. The maximum. s t r e s s  i n  each component i s :  . . 

Vessel: 1,087 p s i  

Vessel F i l l e r s :  - 339 p s i  

Ba r re l  : 549 p s i  

Flow S k i r t  w/Core F i l l e r ' :  444 p s i  

. . Corner Module: 24,742 p s i  

Center Module: 10,508 p s i  

Contro l  Module: 9,483 p s i  

Guide Assembly: . 1,522 psi,. . 

Contro l  Rod Assembly: 4,766 p s i  

The maximum s t ress  occurs i n  t h e  guide tube assemblies o f  . the  corner  module 
. . 

j u s t  below the Upper End Box. ~ h f s  i s ,  accdrding t o  ~ i f ~ r e n c e ' l ,  t h e  same loca -  

t i o n  where the maximum seismic s t ress  occurs. Seismic s t ress  corresponds t o  

a  Safe Shutdown Earthquake. The maximum LOCA 'and seismic st resses a,re 24,742 

p s i  and 17,148 p s i ,  respec t i ve l y ,  having a  sum o f  41,890 ps i .  The a l l owab le  

.bending s t ress  f o r  t h i s  304 L  SS Cold. worked reg ion  o f  t he  module, according 

t o  Reference 3, i s  50,000 p s i  a t  600 OF. The ana lys i s  was performed f o r  650°F,  

which i s  q u i t e  c lose.  

Both the  LOCA and seismic st resses are  considerably lower  than t h i s  through- 

out  t h e  remainder o f  the reac to r  i n t e r n a l s ,  and do n o t  approach the  a l lowab le  

s t r e s s  f o r  304 L  s t a i n l e s s  s t e e l  under f a u l t e d  cond i t i ons  (32,880 p s i ) .  

The maximum over tu rn ing  moment t ransmi t ted  t o  the  vessel lugs  i s :  

12,980 i n - k i p s  (Cold Leg LOCA) 

4,472 i t> -k ips  (Hat I eg, I.C)CA). 



The design 1 imi t ,  according .to Reference 2 ,  i s  20,000 in..-kips. 

A comparison between stresses in the three most highly .stressed areas of 

the model .for the .two LOCA! s i.s -giv.en in Figure 11. 

Natural .frequencies for.:the. LOFT reactor internal s are presented in 

Table I .  



. . ,  . . .  . - 

(J- C R S I ~  LTR 111k34 ' :. 

' j supp. 1 ;. 



F I G ,  3 Bendr Sf-re ss - E s  s e./ FI' / lef 

8 



. . . . 
. . . . 1 . .  . LTR ,1115-34 . 

Supp. 1 ' . . . 

Ber di y S t A s s -  .Barve/ 



LTR 11.15-34 
Supp* 1 





LTR 1'115-34 
Supp. 1 

cis 1 I" 



. + , . , :  
. : 

., . 
* .  ;.. LTR 1115-34.. , . :  . :. . . 

, . 
. S u p p . 1 .  , ., , - 



u 

,26 

3 7  

s3 -- 

6 r  

dl 

87 

LiY 

/ C J /  
. 

1 1 "  

113 
' 

114 

127 

- 
l Y Z  

--' 

193 
7 -  

l %Y 

?*t)C 
- -  

1.4'4 
- -  

I f )  7 
-- 

'r)8 
--  

-- I,* 

I >-0 . 
-- 
-- 1 5 1  

-- IF1  

t 53 
+ 







L T R  # 1.1 15  3 4 
Supp. .1 

. . 
. TABLE 1 . . 

i 
I 

Freq. (Hz) Period (Sec)  
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V. CONCLUSION 

The worst-case LOCA design .c.ondi t i o n s  i s  t h a t  o f ,  a':,14" 15- msec c o l d  l e g  

break. Under - t h i s  LOCA c o n d i t i o n  :-and. a Sd7e' Shutdown Earthquake,- t he  .LOFT 

r e a c t o r  ' i n t e r n a l  s h a v e  s i f f  i c i e n t  s t r e n g t h 3 0  wi ths tand imposed load ing .  
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