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 ADD^ i e d  Mechanics Branch 

. . ABSTRACT 
. . , , 

This r epo r t  describes the s t r e s s  a n a l y s i s  b f  the proposed loop seal modif i-  

ca t ion  .to the LOFt Steam Generator Main Feed Piping. The SAP I V  f i n l t e  element 

computer program #was used t o  analyze 'normal , upset, emergency, and , fau l  ted con- ' . , I 

d i t i ons .  Results o f  the analysis ind ica te  t h a t  the modi f ied main feed p ip ing  

system w i l l  s a t i s f y  a l l  s t r uc tu ra l  adequacy c r i t e r i a  spec i f i ed  i n  Subar t ic le  

NC-3650 o f ;  the ASME B o i l e r  and Pressure Vessel Code. Results a lso show tha t  the 
. . 

i s o l a t i o n  snubber cbri f igurat ion, spec i f i ed  i n  LTR 1.15~11, w i l l  a lso be adequate 
. , .  . 

f o r  the p ip ing  conf.fgurat ion analyzed i n  t h i s  repor t .  
. . 
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ANALYSIS OF LOFT STEAM GENERATOR MAIN '  

FEED P I P I N G  LOOP SEAL MODIFICATION 

I. INTRODUCTION 

The LOFT Steam Generator ~ a i n  Feed Piping has been previously analyzed 

.. as reported i n  LTR 115-11[11. ~ u b s e ~ u e n t l ~ ,  i t  was determined t h a t  t h e  pos- 

s i b i l  i t y  fo r  water hammer ex is ted and t ha t  some type o f  seal o r  t r a p  was 

necessary t o  prevent steam from enter ing the ma1.n feed l i n e .  The purpose of 

t h i s  r epo r t  i s  t o  describe the analysis o f  the modi f ica t ion made t o ' t h e  'main 

feed p ip ing  t o  f a c i l i t a t e  the steam seal o r  trap. 

The main feed p ip ing  was designed as spec i f ied i n  SDD 1.1.5 B [ ~ '  and the 

cur ren t  conf igurat ion i s  as shown i n  Aerojet  Nuclear Company Drawing 204259, 

Revision H. The mater ia l  used i n  the p i p i ng  i s  ASTM A106, Grade B. Design 

temperature and i s  600°F and 1100 p s i  whi le  operat ing temperature 

and - pressure i s  407OF and 900 ps i ,  respecti ,vely. . . 

The seal configur'ation consists o f  adding a loop t o  the s ix - inch main 

feed l i n e  such t ha t  a 1,iquid "seal"  would prevent . , Stea,m entrance i n t o  the 

l i n e .  A one-half inch d ra i n  l i n e  was added a t  the bottom o f  the loop. A 
. . 

f i n i t e  element model o f  the a f fec ted po r t i on  o f  the main feed p i p i ng  was 

developed and i s  shown i n  Figure 1. The response spectra analysis opt ion of 
. . 

the SAP 1 ~ ' ~ '  computer progrdul was used t o  analyze for  n p h a l ,  upset, emer- 
. . .  , . 

gency, and fau l ted  condit ions. Stress 1 i m i  ts ,  as s p e c i f i e d  by Subar t ic le  . . . . 

NC-3650 o f  the ASME Bo i l e r  and Pressure vessel (hereaf ter  r ~ f e r r s d  
.. . 

t o  as " the Code"), were used throughout t h i s  analysis. 
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LOFT STEAM GENERATOR M A I N  F E E D -  LOOP SEAL M O O l F l C A T I O N  
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11. ANALYSIS 

1. STRUCTURAL ADEQUACY CRITERIA . . . . 
, . 

Subar t i c le  NC-3650 o f  t h e  ASME def ines  a l lowab le  s t r e s s e s ,  . . .  t o  be 

used i n  t h e  ana lys is  o f  Class 2 piping: Stress equations a re  g iven f o r  sus- 

ta ined  loads, occasional loads, and thermal expansion i n  Subparagraphs NC- 

3652.1, NC-3652. 2, and NC-3652.3, respec t i ve l y .  ' The gu ide1 ines  s e t  f o r t h  i n  

these subparagraphs were' f o l  lowed throughout t h i s  analysis.. 

2. MATERIAL PROPERTIES AND ALLOWABLES 

The s ix - inch,  Schedule 80 main feed p i p i n g  i s  constructed o f  SA-106, 

Grade B, carbon ' s tee l .  The f i t t i n g s  which comprise t h e  seal ' loop a r e  speci,- 

f l ed '  t o  be constructed o f .  SA-234 carbon s t e e l .  .The p roper t i es  o f  SA-106, . . 

Grade. B, carbon s t e e l  were used f o r  a l l  p i p i n g  components throughout . t h i s  

ana lys is .  Th is  procedure was used t o  s i m p l i f y  computer program ,i,nput and 

t o  i nsu re  conservat ism s ince the  ma te r ia l  a1 1 owab1.e~ of .  SA-106,. Grade. B, I 

carbon s t e e l  . . are. lower:  than the  values o f  t he  o the r , spec i ' f i ed  ma te r ia l .  
* .  

The ma te r ia l  p roper t i es  used were taken from Reference 5 and a re  .shown below: 
. . . . 

3. ASME CODE ANALYSIS 

PROPERTY 

E ( p s i )  

a . ( i n . / i n . / O ~ )  

v . 

s ( p s i )  

To complete the  ana lys is  o f  t h e  main feed loop seal p ip ing ,  t he  fo l l ow-  

i n g  l oad  cases were considered: 

TEMPERATURE (OF) 

100 

27',860,000' 

6'. 13(10'6) 

.30 

15,000 * ' .  

200 

, 27,700,000 . 

6.38 

.30 

15,000 ' 

. . 400 

27,000,000 

6.82(10'6) 

.30 . 

' 15,000 

600 

~'25,700,000 

' .7.23(10'6) 

. .30 

.15,000 



1. Deadweight 

2. Thermal Expansion r 

3. Loss-of-Coo1,ant Experiment (LOCE) I 

4. Safe Shutdown Earthquake (SSE) 

5. Loss-of-Coolant Accident (LOCA) 

6. Anchor Movements. 

The SAP I V  f i n i t e  element model , described i n  Figure 1 of the Reference 1 

repor t ,  was modi f ied t o  inc lude the seal loop. This model was then used t o  

analyze the deadweight and thermal expansion loading cases. It should be 

noted t h a t  the deadweight and thermal expansion computer runs used i n  t h i s  

r e p o r t  were made using a pre l iminary  p ip ing  conf igurat ion i n  which the seal 

loop was constructed using two s ix - inch e l  bows and a s ix - inch 180 degree 

r e t u r n  ins tead o f  the components comprising the f i n a l  conf igurat ion shown 

i n  Figure 1 o f  t h i s  repor t .  The deadweight case was not  rerun w i t h  the 

f i n a l  con f igu ra t ion  because the weight d i f fe rence  o f  the components was 

approximately s i x  pounds - which i s  neg l i g i b l e  i n  comparison t o  the overa l l .  

weight o f  the system. For? the deadweight rlln, the one-ha1.f-inch d ra i n  1 i ne  

was taken i n t o  account by apply ing a nodal load, equal t o  the d.rain p ip ing  

weight, a t  the appropr iate node. The thermal expansion load '  case was not  
, 3 

I .  

rerun s ince the p re l im inary  conf igurat ion was less f l e x i b l e  than the fOnal 

conf igurat ion.  Thus, the p r e l  iminary conf igurat ion would y i e l d  conserva- 

t i v e  r e s u l t s  when compared t o  the f i n a l  conf igurat ion f o r  the thermal expan- 

s ion  load case and e s s e n t i a l l y  the same r e s u l t s  f o r  the deadweight case. A 

p l o t  o f  the model used f o r  the deadweight and thermal expansion runs i s  shown 

i n  Figure A l ,  Appendix A, Page A l .  

F igure 1, page 2, shows a s i m p l i f i e d  version o f  the SAP I V  f i n i t e  element 
( . .  

model used t o  analyze the LOCE, SSE, LOCA, and anchor movement load cases. A 
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more complete p l o t  o f  t h i s  model showing the node and element numbering scheme 

may be found i n  Figure A2, Appendix A, page A2. It should also be noted that 

Appendix A includes sample input f o r  s t a t i c  and dynamic SAP I V  loading cases. 

The is01 ated main feed piping wde l  , used for these loading cases, was com- 

pleted using 11 pipe elements and 12 boundary elements. Boundary elements 

were used t o  simulate iso la t ion  snubber and steam generator anchor restra ints 

and t o  input anchor movements. The hand operated valves, located i n  the one- 

half- inch drain, were modeled using valve weights o f  four pounds per valve. 

The centers o f  gravity o f  these valves were assumed t o  be a t  the pipe center- 

l ine.  The response spectra analysis option o f  the SAP I V  program was used 

wi th the response spectra shown i n  Figures 2 thru 4. The anchor .movement 

runs were made using displacements of ax = 0.060 inch and az = 0.177 inch. 

Moment data, resul t ing from the previously menttoned computer runs, was 

tabulated and resultant moments were calculated f o r  use i n  the ASME Code 

Class 2 piping equations. This data may be found i n  Appendix B. The com- 

plete ASME Code evaluation, per the requirements o f  Subarticle NC-3650, my 

be found i n  Appendix C. 

Microfiche copies o f  a l l  computer output and a source 1 i s t i n g  o f  the 

version o f  SAP I V  used may be, found i n  Appendix D. 





LTR 115-38 

Figure 3 

SSE SEISMIC RESPONSE SPECTRUM ENVELOPE CURVE - 1% DAMPING 
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I I I. RESULTS 

The maximum a1 lowable moment method was- used as .described i n  Appendix C 
. . . . . . . . 

to '  evaluate . the structural.  adequacy :of  ,t.he loop, seal adddtion to  the main 

feed piping; The results.  o f  t h i s  analysis are  tabulated I n  Table 'I. 



1 
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TABLE I 

L O F T '  STEAM GINERATOR MA\N Frm Loop 
~ E C I L  ADD\T\ON P I P \ N ~  MAKIMUM: MOCZE)(TS 

SSE 
4 t . . 

# ' 
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I V .  CONCLUSIONS 
. . . . 

The r&sul , ts  of the analysis described , i n  the p r , e ~ e d i n ~ : ~ a g e s  warrant the 

f o l 1  owing conclusions : 

(I)  he main feed ' loop seal p ip ing,  as shown i n  Fi,gure 1 o f  t h i s  

repor t ,  . w i l l  meet a1 1 s t r uc tu ra l  adequacy requirements as se t  

f o r t h  i n  ~ u b a r t l c l e  NC-3650 o f  the ASME Code. 

(2)' The main feed 1 ine  i s o l a t i o n  snubbers, as speci f ied i n  Refer- 

ence 1, w i l l  be adequate , f o r  the p ip ing  conf igurat ion consid- ., 

ered i n  t h i s  report .  
. . 



LTR 115-38 

V. . REFERENCES 

1. ,D. K. Morton, ."LOFT Main Feed Pip ing System Stress Analysis", LOFT ~ e c h -  
n i c a l  Report LTR 115-11, June 17, 1976. 

2. "LOFT In teg ra l  Test System Prel iminary System Design Descr ipt ion f o r  the 
Secondary Coolant System", SDD 1.1.5 B, May 1971. 

3. K. J. Bathe, e t  a l ,  "SAP I V ,  A S t ruc tu ra l  Analysis Program f o r  S t a t i c  
and Dynamic Response o f  Linear Sys tems" , Earthquake Engineer1 ng Researkh 
Center, Berkeley, Ca l i f o rn i a ,  June 1973. 

4. American Society o f  Mechanical Engineers, ASME Bo i l e r  and-Pressure Vessel 
Code, Section 111, D i v i s i on  1, "Nuclear Power P lant  Components", Subsec- 
t i o n  NC, 1977 E d i t i o n  p lus  Sumner 1977 Addenda. 

5. American Society o f  Mechanical Engineers, ASME Bo i l e r  and Pressure Vessel 
Code, Section I 1  I, Divisdon 1, "Nuclear Power P lant  Components", Subsec- 
t i o n  NA, 1977 E d i t i o n  p lus  Summer 1977 Addenda. 



LTRf 1 5  
. . .. _ . . . . ... ... . --. --.-.- -.- .I -----.- . .-.---- 1 _ - -  - - . -  

I tcwl / Desc r ip t i on  Checked 1 , Conunen t 
. 1 NO. , 

I . 1.11 ! Does the sys t a n  have a  Design Speci f 1- 
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Are a1 1  m a t e r i a l s  s p e c i f i e d  c o r r e c t l y ?  
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form weight.  . , 

Are a l l  valves coded c o r r e c t l y ?  Are 
a l l  motor o r  pneumatic operated valves 
s p e c i f i e d  w i t h  lumped wts and cgs? 

I s  t he  system modeled c o r r e c t l y ?  
(Length r a t i o s ,  e t c . )  

.Are 'a1 1 h a n g e r l r e s t r a i  n t s  modeled 
c o r r e c t l y  per  t he  ana ly t i ca l .  drawing? 

I 
i 1.8 A r e a l 1  "nodecodes! s p e c i f i e d ,  
! 1 c o r r e c t l y ?  

1.9 i I s  t he  design temperature and pressure 
I 1  i s t e d  c o r r e c t ?  I 

1.10 / I s  the  Q u a l i t y  Group and Safe ty  Cate- 

I gory o f  t he  system c o r r e c t ?  
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1.11 1 Are e l  bows , e x p l i c i t l y  modeled? . . . . 
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2.5 1 Check de f l ec t i ons .  I J  I 
F o r  Hydro-run v e r i f y  t h a t  a l l  s p r i n g  
hangers were p inned ( r i g i d ) .  ' I J i  I 

- Are branch connect ions c o r r e c t l y  1/ 
r e i n f o r c e d ?  
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Are a l l  stresses and usage fac to rs  
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branch connections, e t c )  run  separ- 
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s t resses? 
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Were there  any special  considera- 
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Documentation -- 
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enveloping of t rans ien ts  w i t h  less  
severe condi t ions? 

Does the repo r t  'expla in how analysis 
r e p o r t  can be traced? 

Does ' the  report. exp la in  r e ten t i on  of 
documentation (computer runs. and . 
analyses)? 
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9 TAblGEFiT 6 8  6 4  1 1 . 70.00 9.03.00 0.0000 0.0000 0.0000 1 I I 

3 ;  : ; '  1 0  TAhtGENT . 6 4  48 1 1 70.00 ' 900.0G 0.0000 0.0000 0.0000 1 I I 
I !  : I .  ........ .. 1 11 TANhErJT 5 8  .- . 5 3  , . , . . - . - - - - . . -- -. 7 900.00. 0.0000. (?.oooo 0. ooo'? 1 11 .- 
. . 1 2  TANGEeJT 53 49 1 1 70.00 900.00 0.0000 0.0000 0.0000 1 I I - $ i  ./. 
8 :  

1 3  RENO 4 9  4 4  1 1 70.00 9C9.00 I C 
/ . I  . 4 . . ( 3O..OOOj:--.( ... ): (._540?95) .! ......... ???.*?00).! -136.500).-.J,.,---* ~?.O.~!---L- .... ; F,._________._____.___ .... 

Q;..; 1 4  .TANGENT 4 4  38 1 1 70.00 . 90.9.00 0.0000 ' 0.0000 0.0000 1 I 1  ' 
, i 

. . i . !. !5.--TilNGENT .......... 4 .. 6... . 1 . ?.. 7 0 - 0 0  . O*OO - O * ~ O O O  0 - 0 0 0 0  o.oooG 1 11 . . . , , ' 1 6  TPNGENT 3 8  3 2  ' 1 1 70.00 901.00 0.0000 o.oooo 0.0000 1 I I 

@ 1 ..: 1 9  TANGENT 2 3  2 2  1 . ‘  1 ' '70.00 900.80 0.0000 0.0000 0.0000 ' 1 I I 
- :  : 

3 i ' 5 
i 2 0  ?.AN,GENT 22.. 21 .! ?C!*Oo 90!'* O O  -. 0.0000 O..OOOO 0.0000 1 I 1  -. ._.- . ..... . 

I ,  2 1  TANGENT 2 1  2 8  1 1 70.90 930.00 0.0000 0.0000 0.0000 1 I I 
Bi 22 TA.VGENT . 2 8  29 1 L . 70.00 : 900.00 . . 0.0300 0.0000 0.0000 . 1 I I 

/ . ': 1 B I i 23--. ITAY6EN.T 29, 2 7  70.00 3OG.OO.--- 0 .0000 0.000.0 0.0000 1 I 1  
! .  ! 2 4  BEND'" 2 7  2 0  1 1 70.00 . 9Gd.00 I C . . 

Dj  i 
. !  

- . 30.000)  . (CC) ( 211.650) ( 297.300) ( -46.700) ( 0 4 0 0 0 )  

. . . .  ... . . . .  .. . . . . .  . .  ... . . . . . . .  .- -. - - - - - - . - . - - - . - 
. . ~ ~ ' - " T ~ N G E N T  ' " 2 7  1 1'1 70.00 950 . G O  0.0000 0.0000 0.0C00 1 I I 

3 ' 3 0  TANGENT 3 3  3 4  1 6 70.00 953.C6 0.0030 0.0000 1 I I 0.0000 



_ .__ .  _ ._ _ _ _ _ _ . _ _ _ ~ . _ _ - _ _ _ _ _ . _ . _ _ ~ _ _ I _ _ _  . . . . . . .  . . .  . . . .  . .  . . .  . ------ -.. 
.. " - '  '' . -  -. 
I 

P I P E  E L E M E N T  T N > ~ I T  D A T A  

ELEME&T ELEMENT NODE NODE MATL. SECTION REFERENCE INTE?.UAL D I R E C T 1 0 h C 0 S 1 N E S MODE I N P U T  
' UUWBER TYPE -I - 1 ,.,.-? ....... NUMfJEQ NUMaER T E . ? D ~ ~ i T U I L . - P P E S S ! J . *  !!JZX!-. -- 41Y.Y 1- -..- (12.L- INC!?.EHENT-TLI - 

I 
! . .  (BEND (TMIRD ( X 3 -  (Y3- (23- (WALL 
i @ :  R A D I I J S )  P O I N T )  ORDIkATE)  OPDINATE) ORDINATE)  FRACTION) 

i ......... ... . . . . . . . . . . . . . .  ... -. .. . . . . . . . . . . . . . . .  -. - .......... .... - .... -- ....... - -. 
o.o 

-- .' - - . - . - - - . . - - - - - - - - .- - . 
31 . .  T A N G E ~ T  34 40 1 6 70.00 950.'~0 0.0000 0.0000 1 I I i e 32 TANGENT 40 45 1 . 6  70.00 9~n.00 '0.0000 o.oooo . 0.0000 1 I I 

- 
i ... ......... . . . . . .  ....... .. - .... - . .  34 T A N G E Y  ....... 52 ....... 56 ............. . 2 ... . 70.00 . 950.~0 I 

1 0.0000 ,- , 0.0000 0.0000.~ ..I ..I1 
35 BEND 56 60 1 .  2 70.00 950.00 I C 

1 10.000) ( . ( 359.604) ( 297.300) ( -38.188) ( o1000) 

.. .-... ... . .... . . . . . . . . .  ........ .. ............... .... ......... ... I !- 
36 

' - - -- - - - - - - -. - - - . . . . - - - .- -- - -. 
60 66 1 z 70.00 9511.00 0.0000 o.oooo o.oooo 1 I I 3 @ .  . !  37 TANGENT 66 70 . 1  2 70.00 95n.0~ 0,0000 0.0000 0.0000 1 I I 

I 
...,. ....... ..... ...... i . . . . .  J 8  .. TANGENT ... 70 .... 79 ............... !. ... 2.. . 70.00 350.00. 0.0000 0.0000. 0.0000 1 I f  

39 TANGENT 79 A4 1 2 70.00. YSO.00 0.0000 . 0.0000 0.0000 1 
! @ :  I I 

40 TANGEKT 84 89 i 2 70.00 950.00 o.oooo . o.oooo o.oooo 1 I I 
i 

; 
; . . -. - - . 2 70-00 . .... 4 1 - T A N G E ~ T  89 . . . .  .95 a .... 950.00.. 0,000.0. -- - O.OOOO o.oooo 1 11. . . 42 BEND 96 101 1 2 70.00 350.00 ' I c ei ( 10.0001 ( 1 ( 359.'604) ( 1.310) ( -38.188) ( .1000) 

! '  ... - 1 ; !  ...... . - . . . .  .- - . . . .  - .............. --. - ,- ... - . . .  - .. ......... - ....... - . - . .- . - . .  .- . .... -. - .- . . - . - .-. -- -- --- 
4 3  TANGENT 101 105 . 1 2 70.00 950.00 0.0000 0.0000 0.0000 1 I I 1 @ ;  44 TANGENT 105 103 1 2 70.00 950.00 0.0000 0.0000 0.0000 . 1 11 

; i 45 .--.TANGENT ...... 106 ..... 102 -. . 1 3 70.00 ........ .--270.00 0.0000 0.0000 0.0000 1 11------- 
46 BEND 102 99 1 3 70.00 279.00 1 c 

I 1 a'; i ( 2.500) ( 402.660) ( -3.450) ( -99.660) ( 01000) 
1 2. ' i .......... .. .: ........... ........ .......... ....... . .  .. -. - .. - 
i t ;  47 TAbiGENT 98 93 1 3 70.00 270.00 0.0000 000000 0.0000 1 - .. I I 

4 8  BENO 93 A9 . 1 3 '0.00 270.00 I C 
1 . ,  . . a : - .. ................ t 2.500) .. ( 375.761) -3.450) (.-.- -93.943) -( 01000) 
I ; ;  

@ :  / 49 TANGENT 88 93 1 3 10.09 270.00 0.0000 , 0.0000 0.6000 1 I I 
-. .. , j. ..... 50 ... TANGENT.. ... .83 g.7 1. - 3 - . : r  C .  00 27Q.GO. . . .  0.0000 .O.OOOO._ 0.0000 1 11 

. , 51 BEND 87 94 1 3 70.00 270 00 I c 
@ .  i ( . 2.500) ( ( 366.716) ( -3.450) ( -136.500) ( 01000) 

t . , . . . 
. ..... . . . . - . . . . . . . . . .  ............... ....... .. . . .  . . . . .  -. . . . .  - . . 

SL TANGENT 94 99 1 3 .  TDIOD 270.60 0.0b00 0.0000 0.0000 1 I 1 3;  . : . 53 BEND 99 97 1 3 7d.03 270.00 I C 
. . .  - . . .  - . . . . . .  . . .......... 2.500) ( . )  . .I ..--34.5.500).( ~3.450) (-....~136.500). .(--.01000) . :. . . . 

@ :  i 54 TANGENT 97 92 1 3 73 . 00 270.00 : .  
. , .. 55 . . . . N E T  . 92 .... 1 2 .- 70.00 . 2 7 n m m  - -  

! _ I  56 TANGENT 86 81 1 3 73.00 273.00 a ;  j 57 TAWGENT 81 75 1 3 .  73.00 270.00 
, I .,.. . .  ..... , ........ 56. ..TANGENT 75 3.9 1 --..? -- ..7g*Oa 270.00 

59 TANGENT 69 62 , 1  3 70.00 270.00 
@ :  60 TANGENT 62 57 1 3 7t.03 270.00 



. . . .  .- ........... .- - --. - . 
>a . . 

. .  P I P E  E L E M E N T  I r q D g T  D A T A  

,ELEMENT ELEMENT NODE NOPE MATL. SECTIOhi: ' REFERENCE INTESNAL D I R E C T I, 0 N C 0 S I N E S 
.., . . .  NODE INPUT 

. . . . .  . ,_.',-NU*(?EP ?-YPE .-! _ -.J-.-N!JMBE5-~!.I~M&EP --TK!!PERATU.P'E P R E S S ~ I R E  : _ .A (YX! ...-A ( Y Y )  A ( Y Z ) .  --.INCREMEN.T_'-TW 
. . 
, . ( ij EN,D, ( T ! i I R D  (X3-  ( ~ 3 -  ( 2 3 -  ( b A L L '  

6 1 .  .RADIUS) POINT)  OHDINATE) ORDINATE) ORDINATE) FRACTION) . . 

7 5  TLNGENT 73 , 7R 1 3 70.00 270.00 . 0.0000 0.0000 0.0000 1 I I 
, . I  ! ... ......... ............. .......... j 76-..TANGENT 7 7  T ~ N G E N T  ' - - - ' 8 ~ - - - - " ' ~ ~  '8 a? -1 3 7 0 * 0 O  270.*OO ~ ~ 0 0 0 0  '.-.O*oOPO - O * O O O O  1 I I 

1 . .  7 70.00 270.00 0.0000 0.0000 0.0000 1 .  
i 

I I 
7 8  TANGENT 9 0  . 95 1 3 70.00 270.00 0.0000 0.0000' , 0.0000 . 1 I 1 

I ' j..---L. 7 9  -TANGENT 9 5  ....... 190 i ....... 9 -- ............ 270.00 ............ ~ 0 0 0 0 e  ----. o' .oo~.o..  --- 11 . . 
7 0  a 0 0 .  

. . ~O- ' - 'REND i o o  1 0 6  1 4 70.00 270.00 a;, , ( 2.5001, . 1 .218.611) ( ' .  364.800) ( 4.130) ( .1000)  I C 

j+ 9 ----- . .- . . 4.... . -.i h.9--.-.. .. -. . 2- ......... ............ .--. .... ....................... - . - . - ................. - .... .... ..... - .  
81 TANCENT---' 1 70.00 270.60 0.3000 0.0000 ' 0.0000 - 1 I I 

@ 82 TANCENT 1 0 9  1 1 4  1 P 0 70.00 370.00 O i O 0 0 0  . 0.0000 0.0000 1 11 
: ! .... ...... . , ...-.. . . . . .  R 3  TANGENT 1 1 4  .-.I_!? ... 1.0 :_-...~--7O.O0 ........... 273.00 O*@OOO :..: 0 . 0 ~ 0 0  0.0000 1 

- , e 4  TANGENT '.'--'I 13 , 1 1 5  . 1 2 70.90 270.00 ' 0.00oo 0;ooo'o o.0000 1 I I . !  .. 8 5  TANGENT 115 116 1 4 . . . . .  70.30 z'7a.00 0.0000 0.0000 1 I I 0 ~ 0 0 0 0  
! - I 

' 

86 TANGEbjT 116 1!7' ..... .......... ! I.. _ _. 87--' ...... 14..'- . ............-..... .... ....... 1 - ' - E .70.0? - 279.00.  -: ~ . O O O O  0.0000 0.~0000 1 11 L- 
- 4 1 1 8 ' :  , 1 4 .. 70.00 270.00 0.0000 0.0000 0.0000 1' I I 

@'\  1 86 BENO. . 1 1 8  1.22 1. 4 70.00 270.00 
: !  

I C 
.... . .... ........ .. . . .  . . .  

3.613?.- (.--.-...loo!') 7. : . ,  i .-1" -.id- J,-.L..5..*.000.) ,..) - ! - -21?*090) . (  -3.??*26?).( - 
@,.! j 

: 4 

8 9  TANGENT 1 2 2  . 123, ' 1 * 70.00 270.00 0.0000 0.0000 '0.0000' 1 
. ' .  

. 1 s  
9 0 '  1 4 ....... 

P 
.......... .......... . . .  .... . .  i .. bECllP.-: 1.23-..~..?:?4.- ..... 30.*.0.0 . 27.0 0 0  .- -- - _ - .  IC --- - 

- ' , . ,  
. . 6:; . I  

( :, 5.000) ( ( 20i-.019) ( 349.762)  ( 10.630) ( .1000)  SS 
I .  

k 

91 TANGENT 0 . 0 0  
: ................ .... !?? : 1 2 5  .... ::; . , I  . . ?  . -.  . 'O-..O.~. . . . . . .  2 . 0  . .  - . O Q  ! . -  1.1 P..-. 
. . . . .  

@.. : V) 

. 
. , 

-.. 
. . . .  . ". . . ""  .. .. . . . . .  . . . . . . . . . .  . . . .  ..... ..... - . . .  . .. . . . . . . . . . . . . . . . . . . . . . .  . . . .  - .  ". .,-' ' "" .- -. '^ - -  -- -. - 

0 '  ! 
\ 

b d  
m 

i. . . . . .  _. .. . . . . . . . . . .  . _  . . . . . . . . . . .  _ _ ......... _ .. _ . . .  . . . .  ... - .- . . .  .. -------- 



. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  -. . . . .  - .  .- -." .-.. . .. -- . - . ..... . . . . . . . . . . . . .  

I 
3 9 A N C H  P O I N T  D A T A  

2 .  , :  4 .  ;: .... ............. - - .  .- .- .. ........... :- -----. -_.P- 
.. _ I . ,  1 @ : . . j  '. rn 
I 3 : i . . L.. 

. . . . . . . . - . . . . . . . . . . .  . . . . . . .  ................. ........... ..... .. ..... . -- . -- ... . . r 



i 
/ &+ TOTAL UUPBED O F  EOUPTIONS = 588 
i .  ' G ~ N D ~ I D . T ~  

= 6 9  ....... ---L 
! NIJMeER OF. .~6"A.T..I'OkS..iN-~A~.A i'O CK' .=---S C(8 

i I ,: 
' I  @ :  , .  . !  NUMBER OF BLOCKS = 1 .  1 . :  



. . 

- ........... . --.- .... .-.-.----. . 

, N O D A L  L O A D S  ( S T ~ T I C )  O R  M A S . S S S  ( D Y N A M I C )  

23 : ;.'- - N O D F _ - C . . ~ ~ ~ -  I - . Y - A X I S  Z-%.XIS X - A X I S  -.... Y - 4 ~  IS ----Z-AXIS 
.: . NUMBER CASE ' FORCE FO?CE F 3 R C E  MOMENT MOMENT MOMENT 

.f& ; 
........ ..... :.. 1.8- ..... >I)( .- .... .--..~oe+otl-o2 0. o. ... .!I,-- . -  Q - -  2 

ea : 
j .  -. -. " ." . . . .  .. " " . .  ..... ....... --I -_ ._-- __ . _ _  .... _ _  ..... -- 

ELEMENT LOAD M ~ I L T  IPLIER-5 
:LOAD CASE A L3 C 1 

a ; . ;  
I .  
: : -_-- -.-- 2 ...-..--.-.---------T- --.---- . . 
: t 



................................................ .-- - - - -  
3 .' . . . . .  . . 

. "  * CGFT :I4 GEXECATOP M A I N  FEED LOOP SEAL AGUITION .- DYN4MIC - SSE . . . 

.3 
. .  ; . c  0 T 0 I - . . I . V . . . F . . ( - J  R.FI...*-T-I--O-CJ_ , - ..._.._..._... 
4. . : . 

NtIHbER 13F %O.SAL POIFiTS = 18  
. . . :, . . .  NLIM~ER .5F ELEI4EkiT T Y P E S  .............. = 2 .................... ........... - ..... .. -. -- - - --- -- - -. 
. . .'. h i l l ~ h E R  3F LOAD CASES = 0 

. . 3 : :  NijhhEic 3F F?EOijE!~!CtES = 2 5  
. '  ANALYSIf  CODE (FIDYN) = 3 . . . . . . . . . . . . .  ........................................ ... .. ..... ......... . . .. : E9.0* c T s T I C  

3 - E 3 . l ~  MODAL E x T ~ A C T T O N  
' I 

, . 
............................................................. ... ............. .... ... . . . . .  €0.2 * FQPCEO PEZP')JTE , 1-- ii 

EQ.3 r oESPr)%SE SPECTRI !M 
3 .  E O . 4  r DIRECT INTEGRAT;oN 

. . . . . :  , ... -. ....... SOLUTION (MaDF:)!?. :.-. . -= !! ......... I-.------.-:..-1- .. : - -- 
, . EO.C.9 EXECljTION a .  . '  . . 

€Co le  DkTA CHECX' 
NLlhijEP OF SIIRSPUCE -- - - - - .- - -- -- .-- - ..................... ...... ..... .... ............................ -. ........... ....... ..... .................. ...... . .- -. -- - . . . .  
ITERATION VECTORS IN~DY----= o . . 

: 3 ] .: EQUATICNS PER 8LOCK - - ' 0  
.... . ...... . . ...................... TAPE10 s q V c  .FLAG .(E;lO.5V.!.-,:.,, l-.- - 0 , . . .  

@ . :; 
I :  

........... . .  Pdi.Ni . INPOT Di;iA. ................................ .... ............. .................. ---. - - -. -. -- - - - - . - . - 
@ . :  

: . WrJE v,(;gD*?Y. CON!?I.XI@N ,COPES .. NODPL..PO!NT. O O R ~ I  Y~TEs- .  . . . . . . .  ................ ,--- ..- 
' ,  h;u.lai~'  x Y z . x x  Y Y  zz  X '  Y z T 

8: ..! 1 0 a . 0 0 '  b 0 207.'000 237.300 -13.760. 0 407.000 . . . . .  
4~,;..-2-- P 0 .... 0. ..... 0 . ...c I.'-.--. 0 . ?14*  100..., 2&9*300  - 1 6 * ~ 0 0  &'..---.. 407.000 . 

. ' 3 . 0  0 0 0 0 0 2P2.610 275.330 -19.130 0 007.000 . . . . ' 8 w i  4 . O  0 0 .  0 0 .0 . 222..610 271.433 -14.130 0 407.000 ' 

. 5 0 0 257 9336. ........... . .. -... ....... ..- ...... .. . 0 ....... a !..-.- -0. 222.613 -15. 130 c 407.000 : . . . .: 
. 6 0 .  0 .  0 0 0 0 222.510 263.*00 -190130 0 607.0GO 

, @  . 7 . . 0 0 0 0 0 0  222.616.  259:360 . -14.130 0 407eOGO 
. . - 23.060 !J 407 -000  --.-. - ; ... 8.. - - . o  ....... 0 ....... 0 .  ... . .  0 ... 0 ...... 2?1,!i20.--: ....... z a 4 * 3 0 c  ............ - 
. . .  9 0  0 . 0  o o o 236..250 297.300 ' -25.520 0 ' 407.000 C . . 
8 j 10 o o . o o n . .  o 2 ~ 1 . 3 8 ~  297.350 -49.410 o 4o7.000 ri( 

' . . 1 1  1 1 . . ..... ......... .. . ....... .... . ! 2. .- -- - - .- 1 1 ..!- 1 253.380 297 -300  -45.410 . .o :--- 
.:; 

9u "70.000 
1"' '. 1 1 241.3P0 297,360 -61.410 0 70.000 C1' 

1 3  1 i . I  1 1 1. 241.380 309.300 -49.410 o 70.000 
: : 

Clr 
. . .  , . 1 4 '  1. 1 1 I 1 .... . ............ . .  ....... . . . . . . . . . .  ,. - . . - - k.- - .- . - . . 1 - -- 207-  004 297.303 - 1 - 7 6 0  !! :70*no(! .-.------. . . V 1 d - - :  
. . 1 1 1 .  1 . . 1 .  19s.000 2 9 7 . 3 0 ~  - i3 .760 . o 70.000 

61'1,j 1 1 1 1 1 ' 1 . 207,000 . 309.300 -13.760 0 70.000 

. . 
....... . .. -....... . 3 . . .  GENERATED"NODAL ----. - -- - - --A . . - - - - . -- . 

. L . . 
@ ;I 1 

.: . : I~ODE ROUNDAQY CONDITION CODES,,. . ,,,, ',., KODPL PO.INT COOi?DI&ATES 
,, , , . . . . . . . . . . . . . . . . .  - -- . A S . . . . . . .  . . . . . . .  ... . . . . . . . . . .  

i ' .  ' N U M ~ E P  x Y z x x  ' Y Y  - zz x v . z -T 
1 0 0 0 .  0 .O 0 2 c b . 0 ~ 3  297.300 -13.760 407.000 





. . 

: ELEMENT LOAD CASE ~~ULTIPLIEQS 

@. . 
, ,.F~LE.HENT ..MODE . .  -.NODES DIF.INTNG.. CO~~STP~I .NT. .C .J .REC.T . I I )N  CODE .-CODE GENERATION . . . . .  SPEC I F  I E D  S P E C I F I E D  SPRING 

INK (Nt) KD -KR . CODE ' (KN)  DISPLACEMENT . ROTATION. R A T E  



i 

P I P E  E ~ E t 4 E t i l  I P ! P ~ I T  O P T A  

b 
. . . . . .  . . . .  . . . . . . . . . . . . . . . . . . . . . .  .... . . . . . . .  . . . . . . . . . .  N U ~ ~ E R  OF P I P E  E L E M E ~ I T S  . . . . . . .  .= .... I 1  . . . . . . . . . - . . .  .- 

3 .  ~ ~ U M B E R  OF MATE?ICL SETS - - 1 
. _ . _ . . .  .. . ... _ -- ... 

PZ)~.II!IIM N(JWYER OF CA.TERICL 3 . :  TECPE34TURE INPUT POINTS - - 6 
. . 

________._,__, _ _  _. -- -- ----- --- .... ... . ..... , - . - .. - ... 
hjuMhER OF s5CT:ON - P ~ O P E R T Y " S E T S  = 5 

3: . . a 
0 FJUPBER OF BRANCH P O I r i i  ,,N~,DEs = - - 1 -- - . ..... - . . .  - . 

D :  :.: M A Y  I M U M  hlUt!dEH OF TANGENTS - 4 CCVHON TO A H H B h ! C H ,  POINT ........ = . . .  ................ . ... -. : -. .- - . . .  .... . . . .  . .- . . 

c3 : 
'=P : MATEDIP; F!J.YF)EP-.. = I ..,I 1- -- - - .- --_.._- -- -L -- -- - - -- - - ,.. , .,., .. .... . .  

. P I I . J H ~ F R '  OF ... & T E * ? ~ P & T U P E  POINTS = t 6 !  
I D E ~ t T i f I ~ * T I O h l  , - .! ..  A s T r .  A1 06. (3 -9, (:4PHO?!-STEE.L- :...-1 .. .- -- -' 

- 
P f i i M T  YOI'INGUS POI S S O ~ Q S  TdERh14L 

FJIIMSER. TEgPEilATIJRE, QATIO-.  EXPANSION -. --- :- .-- - . . .  . '.'OD'1LlIS. - -. ., , ... ....... 



3 SECTIGti ~)I;TS I 3 E  UALL SHAPE FACTOR M E I G k i T /  MASS/ 
, ' QU"HER D r ~ ~ ~ E T c ~  Ti11 CK!iES F,?_W. S.HSA2 U.!I.I LE.NGTH U!'?IT LEMGTH.. Q E s  _C ?.-.I .... ? .... T... I .-  O_J! -- .. - .- - .... - . - . - - .-... - - - - ...... - .. - . - ..... - 

LJ : 1 6.625 .4 '320 o . o o n o  . 3 3 2 0 E * 5 1  . r j 5 9 2 ~ - 0 2  . 6  I N  SCH 6 0  PIPE 
.... 2 . a 4 0  O . G ' O O ~ .  .22iUE*OO .$7,1SE-03 .5,-1u SCH 8 0  PIP!. .. - ......... . . . -- . . - - . . 1 4 7 0  --- .... .- .... - - - -. - - .. - - 

.3. . . . 8 4 0  e l 4 7 0  O.COO0 . 1 2 5 0 E * C l  e310hE-02  0 5  I N .  VALVES 3 4 5 . 5 5 3  . 3 7 5 0  ' o . r ~ o o n  . 2 3 . ~ ' i ~ * o l  - 6 1 6 3 ~ - 0 2  s IN scn 8 0  PIPE 
5 6 . 0 9 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 4 0 3 5  . . . . . . . . . .  !-'*Qoo!.- : -..-2?45E+.O.! ....... * 7 3 8 ? E - 0 2  PX SI...RED ... A!! PROP ..... 

i3; , Y-DIRECTION t i 2 k V I T Y '  1 . 0 0 0  0 .000  U.000 0 .000  
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