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SUMMARY 

1 1 1  L C  LOFT PRESSURIZER PRESSURE RELIEF PI P'ING SYSTEM 
STRFSS ANAl YSIS AND FATIGUE LIFE REPORT 

A s t ress  ana l ys i s  was performed on the  LOFT Pressur i ze r  Pressure R e l i e f  System 
t o  determine i f  i t  met the requirements o f  t he  ASME B o i l e r  and Pressure Vessel 
Code, Sec t ion  111, 1974 E d i t i o n ,  f o r  Class 1 and Class 2 components. Deadweight, 
thermal expansion, seismic,  des ign LOCE, and LOCA loads were considered. The 
r e s u l t s  o f  t h i s  ana l ys i s  i n d i c a t e  t h a t  the  LOFT p ressu r i ze r  pressure r e1  i e f  
system w i l l  comply w i t h  Code s p e c i f i c a t i o n s  prov ided m o d i f i c a t i o n s  a re  made ' t o  
the  hanger suppor t  con f i gu ra t i on  and one smal l  sec t i on  o f  p ipe.  The recommended 
changes a re  1 i s t e d  below. Note t h a t  some of  these hangers were p rev i ous l y  r e -  
q u i r e d  based upon an ana lys is  which subjected t h i s  same p i p i n g  system t o  a  
reduced LOCE (20 m i l l i s e c o n d  va lve  opening).  Th is  prev ious a n a l y s i s  was re -  
por ted  i n  LTR 1144-22, Rev. 1[71. 

R ~ P O A I  n o .  

LTR 1144-26 

This  r e p o r t  w i l l  no t  cover the  d y h m i c  e f f e c t s  o f  r e l i e f  va lve opera t ion .  Th i s  
omission i s  exp la ined i n  t he  body o f  t h e  r epo r t .  

RECOMMENDATIONS 

1.. Add i t i on  o f  Snubbers as per  l e t t e r  HIK-12-75, LOFT Pipe Hanger Requirements 
I on Main Feed Main Steam Pressur i ze r  and ECC Systems. 

2. The 1/2" L i ne  1/2"-PCS-10 between t he  t e e  and CVP-136-19 must be increased 
i n  diameter t o  1.050 inches (0-D.. o f  nominal 3/4" p ipe ) .  

, . 

3. Mod i f i ca t i on  o f  Uniba ls  and f l a t  bars  as per  l e t t e r .  Muff-2-76, Required 
Change o f  F l a t  Bar Hangers and Un iba ls  on Pressure R e l i e f  and P ressu r i z i ng  
P ip ing.  
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DESIGN ANALYSIS CERTIFICATION 

I c e r t i f y  t h a t  t h e  Design Analys is  Report "LOFT Pressur izer  

Pressure R e l i e f  P ip ing  System Stress Analys is  and Fat igue 

L i f e  Report", dated January 19, 1978, i s  complete and s a t i s -  
. .  . 

f i ,es a l l  s t r e s s '  ana lys i s  requirements s e t  f o r t h  i n  the  1974 

ASME Boi 1 e r  and Pressure Vessel Code, Sect ion I I I, Subsections 

. N B  and NC and LOFT S p e c i f i c a t i o n  P-1, Revfslon 2. 

J. G. Arendts, P.E. Date - 
J ~ ~ ~ Y - ( C I  1-26-78 ' 



L T R  1 1 4 4 - 2 6  

CONTENTS 

SUMMARY ii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ii 

. .  . . . . . . . . . . . . . . . . . . . . . . . . . .  I INTRODUCTION 1 

. . I 1  M E T H O D O F A N A L Y S I S  . . . . . . . . . . . . . . . . . . . . . . . .  3 

. 1 COMPUTER M O ~ E L  . . . . . . . . . . . . . . . . . . . . . .  3 

2 . COMPUTER'RUNS . . . . . . . . . . . . . . . . . . . . . . .  3 

. . 3 ASME CODE SECTION I11 P I P I N G  A N A L Y S I S  . . . . . . . . . . .  8 

3.1 C l a s s  2 P i p i n g  P o r t i o n s  . . . . . . . . . . . . . . .  8 

3 . 2  C l a s s  1 P i p i n g  P o r t i o n s  . . . . . . . . . . . . . . .  8 

. 4 H A N G E R A N A L Y S I S  . . . . . . . . . . . . . . . . . . . . . .  1 2  

. 111, RESULTS AND CONCLU. S IONS . . . . . . . . . . . . . . . . . . . .  13 

. . 1 CLA'SS 2 PIPING . . . . . . . . . . . . . . . . . . . . . . .  13 

. 2 CLASS 1 P I P I N G  . . . . . . . . . . . . . . . . . . . . . .  13 

I V  . COMPUTER CODE CONTROL . . . . . . . . . . . . . . . . . . . . .  14 

. V REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

APPENDIX A .. SAMPLE SAP I V  COMPUTER I N P U T  . . . . . . . . . . . . . .  A - i  

APPENDIX B .. MOMENT DATA . . . . . . . . . . . . . . . . . . . . . . .  €3-i 

APPENDIX C .. CLASS 2 RESULTS (INEL P I P E  11) . . . . . . . . . . . . . .  'c-i 

APPENDIX D .. CLASS 1 A N A L Y S I S  . AND TABLE OF PERMISSIBLE NUMBER 
OF CYCLES . . . . . . . . . . . . . . . . . . . . . . .  D - i  

.. APPENDIX E HANGER A N A L Y S I S  . . . . . . . . . . . . . . . . . . . . .  E - i  

.. APPENDIX F COMPUTER CODES USED . . . . . . . . . . . . . . . . . . .  F - i  

TABLES 

. I O p e r a t i n g  a n d  D e s i g n  C o n d i t i o n s  . . . . . . . . . . . . . . . . .  2 

FIGURES 

. 1 P r e s s u r i z e r  P r e s s u r e  R e l i e f  S y s t e m  . . . . . . . . . . . . . . . .  4 

2 . B l a c k  S y s t e m  M o d e l  5 . . . . . . . . . . . . . . . . . . . . . . . .  



LTR 1144-26 

3 . Red System Model . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

4 . Blue System Model . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

. 5. Seismic desponse Spectra . . . . . . . . . . . . . . . . . . . . . . .  9 

6 . LOCE Response Spectra . . . . . . . . . . . . . . . . . . . . . .  10 



LTR 1144-26 

LOFT PRESSURIZER PRESSURE RELIEF PIPING SYSTEM 

I r STRESS ANALYSIS AND FATIGUE LIFE REPORT 

+r 
I. INTRODUCTION 

4 
The s t ress  ana lys is  o f  the  LOFT ~ k e s s u r i z e r ' ~ r e s s u r e  R e l i e f  P ip i ng  Sys- 

* tern considers the e f f e c t s  o f  deadweight, thermal expansion, sa fe  'shutdown 

earthquake (SSE), opera t ing  bas is  earthquake (OBE), loss -o f -coo lan t  acc ident  

(LOCA), and loss-of -coolant  experiment (LOCE).' The LOFT pressur ize r ,  pres- 

sure r e l i e f  system, as analyzed i n  t h i s  r epo r t ,  cons is ts  o f  po r t i ons  o f  the 

pr imary coo lan t  p ressur ize r ,  t he  pr imary coo lan t  pressure r e l i e f ,  t h e  pr imary 

coo lan t  sampling, and blowdown vents and d ra ins  systems. Seven d i f f e r e n t  

s izes o f  p ipe  are present  i n  t h i s  system; They are:  1 /2- inch Schedule 160, 

3/4- inch Schedule 160, 1- inch Schedule 160, 1-1/2-inch Schedule 40, 2- inch 

Schedule 40, 2-1/2-inch Schedule 160, and 4- inch Schedule 160. The p i p i n g  i n  

t h i s  system i s  both Class 1 .and Class 2. Also, some 1  ines o r i g i n a l l y  desig- 

nated Class 1 have been analyzed as Class 2 due t o  m o d i f i c a t i o n  of  Sect ion 111 

of t he  ASME B o i l e r  and Pressure Vessel code''] (see NB-3630). 

The purpose o f  the  ana lys is  was t o  determine the  hanger support  conf igura- 

t i o n  necessary f o r  t he  p i p i n g  t o  conform t o  t he  requirements o f  Subsection NC- 

3600 (Class 2 p i p i n g )  and Subsection NB-3600 (Class 1 p i p i n g )  of t he  ASME 

code'''. 1; add i t i on ,  the hangers (spri,ng, un i  ba l  ; snubber, r i g i d  s t r u t ,  and 

sway brace) were analyzed i n  accordance w i t h  the  a l lowab le  s t r ess  l i m i t s  se t  

f o r t h  i n  the  A I S C  Manuali2] o r  the  a l lowab le  load  l i m i t s  as s p e c i f i e d  by the  

manufacturer, whichever was appropr ia te .  

The opera t ing  and design cond i t ions  used i n  t h i s  ana lys is  a re  g iven i n  

Table I. These values were l i s t e d  i n  t he  L i ne  Designat ion  able'^]. The 

s t ress  f r e e  temperature f o r  t he  p i pe  1  i n e  was equal t o  70'~. 
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L i n e  

1/2-PCS- 10 

1/2-PC-22 

3/4-PC-22 

3/4-PCV-14 

1-PC-40 

1- 1/2-PCV-41 

1-PC- 12 

3/4-PC- 13 

1-PC-11 

1-PC-53 

2-1/2-PC-17 

1-1/2-PC-48 

2-PCV-43 

a 4-BS-19 

TABLE I 

OPERATING AND DESIGN CONDITIONS 

Operat ing 

Pressure Temperature 
( p s i  ) (OF) 

2250 . 

2250 

2250 

2250 

2250 

Ambient 

2250 

2250 

2250 

2250 

2250 

2250 

Ambient 

300 

653 

653 

653 

653 

653 

Ambient 

560 

560 

410 

54 3 

680 

6 68 

Ambient 

350 

Design 

Pressure ~empera tu re  
( p s i  ) (OF) 

The mechanical e f f e c t  of r e l i e f  va lve d ischarge has been omi t ted  from 

t h e  s t r e s s  a n a l y s i s  o f  t h i s  system. The Class 1 p o r t i o n  o f  t h i s  system i s  

v e r y  h e a v i l y  r e s t r a i n e d  i n  t he  v i c i n i t y  o f  t h e  r e l i e f  valves so t h a t  the  

mechanical loads a r e  n o t  t r ansm i t t ed  t o  the remaining Class 1 por t ions .  

The thermal t r a n s i e n t  e f fec t  o f  t he  r e l i e f  va lve discharge i s  inc luded  i n  

t h e  Class 1 a n a l y s i s  and i t  i s  very  s i g n i f i c a n t .  The Class 2 p o r t i o n  o f  

t h i s  system has been analyzed by E l e c t r i c  Boat and t h e i r  ana lys is  appears 

e s s e n t i a l l y  c o r r e c t .  Th i s  ana l ys i s  i s  a v a i l a b l e  from the  Appl ied Mechanics 

Branch upon request .  
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I I . METHOD OF ANALYSIS 

SAP IV'~] ,  a structural analysis program f o r  the s ta t i c  and dynamic 

response of 1 inear systems was used t o  determine the forces and moments i n  

the pipe and i n  the hangers supporting the piping. Deadweight and thermal 

values were obtained using the s ta t i c  method o f  analysis. The seismic and 

LOCE forces and moments were acquired using the response spectrum method 

o f  dynamic analysis. Further information regarding the capabi l i ty of SAP I V ,  

o r  the theoretical basis o f  SAP I V  analyt ical procedures, can be obtained 

from Reference 4. 

1. COMPUTER MODEL 

Figures 1, 2, .3 ,  and 4 il 1 ustrate the computer models used f o r  i nput i n t o  

the SAP I V  program. These Figures show the node locatlons on the models. Ele- 

ment numbers m~ly be obtained by u t i l i z i n g  the sample SAP I V  computer input 

(Appendix A). For model ing purpose&, pipe elements were used to simulste pf pe, 

f i t t ings,  and valves. 

The LQFT pressurizer, pressure r e l i e f  system i s  a very large system in 

terms o f  a computer model, So that a computer model could be generated which 

was more i n  l i n e  wi th  the computing capabi l i t ies a t  the INEL, the piping sys- 

tem was broken in to  three models. The points a t  which the sys tm was divided 

(broken) were chosen by physical characteristics, so that  the three sub-model s 

were not divided by functional c r i te r ia .  The three sub-models were designated 

red, blue, and black. A1 1 computer runs were made on t h i s  basis. Drawings 

o f  each o f  the three sub-model s are included i n  Appendix A. 

2. COMPUfER RUMS 

The pressurizer, pressure re1 i e f  system was analyzed f o r  the effects of 

deadweight, various thermal runs a t  appropriate temperatures, 3SE seismic, 
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INELPI PE requ i res  t he  s p e c i f i c a t i o n  o f  var ious 1 oad sets  which re f1  ec t s  

the  changes i n  load cond i t ions  t h a t  the  p i p i n g  experiences. The l oad  se ts  

agreed upon f o r  the p ressur ize r ,  pressure r e l i e f  system ( i n  cooperat ion w i t h  

N.. .E. Pace o f  Thermal Ana lys is )  a re  as fo l lows:  

(1 )  70' - 655' s tep  370 cyc les (21 cyc les )  

,; ( a )  Nu1 1 ' case - Zero pressure and moments. 

(b )  655OF thermal moments and operat ing.  pressure and appropr ia te  
AT'S 

(2 )  Heatug-Cool down 1500 cyc les (370 cyc les )  

(a)  N u l l  Case - Zero pressure. and moments 

(b )  ,655OF thermal moments and opera t ing  pressure 

(3 )  115O step 1500 cyc les 

(a)  540 thermal moments 

(b )  . 655 thermal moments and .appropr ia te  ATIS 

(4)  LOCE -thermal 26 cyc les 

(a )  Zero moments and zero pressure range p lus  temperature 
g rad ien t  

(5) LOCE mechanical 260 cyc les 

(a) P o s i t i v e  LOCE moments and opera t ing  pressure 

(b)  Negative LOCE moments and opera t ing  pressure 

(6 )  OBE 

(a)  P o s i t l v e  OBE moments and opera t ing  pressure 

(b )  Negat ive OBE moments and opera t ing  pressure. 

The 4T1s a l l  came from Reference 5. Appendix B l i s t s  a l l  o f  t h e  moment 

i n p u t  data generated by SAP I V  computer runs. Appendix D conta ins a micro- 

f i che  l i s t i n g  o f  the  INELPIPE run  and a paper copy o f  the  INEL p ipe  ana l ys i s  

a f  a component. 

I n  compliance w i t h  NB-3630(d)(l),  Class 1 P ip i ng  Systems, 1-1/2 inches 

nominal O.D. o r  l ess  may be analyzed as Class 2. Th is  s i g n i f i c a n t l y  reduces 

t h e  amount o f  C lass  1 ana lys is  done.'  he areas r e c e i v i n g  Class 1 ana lys is  
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a r e  t h e  pressure re1  i e f  1  i n e  from the p ressu r i ze r  t o  the  r e l i e f  valves and 

t h e  weld connect ing t he  spray l i n e  t o  t he  spray p i p i ng .  

The t e e  i n  the pressure r e l i e f  l i n e  has the  h ighes t  usage f ac to r  i n  the 

system (.9941 a l l owab le  1.0). Th i s  tee  i s  i n  compliance w i t h  ASME Code re -  

quirements o n l y  f o r  t h e  number o f  t r ans ien t s  s p e c i f i e d  i n  Appendix D. 

4. HANGER ANALYSIS 

Hangers f o r  Class 1 and Class 2 p i p i n g  must meet the  same design requ i re -  

ments. Appendix E con ta ins  t he  ana l ys i s  procedure used f o r  a l l  o f  the  hangers 

r e q u i r e d  on t h e  p i pe  1  ine. Spr ing  hangers, snubbers, r i g i d  s t r u t s ,  and sway 

braces must have i m ~ o s e d  loads l e s s  than those s p e c i f i e d  as design maximums. 

Un iba ls  must meet the a l lowab le  s t r e s s  l i m i t s  f o r  a x i a l  tens ion  loads as 

[ 2 I spec i f i ed  i n  t h e  A I S C  Manual . 
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111. RESULTS AND CONCLUSIONS 

1. CLASS 2 P I P I N G  - 

The ana lys is  o f  the  i n i t i a l  design l n d l c a t e d  t h a t  the  Class 2 p o r t i o n s  

of the  system were over-stressed. When t h i s  was discovered, var ious hangers 

and/or r e s t r a i n t s  were added t o  the  system t o  a l l e v i a t e  t h i s  problem (see 

' I r a  K. Hal.1 l e t t e r ,  HIK-12-75, "LOFT Pipe Hanger Requirements on Main Feed 

Main Steam Pressur izer  and ECC Systems"). F igure  1 shows hangers and re -  

s t r a i n t s  i n i t i a l l y  on the system. With the. a d d i t i o n  o f  these hangers and 

r e s t r a i n t s ,  the Class 2 p o r t i o n ' o f  t h i s  system meets requirements of t h e  

2. CLASS 1 P I P I N G  

The ana lys is  o f  t he  Class 1 po r t i ons  o f  the i n i t i a l  system i n d i c a t e d  

t h a t  var.ious segments o f  the  system were overstressed. A f t e r  a d d i t i o n a l  

hangers and/or r e s t r a i n t s  were added a t  s p e c i f i c  po in t s ,  t he  s t resses were 

reduced t o  w i t h i n  a l lowab le  l i m i t s .  

Also, c e r t a i n  components were n o t  ab le  t o  comply w i t h  the  f a t i g u e  1 i f e  

. requirements of  the  Design S p e c i f i c a t i o n  and t he  Code. Appendix D conta ins 

a' Table o f  t he  permiss ib le  number o f  t r ans ien t s ,  
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I V .  COMPUTER CODE CONTROL 

I n  order to conform with recent D O E - I D  requests for computer configura- 

tion control, Appendix F contains microfiche l istings or paper copies of  the 
3 -  

computer codes used for this analysis. All codes l isted have not been placed 

under control . 
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APPENDIX A 

Th i s  Appendix shows sample i n p u t  f o r  t he  SAP I V  program: 

A) Sample Black Model I n p u t  

B) Sample Red Model I n p u t  

C )  . Sample B lue  Model I npu t .  
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A. SAMPLE INPUT 
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APPENDIX B 

T h i s  Appendix con ta ins  t h e  moments which were used i n  the ana lys is .  These 

moments were generated by t he  var ious SAP I V  runs:  

A )  B lack Model 

(1) Dead weight  moments 

(2 )  Thermal expansions moments 

( 3 )  LOCE moments 

(4 )  Seismic moments. 

0 )  Red Model 

( 1 )  Dead weight  moments 

(2)  Thermal expansion moments 

(3)  LOCE moments 

(4 )  Seismic moments. 

C) B lue Model 

(1) Dead weight  moments 

( 2 )  Thermal expansion moments 

(3 )  LOCE moments 

( 4 )  Sei smi c moments. 
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6 TANGENT 1 ENC-I 4.426 -2.354 3.267 -1.30 1 - 8 4  13.58 

- - - - -. - - -. . - . . - - . ENC-J . - -. . -.- . - 2.026 -2.304 0.267 . . .- - .. -. - - - . - -- - - - - . --- . 
-1.30 3.44 . . .- .- . . . . . . .  2 7 - 4 1  - - . . - - . - - -- . - . . - . . - . . . . 

7 IANCENT 1 ENC-I 2.226 -2.304 0.267 -1.33 3.44 27.4 1 I 

- -- - - ENC-J -- -. - . , . - C  - 2 7 4  -20 3 0 4  0.267 . - . - -- - - . . - . - - . . , . - -1.30 - .- - - - - - . - . . . . . - . 4.97 . .. . 43.66 . . . - . . . I .: - .. . 

1 E k C - I  -0 - 2 7 4  -2 3 3 4  0.267 -1.30 4.97 43.66 
- - - .- . - - -. !t--.L2D I T -  C E N l i R  -2.323 -0.936 - - - 5.267 2.77 4.86 43.84 

ENC-J - 2 . 3 ~ 4  5.57 1.90' " '  4 3 - 2 1 ' - '  - ' . - - . - . . . . - . . . 

9 TlNGEhT 1 ENC-I  
, , i- -. -. - . . . -2.3C4 .. -1.687 . - .- - . - -0.267 . 5.57 -1.90 -43.23 

EhrC-J -2.3C4 -3.787 -:,.267 
". - 

5.57 
- . -28.83 . ' ' " - - ". ' -. 

-3.31 

': t" 1. @EhC 1 EhC-I  - . -. . . . . -2.304 -3.787 -0.26.7 5.57 - 5 *  973 - 7 r 5  - - - - - 0  267 -3.31 . .- . -28.83 . . . CEKTER --  - - - '  -7.7.9 
. 

-7.90 
- - - - . . . . . . - - . . . 

! :  
I ENC-J -@. 500 2.334 -0.267 -5.31 -7.58 -4.86 

A ?, .f - - - - - - - . -e .soo 
-2.304 

267 5 *  ----- - 
7.58 

ENC-J -15.9CO -2,304 9.267 -5.31 1 2 - 5 2  

1 .  ''I= - ~ ~ - T A N C E ~ ~  - -  - 1'-" EhC- I - '  - -1 tj .9C3 -t.304 ----o 267 . -5.31 12.52 
END-J -23.900 -2.334 3.267 -5.31 17.86 

i-3-. Ex . Eh,c I 
i P  

- 11.8?2 - ' - - ' 2 . 3 Q C . - - J ; 2 6 7 - - - .  -5.31 -------17.86 
. .. CEKTER 9.496 -6.238 -0.267 -16.56 -9.313 
! 'Z !I- I , , -- - . - - - - - .- . . - . - . ENC-J . . . . - -- - -. . 2.3C4 - .- -10.418 - . . . - -- - - . - -5.267 . - .  -18.46 -- - . - - . 4.71 

14  TbNGEhT 1 EhC-I  2.304 10.418 J.267 -18.46 -4.71 

--I -. __  _- .. - _ ENC-J . -- -.. 2.304 8.518 - - - -- - - . . - - -, - J.267 . . - - - . - - -18.46 - - . . - - - -3.44 
I - ! . . I  1 5  TANtEhT 1 EHC-I 2.3C4 8.518 0.267 -18.46 -3.44 

1 6  8EhC 1 ENC-I -C .  69 3 7.118 806 -18.46 -2.5 1 
CENTER 2.877 . - 

. 2*406 - .  
3.858 -0.  836 -16.59 7.03 

.0*693' - . - -  Zi 836 
.-- - - -8.55 " - 12.41 



____ _ -- - -  . - - _ _  _ _ _  . . .-.- 
. .  -. - - - - . . . . . .-- . . . . . . . - - . . -. . - . .- . . . . . . - . - -- . :- . . .  . -  -- 

j P I P E  F C R C E S  A R C  * O * E h T s  
. . 

1 ELEPERT ELEPENT LQAO STA l ION A X  I AL Y-AXIS I - A X  I S  TORSIONAL Y-AXIS 2-AX1 S 
* \  NCICBEH . - . - - -. . . . TYPE - - . , . C A S E  . . F O R C E  . St'E A H  . - 

f 
SHEAR - - no*EN1 - .  MOMENT .- .. Mob!ENr . . -. -. . -- 

1 7  IANGEhT 1 ' ENC-I 2.406 0.693 -0.806 -8.55 1 2 - 4 1  -43.93 
-- - --- - - - - - - ti K c -  J . . -. -4.8S4 Oeb93 - -4..?06 -8.55 . -. - - - . . . - . - - . . - . -2.3.7 -56.58 . . .- . -. . . . --  - . -. -. . . - - 

1 8  TAWGEhT 1 ENC-I -4.894 3.693 -3.8G6 -8.55 -2.30 -56.58 . . 

- - - - - - - - . - - -. - -. - -7.694 ENc- J . . 3.693 -0,806 -8.55 . . - -- -- . . . . . - -- - -- - . . - - - -7.95 -61.43 - - -. - - - .. . . - - . -. -- . - - - -. - -- 
1 9  TANGEhT 1 ENC-I -7.694 3.693 -9.806 -8.55 -7.95 -61.43 

- -  E h c - J  -17.694 - -.3w693 -01836 - -8.55 - - ---- -- -28*1L. -78.77 - - - - - - - -- - - 
23 TAHGEkT 1 ENC-I -17.6S4 0.693 -0.806 -8.55 -28.11'  -78.77 

ERC-J -27.694 .- . . . c7.693 -0,806 - -- - . . . - . - . .- . . . . .- - . -. - - -8.55 -48.26 . - . . - -- -96.10 . - . - -. - - . . . - - . - - . - .- - - -- . 

2 1  TANGENT 1 ENC-I -27.694 0.693 -9.84~6 -8.55 -48.26 -96.10 
ENC-J -38.644 . . -- 0,693 . . -C. .- 8 0 6  .- . -8.55 . . . -70.34 - -1 15.08 . - - - . - .- . -- - - - - - - 

1 22  BE h 0  
1 EKC-I -38.644 -3.535 -2.166 -8.55 -26.37 132.27 

'-7 
CENTER - - . - - - -31.491 -- -. 26.492 -2.166 -29.45 -42,62 -24.09 62.72 . 

ENC-J - 3. 5 3 5 - 4 3 . 3 5 6 - "  -2,166 -153,54 .- .. .- - -,7.69 ' - 1: 1 
I . ,  i 
I 

23  TANGENT 1 ENC-I t -- ---- - - - - - . . - . - - - -- - - - - - . - . - -. . . . . . - - - -. . - -3.535 -43.356 2.166 -42.63 7.69 153.54 2. 166.--' .--- 4 2 * b 3  
ENC-J -?,,535 . "- -44.833-----. - '  15.69 - -  

316*34 ..- ..- - -  . - -. -- ... . .-. 
i :: \..I 

1 EKC-I --- . . -3.418 17.284 15..766 2.346 -26.20 26 2o 15.69 318.12 
END- J -3.418 2 . 3 4 6 - - - - -  - 24.59 -- - - - . '  255.40 

--- .- - 

2 5  eEhC 1 ENC-I -3.407 2.362' -15.766 -25.'03. 255.52 - - -. ----. -. - 
2,S 3. 

-. -24.59 
CENTER -2.265 --- 3.4iiP-. -14.606. 64.71 -33.16'--- 

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

ENC-J -C.7@8 4.070 -13.446 128.67 124.07 -44.23 

32---l.*N GEhT.---- .--l--. Kc-, . .-- .. 
0.992 -----?.405--- 3. 335----0.05-- -4.44 22.6 - 

END-J 0.392 0.013 0.335 -0.05 -0.00 0.02 .b 

. , 
r L  

* 

. 
i . -  1 -33- - . . , d  YtEh r - . . .  EIVC-I o * 3 4 8  13-.-------- ooo . -. . l+ 1 ., O;oo . . - ." - "'-O.o.J . . o*06 - - - -  - - . . .- . - ... . . .. . 

ENC-J 0.348 -0,013 0.000 0.00 0.00 0.03 rU 

. . .... . . .. . . . . . . - - . - - -. . - - . . . - . - - - . - - . . . . - -. . . - - . . - - . - . . . . - . .. . - .- - .. . - . - - . - . . . .0? .. . 
. q - I  

iL. I 
-. - ~ 

-- -. - - -. . - -.- .€ , - . . - . - .- .. 
0.806 --" 3*.446 . 26 TANGE~+T---------- - - 4.367- 28*11 '--.44 23 124 65 - . 

ENC-J -0.806 8.464 4.067 128.11 94.88 -11.78 

2-i-j-'TdNCEhT - 1 ENCZ! ----.-;0.806 ----0.464- 4.067 1 2 8 . 1 1 . -  
94*88 11.7 8---p--p--.- 

€KC-J -0.806 7.464 4.067 128.11 105.04 -31.69 
-8-..' -tTA.N I; ' ,--' ENC-I -- -----5. e 7  '26.*9 1 4 . - . - . -  

-40..478 ~ 2 8 . 1 1  -----165.04 - 31*69 

EkC-J -5.677 26.146 -40.478 1280 11 -16.39 -111.28 

7 9 T A R - G  E h  T- TENC=I ' - -  -4'1.026- 3 1.. 1 3 3 - 0  ; 5 7 5- 0 0'0 0 -16.28--'-137.00 -- 
-- - . - - - -. 

ENC-J -41.526. -40.805 0.575 0.00 0.00 0.03 

'mcE N T . l - -  ENC' - I 
1.948 ----4.986- -C;032- -7.34 '---o, 1 0  ' - " 9 0 ;  7 2  - - -- - 

ENC-J 1.048 -9.144 -a.  0 0 2  -7.34 -0.15 24.06 

3-l-f &NC I - - @ . . --- -.o *QQ--.-- - GO . P - • 7 0 i 9 1 2 - - "  -0,192'- 7.42 - ----)---.. 

ENC-J 0,Ci -70.250 -3.192 ' -0.00 -0.Oi) - 0 - 0 0  A 
U 



i f  

) 
c ,  

" 

- 

P I ' P E  F O R C E S  A N D  U O M E N T S  N 

ELEMENT ELEMNT LOdO STATION . AXIAL . Y-AXIS Z-AXIS TORSIONAL Y-AXIS 2-AX1  S 
NUCBER TYPE CASE FORCE SHEAR SHEAR MOMENT MOMENT MOMENT 

I . ' ., 
34 TANGEhT 1 ENC-I . 0.092 -0.010' , 0 335 -0.03 0.00 0.01 

ENC-J 0.092 -0.394 0.335 -0.03 0.50 0.31 

35 TANGEhT 1 ENC-I 0.024 -0.404 0.117 -0-31 \ 0-50 -0.05 
ENC-J 0.024 -1.172 0.117 -0.31 , 0.85 - 2.31 - 

36 TANGENT 1 ENC-I 0.024 -1.172 . 0.117 -0-31 0.85 2.31 
ENC-J 0.024 -2.708 0.117 -0.31 1.55 13-95 

37 TANGENT 1 ENG-I CmC24 -2.708 0.117 -0.31 1 55 13.95 
ENC-J 0.024 -4.244 0.117 -0.31 2 -25  34- 8 1 

38 TbNGENT 1 END-I 0.024 -4.244 0. 117 -0.31 2.25 340 8 1 
ENC-J . 0.024 -5.652 0.117 -0.31 2.90 62-02 - 

39 TANGEAT 1 ENC-I -0.024 -5.652 -0.117 0.31 2.90 -62.02 
END-J -0.624 -9.364 -0.117 0.31 1-20 46.84 - " 

a 43 TANGENT 1 ENC-I -0.024 -9.364 -0.117 0.31 1.20 46-84 
END-J . -0.024 ' -10.644 -0.117 0.31 0.62 96.86 - = 

a 4 1  TANGENT 1 ENC-I -00024 -10.644 -0.117 0.31 0.62 96-86 
END-J -0.024 -12.180 -0.117 0.31 -0.08 165.34 - 

a 42 TANC-EkT 1 END-I -0.024 -12.180 -0.117 0.31 4 - 0 8  165.34 
ENC-J -0.024 -14,228 -0.117 0. 3 1  -1.01 270.97 

a - 43 TANGENT 1 END-I -0.024 -14.228 -0oE17 0.31 -1.01 270.97 
a ENC-J -0.024 -17.044 -0.117 0.31 -2.30 442.96 

s 44 TANGERT 1 ENC-1 -0.024 -17.044 -0.  117 00 31 -2.30 442.96 
ENO-J -0.024 -18.324 -0.117 0.31 -2.88 531.38 

4 5 EEhC 1 ENO-I -0.024 18.324 0.117 0. 31 2.88 -531.38 
. CENTER 13.153 13.187 0 117 2.31 1.94 -550.98 

END-J 1 1 ' 8 7 ~ 2 7 m 2  4~ 1 1 7 3 . 0 6  -0. 1 3 - 5 5 9 . 2 3  

1: 46 TANGENT 1 EHC-I 18.927 -0.024 . -0.117 . 3.06 0.13 559.23 
ENO- J ~ 9 x 0  3 -0.023 - 0 1 n 7  3 - 9 1  - 5 5 4 ; 2 3  1 47 TINGENT 1 ENC-I -0.360 0.016 0.000 -0.00 -0100 0.02 
m ~ -  J -G-i360 Z 0.000 zOT90 0 . 0 0 0 ; 0 5  

I - 48 TdNtEhT ' 1 ENC-I . -0.024 -0.012 0.359 0.05 0.00 0.00 
ENC- -.OX24 -0T524 0 . 3 5 7 . 0 . 0 5  0 i72 0-34 i -  

I ': 49 TdNGENT 1 ENC-I -C. 024 -0. 524 0.359 0.05 0.72 0.54 . cz7J -c';32-4 - o . s n  0.359 0 - : 2 ; 1 6  
" 

50 TANGENT 1 END-:I 2S.492 17.798 -1.005 0.03 29.55 -60 60 
ENCZJ -25.492 -18;246 - - 1 ~ 0 0 ~ 0 . 0 0  - 0.00- OiO' 

. . . 
i o  
I "  " 

-- " - 



. . A  _ -._I. .-. _--. __... ---- ._-- .. . - - _ .  . . . .  .- .. - .  . - .  
. . . . - . , . . - _- . _ _  _ _ -.. 1 .:.. 1 . . .  . . .  .. 

9 ..- 
P I P E  F O R C E S  A N D  K C M E k T S  

3 I ELEPEhT ELEVENT LCdC STATIDN bXIbL Y-AX 1 S Z-AXIS TORSIONAL Y-AXIS 2-AX I S  
s (  NUMBER TYPE CASE FCRCE SHEAR SHEAR MOMENT MOMENT HOKENT ? -  

f 
5 1  TANGENT 1 ENC-I' -0.748 3.551 . 0.116 2-03 -13.88 28.14 

ENC-J -0.748 2.347 0-116 2-03 -- - 1 3 4 7  7. 50 - 
52 TANGENT 1 END-I -0.748 2.34 7 0.116 2-03 \ -13.07 7.50 

ENC-J - 0 2 4  8 1.335 0.116 2-03 .-12.39 -3.32 -. 

54 TANGENT 1 . z )F  -c.04'7 0-339 . 0.748 -0.61 . - . - . . . . . - -11a.01 -4.53 
ENG-J C-330, -0 3-80 0 748 -u; 61 .- f F4 8 -7-iG3 

- 

. ..* 
-. 

. .. . . .: . 

55 TANGENT 1 ENC-I 0.330 -0.380 0,748 -0.60 -7.48 -4.43 
ENC-J 0.708 -1.099 0.748 -0~bT l  - 3 3 3  -5; 94 

. . ' - i l i l  5 6 ,  BENO 1 ENC-I 0.708 0.748 1 ,099 -0.60 -0.94 3.95 
C E ~ T E R  1 196 . - 0 . 1 3 8 1 . 5 4 7 0 - . 2 9  -3.30 253 2 

3 - ENC-J 0.748 -1- 179 1. 996 4.40 6.86 4-92 

.I 53 REKD 1 END-I -0.748 -0.523 -1.236 2.03 2, 83 12.51 

57 TANGEhT 1 EF;C=I 0.748 -2.315 -9.116 4.46 - l Y f 7 8 L - 3  6 
END-J 0.748 -4.068 -0.116 4.40 -2.35 40.89 

., 

CEN_TER ' -C. 729 0.328 -0.787 . 2-25 -2.09 12.77 . 
ENC-J -0.047 0.i48 4 3 - 3 9  - b>-'sa - 4 7 5 ' 3 7  G O  t 

58 TANGENT 0.748 2.944 -0.116 4e7a -2- 3.5 40.83 
6 

3. 

3. 

3 

3 

3 

3 "  

J "  

t r  

END-J 0.748 0.687 -0.116 4.40 -3.88 l i . 06  I 
n 

I 

n 

- 
= 

rn 

I - 
a 

4, 

. . 
- . - 
" ,  

! 
59 @END 1 ENC--1 6 -74 8 -0.687 00116 4.40 X8-e -1%d& 

CENTER 0.401 -0.656 0.116 5.98 -0.06 -15.06 i 
END-J C. 326 -0.748 0.116 6 - 3 1  -3.97 - - -13.06 I 

60 TANGEhT 1 ENC-I 00326 0.116 0.748 4.31 -13.06 3.97 
1 
! 

ENC-J 1.229 0.116 0.748 4.31 -9- 14 3.36 I 

6 1  TANGENT 1 ENC-I 1.229 0.116 00748 4-31 -9.14 3-36 
i 

ENC-J 2.949 0.116 0.748 4s 31 -1. 66 2.20 - I 

62 TIINGENT 1 ENC-I 2.949 0.116 0. 748 4-31 -1.66 2-20 
ENC-J 4.669 0.116 0.748 4.31 5. 8 1  1-04 - 

I 
i 

63 TANGENT 1 END-I 4.669 0.116 0.748 4 - 3 1  5.81 1.04 
END-J 5.486 0.116 0. 748 4.31 90 36 0.49 i 

64 TANGENT 1 ENC-I 5.486 0.116 0.748 4 - 3 1  9. 36 0.49 
ENC-J 7-593 0.116 0. 748 4-31 18.52 -0.94 1 I 

65 TANGENT 1 ENC-I 7.593 -0,053 -1.540 4. 31 18.52 -0.94 
END-J 9.313 -0.053 -1.540 4.31 3.12 -0.40 

66 TANGENT 1 ENC-I 9.313 -0.053 -1.540 4.31 3.12 -0 40 
ENC- J 10.173 -0.053 -1.540 4.31 -4.58 -0.14 

1 
I 

-4 



0; I ELEMENT ELEPENT L O I D  STATION 
TYPE - CASE,,- & +NKYER .- .. 

AX I AL Y-AX I S Z-AXIS TORSIONAL Y-AX1 S 2-AX1 S 
FORCE =HEAP S ~ E A R -  - -  MOMENT . - - MO~EN!  . -..?O~ENI --------- 

6 7  TANGEIT 1 € K C - I  10.173 -0.053 -1.549 4.31 -4.58 -9.14 

ENO- J -- . - .. 1C.689 --(roo53 -1.549 4. ?1 - -- - -- . - . .- - . - - - -- 0.02 . . 9 . . 2 3 - .  . - -  - --- . . \I- 6 8  TANGEhT 1 ENC-I 1.539 -4.146 -0  0 4 9  -0.10 -3.99 -9.24 
1.539 -4.301 -0.049 -0.10 -4.03 -5.44 -- -. ENC- . . J - - - -- . -. . . -.--- . - . ---.. . ...-----_-___ 

1 ENC-I 1.539 -4.30 1 -0.049 -0.10 -4.03 -5.44 
- 1.539 -4.877 ENc- J . -. .- -a0049  4. . LO - -4.20- .- 9.93 

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

7 0  TANGEhT 1 ENC-I 6.543 -0.004 -0.001 0.32 0.04 -0.08 
- . - Er4C-J . -. 10.499 -- -0.004 . -0.031 .. -. . . 0.32 . . .- 0.01 - . --- - -- 0.02 - - - - . - -. - . - - . - - . . 

7 1  TANGENT 1 ENC-I LC.459 -0.004 -3.05 1 0.32 0 0 0 1  0.02 
-- -. - -- ENC- J- .---A 

-0.004 L 3 * 6 3 8  .. . -0.C31 ---- . . 0.32 -- - -. .- . -5.32 . - - 3.10 - . - - -. - . . - - - - - - - - -- -. 
1 ENC-I -4.928 5.786 0.001 0.07 0.21 57.77 

CENTER -. . 
0.964 7,218 4.0.31 0.20 0.10 

O.CO1 ---(,. 2l -ooo7 - -  
37.38 

E I C - J  5.786 -3.915--- 
2ooal -. --- - .- - --..---....---a - . . .. 

73  TANGENT 1 ENC-I  1- - - - - . - - - - - - -- - 5.786 3.915 0.001 0.21 -0.07 29.3 1 
ENC-J 5.786-'- - 0 . 2 3 4 - - 0 ' . 0 0 1  0 . 2 1 - - ‘  -0.05 

" 

-2 
-. . - - 

---- . 1 ENC-1 - .  5.786 -0.234 3.001 0.21 -0.05 
' 0.21 3,52 " 

-24.39 . 
ENC-J 5.786 -4.072------ 6 .051-. 23065 

.. - -. . . 

I .. i uj 
I ! 1 ERE-I 25 ---- -RE'+ . . .. .- .. . . -.  5.786 4.072 -0.021 0.021 0.02 o *  17 -----, ,* l4 -23.65 i:F1 CENTER ENc-J 5,085 7.329 -5.786 -3. 854--. -0.oo1 - 28 7 3  . .  

-0.001 0.02 -3.22 -18.60 

',i-- 16  ' T A N G E L T  - " 1" ~ h c - 1  ' ' 5.;85'---- 0 ; 0 9 7 - - - 5 ; 7 8 6 - - -  . -  -. 18,63- 22 - - - 
e i  . :  ENC-J 5.322 C.521 -5.786 0.32 15.65 -3.22 

I j 

. . - . . - 
3; 107  ' 7 8  TANtEhT 

' 

0.39 -3 1 6  
--- , . ". 

ENC-J 0.3 -1.231 C. 1 J 7  0.39 -5.04 -2.78 

7g-t'rrFiGEht I.-.. ENc-I----.-c*2-..p-. 
-1.23'1 3; 1 3 7  -0.39 - -  -3.04 - 20 7 8  -'-'-- 

EKC-J C.C -1.562 C.107 0.39 '3.26 1.24 

t T ( r T h N G E R T 1 E C  - -  iTi1-37 '3.39‘--- 3.26--- 24 ----- ... - 

ENC-J G-0 -2.395 0.107 0.39 1.04 15.58 

--3.014~ - - - - 0 *  00 -o*20  - r 
3.43. 

END- J 2.937 -35.569 -0.014 -0.30 -3.06 OeQ3 - io 
w 

1.455 7.9q7.--'-' - 0 * 0  4 5  - o.58 . 
- 

3.61 
" 15.6C - - -  - --- - 

ENC-J 1.455 7.709 -3.045 0.58 3.53 -3.99 e 

1'. 8 3  ' e m c  1 E ~ C - I  
* ,:I--- - 1.455 1.709 -0.045 . a ' -  

0.58 9 - 5 3  -3.99 
CEKTER b,352 4.295 -0.045 0.74 -3.12 - 13.92 

€NO-J 7.348 -1.455 -0.045 3.41 -5.67 -16.23 ry 
. . - - - . . . - . . . . . - . . . - - - - - . m  

a !  



AXIAL I ELEMENT ELEVEKT L C l D  j T A T I F 4  Y-AX1 S Z-AXIS TORSIONAL Y-AXIS Z-AXIS 
N " B _ E L - T Y ~ E - t / L f E  ... - FCRCE. SHE4! . S ~ ~ E A H  . - -  0 .  n!?"'NT. ~ O N E N T - -  - - - .- . - . - . . 

84 TANGEKT 1 EKG-I 7,348 1.455 0.045 3 - 4 1  0.67 , 16.23 
. -  EN.C-?- f * ? b  !-45_5 0.045 ..... _ - . 9.85 . .  0 - . 4 . ! .  - 1 5 - 4 2  

i '  TANGELT 1 EFiC-I 6 - 3 2 4  . 1.455 0.045 0.41 0.85 15.42 
1 .  E_NC_J 5.300 - . 1.455 . . . . .  . . . . . .  I .  

.. . 0.045 0.41 . 1.03 - - -- - 4.60 .- - - - - .- 
8 6  TANGELT 5.300 1.455 3.045 9.41 1 ERC-I . 1.03 

4.276 1 4 5  5 
4.60 

... ?k.J- . .  0.045 - 0 - 4 1  . . . . . .  , 1.21 . -. -1.22 - - .. -- - 
1 EhC- I  4.276 1.455 . 3.045 0.41. 1.2L 

C E F; T E R 
-1.22 

- .  - 3.484 0,045 1.20 ' -1.426 
ENC-J - 2;66-7.-- 0.7.3 

1.455- 
-3.95 

'5; 0 4'5 * - -- 
96 1 . 3 9 . - -  

i i ' e 8  TAYGELT. 1 ENC-I i " ! _ _  2.742 1.309 --... -0.C45 1.26 
-l.-o -i3...- 

-0.6 3 
I : 1 -.. -5.96 E N C - J ~ -  -G.‘o45 -0-81. '  -9.55--' 1.. 2 6  . - . . - --- 

1 ENC-I ENc-J  2.140 0.477 ' -0.045 l, s39 - - - . - - a  3 5  5 - - . -  1 - 2 6  26------ -0.81 -o 99 -9.55 ' - 
-0.045'--. - 9. 79 . - 

9 0  TANGENT 1 ENC-I . 1.539 -C).J45 .- -21.355 1.26 
ENC-J------- - r;-le 7 ---. I . -.; 

-0.99 -9.79 . -- -- " - - -. C.937------ -0.O4Sp- 

9 1  TAWGEKT -- - . - -. 1 -Ebc ENC-I C.930 -1.192 
....... -3.045 - - 2... 434  ---.--O..o 45 ---. 1 - 2 5  -1.18 

C.021' 1.25..---1.45 -6.70 .23 -. - 
-0.C07 -0.345 ' 2.434 l % 2 4 .  .. .. . 

c E N T E R-'---. -C.2J7.- . 6.144'- 7.756----5.33 .---. 4 - 2 5  - 1 - 4 1  
ENC-J C.493 3.078 -C.G45 9 - 5 4  4 - 4 5  0.93' 

.3-. tiiRCi.Ft 
l - E ~ c - 1  " - - 0 , 2 4 5 - - -  --2.. 7s6 - - s. 455 9*54  - -3.4 - a  - . 

ENC-J -E.G45 -3.524 -1.455 9 - 5 4  -7.78 12.42 

94xNC'E-Lf-. ----- - I =0.ij45-.--73;524 '9.'54. - -1.455 . - 7.78 -.----12.42 
ENC-J -0.445 -4.292 -1.455 9 - 5 4  -12.14 24. 15 . . 

l--"-EkC-I "4.414- -0*1.4----- - - -  , . - -  0 . 3 4 5 - " '  -T.335 
EKC-J 4.607 0.345 -0.334 -0 .14 3.38 3.48 

I - - - m c - r  -.4'. 607-345 -a;3 34  3. 3 8 . - .  - 48 -Dab' - 
EkC-J 7.295 0,345 -0.334 

' .  
-0.14 -1.85 -1 9 1 

CERT--ENC-I - - - - I~ .~~Z ?;223-' -1'; 0 6 6 i ~ a . 0 ' - - -  2 8 i D 6 - -  4; 46-  -. 

€KC-J -10.572 0 - 2 2 3  - l o t 6 6  0.18 3.07 1-11 * 
C'87ANGENT--I---'ENC- I ----Ice 572  0 1 2 2 3  :I; 666' - -  d ; 1 8 - - - 3 0 . - - -  - - . - -. + 

ENC-J -8,594 0.223 -1.666 0 - 1 8  -14.39 -1.46 m 
... .......... 

b 

-$--7f&4Gcm- 7'- ENC-I----- - - - - 3 ; 2 2 3 - - - -  -T,666-- - 0 . 1 8 ' ' 1 6 . 0 9 ~  -- 
END-J -6.0935 0.223 -1.666 0.1% -32.16 -3.61 -b 

-. "- BEk* 1' . . EMC-I - - -  -- 223 '-.------.a 18"-.- C- 
-6.93.5 - . -3.61 . 

. 
32.16 ' 

CENTER -6.878 9.'717 -0.223 -1.11 -3.74 32.76 r y '  
............. ENC-J . . -6.551 2.87 1 -2.36 -3.42 33. r e  

......... -0.223 ......... . . .  OI '*. 

: 



I P I P E  F C R C E S  A H C  P O M E L T S  . 

ELEHEKT ELECEhT LObC STATION 
! ( NCC8ER TYPE C b S E - ,  ,, 

AXIAL Y-AXIS Z-AXIS TORSIONAL Y-AXIS Z-AXIS 
.... - ... FcRCE SHEAR--- .- - - - SF E*? - - - HOMENT . -- -- - - . - MOMENT "!oMElu! - .--- 

1 0 1  TANGENT -6.C52 2.869 -0.223 -2.36 -3.43 30.39 
ENS-?.--- ....... I-----. . -'"-I -3.717 0-926. -  - c.223 -2. 36. .- -7.37 .- -. - 3 -  ?2--- --- .. - . - .  -. .- 

1 ENC-I -3.717 -0.223 -0.927 -2.36 -3.12 7.37 
CENTER -- - - -. . -. . -2.511 2.1F5 -C. 6 0 3  -4.78 -2.54 4.16 
:ENC-J--- - - 0 . 2 2 3 " 2 ; 9 . 3 9  ' - 5.2 Ti)---- -50 T i - - - - - - .  - - .. -- . - . . - - - - - 

-0.44---.-- -3.88 
I 

1 0  LTLLN(;_E?L-- 1 ENC-.I .. .. ...... ................... 2.437 -39 1 0 0  - C g 2 2 3  -5.71 2.82 -2.70 
-5. 71-'---'- il • 4 9 

- 
ENC-J -C.223 -1.562 -0.100 -12.86 

I 
1 ENC-I l C 4  I!N_c.E!L--- --  -C.223 -1.562 -- -. -0.107 .---. -5.71 -b 3.49 . 9o - -. . -12.86 

-5.71 - - -- 25.86 -. - -- .- . 
! ENC-J -C.223 -3.97; -C. 1 0 0  

I 
[l.~-~BN~.!hT.-. 1. ENC-l - . 34.263 - 3.063 - - . - -. - -0.806 , -8.30 19.54 -3.02 ... ................ 

34.,263 . - 8C6 
.. 

-8.00 
-29g 89 

EhC-J -0.377 3.42 . ---- - 
I 
i . , 138  TbNGEhT 1 ENC-I 34.263 -0.377 -3.806 -8.00 3.42 -29.89 - .- --- . - . - .- -- -. - , . - . . 34 263 ' 

-2.957 -3.806' -ae(),) - -8g67 
. - -  .. 

EKC-J -4g8  
- . . -. --. - . 

t 
: I 
s 
l2 !?.!-TbNGE!! l.. -. ... I E N C - f . - . . - .  34.263 - -2.957 - ~ . 8 0 6  -8 .OO Oo. -8.67 . -4.8F 

ENC-J 34.263 -4.677--'-. -0.806 
-16.74 

33 
8...------.-... 

. 1 1 0  TANGENT 

. 
-- - --  1 € K C - [  34.263 -4.677 . . . . . . . . . . .  . . .  - . - .. -8 .'JO .." -0.806 -6;397--- - -a*89 &.. -8.00 -16.74 . .................... 33.28 

ENG-J '  ' 34.263 88.64 - 
! t;3 -24.83 -. - .  

( 1 1 2  TbNGEhT 1 ENC-I 34.263 -7.429 -(re 856  -8.00 -29.64 139.12 
. . - .  

EhC-J ' - '  . 
34.263. -8.504 - - . 9.8  J 6 -8.00'---- --34.67 - - - 179.91 - -- - 

B E ~ C  1 ENC-I -- ....... - ........ P3 34.263 8.532 -0.420 -8.00 8.55 
CENTER - 35.615 - 1 7 . 8 4 1 . ' -  -(,,4qz - -0.13 -- 13.49 

ENC-J 9.534 -34,263 -0.565 6.78 6.08 

i 115'-TANGENT " 1 ENC-I ' - .  
. - - -- - - - -. - 

-0.632 
34 263 .- 6 * 7 7  

7.73 ' 

ENC-J 102484  -0.70 1 34.263 6 - 7 1  133.28 

. r--- . eENc -. - 
1 . ENC-I' LC.507 -' '- ' 5 .055-  34.263 -0.63 103.53 

i CENTER kC.E,?O -C.733 34.263 1 - 3 7  112.75 
i 
1- . - - ....... . -  - . . - - . . - ... ...... ENC-J . . . . . . . . . . . . .  10.493 -1.523 34.263 - -- 16.03 121.39 

I 



P I . P E  F C R C E S  A N C  M O M E N T S  

PX I AL ELEMENT ELECEhT LOAD STATlCN Y-AXIS Z-AXIS TORSIONAL 
CASE 

Y-AX I S 2-AX1 S 
FCRC E s H E A R . . S H E P R -  HO*FNr nofi ENT- - '"''*EN! ---- -- - 

1 ENC-I 10.572 -34.263 3. eG6 -10.64 . 2.14 121.96 
-34.263 - -  ENC-J. > 0 . 8 4 e . -  ... 3.806 -10.84 - - . . - - - - . 3.44 , - . - -- - . . 17?:"2.. --: - --A 

l O o e 4 8  -34.263 0.806 -10.84 3.44 177.02 
1 l..i)4 1 . --- -34.263 - 3.806 .. . - -. - 1 0 0 8 4  . .- - -- . . 4.34 . -- . . .. - 215.50 . . 

17.597 I . 1 1 9  TANGENT 1 ENC-I -35. 1 0 8  1.256 - 5 - 7 5  . . : '-32.46 32.2.01 . 
18.190 -35,108- 1.256 Mu----.- . ENC-J.---- . - - - - - . -5.75 - -31.34 361.51 . -- - - . . - - . - - - -. . - - - -. - - . - . 

: : l o  TAtKEWr 1 ENc- I  l e .  1 9 c  -35. l o e  1.256 -5.75 -31.04 
ENC-J 18.448 

361.51 
.: I - .  . . -35.108 _- ... 1.256 .. -5.75 -29.16 - . - - -- . . - - 414.17 . .. . . . ... . .- -. . . . - - - . -- - - - - .. -- - - - - - ::I, 1 2 1  TANGELT 1 ENC-I 18.448 -35.108 1.256 -5.75 -29.16 . 

END-J 
414.17 

19.138 . -35.108 . ._ _ 1.256 -5.75 ---. - .. -21.62 . --  -- .- ----. _ . _ _  624.82 . -. .-. .---- .. 

1 ENC-I -9.987 73.500 0.009 0.00 . -O..Or) 
END-J O.CC0 1068.06 - . _ 0.003 . - 9 oC03 O.O\) A --.2. - 0.03 . . . . .- - . . -0.02. 

1 2 3  TANGEKT it- 1 . ENC-I 9C.342 -35.108 1- 2 56 ' -5.75 -21.62 
ENC-J 

-443.24 
92.153 -- _ . . .._ . . -35.108 . . .- ---.. 1.256 . . . . -5.75 ,-la 8 4  139.71 . . - - - - - - .- . -. - .  . . . . - . - - - . - . - . - .. . . . . . .. 

BEND 1- ENC-I 92.153 35.108 -1.256 -5.15 
CENTER 

1.84 -1C9.71 
99.283 -40.433 -1.256 -3.32 - ; 3.C15s 4.03 -196.42 EN C- J 35.108 - - 9 2 . 4 2 4 ' - ' - - - .  - - 3 * 8 7  23 8 8 - . - . - . - . -  - - . . 

1 ENC-I ~ 2 ~ A ? . t E ) i ~  35.1C8 -92.424 -1.256 2 5 6 . - . - - - .  -0.05 3 - 6 7  
EkC-J 

-23.88 
35.108--. -92.59 7-----' - 0 , ~ s  -. 

1.98 - 
' 89 . . - - . . . . . . . - 

IAYCEkT - . . -. . . . 3 5 *  35.108 -92.597 -1.256 -0.35 1 ENC-I 
35 .. --I 1.98 114.89 -92.94 1 "  -1.256. -3.5 3 - ' 

30:j, 43 - -  "' 
- - " - . . 

., I 1 2 7  TANGENT 1 ENC-I - -- - - . - - - -~. '845 6.955 0.450 -36.80 5.09 
ENC- J - -  

136.51 
- o . e 4 5 6 : ? 6 2  0; 4 5 0  - 3 6 . 8 ~ ~ - -  5.63--' 98.80 --- 

1 ENC-I .-- - - .. . - -- - - . - . -0.845 6.762 0.450 -36.80 b;45.J . ---.. 5.65 98.80 ENC'J -C.845.-- -6.439 - 3 6 . 8 0 - "  6.44 . 86 42  - 

1 ENC-I -0.945 6.439 0.453 
ENC- J'--- 

-36, 8 0  6.44 6 6 - 4 2  
- c . e 4 ~ - ~ . 4 0 7 '  71.453 -36.80 9-14 a . a a,.  . -- . 

1 ENC-I -0.845 5,437 C.450 -36.80 
ENC- J'---- -0.845---‘----1;795-- 9. 1 4  50.88 p 0.450;--36.80 59 -24 74 - . - -.- - +- .-. . 

w 
1 ENC-I -0,845 1.795 0.450 -36.80 18.59 -24.74 

0.845 '------o 591 C1"65 &-.-- 
- .  

EhC- J - -36.80 - - -  21*74 .- .. -33 l3 - - *- - -  . 
b. 

1 3 2  TANGENT 1 ENC-I .. . - .- -̂ 

-0.e45 
ENC-J- -----0.8 

. .  . --.#, > . , 
-0.845 -0.450' 4 . 4 8 4  -36.80 33.43 24.55 rY 
-0.015 -.. C,27q - - - o.q9D.-.. - 47.6, - - -  . 24 8 2 .  . - . - .... . . 0\ 

ENC-J -0.450 0,845 -1.407 30.24. 32.57 . 23.07 
, . 

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

I .. . # 

: ;  
L ~ j _ _ _ _ -  .- . . . -- 



ELECENT ELECEhT LCAC STATICN PX I P L  Y-AXIS Z-AX I S  TORS I ONAL Y-AX1 S Z-AXIS -( NUPEER TYPE CASE FCYCE - -  SHEbR S H E-qR MOMEN1 " 'o*E.Fc!_rJot l_ENT--~ 

1 3 4  TANGELT -0.450- - 1  0497 -3.845 30.24 23.37 -32.57 - . l - q 9 3 _ - . - - ? _ - _ 8 4 $ -  33*24----- 22.12 - - - .- . - . -33.77 . . - -- - - - . . - - - - .. - - . - - . -- - - 
1 3 5  TANGENT 1 ENC-I -0.450 -1.693 -3.845 30.24 22.12 -35.77 

EhC-J - pp - - . - . - . . - . - - - - - -0.450 -2.249 - -3.845 . - --- 33.24 - - - - - . - - 19.38 - - --- -24.37 . -- . . . - - - - - . - - - - - - - . - - - - . 
( 1 3 6  TANGENT 1 ENC-I -0.450 -2.249 -0.845 30.24 19.38 -24.37 

-4.313 .- . - -- - . -L?5 30.24 . -. - - -- - . 9.25 . . - 15.91 - . - . -- - . - - . . -- .. - . - - - - 1 ' 1 3 7  TANGENT 1 ENC-I - 0 - 4 5 0  -4.313 -3.845 3 0  2 4  9.25 15.31 ' 

1 -  - --- - - - . . . . - . . ENC-J . - - - . . - -0 -450  -7.237 . - -0.845 - 30.24 . . . -. - - -5.11 - - 113.19 - . . . . . - - - . .- - . 

1 3 9  TANGEL1 1 ENC-I -0.450 11.123 -5.845 30.24 -11.87 176.59 

- - ENC-J .- - . . -. -. - -0.459 . - - - -- - - - - 9.747 -3.845 . . . - -- - - . 30.24 . . - - - . -. . . . . -18.62 . .. 93.11 . - - -  . . - . *  .- 

1 4 0  TANGEhT 1 EKC-I -C.450 9.747 -Go845 30.24 -18.62 9 3 - 1 1  

- - . - . -- - - -. ENC-J . -. . - -0.450 - . - - . - - . 8.199 -0.845 
- .- 30.24 . - - - . . . . . - -26.22 . - - -  . 12.36 

-L - .  . . -.. - - - .. . 
1 E'NC-1 -C.453 8.199 -a. 8 4 5  30.24 -26.22 12.36 

-- -. . -- - --- . . ENC-J -0.450 . - .- . . . . 7.7c4 . -0.845 . - - - - - - 30.24 - -. . -28.65 - - -13.51 . - . - -- . -. - - . . . - . - 
1 4 2  TANGENI 1 ENO-I eC.450 7.704 -3.845 3'3.24 -28.65 . -13.5'j 
- - - .- - - - - -- . - -. - - - ENC-J -*..- - -C.450 . . . - .- . . - 7.511 - -9.845 30.24 -- -29.60 . -. - -  . - . - -19.36 

143  TANGEAI 1 ENC-I 1.327 6.369 1.136 20.47 -17.54 29.40 
- . - .- - . . - - - . . . - . . . . . . ENC-S 1.327 

. - -- - .. 6.176 
~ - 1.106 - - - 20.47 .. . -16.30 . . 22.35 . - . - -. . . - . 

I b N t E h T  1 €KC- I  1.327 6.176 1.106 20.47 -16.30 22.35 

~ ENC-J - 1.327 - - 5.294 . ~. 1.106 . -- 20.47 . -13.63 . 
-7.C4 - . - . - . . . .. - -. . - --- - - - 

1 4 5  TbNGEhT 1 ENC-I 1.327 5.294 1.196 20.47 -13.63 -7.04 

- . - - - - - - . - - - - - . . .. k EKC-J . - . . - - - - 1.327 ~ - - -. - - -. 4.335 . . -- - 1.136 . . - 20.47 -4.46 -- . 
-33.89 - . . - -- . . - - . - - - -. - - - -. - 

1 4 6  TbNGENT I- 1 ENC-I C. C 15.654 0.297 0.03 -4.32 -23.85 

--- - ENC-J 
. - - . - - - -. - - - 0 -3 -18.521 0.297 0.00 . . . .- - - -- . . -- - - - . 3 - 0 3  - - - - - . . 0.03 -. .- - ---- .- 

1 4 7  'TANGENT 1 ENC-I 0.295 -3.480 0.017 -0.31 -3.14 -32.29 
ENC-J C.295 -3.854 0.017 -0.31 -8.10 -24.31 r 

. - - .- - . -. - - -. - - . . - - - - - - - - . -- --- - - - - - - - - -  . . - - - - - - - - - - -- - - - - 4 
1 4 8  TANGENT k 1 END-I 

0.295 -3.854 0 -0 1 7  -9.31 -3.13 -24.31 ~1 

- -. - . . . -- -.- ENC-J 0.295 -4.220 0.017 -0.07 -15.74 
- - - - . . . . -- - -  -9.31 . .- . . - - -  .- - c-. 

( 1 4 9  TAYGEhT 1 EKC-I C.295 -4.229 3,017 -0.31 -0.07 -15.74 C- 

END-J 0.295 -4.65.3 0.017 -0.31 -0.02 h + - - - - - - . - - - - - - - - - . . - .  . -  - - -  -- - . . -4.65 .. - . - .- . . - - 
1 ENC-I 0,295 4.650 -3.017 -0.31 

-- -- - CENTER 2.673 4.549 
3.013 4.033--p 

-3.017 -0.30 
- 0 , 0 1 7 - - - -  --0.26 . . - .  



I ELECEhT ELEPEhT LO40 STATION AXIAL Y-AX1 S Z-AXIS TORSIONAL Y-AX I S Z-AXIS 
s'\ K L ' C ~ E W  1 V_!!E_-Cks-E . .-- FCRCE. . . .. SHEAR .. S!'E*R. _:_-!OHENT. MOl!€hT . . . - - . - .- - '"'"ENT- ----.---. . - . 

I .  ; I  , 151  IANCENT 1 END-I 5 . ~ 2 6  0.295 0.517 -0.01' -5.33 .. 5.14 
EKC- J - 5 * 2 6 2  : - J i 2 . ? %  P.?.sl? -Oool -0.2 8 - . - - -. - - -. - 4.74 -. -- - - . - -- - - - -. . . - . - - - 

1 5 2  TANGEhT 1 ENC-I 5.262 0.295 . 3.317 . -3.01 -5.28 4.74 
- -- - . 5.FSO ENC-J-- .. .. 0 . 2 9 ~  0.017 .-0.01 -3.21 3.55 . , .. 

I 1 5 4  TANGEhT 1 ENC-I 6.122 0.295 0.017 -9.31 -3.19 3.26 
I- ------ -. - - . - - .. - --- - - - - . ENC- J . . 6.982 0.295 0.017 -0.01 -0.11 . . . -. .- .- . . . 

-: I 
. . . - - . - - .- - -. . - -. . . . - - . - . . !-78--- - .  . 

I 
.a  I 1 5 5  TANGEkT 1 ENC-1 6.Se2 0.295 C.317 -9.01 -3.11 
.. i 1.78 

EKC-J - .. . - . -. - .- - - -- .- - . . - - - . . .- . 0. l e 6  0.295 @.GI7 . . -5.31 . . . - . - -- -. . . 0.01 . - . . . . - -0.29 . - - - .- - - . . - -- - - - - - . . - . - 
, 156 TANCERT 1 ENC-I e. 186 '  0.295 0.017 -0.0 1 0.01 -0.29 

. .. ENC-J -- . . . . . . 8.7C2 0.295 . - -. -. - - . - 0.'217 
. - . - - - -. . . - . - - - - . - .- -0.01 . . - . . . . . - . - . -- . 0.06 . -. - . -1.17 - . - . - . - . . . . - . .- . . . . - . -. . . 

- 1  1 5 7  TLNCENT . 1 ENC-I 8.702 0.295 (;.017. -0.01 
. r 0.06 

ENC-J -. . -. - - - . -- - - . -. - - . . .8.874 0.295 0.017 -0.01 - - . . .. . 
A . - - -- - -. 9.08 -- --.- 

1 5 8  TANGERT 1 EKC-I  8. e74  3.295 c.017 -0.01 0.08 -1.47 :I ENC-J . .. - - . .. - . . 8.960 . 0.295 O.Sl7 -0.31 . - - . - - .. . -- . 0.09 
.? i . .- - . - - - . -1.62 . - . . - - - -- . . - -- . . - - - . - . . . - - 

1 5 9  T4NGEhT 1 ENC-I 8.960 0.295 3.C17, -0.01 3.09 -1.62 :I W 
-E K c -  ? .  - ---. 9.346 . - - . - -. 0.295 - - . . . - -- - - . 0.917 . . - - - . - - - . -0.01. . - -- -. . 3.09. -1.77 .I I .. . - - -- . . -. . . - .- . . . - .- - -- -. . . . - -. - . - - - . 

.-.I = 1 6 3  TANGENT 1 ENC-I 9.046 0.295 0.017 -0.01 . 0.09 -1.77 
I 1 -  -. EKC-J . 9.154 0.295 0.017 -0.01 0 - 1 3  -1.95 . - . - - - . . -. - - - -- - - - . . . . -. . . -- -- . . - - - - - . . -- -.- . . . . . - .. - -. . . - . . . - . . - - - .- - . . - . -. - .- - . . - . - - .- 

1 6 1  TANGENT, 1 ENC-I 4.154 0.295 0.017 -0.91 0.10 -1.95 
ENC-J . . 9.562 0.295 . . . .... - 0.017 -0.01 -. . .. - . . . 

0 - 1 4  -2.65 
- . - - -- . . -- - . - - - 

1 6 2  TA'UGENT 1 ENC-I -1.556 1.142. 0.482 0.83 -12.06 1.41 

---- -- . - -- - . -. - -. - . ENC-J -1.556 0.948 
. - - - - --- 0.482 0.83. -11.52 - - -. . . - .- ---. . - - . . . .. -- - . - -. . 0.24 . . . - - - - -- - . . .. -. -- - . . - . . - . . 

l t 3  TANCEki 1 EhC-I  -1.556 0.948 9.482 0.83 -11.52 ' 0.24 

. - . - . -. -. . END-J . -1.556 C.776 0.482 - . - . - - -- -. . . - . -p . . 0.83 - .. -11.94 
- . . .- . . - - .- . . -0.63 - -- - - - - -. - - - - . - 

164  TbNGEhT 1 E~C-I -1.556 0.776 0.482 0.83 -11.04 -0.63 C 
END-J . . . -. - - -1.556 0.101 . 0,482 0.83 -- - . - . . . -8.20 -3.20 . . . -- . -. . . -- r - 1 165 TANGEhT 1 ENC-I -1.556 0.10 1 0.482 0.83 -8.20 -3.20 k 

€LC-J -1.556 -0.474 3.482 0 -  8 3  -5.79 -2.27 c-, - -- - - - - - . . -- . . - - - . - . . . . . . . - - - . - . - . . . . - - . . . . . - . -. 
" I 

-. - . . . - - - -- F-- -. 
1 6 6  TANGENT 1 ENC-I c. 1 7 0  -2.747 1.730 -17.46 -3.83 -5.09 & 

" i -- .. ENC-J . . ...- . 0.170 . - -. - -2.884 ___ 1.730 -17.46 . _. _ 0.57 _ -2.85 . - . - - -- ---- ' 1 6 7  TANGENT 1 END-I 1.036 -2. 8 8 4  1 396 -16.44 0.57 .6.54 ry 
_. ; ENC-J 1.336 -3.385 1.396 1 --. .-..- - .- -16.44 4 - 6 4  15.68 0\ - - -  -.- . ....- . ._ _ - ._. - 



.- --- 
P I P E  F O R C E S  A N D  W O H E R T S  

ELEKEKT ELECEhT LObC STATION AXIbL  Y-AXIS Z-AXIS TORSIONAL Y-AX! S 2-AX I S  
FtRCE SHE!'!! - -  SHE!F! _ ~ H O M E J I :  . "OHEN?. ... -- .. "@RENT-- -- . -- .- ... 

1 ENC-I l a c 3 6  -30 385  1.396 -16.44 4.64 15.68 
ENC-J - . - .- -- + L*-?.?6 -3.887 - - . . . - - - 1.396 - . . . - -- - -16.44 . . - -  a.7.? 26.28 ....... - .. - ..... 

1 6 9  TANGENT 1 ENC-I -1.73C -3.887 0.110 -14.38 8.72 -27.62 
E N t - J .  - I*73o.- 0.170 . . . . .  -14.a8 . - .- - - . - . . -5.435 . . . . .  .. . .  .... lG.25 14.33 

I .  
1 7 0  TANGENT 1 END-I C. 1 7 4  2.272 0.312 -4.25 -4.99 1 5 - 2 5  

I -F".?T J -e.o.l'k 0.777 0,3 1 2  -4.25 . . . .  . - -0.93 . . . . . .  _ _ - . . _ . . .  -4.63 _ . _ _ . _ . - .___ - . 
1 7 1  BEhD 1 EMC-I 0.174 0.777 0.312 -4.25 -0.93 -4.63 

'CENTER -- C.513 0.267 Om312 -3.44 2 - 9 0  -5.68 ... . . . .  ........... ENC-J--"--" 
0 , 3 2 6 - - -  -0; 1 7 4 - - ' 0 . ' 3 1 2 ~ - - .  -0.1 5 - 

5o03  - 5072  ---- - 

1 7 2  TANGENT 1 EHO-I - - - - -- - . - - - - - - . ENC- Q. 326 -0.312 - r J .  174  312 -0.15 5.72 ............ - 1.4 5 7 - 7 -  ' - 3 . 1 7 4 - - - - -  3o02 . 
5.63 

- 0 . 1 5 - - - ' - .  
9.87 - -  

1 7 3  BEhD 1 EKC-I -1 - 4 5 7  -2.043 -0.174 -0.15 3.02 9.87 - - - -. - - - - ... ...... .. ........ CENTER----'-' -2.-635-- --9.255"'" -0.174 l2 31... , 

ENC-J -2.043 1.9a8 -0.174 2.59 -9.29 13.62 
- - -. -- - .- - -. - . . 

... ........................... 1 7 4  TANGEhT 1- .ENC- 1 -2.i43---- 
0;17 

-1.. 908-.-- 2.59.----- a *29 - . -  .--lo 62  

ENC-J -2oC43 -2.656 0.174 2.59 1.42 4 - 2 1  

- 171- -,ANr,Ehi- .. -l  ...... ......... ..... ........... ... . . .  
EKC-I -2.656' ' -' - '. 6 .  , 7 4 -  

. 2* 59 .  
-2'.1;43 1 - 4 2  ' - ' 

4,21 "" 

I 
END-J -2.C43 -3.231 3.174 2.59 2.29 18.93 

.......... . .-... ....... e EX I-'--7i7- -. 1 ' ENC-I 
-. 

-3.231 
.. G*17 4.--- 

-2.543 2.59 2 • 2 9 ' 

18.93 

'a C E h T E R  -3.089 -0.991 0.175 3.58 0.10 23.33 
I__ ENC-J -3.682 - - - -. 2.043 - - - 0.174 2.73 -2.15 . . . . . . . . .  . . . . .  ... . ... - - - - -- - .. . . . . . .  . 22.31 .. .... . . .  -- 

1 7 7  TbYGEhT 1 EkC- I  -3.682 -2.043 -C.174 2.73 2.15 -22.31 
-- - ENO-J -4.430 -2,043 -. . . .  - -- ...... -0.174 - -. - . . - ......... 2.73 . 1.02 -9.3.3 ..... . . .  - - - 

1 7 8  TbYCEhl 1 ENC-I -4.430 - 2 0 0 4 3  - C .  114  2.73 1.02 -9.03 

- . - ..-... - ............. . EkC-J .- . -5.177 -2.043 -0.174 2.73 ............... .- . ..... --- -0.12 - -- . . - . . 4.26 ....................... 

1 7 9  T4YGEhT 1 ENC-I -5.177 -2.C43 -0.174 2.73 -0.12 4.26 
ENC-J -5.810 2.73 -1.08 - . -- -- . -- -2,243 . -.. -5 1 7 4  ..... .- .- , . - 15.49 . --- 

l e 0  TANGENT 1 END-I 4.544 34.726 -G..386 0.00 2 - 6 0  -15.87 
ENC-J -4.S44 -35.174 - -- -- ..... -0.086 - 0.03 . ......  . . . - . .  -0.00 -- 0.03 . ... ... - - -- - r 

1 8 1  TANGENT 
q-'. 

1 ENC-I 2.879 . 3.313 0.019 0.16 -5.71 -0.37 rn 
- -- .. -- ................ ENC-J - -. - 1.957 Go313 -- . - 4.019 . . . . . . .  3.16 -- - - - . - -. - - -3.56 .. .. -2.89 .................... 

w 
-.. -- - 

. . L Y -  - '- 
1 8 2  BEAD 1 EHC-I , 1.957 9.313 0.019 0.16 -0.56 ,-2.89 .b 

- ....... CENTER . . - 1.836 . . ' . -0.383 0.019 -0.35 O.O1 9.-- .- -3.56 -2.85 
...... 1.4F1 - & 

ENC-J -0.954 . .- o o 2 5  .ha.-.- - 21.. 

I 
I 1 8 3  7ANGEhT . . 1 EhC- I  -. . . . . . . .  

. . . . . . . . . . .  

ENC-J - ' 

- - 



) ! ELEVENT ELEvEhT LOLC STATION A X  1.A L Y-AX1 S Z-AXIS TORSIOVAL - Y-.AXIS 2-AX I S  
. . 

. _ . ;. I V C P 8 L L V F _ E S _ E _ E  .- F C H C E - -  . S . * E P S L O ? E N _ I  ~ O M E N T  . -  nonENT _ -- .a_- 
' :  1 

-. . 
1 :  

184  TfiNGEkT 1 €KC-I  1.145 C.633 -3.019 -0.25 0.40 -1.95 

I :  -- €KC-J  .. . C 7F8 . a -31z  -3.019 -0.25 - - . - - - - . . 0.32 . - . . ---. -2.99 . - . - - . .- . . . . . - - . . - .- - . - - . - -- . 
185  TANGENT I ENC-I 0.798 0.312 -3.019 -0.25 3.32 -2.99 

ENC-J -0.-009 -0.C19 - -  . - .  .A*45!- _ - _ -0.25 -. . . . .- . - . -. -. . 0.24 - - .- - . . - - -3.61 - . - - . -- - - - - - - - . - .. . . 
1 @ 6  TANGEhT 1 .ENC-I G.451. -0.01'0 -0.019 -0.25 3.24 -3.61 

ENC-J . ' C. 1C4 -- -- .- - - - - -9.331 - .- . -. . . .- - - -0 - -. .O - 19  . -0.25 . . - - - -. - 0.17 -2.91 . -  

1 
i 187  eEhD 1 EhC-1 0.104 -0.331 -0.019 -0.25 0.16 

CEkTER . 
-2.91 ' 

1 I-_-_ . . . . . .. . - . - C . 3 6 3 .  -0.124 ----.6i 4 . 3 8 5  313.  -. -0.019 -0, 16 9-- -o*08 . G. 23  
f 

-2.57 
ENC-J o.26 . -2 *23 .  .- ,- 

. . 
I--- lee... J A N C E ~ T  1 ENC-I 
I 
! 

ENC-J - .. ' . "  
. , 
t '  1 8 9  TANCEhT [ +-. . . 1 EMC-I -C.S98 - -  o.313 0.019 - 0 - 0 9  o9 .- .. -3.15 3.5.3 

J : 3.313 
3.019 - -o*a4 3e  - 

. , . . 
-' 

. , 
I I 

I -  i 1 9 9  TbNGEhT 1 ENC-I - i .&t?8 .- - - .. . .. . - .  C.313 C.019 -0.09 o,09 - -- . -1 .'38 
; I  

-3.0'4 
6.C 1 9  '------2 EkC-J -2.378 0.313.----'- 3 - 0 8  . -3*  26 . . .. .. - -... . 

::'I / . j  1 9 1  TANGENT . . . .. .-. --- 1 . . ENC-I -2.378 
I ? .  

- .- 6.313 c e 3 1  3 . . . . - . - - . . . - .  4.019 -0.09 0.08 EkC-J -0.09 -' 

-3.26 
0.019 '---- 3.12 - . . - - ., . . - -- . . - . . .. - .- - - - . - 

i .. ! 
3 .  

i . : l  1 9 2  TANGENE 1 EKC-I I-. - - -  .. 
2 . .  ENC-J 
i.1 &Jl 
1 .  . € 0  . 1 EhC-1 -3.125 -9.313 -0.019 

-2.591 . " -  ' 

-0.09 
CENTER 2. 1 4 8  '- -0,22 -0.12 "- . - -  

-0.20 
.-oa01q 

5.35 3 * 4 5  .. -. . - .. .. 
ENC-J -C-313 3.577 -3,019 -0.25 

-, I I..: 0.34 -2.45 
$.&-. AN-cE * - EN c- - - . 

1 :' 
- 3. --- . -3;577-'---. 0.0 19---- - o.25 -0.04 

2,.4.5 -- 

I T /  . ENC-J -C.313 -3.807 0.019 -9.25 0.00 9 -  8 4  
I I 

313 . - 3 . - 8 u 7  ---- - 0 ; 0 - 1 9 ' - 0 ;  25----- - -.o. oo--'-'-- ,.84 . . 
ENC-J - t o 3 1 3  -3.979 0.019 -0.25 0.03 1 5 - 6 6  

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

-- - . .- - - - . - - - - --_-__. - P 
=f 
n 



. . - . . - -- - . - . - .  . - .- - - -  - 
P I P E  F O R C E S  A N 0  M O M E h T S  

ELEVENT E L E P E ~ T  LOAD STATION A X I A L  Y-AX1 S . Z -AXIS TORSIONAL Y-AXIS 2-AX l S 
. . - - - . N U l r . B E R Y P E L A S  E- .. ... F C R C E  SHEAR - SHEAR .-.-.-.--MOMENT - . M O M E N T  MOMENT _ _ _ - - - . -  

1 TANGEkT 1 ENC- I  -C.376 -0.008 -3.103 -13.20 97.68 1 3 - 1 3  
.. ..  ... ........ - - ENC-J -0.G76 --J-OG8 - 0  .... 0 . -  9 7 - 3 7  - 1 3 - 1 5  @? 

2 TANGENT 1 
.. --- -- ............... 

3 TANGENT 1 
- - -- - - - . - -- - - - . . - - - 

4 TANGEhT 1 
. - - - - - - - - . . 

5 TPNCEhT 1 
........................... 

6 TANGENT 1 
- - - . . . . . . .  

ENC- I  
ENC-J 

EN:-I 
ENZ-J 

ENC- I  
€NO-J 

ENC- I 
ENC-J 

ENC- I 
ENC-J 

- . -. -. . 9 TANGENT. - 1 ENC- I 
ENC-J 

EtiC-I 
CENTER 

ENC-J 

ENC- I  
ENC-J 

ENC- I  
ENC-J 

E N t - I  
CENTER 

ENC-J 

ENC-I 
EKC-J 

ENC- I 
CENTER 

ENC-J 



P I P E  F C R C E S  A N C  P O M E h T S  

ELERENT f L E I S M T  LOAO S T I T I O N  A X  l DL 
--.NUPBER TY.PE._. _ CASE . FORCE 

Y - A X I S  
SHEAH 

2 - 4 x 1 s  
SHEAR 

TORS 1 O V A L  
HOMEY 1 

Y-AXIS Z -AX IS  
MOMENI . . MOMENI 

1 7  TANGEhT 1 E h C - I  -C.3C8 
- - - - . -- - -. - .- . . ENC-J -c.coa 

19 TANGEhT 1 ENC- I  -0.C08 
EhC-J -0.008 . 

20 TANGENT 1 ENC-1 -C.C08 
.- - ENC-J .. . . . . .  . . . . . . . .  -0.908 

2 1  TANGENT 1 ENC- I  -0.JC8 
--- -- - - ENC-J -0.CC8 .......-... .. . . .  

2 2 BENO 1 ERO- I  -0.308 
CENTER C.  56 1 

ENC-J 0.801 
. : 

23-_TANGENT -1 :.. . END- I  0.80 1 
ENC-J 0.8C1 

- . . -24--1AYGEkT k ENC- I  6.733 ... . .  
ENC-J C. 7 3 3  

I 

25..-~-B€hO . -1 .. €KG- I  C.727 

0 3  CENTER 0.169 
) . EN'C-J -0.414 

. .--%- ...-..... .. . . . . . -  (? 26 TANGEkT L ENC- I  -C.437 
ENC-J -0.407 

. - .. - ............ - . . . .  - . . . . . .  
2 7  TbNGEkT 1 ENC- I  -0.407 

b EKC-J -Go437 
. . .  -- .. - ..... -. . . . . . . . . . . . - .  

2 8  TAGGENT 1 ENC-I -0.427 
b ENC-J -0.407 

. - . . .  - .....-... - . - ........... - ....... 
2 9  TANGEhT 1 ENC- I  . -C.OOO 

B END-J - C - J C C  
. b - . . ,  A -N.6<ij - . 

1 ENC- I  -0.407 
b ENC- J -0.407 

. -. . - . . - - 
3 1  T A N G E K ~ " .  - -  1 ENC- I  -0.COO 

b ENC-J -0.300 
..... -- ..... - ..... . . .  

3 2  TINGE-i~'-- i ENC-I ' -0.'407 
D z  ENC-J -3.407 

. ....... -- ...... - ........ 
33 TANGENT 1 ENC-I  -1.521- 

D ENC-J -1.521 



ELEMENT ELECEIT L o b 0  STATTON bXI ,bL  ' Y - A X  I s Z-AXIS TORSIONAL Y-AX1 S 2 -AK I  S 4 
N U M B E K . 2 Y P F l A S E  ... F C H C E  .. .. . SHEAR . SHEAR . - KOHENT _. - HOMEN T M O N E N T  

3 4  TANGENT 1 ENC-I  -C.407 2.939 -1.466 -0.09 3.03 0.32 - .. ENC-J -0.407 ,- 2.939 . -1.466 .-0.J9 . 2 . 1 7  -4.39 . . 

35 TANGENT 1 ENC-I  2.958 2.936 4 . 3 0 6  4.39 -2.16 -0.12 - 4 
. . - -. . - . . - - . - - - - - - - . - - - ENC-J . 2.958 2.936 . -0.306 4 - 3 9  3 - 0 8 . - - . -  -8.93 - .- -. - . -. 

ENC- I  
ENC-J - . - - -. -. - - -- - . -- - -- - - . 

3 7  TANGENT 1 
-- -- - - - . -- . . - - . . . 

ENC- I  
END-J 

ENC- I  
EhC-J  

ENC- I 
E k e - J  

40 TANGENT 1 
- . . - . . - -- - - - - - -- . - - - -- . . 

ENC- I  
ENC-J 

4 1  TANGENT . I 
. - - - - . . . - - - - -. . . . - 

E N G - I  
ENC- J 

ENC- I  
ENC-J 

ENC- I  
ENC-J 

ENC- I  
€KC-J  

ENC- I  
CENTEW 

EhC-J  

ENC- I 
ENC-J 

4 5  BENC 1 
- - - - -- .- . - - - - . . - - - - . . - . . 

. .- - -. 47--TANGkNT-- .. 1. ENC-I 
ENC-J 

-. 4 8  TANGENT - . 1 END-I 
ENC-J 

4 9  -. T*NGEhT 1 ENC- I  
ENO-J 

. -0.003 ~ * ' ] ~ ~  -. ... . 
-C. CCO D.:2OJ 



---- , ..- - -. 

l 
a P I P E  F O R C E S  A N C  M O H E k T S  

, -. 
I ELILENT ELEWENT LO.0 STATION AXIAL Y-AXIS Z-AXIS TORSIONAL Y-AXIS 2-AX I S 

P u u n a E E  
. , .  . :  O R C U H E A L S H E ~ R L . O . M E B T  ' MOMENT HO.(?E&T 

. I !  

- i , ;  5 1  TANGENT 1 END-I -0.101 
! I_._ 

0.003 1.492 . -0.34 6.35 
0.003 

-0.02 
.ENC-J --LO. 10 1 

i .  j 1.492 -.!I- &4 . . .I.!. J 9 -0.9 03  i .  I 
I 

52 TANGENT 1 ENC-I -0.101 0.003 1.492 . 16.79 
i ' i  

-0.04 
-END- J 

-0.04 
-a. la1 

! . i  
Oz_O 0 3 1 .bF? -0,.04 25L57 -0e.46 - 

I - I  5 3 B E ~ O  1 ENC-I' -0.101 1.319 -0.698 '0.04 -11.97 -22.60 

I,: t 
. . 

C E N T E R _  0.861 1.004 9 698 
END-J 

--?..?B. 
1.319 

- t P  ,22 
- !  ! 0.101 -5.698 -14.59 

-2.6_.?1 

! . !  -2.58 -27.92 

i " L . 5 4  TAGEJdT  1 .ENC--1 U.321 
1 .  ; 0,695 

. . END-J . Z.Tr9.6 -2.58 
0.. 10.1 

1.321 
-14-52 

0.695 :> i..j Cl.101 . -14..52 28.43 -5.86 

j I, i - - - - - d m G E k I  1 ..E.NC-I .- 1,320 Q-9.6 9 ? 0.131 
END-J 1.320 

-re. 56 28.42 
0.697 

- - 
3.101 

-5 ~8 6 

3 I s - /  -14.56 .28.90 -9.15 1 : !.----~b BEND 1 END-I. 1.320 . O . l t l 1  -0, 6 9.7. 
: .  CENTER 1.005 

~1.4..55 -9,l.S 
-0.862 -0.697 

- Z 8-e.9 0 
'2 !. ; -. - -17.53 1-97 -?7 7 9  

i ! 
ENC-J 

- - .-  

C.101 
- -  - .  

-1.320 
G I .  I L  

-0.697 . --11-77 11.94 ->&- 2 2  
; L.. 

- - - .  . 

. . - -  
- .--- 

i , l  .. - .. . . . . . - . .-. - - 
- 1  I 5'7 TANGEN.1 -.  - C-101 0 • 0-65 -1,492 -11.77 77>9 

. . : I '  ! 
1 ENG-I -n 7n 

I :. I 
I 

- - - - -  
. . - . - 

- - .  . 
58 TANGENT 1 ENC-I 0.101 0.003 -1.492 

-- - 
-..- . -11.77 1 1 , R R  -n. 77 

END-J 0.101 -1.492 
- - - - -  

0.003 
w e  l-. 

-11.77 1 1 - 8 8  -n- 7 1  

TANGENT 1 END-I -00 
ENC-J -. - . . -. - -0. . .. . 

TANGErVT 1 END-I -0. 
E NC--J -0. 

TANGENT 1 ENC-I -0.003 1.492 0.101 13.31 2.75 
1.492 

-40.12 
E N P L ? - ~ G . , O O  3 9d0 1 1 3-c! 1 3.77 -55.05 

63 TANGENT . 1 ENC-1 -0 30 3 1 492 0.101 130 3 1  
E g - J  

3-77 -SF. nc 
-0.003 - -- 1.492 0 0x1 13.31 4-25 -- -6 2 - 1 4  

' 1 a. i 64 TANGENT 1 ENC-I . -0.003 1.492 
1 - 1  

0.101 
ENC- J 

13-31 ' 4-25 
-0.rQ.03 1.492 0 4 0  1 13.3 1 5.49 

-62.14 

., 111 
-80.42 

.- 1 - 1  65 TANGENT 1 END-I -0eC03 1.492 0.101 
EN C-J 

13.31 
~ 0 . 0 0 3  

5.49 
1.492 

-80.42 

i - /  o .~&l 13-31 6. 50 -95.34 

9 %  -66 . TANGENT 1 END-I - - $ - Q o ~  ' - . - .  
11. I 1.492 3.101 13.31 , 6 -50 . . -95.34 

. - .  . . .  

1 ,: 1-7 ENC-J . - -0.003 1.492 0.101 13-31 . 7 - 0 1  -102-81 

a i ~ i  



ELEPENT ELEREhT LObD STArlON A X  IPL  Y-AXIS Z-AXIS TORSIONAL Y-AXIS 2-AX1 S 
-- N U W B E R L Y P E - - C A S E  . _  . FCRCE . SHEbR -_ - SPEAR MOMENT . . -. MOMENT - MOMENT . .. , - 

6 7  TANGENT 1 END-I . -C.CC3 1.492 0.131 13.31 7.01 -132.81 
.- EHC-J -0.003 1.492 . .  3 . lO l  13 -31  7-32  -137.28 

6 8  TANGENT 1 EHC-I 38.113 -29.452 1.604 92.91 -33.67 858.78 
. - - - - . - - ENC-J 38.113 - -29.452.-. . 1,634 .. ... 9 2 - 9 1  . ... . -. -32.23 885.29 . - ... . .. . - . 

69 TANGENT 1 ECD-I 38.113 -29,452 1.634 92.91 -32.23 885.29 
EEC-J 38.113 -29,452 . -  1 694 .. .. -. . 92-91  .. -26-85  . 983-96  -. . .. . -  .- - 

70 TbNGENT 1 EBC-I -29.456 4 . 1 1 2  38.214 -20.36 -851.47 -14.37 
E ~ C - J  -29.456 -3.112 38.214 . .. - -20.36 - -- 27-45  - -  .. -11.89 . . -  . . 

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

7 1  TANGEhT 1 ENC-I -29.456 -0.112 38.214 -20.36 27.45 -11.8i) 
- - . -- - - - - . - - . - - - - - - - . EtC-J , -29.456 . - J e l l 2  . _  38.214 . -20.36 - - .- 724.86 - -_ -  -9.76 

72 BERO 1 ENC-I -29.456 -38.214 -0.112 -20.36 9.76 724.86 
- . . . . - . -- - -- - -- - - . . . . CENTER -47.850 - . -6.193 , -3.112 -7.62 .... 2 1 - 0 1  . . 793.83 ., - .  

ENC- J -3e.214 29.456 -5.112 9.34 19-94 757. 76 

7.3.-TANGEh1.-- 1 - ENC-I 
ECC-J 

. 7 E D . . . . . .  1. EhC-I 
CEN,TER 

- -  . . . .  - - . . - - - . 
76  T ~ N G E N T  1 ENC-I 

. - - - - . .- 77'--jA.NtEN'i 
1 ENC-I 

. ENC-J 
- . - - - - - - - - - -. . - - - - . . . . 

78 T4NGENT i EM-I 
ENC-J 

- -. - -- . - - - - - . - - - . - - -- . - . . -. - 
79 TANGEHT 1 EMC-I 

E r n -  J 
-- --- .-.. .. .- . 

80 TANGEKT 1 ENC-I 
ENE-J 

-. - . . . . 
B ~ - " T L N G E I \ T  -' - -  1 ENC-I 

ENC-J 
- - -- -- - . 

a2 TANGENT 1 ENC-I 
ENC-J 

-- . - - . . . - . 
BEhO 1 EhC-I 

CENBER 
- .  - -  . -  ENC-J 



P I P E  F O R C E S  A N D  M 

ELECENT ELECEhT LCAC STATION 
NUMBER , TYPE CASE 

2-A X I  S TORS I ONAL Y-AX I S Z -AX IS  . . 
SPFAU MOflENT MOMENT . MOKENT . . 

AX IAL  
FCUCE 

Y -AX IS  
SHEAR 

84 TANGEhT 1 ENC- I  
-- .. . .  . . . . . . . . . . .  ENC-J 

. 85 TANGENT 1 ENC- I  
- ,  . ENC-J 

8 6  TANGENT 1 
.... . .  -. 

e 7 BEND 1 
.. .- . - ...... 

. . .  88 _ TANGENT-.. . .  1 

8 9 - l h N G E K T  1 

.9C.-.TANGEkT . .-. -- 1 

ENC- I  
. ENC-J 

EKC- I  
CENTER 

ERC-J 

END- I 
ENC-J 

€KC- I 
ENC-J 

ENC- I  
END-J 

ENC- I  
CENTER 

ENC- J 
. . . . .  

93.' TANGENT ' 1 

- -- ... - - .. - .. - - .- - .- ... .- .. - ... 
94 TANGENT 1 

. .  - - . .- .. .- .... - . 
9s . TANGEKT.'.  - -  1 .- 

. . . . . - -  . ........ 
96 TANGENT 1 

. .--- - - --- 
9 7  TANGEhT I 

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

9 8  TANGEkT . . 
1 

. . .  - .- .- - .- . - -- - .... - . .  -. . 
9 9  TANGEKT 1 

LOO BEND 1 

ENC- I 
EhC-J  

ENC-I  
EKC-J 

ENC-I  
ENC-J 

ENC-I  
END-J 

ENC- I  
ENC-J 

ENC- 1 
EKC-J 

ENC- I  
ENC-J 

. . . . .  -. - -- -- . . .- - - .. - . - - . . . . . . .  - .... .. -. - - -. 
-22.145 -44.94 -215.99 1F5.90 
-22.145 -11.9.01 -211.37 203.37 
.-22.145 ... - . .. . . . . . . . . . . . . . - . . .  . . , 

-188.79 186.52. 196.4 1.. .- 

END-I  
CENTER 

ENC-J 



P I P E  F O R C E S  A N 0  N O n E N I S  

ELEMENT ELEMENT LCAO STATION AXIAL Y-AXIS Z-AXIS TORSIONAL V-AX I S  2-AX1 S 
N U M 8 E R . L Y P E -  -.CASE .- FCRCE . SHEAR - SHEAR . . MOMENT HO?4ENT____HOMENT. - 

l C 1  TANGEkT 1 ENC-I -30.370 13.765 -22.145 -188.71 -186.60 196.41 
.. ENC-J -30.370 . . 10.765 . -22.145 . . -. .. - 1 8 8 . 7 1 ~ 5 7 7 . 7 0 .  6.29 

102 BEhO 1 ENC-I -300 367 -22.145 -10.771 -188.83 6.29 577.66 
CENTER -37.132 - - 5.813 -- -10.771 -. - -140.91 - _ ln9. 40 633.02 -- 

ENC-J -22. 146 30.366 -1d.771 -34.11 148.43 546.83 

.. 103 -JANGEL1 1 ENC-I -24.145 - . 3 2 3 1  . . 11-1 4 9 . .  3 4 1 1  .--235.76 515.24.- - - . -- - -. -- -- 
END-J -22.145 30.231 11.149 -34.11 23.47 -187.63 

134 -TANCEh;T_ 1 ENC-I -22.145 33.231 . - 11.149 . - ..-34* 11 . 23-47 _ - 1 8 7 * 6 3  
ENC-J -22.145 30.231 11.149 -34.11 179.56 -613.86 

- .-- 135---TANGEKT.. ..l END-I -22.145 -.. .-. -33,231 11.149 -34.11 . 179.56 -619.86 - 
ERC-J -22.145 30.231 11. 149 -34.11 235031 -762.01 

106 ..-TANGENT 1 ENC-I -64.370 14.831 1.378 . 79.73 - -. -138.22 472.74 . _  ~ . .. 

ENC-J -64.370 14,831 10 378 79.73 -124045 324.43 

107 ---. TANGEWT - -. 1 ENC-I 
END-J 

108.  TANGELT . 1 EMC-I 
END-J 

rJ5 109 -TANGEIFT 1 .-- ENC-l 

L- END-J 

0, . - _ I10  .-lANGEhT 1 ENC-I 
ENC-J 

.--111 .-T_AF(GENT. 1 . END-I 
ENC-J 

- -- 112-..CANCEhT... .- 1 ENC-I 
ENC-J 

- -. 
11s SANGE~T 1 ENC-I 

END- J 
- -- - . - - . - - . - - - - - - - - . 

i 1 6  8EhO 1 ENC-I 
CENTER 

--- . END- J 



P I P E  F O R C E S  A K C  M C M E h T S  

ELECENT ELECEKT LOAD STATION ' PX l A L  Y - A X I S  2-6x1 S TORSIONAL Y-AX I S 2- AX I S 
' FCRCE - NUEBER I X P E - . .  _. CASE. SHEAR .- SHE&R, MOMENT .-:--. HOHENT nOMENT .-- . 

117 TANGENT 1 ENC-I -140831 64.373 -1.378 117082 '-72. i 9  98.95 
. . .  ......... ......... -- - -- - -,-'_.-.. ENC-.J -14.821 . 64.373 .- -1.378 117082 -74.41 -4-49 --. 

, . 119 TANGEIT 1 ENC-I '-1.263, 47.727 16.673 -109.66 ' ' -122.55 516.59 
. ENC-J -1.263 . 47.727 . 16.673 . . . .  -100.66 ..--- -193.79 462.90 . -_ -- .- -. .. - . .-. . 

120 T&NGEhT 1 ENC-I -1.262 47.727 16.673 . -100. 66 -133.79 462 95 
. - -- -. - - -. . ENC-J -1.263 . 47.727 . 16.673 -100.66 - --.- -78.78 ... 391-31 -. . - .  . ---. .... 

121 TLNGENT 1 ENC-I -1.26? 47.727 16.673 -10q.66 -78078 ' 391.31 
. ENC-J . . .  ..... ............ ........... . -1,263 47,727 16.673 --103-66.: 21-26 134.95 --- 

122 Tfl,NGEt:T 1 ENC-I - C ~ G O O  -C.OOO -0.COi) -0.03 0.0r) -0.09 
ENC-J -C.OOO , -5.000 . . . . . . . . . .  -0.000 ., -0.09 . -...: . J-39 ....... . . . . . . . .  - L O J  . - . . . . . . . .  

123 TdNGEkT . 1 END-I 
. .. . ENC-J 

124 BEND 1 EMC-I 
..... .. . . . . . . . .  CENTER 

ENC-J 

a ,..- 125.-I*N.G€NT 1 ENC-I 

d ENC-J 
-C 

126-1pNCENT 1 . ENC-I 
END-J 

... 1 2 ? T  1 ENC-I 
ENC-J 

- 1 2 ~ - . - K ~ . C C E h : ~ 1 .  ENC.- 1 -16.643 .- -. 13.569 . 18-051 --- -46059 - , 198.18----.. 578.11 
ENC- J -16.643 13.569 18.C5l -46.59 -164.33 552.67 

4 
. I G E ~ .  1 . ENC-I -16-643 .. 13.569. le.051 -46-59 ----. -164.33 . 552.67 . .  

' ENC-J -16.643 13.569 18.951 -46.59 -56.03 471.26 P 
4 .  A 

w w 
130 - 1ANGEh'r 1 ENC-1- , . -16.643 . - .... 13.569 . _ 18.051 4 6 - 5 9 . ,  -56.03 , , 431-26 - _ . - - . - - I ; . . - - - - - . :  

ENC-J -16.643 13.569 18o051 -46.59 323.04 186.32 - 4 
l-~1---14HGENT I . - -  ENC-I . . . .  - - . -16.t43 . 13.569, _- 18.051 . .- -. -46.59 323.04 ., ....... & 186. 32. - _  

END- J -16.643 13.569 18.051 -46.59 4490 39 91.34 + 
6 

1 ENC-I . - - 1 3 2 . r r r u c ~ r r - -  .- -16.643 - ... 13.569 . -. 18.051. -46.59 ..- . . :  . . -  
. . . . . .  -, . -. - . . .  ENO-J c. -. - -~-6.643 1'3.569 18."QSl i4 -6-59 562.2 1 6.53 Q? a - 

2x3 . 8 ~ ~ 0  .-1 ENC-1 -16.643 ...-. -18.051 ..-A -- . 13-569-. -- - 460 59 _---- 6.53----. 562.21 2- , 
- 

CENTER 
. -- 

-240532 -30995 13.569 -22.66 64.30 591.79 . . 

END-J -18oC51 16.643 13.569 44-35 97-47 5670+8 
.... 

- : .  4 
. . .  - -.A- -- - -- - -. . . , . . . . . . . . . . . . . . . . . . . .  



. - -  . _ ,  - - .  --"-_. - - *  ...-. . -  - - ,  - -  . - - - - -- .-_- I --- - . - - -.- .--... . . 
ELECENT ELECEKT LGAD STAT I O N  A X I A L  Y-AX1 S Z-AX IS  TORSIONAL V-AX 1 S 2-AX 1s 

SHEAR - . MOMENT . . ~ O ~ E N T - - R O U E N T  ------- 
-a -- . 

-. ...- NUFBER--1YPF-CASE-- - FCRCE . SHEAR -- , 

134 TANGENT 1 ENC- I  -18.051 13.569 -16.643 44.35' 567.48 -97.47 - 4 
-- - -  .- .. ENC-J -18.051 .- 13.569 -16.643 .. 44.35 --548.76 112.74 

135 TANGENT 1 ENO-1 -18.051 1 a 558 -16.643 46-35 548.76 -112074 
-18.L51 .-- 1.558 . _-. . -16.643 - -.. -. --  44035 - _ 5 9 4 - 6 T  -_?I 17.80 ' 

4 
-- -- ... €NO-J 

136 TANGENT 1 END- I  
. - END-J 

137 TANGEhT 1 ENC- I  
- ---- .- .-- - -- €NO-J  

138 TANGENT 1 ENC- I  
..- ENC-J 

139 TANGENT 1. ENC- I  
. - -- .- . --- - - - - - - ENC-J 

140 TANGENT L ENC-I 
. . - - - - . . -- - - -. . - - . ENC-J 

141 TANGENT 1 ENC- I  
- - - .- - . . - -- - - . -- - - . . END-J  

142 TANGENT 1 ENC-I 
-- -- - END-J 

9) 143 TANGENT 1 ENC-I  
-- . - , . ENC-J. 

144 ThNGEhT 1 E N C ' I  
- -. - . ENC-J 

145 TANGENT 1 ENC- I  
-. . . -- - - - -- - . - . . - - . -. - ENC-J 

146 TANGENT 1 EHC- I  
- . - - . - - - . - - - . . - END-J 

147 TANGEhT 1 ENC-I  
.- . -. END- J 

148 TANGENT 1 ENC-I  
- - -- - - - - - - -- - - - - ERC-J  

149 TANGENT 1 ENC- I  
- - . - - - -- - . - - - - - . ENC-J 

153 RENO 1 ENC-I  
- - - - . - . . - -- - - . - - CENTER 

ENC-J 



ELE,MENT ELEKEkT. LOAD STATICN 
NUMBER TYPE CASE - 

1 5 1  TANGEkT 1 ENC-I 
. -- . . . . . - . . - . - - - -. . . ENC-J 

1 5 2  TANGEIiT 1 ENC-I 
. ' . . ENC-J 

1 5 3  TANGEkT 1 ENC-I 
--.-.--..--.-.-.---..I-..-.-_.---. EKC-J 

1 5 4  TANGENT 1 ENC-I 
I ENC-J 

155  TANGEkT 1 END-I 
-- .- . .. - .-. . . . . . . . ENC-J 

156. TANGENT 1 EMC-I 
L ENC-J 

1 5 7  TANGENT 1 ENC-I 
. . . . . END-J 

1 5 8  TANGENT 1 ENC-I 
. . . . - . . . . . . EkC-J 

1 5 9  TANGEhT 1 ENC-I ..-m E&C-J 
I 

b 1 6 0  TANGEKT ' 1 END-'I 
.b . EMC-J 

1 6 1  TANGEkT 1 
. . . - . . . . . - --- . - . - . - -- . .. . . 

1 t 2  TANGENT 1 
- . . .  - .. -. . . - .  

1 6 3  TANGEhT 1 
- - . . .. -. . 

1 6 4  TANGEhT . 1 
- 

ENC- I 
ENC-J 

ENC-I 
ENC-J 

ENC- I 
END-J 

ENC-I 
ENC- J 

P X I I L -  
F C R C E  

-38.345 
-38.345 

-38.345 
-38.345 

-38.345 
-38.345 

-38.345 
-38.345 

-38.345 
-38.345 

-38.345 
-38.345 

-38.345 
-38.345 ., 

-38.345 
-38.345 

-38.345 
-38.345 .. 

-30.345 
-38.345 

Y-AX I S 
SHEAR 

-48.244 
-48.244 .. 

- 4 8 0 2 4 4  
_ . -48.244 .- 

-48.244 
. -48.244 - 

-48.244 
-48.244 . .  

-48.244 
-48.244 

-48.244 
.- . -. -48.244 -- 

-48.244 
. -48.244 

-48.244 
-48.244 - 

-48'. 2 4 4  
.. .. .. -48.244 -- 

-48.244 
-48.244 -- 

165  TANGEhT 1 ENC-1 -56.051 -36.787 
. . -- - . . . - . - - - .. - . . . . -. . . . - - - - - . ENC-J -56.851 . - ,  -36.787 

1 6 6  TANGENT 1 . END-I . -88,781 28.416 
-A . -- _. ENC-J -88.781 .. . . 28.416 -. 

. .  .<.-. .* . . + . , , .  . . , " . - , - - --i-.-.- . . R. ye-. 3,- ... - . . 
' 167  -TANGENT 1 ENC-1 -49.064 2 8 0 4 1 6  . *- 

. -- END-J . . -49.C64. -.28.416 .- 

Z-AXIS TORSIONAL , . Y-AX I S Z-AXIS 
SHEAR MOMENT . MOMENT MOMENT - .-.L 

3 0 .  eoo 
-.  38.800 



.- -. . . -. - -.- - ̂ --'-- - -- ..- - . . . . - . . - - - . - -  . 
r e i i P I P E  F O R C E S  A N 0  W O M E h ' T S  --'I 

ELEPEWT ELEPERT LO10 ST11fOM bXIAL Y-AX1 S Z-AXIS TORSIONIL., Y-AX1 S Z - A X I S  i 
E C B C F t i - H E A R - - _ _ L U l n E N T ~ T - ~ -  

I --+ 
et. ' 168 TANGENT 1 END-I -49.064 28.416 90.7 86 623.05 36-21 -371.80 

I 

I - ENC-J--49.064 28.416 9 0 . 7 8 6 6 2 3 - - Q S / O b 9 P  -454.65 
I .  

q.1 169 TANGENT 1 END-I -52.605 28.416 -88.781 69.30. 303.90 768.18 
: ' L--- 
I .  

ENDzJ - 5 2 * 6 0 5 Z 8 . ~ 4 1 6  - 8 0 . 2 8 L 6 . e f 9  -498 ~ U . 5 1 2  * 3 3 1  . ~ 1 , ~  170 . TANGENT 1 ENC-I -4.246 -65.203 23.894 -20.82 . -287.17 -747.55 i 
END:J-_/4 24 6 -65.243 ' 73.894 -20 0.8 2 2 1 . 4 5  WQrC1B : I-- 

,; ! 171 BEND 1 ENC-I -4.246 -65.203 230894 -20.82 23.45 100.08 
: . I  C E N T E R - - 4 9 0 1 0 7  -43.103 23.894 19.0 35 13.54 242.24 
1 . '  END-J -65.203 4.246 23,894 . 83.18 83.56 252.48 I ' m :  . ;  1 .: 

80.56 I : ; 172 TANGENT 1 END~€-~65.203 -23.894 4.. 246 83.A8 - 252-*-5_8 
I .  , ENG-J -65.203 -23.894 4.246 83.18 -186.67 4 < i . % i i i  

-BEND 1 ENC-I -65.203 -23.893 4,246. ~ S - U  -1u.67 4 5-0.. 9 1 
CENTER -63.001 29.210 4.246 . -70.06 -183.31 445.41 

END-J -23,894 65.203 4.245 -176.05 -72.57 347.64 
! i -. ------- - -.- I ?  
i..: 174 TANGENT 1 END-I -23.894 -65.203 -4.246 - 1>6;05 12-57 -347.64 

) :  i END-J -23.894 -65.203 -4,246 -176.05 44.97 76.17 ! : 
. .  

a - - -- 1 ;  
I _ :  175 TANGENT 1 ENC-T' -23.894 -65.263 -4.246 -176.05 44.97 76.17 I 

END-J -23.894 -65.203 -4.246 -176.05 23.75 4020 19 1:  
, ,.- ----- -.. -. --- . . !  176 BEND 1 END-I -23.894 -65.203 -40 246 - i i Z 0 0 5  23.75 402.19 

I '  

mi. - :  @ CENTER -63.001 -29.218 . -4.246 -110.81 133.77 499.95 
a _ _  . E N C - J  -65.203 ? 32-8-93 -4,246 L 3 %I? 165.44 5 35.4 6 

1; 
. . ' . 
; . (V 177 TANGEKT . 1 ENC-I -65.203 -23.894 4.246 13.13 -165.44 -535.46 ! : 

-6 5.203 : : A ~ E  D---J--- -23.._8_94 4r1_4P 13.13 -137.84 -350.15 . . 
I ,  i .  

: 178 TANGENT 1 ENC-I -65.203 -23.894 4.246 13.13 . -137.84 -350.15 i s  
EJC-J -6S5,203 

i . 
-2 3? 894 4.256 13.0 13 -1 10.24 -194.83 I .  

i - . . 
D j 179 TANGENT 1 END-I -65.203 -23.894 4.246 13.13 -1 10- 24 -194.83 ! I *  

1 - ,  E_NG!J- -65*203 -2L. Q4 4,246 13 4 3  -86.89 -63.42 
: .  I !: 

) ... i 180 TANGENT 1 ENC-I OOCOO -0.000 0 009 0.00 0.0 -0.00 / ' 
I .  -0dJOO 0.000 0 .so 0.00 
I j -  WG-J 0,aop -0.00 I ' 

D I -  j 
I 

181 TANGENT 1 END-I -65.203 -23.894 4.246 13.13 -86.89 -63.42 
. - ENO-J -65020.3- .. -2_3!-89-4 !5 84.6 3 3 0-13 -5g.84 1 2 &-cl ! 

' .  I I 

D i 
I 

182 BEkO 1 ENC-I -65,203 -23,894 4.246 13-13 -52.84 128.21 
. . CENTER, -69.425 -? -5.5-? 4.246 -6.33 -50112 1-3 8.73 - ! 
. .. ENC-J -64.071 26.781 4.246 -23.45 -40.48 

D 
125038 

\ 

i 183 TANGENT 1 EJCrI - -16.770 -4-0 246 -23,44 43.48 - 1 2 5 2 8  
' .  . 94.015 
. I  END- J -64,075 -26,770 -4.246 -23.44 23.03 -15.38 

D . .  ! 



ELEMENT ELEMERT LObO STATION AXIAL Y - A X 1  S ' 2-AXI s T O R S I ~ + A L  Y-AXIS 2-AX1 S 
-. NUMBER TYPE-.- CASE .. 'FCRCE .. SHEAR - .. SPEAR -- MOMENT - - H O H E N T  HOMENT ... 

184 TANGENT I ENC-I -64.07 5 -26.77 3 -4 246 -23.44 23.33 -15.38 
ENC-J -64.075 .. - . -26.775 .. - . --4.246 -23.44. 5.59. 94.63 - -  

185 TANGEhT 1 €KC-I -64.075 -26.77.3 -4.246 . -23.,44 5-59 94.63 
-23.44 - - - - - -. . - . END-J -64.075 . -26.773 -4.246 1 1 - 8 6  234.63 

186 TANCEKT 1 ENC-I -64.084 -26.749 -4.246 -23.45 -11.85 234.63 
EkC-J -64.G84 .- . -26.749 . ---4.246 .-23.45 :..-. -29.3) - -  314. 59 

187 BEKO 1 ENC-I -64.072 -26.779 -4.246 -23.43 . -290 32 314-59 
CENTER -69.426 . . .. -1.547 .-.-4.246 -33..25 -22.61 327.97 

END- J -65.201 23.899 . -4 246 -39.94 . -12.79 317.41 

... .. 188 --TANGENT - 1 .. ENC-I -65*2(33 -23.894 -. 4.246 -39.94 12-89 -317.41 
ENO-J -65.203 -23.894 4.246 -39.94 36.23 -185.52 

. 1 8 9 T ~ N G E k . T ~ - :  I--. ENC- I -65.203 _ .  -23.894 . .- 4-246 - -39.94 36.23 -185.52 -. - -..- - 
ENC-J -65.203 -2 3.. 89 4 4.246 -39.94 61.71 -42.15 

. . 
. - 1 9 0 T 6 N G E N T  1 . . END-I - 6 5 -  203 . - .-23*894 . 4.246 -39.94 ..--- 6.1-71 -2-. -42-15 ... .: :. . 

ENC-J -65.2C3 -23.894 4.246 -39.94 87.18 101.21 

* 19L--TANGENT 1 ---- ENC-I -- -95.203 -23-894 .- 4.246 -39.94. . 87.18 131.21 

'b 
ENC-J -65.203 -23.894 4.246 -39.94 95.67 149.05 

-65.203 - ... .-23.894 -- .. -- 4.246 - .  -39.94 . ., .?\ 192-.-JANGENT 1 . ENC-I 95-6? 149.03 . --. L 
ENC-J -65,203 -23.894 4.246 -39.94 114.78 256. 52 

193 R E A C  1 .  ENC-I 
CENTER 

ENC-J 
. - 

ENC-I 23.894, 
END- J 23.894 

- - -- - . .- - . -. . . .. . - . . - - . - - . - -. - -. - . - - . - - . . - , -. . . - - . - - -- - 
195 rANGEhT 1 ENC-I 23,894 -65.203 4.246 -125.-39 -25.83 609.67 

END-J 23.894 -65.203 4.246 -125.39 -14.47 ' 707.47 



----- . - -  
/- 

EL hO END T X WY HL RES-flR END TX MY WZ RFS-HR 

I 
I ' 

t%10.- 729. -- 1970. 2773. .- -- 3 ---?81C.p 7 30 ;- 20 10.- - i 
2802. 

73C. 2010. 181J. 2802. J 730. 1660. 1520- 2366. L O L ~  1 :  ' 
J 73C. 892 8530 1434. 

1 .  

1520. 2366. 
-143L 853. - - J -330 a-1 93 • 16 2-0- 7r2-  

- 
, * 

1E4-f: - 162. 772. J 730. 594. 458. / -  
755. 1360. 

, . 
458. 1047, J 73C1 864 9 

F-73C- - 864.---- - 755. 1360.- J- 730.-----1040.- 9880- 16 10. 
893. 1030. 1651. J 109C. 678. 1030. 1646. . 931. 

1090. 6789 1030. 1646. J 109C. 5399 1020. 1587. 
755.--- 10500 - 1544--.-- 34 2 9- 1020-- 1030.- 1483. 9 .  J 

1020. 1030. 14890 J 342. 579. 699. 970. ! 
579. 699. 970. J . 342. 9 15 1460. 1757. i: 
6e7.- 1460. 1793. J- 1030.- 229.- 1300.-- 16741 

14 I 103C. 229. 1300. 1674- J 103C. 280. 929. 1415. 
2 1 0 3 ~ .  517, 1030. 1546. I 1330. 28C. 929. 14 15. 

839 1450 1772. ------.J- . 7  

5759- • 4 8 7 .----- 6889- 1460---1686. 
J 48 7. 680- 11201 1398. 

i .  
48 7, 688. 1460. 1686. . . 

J 1210. 1 574. re I * e l .  68c. 1120. 1398. 487. 88  1. 
8-82 I..-- 88 1. 1 2 1 ~ .  1574 487. - 1370.- 1400- -- 2018. . -J ----- 

ZC I 48 7. 137C. 1400. 2018. J 487. 10 30. 1170* 1633. 
I 487.  1030- 1170. 16.33. J 487. 768. 741. 1173. 

445.--- t l 2 .  -----1060- - 1302.. J .- 624.- 429 .-- 994.-- 1250. 

624. 4 29. 994. L250. J 624. 4400 059. 1149. 
603. 440. 873. 1149. J 603. 467. 74 1. 1063. 
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4 - 4  I , . . ) ; . - I  END-3 1.412 -4.012 -0.035 0.82 -1.19 23-68 " ! . . I  
kb ! .: ; 

, " lS"TTANGENr- . . . . . .  - 
END-I 5*398 . 0.0 '---'- 006.  - . - .- '--6C*73 ..... 33.981 .- 

- -3.038 . - .- J---. 

END-J , 
* -5-397 -37- 139 -0,038 .OI 0 0.00 0.0 0 : .. 1 , 

! ) j-.?-. 16.--T ANaHT - & j i t  , - - .' 4,317- . ...... . i -  1 1.458 0.037 - - - - - P .  23 --- - , 3 . - . . .  o6 -- 

. .  .. . ‘  " . . .  w-b.: :~.  . .  . . . . . . - . . . . . . . . .  A .  .END-J .. . r&.&9b. . . .  .-?..85.1- ;. ..@.03?-- ...... -1-.23 -0.93 . 2.78 . . . . . .  
,: \,;I *..-.. J 

17 ' TANCENT ' ." i ' END-1 " -2.880 -0.273 - 0103, " - 1 2 2  - -  0.94 2.78 ' 

b i  I END- J -3.648 -0.273 . 0.037 -1.22 1-05  30 59 
! ;. .. i . . 
: ? I - . - . - - .  . . . . . . . .  . . . . . . . . . . . .  ... . . . . .  .- . . . . . .  --- . . . . . . . . .  .. > ,  . . i '  

P '  : 
. . 

-. . . ------ ........._.._._ - . . . . . . - .  . . . . . . . . . . . . . . . . . . . . . . . . .  - ..... - . . . . . .  - 
a. . 



b I ELEMENT ELEMEM LOAO STATION AXIAL T-AX I f 2 4 x 1  S TORSION&!. Y - A X I S  2-AgI s 
ASE SHEAR MOMENT MOM-EN T MOMENT 

4 
k+NMBER TIP€ C FORCE SHEAR I 

\ .\ 
18 TANGENT ' 3.648 -0.273 -0.037 . 1-22 1.05 -3.59 

10,s  -0.273 -0.237 1-22 O.& 9 3.39 
I '  

19 TANGENT 1 END-I -14.788 -0.254 0-217 -2.63 01-79 -3.09 
EL'!I)s -24.8 28 -0,254 0 .2 - f .  -2.63 4- 18 2.90 ' 

20 TANGENT 1 END-I -21-828 -0.251 0.217 -2.63 4.18 . 
CNOzJ %* a? -- -0.254 . . - . - - 0.217 -2.63 4.51 

3 j l l  
4-28 

1 ,  21 TANGENT 1 END-I -25.322 0.376 0.465 3.69 -13.89 9-33 1:: w"!'? -25.962 0.376 0 .-46 5 3.69 -12.73 8 9  

22 TANGENT 1 ENO-I -25.962 O m  376 0. 465 3 69 -12.73 8-39 
E-KO-_J -28-522 0,376 O_k!?5 30 69 -8,0 8 . 4 . 6 1  1 23TANGENl 1 END-I -28.522 0.376 0.465 3.69 -8-08 4.62 

-31.082 0.376 E!"-,! - - 0.465 - .. 3.69 -3.43 - --.-. . 0.86 - -- - 
24 TANGENT 1 END-I --31.082 0.376 0.465 3.69 -3.43 . 0.86 

-32.362 EN.?_J ,0E37b 0,  -- 465 -- 3.69 -1.10 --- 

25 TANGENT 1 €NO-I -32.362 0.376 0.465 3. 69 -1.10 -1-02 
E!!?T J -1?i8?!-' 0.376 0,465 3.69 1. --- 68 - 

26 TANGENT 1 €NO-1 -33 -898 -0.088 0.181 3-69 1.68 -3.28 
E NO-J -36,458 0.181 3.69 3.50 -2- 43 - -- .. . --- - - . . . . - . . - - - . -?4?I1..8. - --- - - -. ---- 

27 TANGENT 1 END-I -36.458 -0.088 0.181 3.69 3.50 -2-43 
END-J -39.018 -0.088 0-181 3.69 5.31 -- - ----. -- . - - . - -- - -1.52 - .- -------------I 1 1 

v .: 28 TANGENT 1 'ENO-I -39.018 -0.088 0.181 3-69 5-31 -1.52 
I !  END-J -41-578 -0-088 0- 181 3. 69 7.13 
I-'- 

. . - . - - - - - -. -- . - - 
I ' i  29 TANGENT 1 END-I -41.578 -9.088 0.181 3.69 7-13 

END-J -44- 138 -0.088 0.181 3.69 8-96 3.25 I I:/--------- -. --.- - . . . - - .- --- - . . - - . -. -. 

30 TANGENT 1 END-I -44.138 -0.088 0 -  181 3.69 8.94 3.25 .. I ' ENt'JrJ -46.698 -0.088 .-. A- 0.181 - . . -. 3.69 10.75 1-13 - .  I I 
1 END-I -46.698 -0-088 0-181 3. 69 13-75 1.13 " I  I 

END-J -48.234 . - . -- - - - -. . -. - . -0.088 - - 0.181 - .  3.69 11.84 - .- 1-66 * /:I, 
32 TANGENT 1 END-I -48.234 -0-088 0. 181 3-69 11.84 1-66 

-0-088 
) .  

END-J -49.834 3. 69 . 12-97 - - . - -. - - - - . - - -. . . - - - . . - . . . 0.181 - -- . - - - 2.21 - . . -. - - i . !  
!. I 

BEND 1 END-I 2.035 -0. 088 0. 181 3.69 12.97 2.21 
I . : ! ,  

b 

CENTER 0.666 -0.790 0.181 12-35 7- 2 1 4.53 -- !:I 
E N 02-J -0.988 -0.024 '0; 1'8 r - 3 3  8 -2 i78 6: 43 Ili. 

34 TANGENT 1 END-I -0.0 . - -. 0.024 -0.181 13-80 ;1;39 2-70 -6.43 60.73 Pi ' 
END- J 0.0- -5. 864---- -0.181- 13.88 

t 
! I 



. -  . - . 
. . ..----.-. . . ,  .---.. - ..--. _ _ .  -. . _ .  -.., . . . . . .  . . . . . .  

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

i P I P E  F O R C E S  A N D  M O M E N T S  
I ! ELEMENT ELEUENT LOAD STATION AX I AL Y-AX I S  Z-AXIS . TORSIONAL Y-&XIS L-AX1  S 

... . ...... . . 
NU.nBER T Y f ! E C A > E  .-.-: FORCE -- .  SHEAR .- SHEAR . --- MOMENT. MOMENr - MOMENT --. L-. - - 

35 TANGENT 1 END-I 0.0 7.409 -3. 284 13 -68  -1 39 63. 73 
: .  . . .. - . . . .  - ..... - - ... - END-J . . .  0.3 -. . 4.849 -. -0.284 - 13-86 .- -4-22 - --. . 
; . 1- -)-S6 . - .-.: - - . 

3 6  - TANGENT 1 END-I . 0.0 4.849 -0.284 13.88 -4.22 -0.56 . . 

0.0 . 2.289 ,. 
! . - - - -. '.. END-J . .-- . _ - -0.284 --- -- .. 13 -88  - -7.06 . . . . . . . .  -- -36.25 . ' .  
' !  . . ,  37  'TANGENT 1 END-I 0.3 2.289 -0.284 13.88 -7.96 -36.25 

. .  284 . . . . . . .  13.88 , - -  END-J . -- .- . 0.3 - -.- -0-271 .......... . . . . . . . . .  . - - . . - - - - - -90.89 -. -- -- .. -46.33 -- -.---: 
! .  

, . %  38 TANGENT 1 END-I 0.0 -0.271 -3.284 13.88 . -9.89 -46.33 : .. 
2 ! ... - END-J . . . .  OoO - .- -20831 - - -. -0.284 - . . - - - - - . - 13-68 . -- . - -. - - . -12-73 , .. - . -33.82 . . . - -- .  : . . . .  . . 

1 ENO-I 0.0 
. . 

39 TANGENT -2.831 -0 284 13.88 -12.73 
. 

-35.82 
. . .  - -- -- ............ - ... - ... ,- . . . . . . . . . . . .  . . END-J . ........ Om 3 -5.391 ...... - - . -3.284 . - - - - - 13 -68  . - - . - . - . . - . - - - - -- - - . . - . .- - - -15.57 - .., 13.30 .... 

: ' 1  . . 
40  UANCENT 1 END-I 0.0 -5.391 -3.284 P3.88 -1 5.57 13.30 

END- J 0.3 
. . 

i +  . - - .  - .  . . .  ..... . . . . . . . . . . .  -. -- . . . .  -6.671 .. - . . .  -5.284 ...  13.88 -1 6.98 - - - - - . - .  
4:). 4 5 

. . 4 1  TANGENT 1 END-I 0 - 0  -6.67 1 -0. 284 ,13088 -16.98 
/ . I  

43.45 
EN.bJ 0.0 -7 -95 1 -0,284 ,13088 ................. . . . . . .  -1 8.40 . . . . .  . - .  . -  - . -- - - -. - . . . . . . . . . .  " \ -.-.- - .  .......... I :, .---- 77 -01  -- ..-.: 

I .: ; 4 2  TANGENT 1 END-I 8.924 11.974 -0. 284 13 -86  -18.40 77 -91  
1 - i .. .. . . . . . . .  8.924 10.438 -0.284 ...-.... 13.88 -23.13 9.77 . . . . . . . -  - - - END-J ........ .... - . -. - . . -. - .... . - . - -. - . -. - - 
: > :  
: :  :. a . 4 3  .TANCENT 
:..i , 1 END-I 8.924 10-438 -0.284 13.88 .-2 3 * 1 0 9-17 

END-J 8.924 7*878 -0. 284 ..... 13.88 -22.94 
i. : 

. ' , i  . . . .  . . . . . .  .- . .. . - - - - - . . . . -81.8.) 

! :  44 TANGENT 1 END-I 8,924 0.031. -3 284 13-88 -22.94 
; .  

-81.83 :.' 
I . . :  END-J 8.924 -2.273 -0.284 

/ .  j 
+ .  ......... 13.88 -25.49 -71.71 ............ 
9 .  . . . . . .  ... - -. . - . . 

. . 
f .  " ' 

1.  45 .TANG€ NT L END-I 8.924 -2.273 -0.284 13.88 -2 5.49 -71.71 
. . . END-J 8.924 -4.797 -3.284 

. . 
. . _ . .  13.88 -28.29 -36.86 . . . . . . .  .-.... .. .......... . . ... - - . . - . . - - - - i . . 

' i 46 BEND P END-I 8.924 4,797 
, 8 

0.284 13. 88 28.29 36.86 
: . i  CENTER 10.273 1.482 0.284 23.76 21.36 .. .. j " r r . -  11.19 30.6'3 . . 
1 I ENO-J '- - ' 10.413 

.'. 
-2-297 01284 33.23--- 31. 29 . - . . - . . . . *. ! 

47  TANGEMT 1 END-I 
8 + 100413 . ........ 2*207 -. -0.284 33.23 -11.19 -430 -31.29 56 -.------: , 
' " , 967 ............... END- J '- 

. 
0.653 -3.284. 30.23 -13.62 PA-- . ,  . . 

: ' t  
1 END-I ; i2%.-'?E!!!?r -- .- . . I . .  CENTER ' 

I ;  ENO-J , - -  4ri.-f*NGENf - .. ' .. ' 

i ; .  i '1 - END-I 

i . !  END-J 
- .  , . _ _  
: ! 50 .- T~NGENT 1 EYD-I . 

%.I,: : . - +.END-J - 1 
5 1  TWGENT t END-I 

b i ENO-J 
5 . .  

' b  



" .  . . . . . . .  -. ------ - -. - - - - , - ,  
, . . . . . . . . . . .  -__ . _ _ _ _  . ._ - - . . .  _- -..-. . . . .  ...-. -. ..... 

@ I  
P I P E  F O R C E S  A N D  W O M E N T S  

@ f ELEHENT ELEMENT LOAD STATION AXIAL Y-AXIS 
. . . . .  . . , N U M 8 E R  - -.--TYPE - C A S E  . -.. FORCE .- SHEAR 

52 TANGENT 1 €NO-I 0,284 4.578 
-- - - - END-J - 0.284 . 2.018 .. . . .  - ..- . 

53 TANGENT 1 END-1 0-284  2-018 
_. END-J 0.284 -0.798 . . .  .. . 

Z-AXIS YORSIONAL Y-AX I S Z-AXIS 
- .- - . - . SHEAR nocr~nr M ~ M E N T  ----- WOMENT . .- - f 

. b mi .i 54 BmD 1 ENO-I 
: :  - - - - -- - - - . - - . . - - - - - . - -- - . CENTER 

ENO-J 
- .  

I 55 TANGENT - - - 1 . . END-I r . - - -  
ENO-J *: . i  

I '  56 .BEN! -1 - . ENO-I 
CENTER 

ENO-J 

57-rAHCEWT ' " 

. -  
1 END-I 

ENO-J 
; ! , -- - - - - . . si . - . 

1 ENO-I i CENTER 
. _. 1 . C  END-J ! .  i 

0i.i 59 TANGENT 1 
... 

a ' ---- - . 

END-I 
ENO-J 

a 60 TANGENC 1 END- I 
ENO-J . 

' 'CIJ 
' 61 TANGENT 1 END-I 

END-J 

ENO- I 
END- J . - . -  -. 

63 TANGENT 1 
. -- 
! - I  

ENO-I 
ENO-J 

@:- I  64 BEND 1 END-I 
' .  ,.l I CENTER 

END-J 
.. - 

65 TANGENT - - - - - - - . 1 ENO-I 
a~ I ENO-J 
, !  

; :--- 66 TANGENT - .  . -. 1 END-I 
END-J r n .  - 

. .--.- 67 BEND I END-I 
8 CENTER 

: END-J 



- - - - - - - - - - . . - . - - - . - . . . .  .- -.- . . .-... -. . - . . . . . .  - - . . . . . . . . .  - ..  - . . . . . . - . . . -  . . ... . . . . - . .  - . . . . . - . .  - ..... - . .  - - - - . . 
b * 

I P I P E  F O R C E S  A N D  M O l i E N T S  

ELEMENT ELEMENT L04D STATION A X  1 AL Y-AXIS Z-AXIS TORSIONAL Y-AX1 S Z-AXIS 
N U ) ( _ B E R _ T Y P E - C A S E . . .  . FORCE .- . . .  SHEAR SHEAR. MOnENT ' . MOMENT .. MOMENT 

1 : 6 8  TANGENT :1 END-I 7.476 -6.454 3. 106 -2.48 -1022 -13-19 
! I j  ......... ...... . . . . .  - - - ......... - ..-. END-J ...... 8.262 -, .- -7 -241 3- 136 . -2a48 -a-7b. .  16-56 
1 . 1  

6 9  BEND 1 END-I 8.262 7.241 -0; 106 -2.48 0 -76  -16.56 

1 :  CENTER 10-868 . -  3e 722 - 
- - 0.136 ---- 2 -34  .... 1- 45 -27.52 ....... 

END-J 11.967 -0.719 -3,106 -1.37 1.92 -39.57 
t ! .  : 
i 70 . TAYCENT. - 1 ENC-I . - 11-967 ..... - ........... . I ,: 0.722 3.136. 1 -37  -1-92 33.57 

END-J 16.941 0.722 0-196 -1.37 00 t 3  16 -54  
);. . I  

: ~ ~ - - ~ A ~ G E N T _ - - -  -._ END-1 16-941 ......... 
I .. i END-J 190501 

) :  . !  

I :  
! .. : 7?-.. .!!E.Nf!. .I- . END- I . . .  19.501 ,.- -oeS7l . . . . . .  -3.455 - I *3 r  .- 3.66 . , .  -8, 65 
I .  ! .. : CENTER 13- 599 -14.406 -3,455 1.42 3-06 0.61' 

1; . i  END-J -0.571 -20.104 -3.455 2.98 9 - 6 9  22.03 
: I i - I  I ,, -1.3--T .AH.e ENi . . . .  .- - - - -a*4..55 . . . .  -. - .... ... 
. . END-I -0.571 4.065 2-98 3 -69  22.03 

b ;  ;: END-J -0.571 3.407 -3.455 2.98 -5.48 12-63 
.......... -......... ! .. i -.-- -- . i---.-b-  EN^ ' ' - .. - 3e4,37 -2.96 

I :  1 END-I 0- 034 -0.074". - -12.43 -3.48 ~ 1 : :  CENTER -0.307 -0.081 20 739 -1.51 -4.61 -3.27 
- - - - - - - . . - . - - - - . -. - . - - . . END-J . -0.347 -- - -0.067 . ..... 2.071 ... - . -- .. -1.94 ..... -. . .  21 7 3 . - . . . - - -0.08 

D l . . ;  75 TANGENT 1 END-I -0.046 2.371 3.067 -1 9 4  -0.08 -2.73 
i . !  END-J -0,046 0.246 ... 0.067 ... . . . .  ....... - ... -1.94 -- 0.43 . - .  -13.98 
I r- - i :a i 

7 6  TANGENT , I:,  , 1 END-I -0.046 0.301 0.067 -1.94 0- 43 -19-98 

: END-J -0.046 -1.363 0.067 . . - . . -. -1.94 ... - .. .- 0.83 ....... -7.53 . . .  
i .  

0 :  j a 77 TANGENT 1 END-I -0.346 -1.363 0.067 -1.94 0 -  8 3  -7.53 

L. 
END-J -0.046 , -2.131 .... . . . . .  . . . . . . .  . ...... -. 0.067 -1.94 . . . .  - - -- -- 1-03 -2.29 

I 
i 78 TANGENT 1 END-I -0.046 -2.131 0.067 -1 94 1 0 3  -2.29 

. . 
I L -- . . . . .  END-J ...... -0.346 ....... . ......... -2,387 ... -. 0.067 -1.94 - - - 1- 19  -0-04 

I : ' ]  ) , .... 79  TANGENT 1 END-I -0.046 -2.387 0.067 -1.94 1 -13  -3.04 
i I ... END-J -. -0,046 .. . . . .  . . .  -3-155 . . .  ..... - - - .- -. -. .- - - 0.067 -1.94 -- . .- 1.33 - - 8 -20  
i .  ! 

) i s . ,  80 TAWCENT 1 END-I -0.046 2.485 0.067 -1 94 1-30 8.28 
I. i !---.-. .... ...... ........-. END-J 1.333 00067 . ........ ......... -0.046 - . - . - - . - - . - -1.94 1.60 - - -3.3 1 

D!.,: I 8 1  BEND 1 END-I 
CENTER 

END- J " - 

82  TANGENT 1 END-I -- - . -- .-. . -. --- . .- - - . 
END-J - ....... . . . . . . . . .  ..-....... 

. , 83.- TAMGEUT . ? END-1 
END-J 



P I P E  F O R C E S  A N O  M O P I E N T S  i -. 
. . 

ELEMENT ELEMENT LOAD STATION A X  I AL Y-AX1  S Z-AXIS TORSIONAL Y-AXIS Z-AXIS ' 4 - TYPE --CASE. Y J W E ~  - - FORCE SHEAR S ~ ~ E A R  . . MOMENT n o n ~ ~ r .  MOMENT . . . -- -- - - 
I 

0.01 3.75 84 TANGENT 1 END-I 28.828 33.344 -0.013 -19.16 
: I-.. - .. Elyo-J 70.773 .. . -37.776 - . - -09013 . 0.01 -.--.- 9- 3l .... . 52-81 . . . . --- , 

8 5 BEND 1 END-I 68.492 41.770 -0.013 -0 26 0.17 52. 87 
I !  CERiTER 77.395 -3.013 -- - - -0- 2 1 . .. 0*21 - - . . 13.34 - .  - - 221 196 

Eldo-J 80.801 0.887 - i )  0 13 -0.15 0. 24 -5.43 

.- - -- -- -- 86 .?ANGENT ! . E lm- I  . . 80.802 0.826 - ... -I30o13 -0.15 3.24 
I EMD- J 86.272 -2.401 -3.013 -0.15------ -0- 09 

BEND ,. 1 E M - I  -3.954 3.785 -J-oJ2 . . . - . -0- l5 - . -3.09 , - 
CEHTER -2.754 1.996 -3.002 -0.17 -0.01 

EHD-J -1.402 2.435 -0.002 -0.16 0.07 
I 
} -. -- -- - - - - . . . . . . - .  . . - . - . . . . . . . - . . . . -. . .- 

" i 88 TANGENT - " -  I-'' EHD-I -1. 398 2.437 ' . - -3.002 -0.16 0.07 ' 4 -51  
EHD-J -1.398 -0.123 -0.002 -0.16 0.04 -7.07 

'. ! 
;- . . . - - . - - - . . . - . - . -. - . . - - - . . -. - - - .- - 

.* ! 89 TANGENT - - ' 1 END-I -1 0398 -0.123 . -0.002 -0.16 0.04 -- -7.07 
. ,  END-J -1.398 -2.784 -3.032 -0.16 0.02 6-03 
. . 

&--- 
1 €KO-I 9 0  ' TANGENT -- - - -  - 

END-J 
.. ; 

9 i  -. .TANGENT '- - 1 E ~ D - I  
. . EVD-J 

3.- ' -  . . a 92"TANGENr I EUD-I 
I EHO-J 

. -* 
9 3 8ENO 1 END-I 

0 CEYTER 
. - .. . EYD-J 

94 TANGENT 1 E'JD-I 
. . . . - - . . - EVO-J 

I " I 
9 5 BEND 1 EVD-1 

- - CEYTER 

. I  END-J 
. .' ! 
. I 

. - - -- -- . 96 TANGEN1 1 EYD-I 
. . END-J 

I 

.- 9 7 BEND 1 END-I 
CENTER 

END-J 
. - - - - - - . 

; .  I 98 TANGENT 1 END-1 
MO-J 

. . . . 
8 

. ! 
99 TANGENT I E ~ D - I  

€?ID-J 
. . 

I 
- -- . - - -. . . . . - - - -. . - - . . . 

1 # <. 



,- .. - ............... -. ....-..... .... . . .  - . . . . . . . . .  .- ............. --- - ... - - . . .  .------ 

P I P E  F O R C E S  A N D  M O M E N T S  i 
i 
j ELEMENT ELEHENT LOAD STATION AXIAL Y - A X 1  S Z-AXIS TORSIONAL Y-AXIS 2 - A X  I S  

FORCE . SHEAR MOnENT MOMENT . - .  NUMBER TWE---CASE ..... . ... . .... .... .-- . SHEAR - I4OMENT .- - - - - . . .  
: .  
. . 
: I 100 TANGENT 1 END-I 0.431 20 136 -0.032 -1.60 -3.57 5.33 

I I 
f ; i . .  .. EN0-J - _  0.331 . . . . .  o*602 . . . .  -0*032 .- lab3.. . -3.75 -2.92 .- . - ... - - - - - -- - 

101 BEND 1 END-I 0.331 0.032 3.622 -1.63 2.92 - - -3.75 
.... . . .  . . . .  CENTER 0=045 ......... - 00003  . -0.406 . . . 1.32 3.45 eJ.82 - . - . . -. - . . - -- 

END-J 0.332 -0.031 2.28 . -1.79 . -3.75 
I 

& .  . . . . . 2  102--TANCENl. .., --1 ..  END-I . .  
i I . 
I .: END-J 
.. i 

I .: iP-lw-- -.BENO-- ..... L. ... END- 1 . . . . . .  ?.szz . . . . . . .  2.689 - _ -0.031. -. 2-28 ...... 2.63. . -12.34 ...... 
! .  ! 8 .  CENTER 3.828 0.402 -0.031 2.G2 -1.22 -13.98 . . 
, . END-J 3,292 -2.422 -0.031 0.55 '-2.32. -12.77 . . 
I i _________ ._ . . __  LM TAY6cfiT..-""-.- . - - .  . . .  . . . .  - - .- - -. .. .- .. -. . . . - - . . - - - - - - - - 
1 I 1 END-I 3.292 -0.03 1 2.422 0.55 -12.77 ‘ ' 2.32 

8 .. : 1 END-J 3.676 -0.031 0.55. -9.13 2.37 .2.422 
1 .. I 
. 4  I 

8 ~OS---TANGENT - - 1  €NO-I 3,676 
I ! . :  

8 .  

END-J 5.468 

11.. i S T A T E C  S O L U T I O N  T I ~ E  L O G  
I 

' 8 .  
EQUATION SOLUTION = 3.96 

' ' DISPLACEHENT OUTPUT 0.98 '. ; t STRESS RECOVERY = 3.93 



--.-- -.---- . .--_ __.____ 
b N C  C C U E h T . S  R t z ~  Td  . 

4 
€LEPER1 ELEPER'T t C E C  STAT 1GN PXldt- - Y & d X  1.5' Z i b X T S -  tM(S-IMPitt ~ . -Y-AXIS L-AX1 S 

NCCBER TVPE CASE FCRCE SHE bR SHE4R Y.ONENT KOFENT MOMENT 
I 

. 
........ . . . . .  ----- - . . - - - . .-- - -. 193 ; .86 - - - - -  .- 1 TAYGEhT 1 EhC-I -4.272 -7.053 3,546 -66.62 

-. 
-43.34 

ERC-J -4 .272 -7 .353 3.546 -66.62 -38.02 234-44  I 

lrhC 1 ENC-I . .... -5.,27 - .. - -,- 5.968 . - . -. - - 3. j72 4 1  .49 ~. -28.67 .--- .- 8.35 
.. - 

CEhTER CoCt6 7.774 3.372 12.77 -40.67 -12.99 . 4  
...... E h C : J  .. 5.568 ...... 5.027 ...... - 3.372 -16.02 -28.84 .-. - . -  . -32 -87  . . . . . .  . - - . . - . - . - - 

: 9: i 

, - 

i 7 TANGEhT 1 ENE-I 5.568 5,027 3.372 -16.32 7.40 -86.91 4 
E N C r J  --.- 5-568.- . 5.027- 3.372 -16.22. . - 3 3 - 5 3  -A_-- -125.87 2- 

= I  

, I 

8 BEhO 1 EkC-1 5,468 5.027 3.372 -16.32 33.53 -125.87 4 
. . .  .... - ,  - - - -  CEh:lEQ- 7 . 7 7 4 .  -:;.666 - 3.372 16.39 --. . ............ ... . 4 3 - 9 8  .- .- -132.64 -- 

" I EZC-J 5 . ~ 2 7  -5.SC8 3.372 46.18 28.67 -122.34 

--- ........... ......... . .- . --. . - . . - 
- -- 2i,7e 3 TANCEhT I ENC-I -5.C27 5,968 3.372- 4 1  - 4 9  -36.25 

-- . 

E ~ C - J  - ~ - J Z T  s .9 te  3:372 41-49 -28.67 8 - 3 5  I 

. . 

" I 1 3  TIIXGEKT . 1 E hJ C=I -1C.240 - 1 2 0 J 8 J  __ 3.174 
4 

-25.31- 
EhC-J 

-4-51---. 
-1C.i4G 

246- 18 
-12.C80 u.174 -25.31 6.43 377.54 P ' .. L - L 4 -  , Ey(i-E T l---ENC- I - 1 2 , ~ 8 3  - - -15.249 - -*.* 174 - 6*43. -25.31 -317.54 Y . 4  . . . . . . . . . . . . . .  

-39. 1 8  - -- -- - a 
- 1  ENC-J - 1 2 . i 8 S  -1C.24; -i.. 174 6 - 4 0  -90.84 

6. I - \ , 5 - J a > G j  h T 1 - . E ' ' C Y I - -  C .iOS I .30j - .- 3.25.9- _ O*,J?--- -3 .03  . a- 09 -- .--- - . ; 
EKC-J C.iO3 C.203 L .OC3  -C).30 5.03 -0.33 

, - ---* * 
' 1  " . 1 6 - - J . ~ l y ! 5 E . T 1  EhC-! -__--- - - 4 
* i 

17.286 17-504  .- .. - -  27.44.--- 90.84 - fiL.-- 1.157_ ~ 1 4 . 1 1 -  _ 
! 

EKC-J 17.286 L 7.534 -1,157 -14.11 -61.03 -417.12 

,.' I 
OI 

21 .4?1  - 4 
,- r--l-7- ? b ? . ~  h.1. ........ 1 €kc-[  . . -  -12.085 . ,- 1- 1s7.-.- -62-  5 9  -- -- -- .- - -2 -42 .  -- -417-12 _-- - . - - .  .- - . - -- - -  _ 

€LC-J 21.431 -12.083 -1.157 -62.59 -5.89 -380.88 
I 4 
' I -  - - -- . - - ........................................... -. - . .- 
.. I 

L - 
4 

- - - - _ _ . _  - -  . - .  _ ._ __ _ _ 
-*---*- - - -- - . I A 



- --- - - - - - .. 
-- ..... -- ......... - ... - ...... , ..... ...... . - .- -. -- ......... ..... . . ..-.-- 
P I P E  F C H C E S  A ~ I C  u o n ~ h : r s  

ELECIEk.1 ELEYEh l .  LCbC STATICh: 
. . 

b X I b L  Y-AXIS Z-AXIS TORSIGNAL Y-AXIS , L-AX1 S 
H C C R E Q  T Y P E  ChSE FGicCE ' SHEA* SHEBR PlOCENT MOMENT MOMENT 

- - .- . - . . - - . - - . - - - - . -- ........ ........ ..... . .- . - . . - - .- . . - . . - - - - . -. - - - 
18 TbNCihT 1 EhC- I  -21.4?1 -12.3t?3 1.157 . 6 2 - 5 9  -5.89 383.88 

EkC- J -21.431 - 1 2 . 3 8 ~  1.157 62.59 24e.23 694.95 
- ....-............ . . -- -. . - - . . -- - . - . . - - - - - - -. . 

1 9  TbVGEhT /j/ E M - I  27.3SF -7.953 2.214 - 1 5 3 0 9 0  - 1 2 0 2 3  .--. -671.75 
EhC-J 27.399 -7.353 2.214 -103.90 48.66 -,477.79 

- .............................. . . . .  ... .-.. .- .. . 
2 0  TbNCEhT 1 EkC-I 27.3SS -7oC53 2.214 -103.90 48.66 -473.79 

EhC-J 27.399 -7.053 2.214 -103.90 51.99 -467.21 
. . .  ......... . _  ..... . - - -- -. . - 

1 EKC-I 
-. 

-27.,47 
3 

-5.723 5.556 -98.83 -41'0.57 -4280 5 3  
EhC-J -27.L47 -5.720 5.956 -98.83 -397.93 -414.23 

- - -- . - - . ...... -- . . - - - . - -. . ........... s..,56 
2 2  TANGEhT 

- .- - . - - . .- - - - - - 
1 EKC-I -27.547 

) ... -5.72:) -98.83 -397.93. -414.23 ENC-J -27.547 
I i -5.722 5.056 -98.83 -347.37 -357.03 

.......-. . .  .. .- . . .  . .  - .  ... - . -- .... . 
1 ENC-I -27.247 -5.722 5.056 -98.83 -271.54 -271.23 

EhC-J -27.347 -5.720 5.556 -98.83 -241.21 -236.91 
I ... ....... _ . . - -  . .- . .- - . s6 .  - . - . . . . .  - ---. ... 

2 6  74NCEhT- 1 EKC-I -27.547 -21.456 -98.83 -241.21 
- - -. - 

-236.91 
' EKE-J -27.347 -21.456 6.756 . -9e.83 -173.65 -22.35 

:.I I -- -- ..... - . . . . . . . . . .  . . . - .- . - . . . . . . . .  1 2 7  I A N C i h r  1 E K C - I  -27.;47 -21.456 - 

;. i CNC-J -27.C47 -21.450 
! L ..... --. 

B ;..; 2 8  TBNCchT I EhC-I  -27 . i47  -21,456 
ENC-J -'27.;47 

8 i -21.456 

- - -- - . - . - . 
-2 7 .?41 -21.456 6,756 -98.83 9 6 - 5 1  . . e 3 5 . e i  , :  

ENC-J -27.047 -21.456 6.756 -98.83 137.19 9 6 4 0 6 0  r .. 
0 

. . -. - . y : . 
-ii.*.45.6 

9 if70i d----. ENC-I -27 . i47  6.756 - 9 8 i 8 3  964.60 - . ,  - 
B "  EkC-J -27.;47 -21.456 6.756 'W 179.33 -98.83 1098.70 . . - i )-. ... - -  .... --.. ......... 

AEhC -738 i 8 3  .. 3- . - . . 
1 FNC- I  -27.ii47 -21.456 6.756 1 0 9 6 . 7 ~  

- 

CENTER -34.296 3 . 9 5 3  60 7 5 6  66.81 223.57 1134.95 -@ a , 

! - 11 ------Ehi!i-J - 2 1 - ~ 4 _ ! 6 ~ 2 ? ~ ! ? 4 7 . - .  ..-.-. $:?%----.- 213. .- 10 _ . .  ---I.:T 132.61 _ . .....- 1070.75 ...... .-_.> .- ... -.. . ._, -b 
" I  9.. 

.. I 
3 4  TbN6EKl 1 L K C - I  -21.456 -27.047 -6.e756 2 1  3. 10 -132.61 -1079.75 . 'U : .  

. . . . . . . . . . .  .... . . ENC-J _ -. . -21.456 -27.047. . - k l 4 6  3 7  . -  -s48,a:!--: 
. , 

I 

............... .-.... ...... ..... .... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ _  ._ _ . . 

. . . 



-. . - -. .--.A,-- . . - . .... . - . - . 
111 

. -  . ----------..- - - - - - - - - - - - .  .. .- . . . . 
- - - - . - . - - -- . -- -. - - - - - - . - . - . .. .- -. . . - - .  . - - - - - . - - - *-. . . -. . ------ -. 

P I P E  F C M C f S  4 t ; C  V C Y E h i S  • 
ELElEhT  ELECEhT LCPC S T d f  ION b X I b L  Y-AXIS Z-AXIS TORSIONAL Y-AXIS 2-AX I S  

TYPE CASE FCRCE SHE4R SHEAR flOClENT IrlOKENT MCVE N 1 
- -- -- -- . . - -- -- - ~ . - - . - . . - .- . . - 

* -  a 
. . - . . - . . . . 7 

3 5  TONCEhT 1 ENE-I -21.456 -27.047 13.Se8 213.13 -287.99 -448.67 
EhC-J -21.456 -27.047 -148.11 -178.21 13,988 213.10 

-- - . - -- - . - . . . - -- . - . - - . . - - . -- . - . . . . - . 
4 

- 
3 6  TbNGEhT 1 E k C - I  -21.456 -27.047 13.988 -178.21 213.13 -148iii'p. 

EKC-J -21.456 -27.047 l 3 0 S 8 8  213. 10 -8.24 92.26 I :  4 
-- -- - . - - -. . - . - . - - .  . - - . . . . - .. . . . . - - . 

3 7  TANCEhT 1 ENC-I - 2 1  - 4 5 6  -27.047 13.988 213. 13 -8.24 92.26-- 
ENC-J -21.456 -27oC47 13.988 213.10 131.64 362.72 

. - . .- - . - - -  
4 

. -- . - .. - . .- . --- - . 
1 E ~ C - I  -21.456 -27.047 13.908 2 i 3 . 1 ~  1 3  i. 64---- 3 6 2 . ~ 2 ~ -  

EHC-J -21.456 -27.047 13.988 213.10, 271.51 633. 1 9  
- --- . . -- - 

4 
- - . . - - - - . . . - . - .  - - - . . - - - . .- . . - - . . . . - - - - - - - . -. - -- . . 

I I 3 9  TAVGthT 1 F h t - I  -21.456 -27.347 1 3 . ~ e 8  213.10 271.51 633.19 
. I  
I EhC-J -21.456 -27.047 13.988 213.10 411.39 953.66 4 

.- . . .  
l3.sfii---' 2 1 3; 1 0 - - -  

--- 
TbNGEhT 1 ENC-I -21.456 -27.047 411.39 903.66'- 

EkC-J - 2  1.456 -27.047 13.988 213.10 481.32 1038.89 . - - - - - - - . - - -. . 
4 

1 -  ' - ' --.- . . 
r b ~ t t h ~  1 ENC-I -21.456 -21.047 13 .96~-  Z l 3 . i ~  481.32 1038.89 

ENC-J -21.456 ' -27.647 13oSE8 213.10 551.26 1174.12 
-- - 

4 
-- - . . .. - 

1 ENC-I -215.244 67.335 13.988 2 1 3  .'lo 5 5 i . 2 6 " -  1174.12 
ENC-J -215.244 67.335 13, 9 8 8  213.10 635.19 770.11 
. . - - -- . - . - -- - . - . -. . -- - - - - -- 

. 4  
. - . . .  

1 EhC- I  -219.244 67.335 13.988 213.13 635.19 773.11 
EKC-J -215.244 67.335 13.988 213.10 775.06 96.77 4 

- -- - - -  -- -- :i + . . - . - . . -. 
. r, 44  TbNGEhl 1 EhC- I  -219.244 78.272 13.<@i! 213.10 775.06 96.77 

EKC-J -219.244 78.272 13.988 213.13 90J.95 -637.68 ' .  4 
: i 

, - - -- -- - - -- .- -- -. - -- . - -- 
4 6  e E ~ C  1 ENC-I -214.244 - -78.272 -13.988 213.-15-. - 1 0 3 8 . 8 5 -  .-. 1379.36 

CEhTEQ -232.508 11.585 -13.5e8 -235.98 -1068.09 1445.68 
E k c -  J.- -21:-378--- . --. 99.678 - . -13.988 -634.36 -934.73 1 3 3 5 * 0 3  - 

. 4  

. j 
I 4 7  TANtEhT 1 ENC-I -2 lC.375 -99.682 13.988 -634.38 934.72 -1335.03 

EhC-J -21;: 375 -99.68.2 -13._9e8 - 634,38 
4 

-479.33 1054,7?-. ... 
b 

1 ENC-I 4 8  f!EhC -2117.375 -13.988 -SS.682 -004.38 479.33 1054.79 - 4  
-151.639 -. - - CEhTER--- - - -  138.878 -ss.cez - -234.38 413-85---  -- 796-  1 1 -- - w 

EhC-J -13.S60 21A.377 -99.682 -19.57 105.93 72.71 -- . j J-b 4 . - 
T A N C E A ~  1 EKC-I -12.588 __ , 7e.272 -219.244 - 1 9 , ~ ~ .  1 2 6 . 3 3  _ -23.47 -- & 

E ~ C - J  -13.988 ' 78.272 - 2 i s . 2 4 i '  -19. j 8  -1627.65 -649.64 C- 



/ ..--- -- ---.- - - --. 
P I P E  F C R C E S  b K C  Y C C E h T S  

ELEPEkT ELEVEhT LCBC STAT IOX B X I b L  Y-AX I S Z-AXIS TGitSIONAL Y-AXIS 2 - A X  I S  
KCC8ER T Y F E  C ~ S E  FCRCE SHEAR SHE 44 XORENT MCPENT MOMENT 

5 \ - - - -- -- -- - - - - - - . . ..... - . . . . . . .  -. -- . - A . . - - -- - - 
I 5 2  T A V G E ~ T  1 ERC-I - 1 3 . 5 e ~  -9.595 33.263 -19.38 -606.82 -433.43 
. i EhC-J -13.see -9..585 35.263 -19.58 -214.29 . -304.59 

. . - - - - -- -. . . . - . - . . ....... 
5 3  T1NGELT 1 EhC-I  

~ . .--- . . - - -. - - . - - - - - -- - 
-13.sea -9.585 34.263 -19, 1 8  -214.22 -374.59 

I ENC- J -13.588 -S.585 39.263 -19.38 217.69 -199.15 
- - . - .- -- . - . . . .  .- . . . . . . .  .. ..... 

Ehc-I 
- -- . ---. - - - - - - -- . - - - .- -- - 

-13.5e3 39.263 4,585 -19.58 -199. 1 5  -217.69 
CEtiTER 17.872 37.654 9.585 -14r).28 -93..44 . -376.99 . 

......... kC:J ----. 35.263 .. 13.9@8 9.585 - 1 5 1 . 2 3  6 7 - 0 1  -.-.. -483.94 - -  i i  5 5  T4NGEKT ENC-I -83.726 -9.585 13.988 -151.23 483.94 67.01 
. . . . . . .  - E N C : J  -83.726 -9,585 .... 13.968. --:151-23 7 9 8  6 6  ...... -- 2 8 2 0 6 7  

' i . . 
i 

I 5 C eEhD 1 EhC- I  -82.726 -13.988 -9.585 -151.23 -282.67 798.66 
..... -, . -327.85. - E N T E R  + G . C S ~  4 9 . 3 1 2  -5.ses.- - -  -126.83.. 725. 5 5  

ENC-J -1 j . se8  83.726 -9.585 --3'30.59 13393.3 449.97 

-1':!.752 - _  1 5 U N G E h T  l - . . E N C r L _ r l ? * l I 2  -83.726- -368.06 . ,  4 1 9 - 8 8  -103-  30 ._ 
ENC-J -13.112 -1C.752 -83.726 -368.06 ' -1043 0 6 8  84.26 

= I  - 
~_-BU_E~CZI -+=ses 13-9ee.  -e3.726 ... -1305.18. . 456.18 8 4 - 2 6  ;I- CERTEQ 3.113 l t - 6 6 8  -83.726 -424.99 944.53 65.21 

ENC-J i?. se e 9.585 -e3.726 339.59 879.59 48.90 
I - -- -. . - . -- .. - - - -. . . . . . . .  . .- . - - --A - 

I > ,  

* -. - . - - - - - .--- 
I I 5 9  TbNCEhT t FhC-I 9.585 -83.726 13.setl 079.'59 --. 48.90 33i). 5 9  

ENC-J C.Se5 -83.726 13.988 879.59 89.89 575.91 
. . . . . . . . . . . . . .  . . . e7c;s . s . - -  . ' -- 

6 3  T A N C E ~ T  1 ENC-I s.:es -83.726 i3 .se8 8 4 - 8 9  575.91---- 
EhC-J i;. 585  -83.726 13..988 . , 879.59 I +5Lw- ....... 919.81 

. , / - ---_ 

i i .- ---- ...-... -- . . . . . . . .  ....... j - ;  . -. . -- . . - - --- - - .. - ---. - - . - - - .. - . - - - - - - 
t 3  T4NGEhT L ENC-I - i2 .450 54.347 1 244  -39.91 -17.32 . 466.34 

j . 1  
i I ENC-J -12.45t 54.347 1.244 -39.91 -7.59 
: . I  

50.67 
......... . -. - . . . . .  -- .. . . 

t 4 REhO 1 EAC-I -1.553 -55.733 -1.244 -49.61 -1.47 - 5 3 . 6 7 -  ' 4 CEKTER -4C. 5C5 -38.313 -1 2 4 4  -33.87 2 3 - 9 0  144-  11 id I 
-1.243 3 4 - 3 9  

I .. , - --~.!"C: J ----- -55.733 . - 1.559 - r e :  To-.-- 220.25 - 

t 5  TdNGEhT 1 EAC-I  -55.733 1.244 1.553 -6.73 -223.25 3 4 - 3 9  
c. 

- E N C : J - .  -t55* 733  .- - 1.244' 1.559 - . * .... -- --4- .!0--- -19?*09 15. 72  P: 1 - 1  t b  TbNGELT 1 FNC-I -55.733 1.244 1.553 . -be  7 0  -197.03 1 5 - 7 2  
1.550 rY i .' I---.----.. ..St- J .. . . ...- . . .  ....... - 5 5 * ? 3 2  . - - - .- .. --,..- . - - -  . *.*-. . ,, . . .  1.24.4 - . . - ..., - 6 ?  70 - - - zw-4 .3  -7-2' -- -- 

! - **= - - ;:., 
I-! 6 7 BEhC 1 ENC-1 -55.733 1.244 1.550 -6.70 -168-43 -7.21 
1 I. : 1.550 ' . - -. -51.215 . . . . .  c E h T  En. .. 22.477 ,- . , -  .- -70.05 -150.09 

*55,-,-- - -1.2 ; 56 
-33.80 --. 

i : i  ENC-J -3e.531 4c.288 



Y-AX1  S 
SHEAR 

2 - b X I S  TORSIQNAL Y-AXIS 2-AX I S 
SHEAR M O ~ E I J T  MOl!EUT MOMENT 

r -- - 
6 8  1ANGERl 1 EF:C-I -3P.53: 

I ENC-J - 3 e . 5 3 ~  ~ 

.- -. - - - 
-38 5 3 0  

CENTER -51eC12 
- . -  E h C - J -  . -55.733 

7G TANGthT 1 ERC-I - 5.733 1 244  1.553 -16.09 -152.72 -354.27 
_lCiC:J -35.7?3._-- 1.244 1.551 _--I6001 -122.64 -378.45 -- 

- I  

7 1  TANGEhT 1 EAC-I -55.733 1.244 I. 553 -16.00 -122.63 -378.45 
-- -- - .EPIC-J -.55.733 . - 1 - . - 1 5 5 . .  -160  J3 -107.10 . ---390-89 . . . - --  ,- .. 

7 2 e E h C  1 EhC- I  -59,733 -6.295 -1.966 -16.20 -134.22 391.67 
-85.87- -64.47 ..- 367. SJ . -- - . 

ENC-J - C  - 2 5 5  55.733 -1.966 -107.17 13.05 338.51 
I ., I 

I:./ 7 4  e ~ c  i .FF.C-I -7.315-.-. -s.53e - 55.733 -107.40 - -165.11 - 8 - 3 3  ,- 
- I  CEhTER -11 .836 -4.77 J 55.733 -138.31 45.36 27.13 

ENC-J -11.771 1.268 55.733 -58.17 253.69 31.78 

1 . ----- c: .. 
! - .  7 9  TbYCEhl  1 -11.774 . I E h t - J  -11.774 I _ r ' G E h T  1 ENC-I ENC-J - - - - -11.774 -11.774 -. . 

1 . 1  - .  - -. - - . - 
e 1 P E ~ O  1 E ~ C - I  -11.774 - ~ 6 7 . 4 6 4  

: u !  CENTER -021.715 -€.IS.C05 
. I '  - .. . - - - E ' 4 C : J - -  -867.464 -- -. 11=774 1.244 ?? 1! 64.89 . . - - - . . 579.37 & 

I-!- - - - - - . - - - - - - - -. -- - - 
& 

.. 6 E2 TANGEIT 1 E I C - I  -3 1.369 1.244 -11.774 5.71 579037  -64.89 
! - I- -CNC:J--. -- -31- -3 tS 1 - 2 4 4  .-. - - l i 9 ? ? 4  -- * . 2 8 3 - . 6 0 -  -_- -96.47 . .- . - A - 



i ELECENT E L E C C - ~ T  L C ~ C  S T A T ~ O N  A X I A L  Y - A X [  s I - a x 1 5  TCRSIONAL Y-AXIS z -AX  IS 
i NcreEn T Y F E  C ~ S E  F C N C E  S ~ E A U  S F E A R  MOMENT MOMENT nonEN1 

6 

f 
- -. . . -- - - - . - . ---- . .. -- 

8 4  TAXGENT 1 ENC-I - 1 7 . t t 7  . 26.387 11.774 -89.3.7 -441.90 972.61 -, 
. . 
I EMC-J  -17. ~ c . 7  2 t 9 3 e 7  11.774 -89.37 -59.16 114.84 

. - .  -- . - - - .- . . -  . - . - - -- -- . . A - .- . - -- - . -- - - 
-31.369 -1.244 11.774 5.71 -13'6.77 114.84 

CENTER -3C. 592  7-05; 11.774 -20.53 -89.33 110.95 . . 
E h ' C r J  -.27.t61 . - ..14.847 -11.774 . -4L.12 - . 65.63 9 6 - 3 3  - - - - - p L  

' 1  8 t  T I%GEh(  1 . ENC-I -21.648 14.868. 11.774 -41.17 -64.99 9 6 - 3 0  I - - E N C - - . J - - - 2 7 . t 4 4  _-- 14.868 : 11.774 _ 41.-.11--- 227.07 - 2 7 2 - 5 2  - , 1 @ 7  BE.0 

. . 

1 E h C - I  -27.t62 14.845 11.774 -41.36 227.34 -272. 5 2  4 
. C E K T E R  r l t . t 6 t  ..26.6'/4 11.774 ... 8 4 -  36----. 246.86 - 3 2 7 - 5 3  

EhC-J -192e7 31.367 11.774 203.37 201.77 -404.40 
. ! . 4  
~ U ~ ~ G E . K I  1 EKC--1- -:1.24.4 31.36s . .  110774.  2 3 3 6 5 . -  2 0  1 4 9 .  -404.43- . 

I ENC-J -1.244 31.36s 11.774 233.65 319--23 . -718.08 

1 rhA(GfA.-EhC_rI - 2.244 3 1  - 3 6 9  11:77.4 293.5 . -718.08 !9*23-- . -  
I ENC-J -1.244 31.369 11.774 203.65 441.62 -1044. 1 6  

3 6 1 _ E k ' C r L  !Ci, T,R 

- t . 2 5 4  3.1-369 '11.7?$ - 223.65.- 441.62. .-.- -1044.16 . ---- 
E I C - J  -1.244 31.36'3 11.774 203.65 . 465.17 -1 136.90 

- I 
-66.62 C E M - - L - E ~ T Z I  :4*.272 7.053 . 3.546. -- -43 34 _- 193.86. a i  €LC-J -4.272 7.C53 2.546 -66.62 53.98 172.70 

- 4 :i"-.wT.pL.ENc-I- .-4 .272  .. - .- -.. 7.053 3.546 -... 6 6  *62-..--- 5 3 - 9 6  172.70 . --A 
EhC-J -4.272 7.553 2.546 -66.62 5 9 - 3 9  , . 1 6 2 - 1 2  

; . . . a  : I  ,---3.3--- --Mh.O--- -1 Ew-I - - . -  -4.2'72. -- . -70053  . - ... ..- -3.546 -66.62 - ..59* 3". -162012  . I 

CENTER -@.LC8 -1 - 9 6 7  -3.546 -94.23 -7.36 -143.44 _ 1 . , 
I EkC-J -7.353 4.272 -3.546 -77.C3 48.89 -148.21 . 

- . . . . . - - 27.2 . . -- .. . . . . . .- - - 
-1-1- 1 ENC-I -7.553 - 3 . 5 4 c  -77.33 4 8  8 9  -148.21" . . 

EIUC-J -7.C53 4.272 -3.546 -77.03 38.25 -161.03 i d 

' : } 7 s  REKC 
. 

-- . . -- - . - - - . . . - -. - -. . . . - - . . - - -. ' I .  

1 ERC-I -?.c53 -4.272 3.546 -77.03 -38.25 i6r .03 
CENTER -e.;ce 1.967 3.546 -76.32 39.96 165.83 

B EKC-J - 4.r2_1? 7.022 -. 3 . - .- 546 . - - 20.52 -- 9 4 ,-7.6 147.12 CI . .. . 
4 

- - . .  : 

9 6  TENGENT 1 ENC-I -4.272 7.953 3.546. 94.76 147.12 w ! . . ,a  -20 5 2  - b ! '  . 
E N p J  4 27 7-053 3,546 -ZO%? ~r?--.z 6- - - 100-33  - . . :  . . , - . .. . 

.. i 9 7 RE hC 1 ENC-I -4.272 -7.053 -3.546 -20 5 2  - L 1 4 * 2 6  -138.33 .& 

.I - - : 4 

. CE&TE_R E,?C 8 1 ~ 9 6 7 . - ~  -3.25-6 -1?0! 50 -78.82 . -09.65-- &- . - 
€ k t - J  -7.353 4.272 -3 .  546  -131.99 2 - 7 9  -94.42 1 .. . 

ry i 4 
- .  . L E N C _ !  -7 -  :53 -. ----. 4.272 -.-. < 3 s46. -131.99 2-T9 .--.- - - 94042  - -  -- m \ .. ! 

.. .: - . . . . . -E~EA - -. ..- .-7..~53- -.. - . . -  .v-+. 2 7 2  . . -3"a.b-  -- ..-M1.99 .. - . ~ ~ 8 5  .. -&07*~+ . -. -.- . . . ; . . ;-. ..7 .. . . ,!- 

- I - - :a 
s 9 ~ _ ~ ~ ~ h 1  ? - . - ~ h t - ~  .-- -7.053 . . -..- 4 . 2 7 2  .- .- .... 3*!46--__131-99 - . 7 4  --- . . .  . 

ENC-J -7eC53 4.272 -3.546 -131.99 -23 -80  -124.44 . . 

. " f ' . . :  - . -- _ .  . . . . . - -- . - --.- , . . -- ----. - ..-. - - ---,. 



f - . - .  '. -- .. . .-- - .-- ---- - - - -  . . . . . . . . ---- 

I P I P E  F C R C E S  4 h C  C C P E h T S  • 
I REPENT ELEPELI LDLC STbTlON 4XIAL Y-AX1 S Z-4x1s TORSIONAL Y-AXIS Z-AXIS 

NUPEER TYFE C I S E  F t R C E  SHEAR SHEAR MoMFNT MOMFNT MCMENT 
b - -. - - . . .  . -- . - -. . . 
, I  4.272 -131.99 -23.83 -126.46 1:9 TANCEhT 1 ENC-I -7.:53 -3.546 f FNC-J -7.iC3 4.272 -3.546 -131.99 -44.64 -151.55 4 

- - - - - . - - + .- . . - . . . - . . - . . - - - - - -. - . . - . -. - - - -. . 
1 EKC-I 3.546 4.272 -131.99 151.55 -44.64 eEhO -7.553 

CENTER -2.4e!: 7.495 4.272 2 0 . ~ 9  215.60 -67. 53 4 
EkC-J .3.546 . .- -7.353 - .. 4.272 172.91 153-35----- - 97.63 .- ic 

I • . 1C2 TANCEhT 1 ENC-I -266. f 70 4.272 -7.053 172.91 -97.63 -153.35 4 
I N C : . J  :2t.&.E7G - . 4.272 - . .-:7-c53 172.91 -132.90 ., -174.70 

1 t 3 BE hO 1 EhC-I - 2 6 t  E7G -4.272 7.053 172.91 132.93 174.73 4 
C E N T E R - r . l S 1 .  726.  . - 185.685 - -.- 7,553 219.34 -29.8 1 .  1 - 9 9  

EKC-J -4.272 26to87C 7.i53 143.48 -162.33 - -219.19 
- I  
: , L C . U Y G E . M  I ENC-.L- -- ..-4.272 - . . -  -. 7-05) - .  . -266.874-- 143.48 . -219*19.. - 162.33 .. 

4 
ENC-J -4,272 7.C53 -266.870 143.48 -619.53 151.75 

4 
S E  - -  1 . - 1  - . - -4.272 . 7.053 -26k-870 1430.48 .--.A- -- -619.50 -- -- 151.975: . . 

EHC-J -4.272 7.353 . -266,870 143.48 -2487.59 102.38 
= !  z9 
i I 

4 



, 1. " 8 . 4 

I - .  . -....... _- . -- . . . . .  . . - -  --. ..... .-.. , " -- .. .... .......... . . . . - .  ............. 
7 

. - .  - - - - .  

a !  
EL NO END T X  M Y  ML ~ t s - H R  END T X  H Y M z  RES-MR 



-. . - ~. . . . . . . . . . . . . . . . . . .  . . . .  .. .... . . .  
.) *.- - - - -" *- - - - - - - . . A .  A .  - .  -- -. . . . . .  - -. Ye"------'-' u. - -  - -  .) " . .#. ". 

f 
62-j- 0.- d.--- J. - Or--,- . . -  - 4- o.--.. 3~-- 4.- 5.- -- 

! 6 3  I 331. 3410 563 724, 3 301. 121. 542. 632. 
6 4  , C 213. 274. 673. 757. J 181. 358. 599. 721 

! 6s- I l a  1. 595. 358. IZL, J 1a.l. 165. 301. 390. 
6 6  1 181. 165. 304. 390. J 18 1. 657 588 0 900 

:)--.67 - -C . 323, ..- - 612.  - 6i) l .  . -  917. . -- J 506. . . 487. 596. . 921. 
. < 

6 8  I 5J6. 487. 596 921. J 536 481. 607. 925. 
6 9  C 338. 592 625. 925. J 219. 624. 632. 915. 

-------la --I 219. -. - 624.  .. . 632- . - .... 915. - J - - 219. ---- - - -  135. - . 291. 388. --- . . 
I 7% 1 219. 135. 291. 3811.. J 219 593. 372. 733. 

i 72 c %7. 330. 597. 770.. J 45 5. 213. 561 753 . 
' :  ... .... ... ...... . -- 73 - I - 4550 213. - 561. 753. -. J - - 455. 248. - . 411. 66  1 -- - - . , 

74  C 326. 391. 258. 562. J 225. 350 226; 473. 
75  I 225. 226. 349. 473. J 22 5. 186. 399. 494 • 

. ... . . . . - - - . .  16 1 -.. 225. - 186. 399. 494. J .- -. 225. - -- 174. 141. 317. - -- 
77 1 22 5. 174. 141. 3 17. J 225. 172. 26- 284 

j 78 I 22 5 172. 26. 284. J 225. 171. 26- 284. 
. . . .  ..... :! 74 - -. 1 .- . 225 .  171. . . .  26. 2 84. :-. . J 225. 167. . 141. .. 314, ..... . - ... 

8 0  1 225. 167. 141. 314, J 225. 157. 242. ,366. 
8 1  C 138. 21t3. 571 624.  J 134. 175. 772. 833. 

- -  . . .  ....... . . .  .. ...- . . . . . .  i-- 8 2 .  1 - 134. 7 1 2 .  175. 803. - J . - .  134. 385 • .. SCb. 682. - --- 
a :  i 8 3  I 392. 126- 544. 682. J 392. 901. 266. 1018. 

..' € 4  I 682. 7C8. 266. 1018. J 682. 1450. 11. 1602. 
.. .. ... .. ... . . - - .  . . .  . .  -.... I 

- 8 5  C 539. -1430.  2. 1528. J -- 153. 1430. 1. 1439, .---. - .. : 
. I 86 I 157- 1433.  1. 1439. J 157. 495. 1- 519. 

1 87  C ' 372. 324. 0. 453. J 475. 71. 0. 480. 
. . .  ..... .-... i 8 8  1 .- 475. -. - T O . - .  9. 4 8 0  ..... J -. 475. - - -  62, 0. 479 , -.. - .- -. - -. . -- - .- - -- - . . - . 

.. I 8 9  1 475. 62. 0. 479. J 475. 198. ' 0. 515. ' v 9 0  1 47 5. 158. 0. 5 i  5. J 47 5. 224 0 .  525. 
. . . . . . . . . .  I ' ---91' - f - 135. l s i ,  - .  25 . .  210 .---. J -  -- 135 119 8 ,  180. --. 

. I  52 I 135. 119. 8 18.3. J . 135. 109. 0. 174. 
0 5 3  C 7 0. 16e. 16. 163. J 151. 134. 16, 203. 

...... .... ... .. -- - . - . . - - - 54  1 151. 134. 16. 253. - J .- 151. - -. . 172. 13. 229, --- - -. -- 
55 C 16. 21  8.  15. 2 1  9. J 158. 138. 9. 210. 
96  I ~ s a .  139 .  9. 210. J 158. 107. 24. 192. 

. -  ... ....... . .. . ........ S f  C . 56. L4R. 33 0 161. . J 54. 103. 2 8 ,  
48  I 54. 133. 23. 11  9. J 54. 56 34. 85. 
5 5 I 54. 56.  34. 6 5. J 54. 35. 31 69. 

. .-.-----LC0 - - 1 56. . . - .  -- 33. . 31. .-.. 69, .... - .  .. J 54. - - 1 5 3 .  ........ 29. . . . .  162. . - - -  . - .  101 C 14. 56.  195. 204. J 30. ' 54. 150- 162. 
LO2 I 3 3. 155. S't . 162. J 3 3. 38. 57. 74. 

- . - . - - . 103 C -. 5. 2 3. 5*. 59. J . .-.-. 3 . . . . . . . . .  5 ..-.... 45. . 45, 
134 I 3. 45. 5. 45. J 3, 32. 40 • 5 1  
135 I 3 .  32. 4J. 51. J 3. 28. 205. 207. 

............. . . . . . . . . . . . . . .  - . . . . .  - .  . . . . . . . .  -- ... - . - . --- ........... - . 
' ! IMCSOOI EXECLTION TERMlNATING DUE TU ERROR CCUNT FOR ERAOR hUHbER 217 

. . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........ .. .... .. . ..... ... .. ' ~-.InC2171 ,F IOCS - END OF DATA SET ON UNIT 11  - - - - - - - - - -J--- 
il 

" .  TFtACEBbCK ROUTINE CALLED FRGM 1SY REG. 14 REG. 15 REG, 3 REG. 1 .. w 
-- ... - .. - ... .--. .. . . .  -. . - ......... . . . - . - . . . . . . . . . .  .- . . . . . . . .  - - ... -. ...... ....... - . - .. L b  

- i  I eccn 0 0 0 3 l ~ 3 c  0 3 0 3 1 0 ~ 0  0 0 0 0 0 0 6 ~  0 0 0 3 1 ~ 2 8  L 

C- 
HAIN . . . . - - .  . J3311EA8 01331708 FDdOJ038 - 000497F.8 - .. -.- - . - .  - - . - . .......... - .... - . .  - - .. - A 

ENTRY POINT= J1031708 
... -- ..... - . - . . . .  - .  . - - . . .  - . . . . . . . . . . . . . . . . . . . . . .  . . . . .  - . ....... - . ry 

--m -- .- . 



, I  r e  i . I 

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

\ Y E ~  EL NC E'rD T X  V Y  M 2 R E  S-NR E hit) T X  MY MZ RFS-UR f 

--1--* 1 5  27; 12. - 33;- J-15 3 3  1 6  -. .39. 

S E , S W ~ ~  4 
1 -. 

2 I 3 3. 15. , 16. 3C. J 3 3. 4. 19. . 39. 
3 I 5. 17. 11. 22. J 5. . 19. 7. 22. 4 

,4.-.--~---1.7. 2 1  .------ 5 .-L- 2 E .---j 2 7. 23. ........ 2 1  4.3. 
QJ -- . 

5 1 .  2 7. 2 3. 21. 43. J 27. 42. 58. , 77. 
! 6 I 27. 42. St). 7 7. J 27. 4 1. 28 56. 4 
. - - - - -. - . -. 27. -- - -.. 4 1  28  ..- 5 6  J 2 7  1 0 1  . . 39. -. 112. 7 - - I  

e c 71. 113. 68. 148.  J 136. 62. . 96. 178. 
4 I 136. 62. 56. 178. J 13 6. 84. 112. 1C5. 4 

' 
1.J - . .  1 -. . 136. .-....- ....... 84. 112. 19  5. . 

J . 13  6. - 99.. . .  123. .... 208  . ----- 
11 I 94. 136. 123. 236. J 95 .  125. 78. 177. 

i 
! - 1 2  I 14. 25. 29. 41. J 14. 3 5 -  15. 4il. 4 - -- .- . . - - - .  . . . - - .  .....-.. . . . . . .  . 1 3  - I 15. 4 3  -. J 11 5 7  ! 11. 34. 14. 5 5  

1 4  I 57. 1 i. 14. 59. J 57. 57. 6 0 d l .  
1 5  1 3. $7. R 8 .  131. J . 0. 5. 3. 3. : f 

.. 16  1 -- .. 55. . .  1 5 6  ........ J ...... 6 7  ...... 192. .. 266. ...... - 07. -- .- 105. 172. . 
1 7  I 176. 5 6. 152-  266. J 176. 62. 243. 336. i 1 e I 176. 62. 243. 336.  J 176. 142. 227. 323. j f 

...... ...... . .... .  . 15.-  -4----- 273. . 74. ji)5. 4 1 6  J 2 7 3 .  239 249. 4 3 5  . . , . 
2 3 I 27 3. 234. 243. 45 5. J 273. 251. 265. 456. 
2 1  I 242. ' 212. 165. 362. J 242. 141. 152. 31C. 

: 2 2  - .. 1 . . ............. ... . ...-....-... ..... 
4 

. . . .  242. .- 141. - - .  152. - 315.  J ..-242. 258, F2. 365. -L,- - : 
2 3 I 242. 256. 92. 365. J 242. 593. 37. 632. 
2 4  I 242. 585. 37. 632 .  J 24 2. 746. 49. 786. : 4 LL-. -- 242. 746. . . ..... . ........ . . . . . . . . . .  frs. 766. J 242 9 4  1 $1. . 976 

! .  
2 5  1 . - . -  -- 

i D 2 6 I  242. 941. $1. 976. J 242. 6 1  8. 84. 669. 
t 

V1 2 7  I 242. 61e. 84. 669. J . Z'e.2. 323. 81. 412. n 

.... 28----?--- 2*2. - .  323., .. --- .. 8 1 . -  .. ... - 4 1 2  . J--- -242 . 1 4 1  7 0 2d3. .- ! - --- , 

2 9  I 242. 141. 7J. 289. J 242. 214. 46. 326-  
3 3  1 2+2. 214. 46. 32  6. J 242. 288. 13. 3 76. i f 

. 3 1  .- 1 242 . . - . . . -  . . ..... . - ..- 260. . . .  .. 13. 376. J 242. 285. 21, 373 .  . . 
3 2  1 24 2. 283. 21. 373. J 242-  239. 53. 344. 
3 3  C 148. 267. 62. 303. J lS0 .  176. 59. 266. t 

I -  140~---176~-----~--54~-.--Zbb. J 193.:- 422. 46. 942. - 
35 I 195. 922. 46. 942.  J 190. 985. 1Y. 1003. 

j .  

! 36 I 140. F65. 1s. 1033. J 190. 1060. 17. 1077. : '  4 
' 

3 7  ---.I 1 9 0  ........ 1 3 6 3  .. . . .  1 7  ....... 1377. - -- J 1 9 0  • ' -- -- 139,). .. 41. . 1107, -- 
I 3 E 153. 1553.  41. i 1 0 7 .  J 1QO. 1073. 65. 13AI;. 

3 s  I 14 0. 107C. 65. 1389. J . 190. 567. &7. 9 8 9 ,  - '  4 
:----.--43--1 1 9 3  .... ...... ..... ......... .-- 5 6 7  8 7 • 5 0 5  .---- J 1 9 3  843. 48. 5 18. - 

4 1 I 190. 853. S8. 918.  J 190. 803. 108. 8 3 2 .  

! 
4 2  1 130. 603. 108. 832. J 100. 678. 285. 7bJ. P 4 

.. . 4 3  .. .--I :- 190. ..... 678. ........ 285..- 760. .  J 1 9 3  4543. 936. -- ..-. 1059. --- =4---- 
4 4  I 150. 4 5  8, 5 36. 1059. J 190. 350. 544. 674. X I .  
4 5  I 190. 35J.  544. 674. J 193. 5 1  7. 3 73. 614. h ! d 

-. - . 4 6  .. C.- ..... 357.. 4 8 5  381. - - -7if.. . J -- 517 .--- 385. .  ...... 3 53 ....... 737. -- c-. - -- .- . - -. 
4 7  1 517. 585. ?53. 737, J 517. . 731. 269. 935. -b i 
4 8  C 47 8. 323. 812. 995. J 374, 35 2. 766. 922. .& i. 4 

- -. . . . . - . .  . . . .  -..... ...... 4 5  1 374. 726. 427. -922 .  J 574. 827. . . . .  602.. . . .  1089. 
! 

5 J  374. 627. 602. 1089. J 374. 488. 240. 66J. 
5 1  f 314. 488. 243. 665. J 3 7 4 -  673. '4  74. 534. 

ry 4 
......... ... ...: 5 2  1 > I + .  673. 474. 934. J 574. 999. 6 4 6 .  1247. e... 

5 3  1 374. 9r)r). 646. 1247. J 374. 1390. 649. 1579. 
.- .. . ., . .  56  .c .... l a % . .  ,. , b55. 1 %J. L5 1.9. J 554. 281. 1043. 1211. ' 4  - :-.. ...-- . . . .  .. . . . . . .  ...... 5> i 5 . ~ 4 .  124d. 261. i z l i .  J . 55.;. t 6 7 C .  ' OT~.' '. - ' 1 ~  39.  . - < .  :. ,... _-. 

56 C 1 j.0 J .  $ 5  1 .  192  ). .??I C. .I 139.J. 285.  l 6 b 3 .  2 3.h .  
5 1  1 1 ; I J .  i?,rL. 2 ~ 5 .  2 J)b. 6 ld7.1. 511. 10.1. 1 ~ r 1 -  0 

... ....................... --  ............. 9 . ) -  . -  L , r + l .  . . 4 i S .  A v?  .). - . I . .  1319.. 377. 364. I +J t .  . .  , ..-" 
5 5  1 : t t .  \ c . . .  t ). 153 1 ,  . J -  , 3:7 I .  44. . 831. GI+. . . .  . . . .  

I J, 1 ! : , .. C - . .  & .  . . C .  t ' r l .  C G 1 ,  *>as. @ J \ .  . . a  
- . .  . . p .  .. .... . . . .  , .  ... - .  



IJ. U - -J.- - ' . d m  .. . . - .  .. . 
I - .  . . 1). - -, , . - 0 , . . - - -  J .------ 3 ,---,.. 3;  . C L  i J. '1 . 

6 3  I C,?.  17C. i 51 .  313. J 5 7. 90. 103. 
64 C 116-  $ 5 .  138. ZJC. J 154. 6 20 119. 
65 I 154. 118. 62. 204. J 154.  5 2 .  214. 
6 6 I 134- 5 2 .  2 14. 265- J 154. 107. 267. 

----.. 67---f--- 15;) - L15. 258. 3 2  9 . .. - . - J -. . -134. - 137. .. 24R. 

6d 1 134 .  1 5 7 .  2 4 8 .  313. J 134. . 146. 231. 
65 C 1>6.  12+. 225. 331. J 173. 104. 215. 

. 75 - I -  173. 134. 215. 253. .. ... . J . - - 17,) .- 72 . . 138. 
7 1 I 170. 72.  1C8 .  214. J 170.  122 -  2 3 1. 
72 C 113. 167.. 25.6. 323. J 132. 177- 256. 

- - . . -. - . I 73 I 132. 177. 2 5 6 .  
. 328. .. .. -- J - .--102. lS3 .  - 191. 

74 C 146. S i -  1 6 4 .  243. ' J 146. 88. 172. 
7 5  I 146. 172 .  89. 242. J 146. 142. 265. I- ,.... I . . -  iL.6. . IGZ. 265. . 334. - .  J - . - 146. . - 120. 42. 

[ 7  7 I .  146. 120. 52. 210. J 146. 113. 12. 
7E I 146. 113. 12. . 163-  J 146-  106. 15. 

. . . - -- - -. . 7 9  - I . 146. ' - - -  196. . . 15. . . . 181. J-- . - -146  9 4  . - .  95. 
a 5  I 146. 94 .  s5 .  198. J 146. 74. 45 . 
e l  c U L .  11s .  131. 176. J 43.  L O  5. 13s. 

' ----. 82 - . I  .. 4 2 . - 135. . .. . lc5. .... 176 J ----- 43. .  -.-- 7 3  .. . . 315. 
P3 I 73. 44. 315. 326.. J 73- 175. 154. 
84 I 13  7. 124. 154. 241. J 137. 292. 6. 

'.----. e 5  . .--f - lo* . .  .----- 267 ..----. 1 -- -337 J- 32 ..----. 288 1 
85 1 32. 288.  1. 250. J 3 2 .  153. 1. 
87 C 7 5. 65. 0. 5 4. J 45. 14  0 -  

.- . 1 .- . - - . 9 5  .- - l i .  - .J . .- . -- 06 .----- J 9 5  --- --I2 3 
E S  I 55. 12. 3. 46. J .45. 40. 0. 7 s o  I 95.  43. . 0. 103. J 95 .  65. 0 .  

I 15. 2 7 .  12. 33. . .. .. . J 1 5  - 1 4  0 -- 4. - ' a -  :: 1 i 5 .  14. 4. 2 1. J 15.  8 .  0 . 
9J 4 3  C 11. 3 .  7. 14 .  J 14. 8. 7. 

. . . . . -. - - 5 4  I 14. a .  7. 17  .---. . J - 14 2 1. ... . --.- 2' . 
5 5  C 4 .  LA. 7. 22. J 1 6 -  4. 3 -  
5 6 I 16-  '7. 3. 18. J 16- 4. 12. 

- . 5 7 -  C - ,  13. . . 1 J. 16. . 21 . . -  j 2 . . 11. - . . .  6 .  
5 9 I 2 .  11. 6. 12. J 2. 7. 6 ,  
q S  I 2. 7. 0 .  1 il . 1 2. 3. 4. 

.- -. 13J - . - I -  --,-.- 2. . -  - ---3 -4. 4 - 2 . - 5 -.- - - . 2. 
LO1 C 2. 1 I 7. 8. B 2. 2. 6. 
LC2 I 2. 6 -  2. 6 .  J 2. 1. 4. 

-. 103 C -  . A. - - A * - - .  4. . 4 .J 0 . . 1 . .. - . . . 3. 
104  I 0. 3. 1. 3. J 3. 2 .  - 1. 
1 C 5  I J. 2 .  1. 3. 3. 2-  . , 7. - . - -  . -  -. -. - .. - - . .... . .  - -- . - - - -  .. -----.-.A- - - . 

IbC5331 EXECUT ION TER5lINATIhG 036 T C  E R R f R  C C U N T  FOR ERRCR hUMSEF 217 

TRACEE4CK 3CLTlh;E CALLtD  F K C Y  IS% R E G .  14 PEG. > R E G -  0 REG. 1 





1 P I P E  F C R C E S  A N D  M O M E N T S  

ELEMENT LOdD STAT ION AXIAL Y-AXIS Z-AXIS TORSIONAL Y-AX I S  Z-AX1 S 
u . C r i t i E E E A R - - - H W E - t i € N t - - - - - n O H E t i T  

I . 
\ 
i 

1 TANGENT 1 E N P I  8.282 4.180 -8.987 -56 -02 109.80 -93.65 ' 

€ti ~J----8.i-28-2--iQ00-------8~9-87 56-.02 51-. 9-1 30 .-6-7 

2 TANGENT 1 END-I 8.282 -2.000 -8.987 -56 -02 51.96 -100.67 1 
.END-J 8. 28-~-76C----BF90-h02 30 r i l - h + 0  I 

I 

I,,,,,,,, 8 7 4  C X  67 32.6 73 2 1-f.-6 I 
END-J 8.987 -24.219 0.778 -5.67 -26.41 162.94 I 

' 
I-T-h*f €h-~-i98-~---24i-2 1-Or7 788 - - - - - -5 . .  67 26.41 162.94 i 

END- J 8-48? -28.059 0.778 -5.67 -23. 30 267.49 I 
I 

:I 3 0 END 1 END-I 8.282 8.987 -10 7 64 -56.02 42.40 -30.09 
CENTER " E-2-0-2 1-1- 49 8 i3.592-2r5-37 i1-44-8- 

END- J 8.987 -8.282 -16.419 -5.67 2.16 -32.73 

I 
" I  

I ~ ~ o - - 1 ~ . ~ a - ~ a ; 0 5 9 . - 5 . ~ 7  23 . 30-------2-67-..+9 i 
END-J 8.987 -37.217 0.778 -5.67 -20.09 . 402.13 ! 

I 
1 
a :NO-I 3 ? - ~ 2  1 ? - . . 9 a ~ - - - - - - - o . ? - 7 . ~ 2 0 .  0 a - 5 . 6 7  402.13 

IND-J 46 374 -8.987 -0.7 78 20 09 2.46 -365-06 I 
I 

T - O--I-6--3 7 -8 * 9 8- a478 2060-24 
END-J 73.014 -8.987 -0.778 20.09 -6.87 

3 65-06--1 
-257.22 . I 

! . i  . 
L "A D--I 7-3.01.*--------8*987 0.-7 78 -20 .09-------6- 87--------- 257.22 

I 

END- J 138.534 -8.987 -0.7 78 20.09 -19.31 -113.43 I 

END- J 159-772 -8.987 
<.-- - -- .- . 

j I . . W - P K G E U - E N  0-4 F - 2 8  2 4-48--123. 56-02 109-80 93.65 j 
EVD-J 8.282 '-9.940 4.123 -56.02 -85.07 -51.29 I 

la 1 EUO---282 9,940--1--lh-123-------L-56.02 85..07 51.29 i 
EVD-J 8 28 2 -13.780 4.123 -56.02 -68.57 -3.85 I j .  i . 

I I. - q - c r ; g - ~ P . . U . 2 8  --3.-78-4,12-56. 02 68.57 3.85 i !. ! 
@: - ;  CEUTER 22.255 10.552 -4.123 -6.22 51.66 -127.00 ! 

: , ;  END-J 32.630 -8.282 4 . 1 2 3  17 -04 4.49 -150.49 

;.; -- -- 
15 T A h G E N T  1 . END-I -69,719 -4.123 8.282 17.04 -153.49 -4.49 mi. : 

I 
END-J -52.149 -4.123 8.282 17 a04 -76.93 32.11 

. . 
7 8 

- - - - - - - - 
a: 16 T A h G E N T  1 END-I -52.199 -4.123 8.282 17.04 -76.98 32.11 I 

END-J -43.675 -4.123 8.282 17. C4 -3.48 68.70 

17 T A h G E N T  1 END-I -43.079 23.599 -1.425 17.34 -3.48 68.73 0 END-J 
i 

-35.155 20.999 -1.425 17 -04 -16.12 -117-67 
. - -- ,! 



' P I P E '  F C R C E S  A N D  P C C r E 1 . S  
! 
' ELEpEhT ELEpEhT LOAO STbT10% A X I 4 C  Y-AXIS Z-AXIS TORSIONAL Y-AX I S  Z - A X I S  
- . -- & # J ~ ~ E R -  ~ ~ p i .  CASE ShEAR - - -  SHEAR MOMEtJT - MOMENT - MOnEkT . . . . . . .  FCRCE . . -- 

18 IE EKD 1 END-I -35.159 - 2 0 . ~ ~ 4  1.425 17.34 ' 16. 12 117.67 - ---. ............ , ... CENTER --33 046 348 1 425--.28 66 11 94 . . I97 32 .' - .. ...-...- . . 
! kND- J -20.9SS 16.3JS 1.425 33.93 0.77 90.67 

1 , - - I * -  TAN&EhT 1 :--. - ENP-1 . 1 545 -. 16.339 -. .--- .1.425.--- 33.93 --------. 0.77 90.67 -- 
END-J .1.5+5 8.629 1.425 33.93 . 12.17 -9.08. 

I 
i ............... +--2+-.TbkC;EhT-..--.--. 1 ... END-I .... . . - I6 2;Ji) ..--- 0.01)1).- ---o. )go -.J.00 . . - -3.30 7.70 - - 

. . 
END- J -15.781 . -0.000 -0. 030 -3 .OO -0.00 7.70 

I 
... 1--21 .... TA~CE,..--- .. 1 .  END- 1 .......... 15 685 ....-....... 1 738 .-.---3 .Jai)..--------J 31)--.-----3 03 . 7 70.- 

. ,  
El4 0- J -14.43s 1.652 -0.003 -0 .OO -0.00 -0.00 

. ---- 22--iAh,GEkF.-- ..... 1 ....... E ~ 0 - f  ....... ..-15 0JJ ...-....-. 0 r).Jd .-a 3 53--- . 0 Oi) -0 03 -0,00- .......... 

END-J -J. JJ0 -0.000 -0.503 ' 0.00 0.0 0.00 

IIz-j~~hcEh~ i..- . EN+[ .. 2 833 .  ...... -7.163------- -1.614----.- 5.41---- 11.33 .------33,82--- . . 
I END-J 3.167 -8.883 -1.614 -5.41 -5.15 48.08 

i-Zb-TAhGENT I . - -  .. ENI)-I .. 26.917 -57 782 -15 313 -285.76 57. 28 4 84.02.- --. 
END- J -28.837 -67.777 -15.313 -285.76 -105.08 181.59 

; 1 . , 
-95 T A ~ G E ~ T  1 .---.END- I 19 334 .. - - -  72-00 J- 10.654--------.lo1 -76 -157. 10 301.06-- 

< .  

. i END- J -19.034 -7 3.536 10.654 10 1.76 -140.05 417.49 

... . . .. 2+TA!GEkf---...l ---END-[ -----.--19.334 -73,536 - - 13,654-------- 101. 76 '.-----.-lGO. 05 417.49 -----. 

END-J -19.034 -16.416 10.654 101.76 -106.08 642.42 

'fn2F-q4h6E+,T--.l.-. -- ENPI------. 125.437 . --- 1.314------ 2.363 .-8..77-----37.01 63.90- 

j u, . END-J 124.387 -1.314 2.363 -8.77 -30.80 -60.45 

-- 28-fbM E%F-.--l----EMD- I-: 124.387 -- 1.314--.-.- 2.363 8, 77 --.- -30. -60 45. : 1 END-J 121.437 -1.314 2.363 -8.77 -13.37 -50.76 
I 
!--29..--.l'&h6~&~ 1 f Q O - 1  121.437 -1.316 2.363 

;- 1 
-8.77 -13.37 -50.76: 

I . . . . END- J 125.337 -1.314 2.3'63 -8.77 -5.10 ' .-46.16 

d - 4  AkGEH-- 1 d N D -  I - 120.537- 1.31---2.363 -8.77..-. -5.13 -46.16 .I. 
END- J 105.337 -1.314 2.363 -8.77 ' 6.72 -39.59 q '  

m 
U A h G E A t F - - - -  1 -- END- I t11.003------ 0.643 -2.446 -0.0 -- --73.37--------19-21 L- -. 

! 
.. 0 

kND-J 0.030 -0.643 2.446 0.0 3.00 -0.00 c-. 

.. ! * 
32--TANGENT--1---END- I 0. C 8 2 5.96s---..0.67L-23.37.------.-.-8.77 -80.08 : j * 

END-J 0.082 -34.463 0 a674 20.37 -2.37 111-94 



1 P I P E  F C R C E S  A N D  W O H E N T S  

ELEMENT ELEVth l  LOAD STATION AXIAL t -AXIS Z-AXIS TORSIONAL Y-AXIS 2-AX1 S 
+.-mBE@---- T y p ~ - - ~ f i s ~  --.- --..- FCRCE ---- SHE4R -- --- SHEAR---- MOMENT.-----.MOMENT MOHENT 
! 8 

I : I , !  35 1AFIGEkl 1 ENP.1 1). 234 -3.247 0.024 -13.19 3.15 -19.69 
E N ~ J  0 2i)+ - -.-4 126 -. 0 024.- ----- 10 19 ' 3  20 ----.--.-12 07  - 

I . !  
1 ,  i 

!.I 36 TAhGEhT 1 END-I 0.204 -4.126 0.524 -13.19 3. 20 -12.07 
. ----- E N ~ J  3 234 -5  435 0 024 10 19 3 27 . - 2  6 6  ! . i  

i . !  
i .  1 3 7 e EKD 1 ENC-I 0.204 5.435 -0.024 - 10.19 -3.27 -2.66 

.. -- CENTER --- 4 655 -- .- 4 437 --- 4 -024 -- - -9 54 ----- - 4 84 --.a- -15.01- -- - -- .- . 

€NO- J 7 -437 -0.203 -0,024 -3.35 10.12 -20.53 

i ' -39--T AhGEMT --.-. tND-I.-------31.434 .---------O-189----0.082 --3 35 -0 86 ..-21 1 4 - -  -- - 
1 ,. ) END-J -22.934 -0-189 0.032 -3.35 0.78 -17.36 
* ?  

i': !---4& TAhGEkT -- 1 -- --END-I------- 22.534--- ---a. 189---0.082 ---.- 3 -35 0.78 - - 17 3 6  ------- . 

i ' 
€NO-J -18.684 -0.189 0.082 -3.. 35 1 - 6 1  -15.48 

i .. . 
I 4 1-IAk6EMP- --.I----END-I-- 18.684------3.189 3.082 ----3.35 .---. 1 - 6 1  .-..---.-15.48-- ---- 

:I END-J -14.855 -3.169 0.082 -3.35 , 2. 35 -13.78 
:a ' 42--7A&fZE&T 1 - -  END-I -----14.855 -. -.-----).189-.------~.082 . . -3 .35 2.35 .---------13.78. ---- . 

t END-J -13.159 -3.183 , 0.382 -3.35 2.68 -13.03 

I-C~--~AKCE~T. -1-END-I --- -.13.15~ ----.), L89------0,382 --------3.35------- 2.68 ---.---13.03 - -. 

... I a END-J -11.455 -3.189 0.082 -3.35 3.01 -12.27 

.I \ 

:--ct 44.-  TANGENT 1- . - END-I -.- 11.459.----:L, 187 ---- 0,039 -3.35 ---- 3.31 ----a 12.2.7- 
. . El4 0- J -6.465 -1.187 -0.039 -3.35 2.56 1-60 ' :  p . . -- 4- END-------I-- END-I -6.465 1.137--- 3.3 39 -3.35-------- 2.56-----..--. 1.68 ---- 
.: I CENTER -3.051 L.372 -0.339 -5.67 3.90 -2.42 

1 ENC-J -1.187 -iJ.211 -3.339 2.17 2.96 -8.61 
. . - -- . . - -- . - - . - . - - . - - . .- . - - - . . . - -- - .- . . . . -- - .- --- -- - . - - - - - . - - - . . . - 

. . 46 TAYGEKT 1 END-I 0.294 -0.211 -3.035 2.17 2.96 -8.61 
2.>7 .. . END-J J.294 -2.336 -3.039 2.17 -2.24 -- - . . -. . .- - . . . . - - .- - - . . . - . .- ..- - - - - - - . . - - - - 

1 47 8 END 1 EN3-I 0.294 2.336 0.039 2.17 -2.77 2.24 
P 

. . CENTER 2.567 2,152 0.039 -3.39 -3.41 -3.46 
* 

- - . . - - - END-J - - 4.338----C. ZF4 3.039- -2.65 --2.05 -6.07- 
m 
-7 

- 8 C-r 

: 48  TAhGENT 1 ENG- 1 -20.536 i .294 -3.339 -2.65 2.05 6.07 
- -. - - - - - - . -- - END-J -.-----10.642 0.254--- ---0.339-----2.65 --- 1-16  - -0.77 . - -f- - - - -- 

- i  b 

- 4 9  TAhGEhT 1 END-I -10.t42 C.294 -0.J39 -2.65 1.16 -0.77 
- - . - - - -- . . - - - - -- . - . . END-J -5.555 . - .  0.294 -- -0.J3F - - - -2.65 - '3 .69  . -  - -4.29 -----.--!?&-- 

OI 
5c e END 1 ENC-I -5.555 -e .zs4  9 . ~ 3 9  -2.65 -3.69 4.29 

- -. - .. .- . . . - CENTER - - - -  -1.775 -- 1.365 - 3.335 - - -  . - -2.25 1.66 -3.45 .. - . . - . - . 
END-J -0.294 -1,121 0.039 -0.31 3.04 -5.82 



! P I P E  F C R C t S  A N D  P O C E N T S  
i \ 

/ E L E P E ~ T  E L ~ P E ~ T  L C A U  S T A T I O N  AXIAL Y-AXIS 2-AX I S  TORSIGNAL Y - A X I S  2-AX1 S 
. . .  . ... . - .  . . . .  ..... &Mj!4BER-----TYP k -- -( A S E  .--. . - - FCRCE . -  SHECK SHEAR.-- ~ O * E N T  ~ O ~ E N T  MOMENT : 

. . 
. . .  5 1  TLhGEhT 1 ENC-I -i).2$4 -1.121 0.J39 . -0.3 1 3. & -5.82 - - - - . . - - - -. . END-J- . . 3 11 -2, 73 i) 294 1 971 0 039 ---- 

: .  + . I  52 
B EKD 1 ENC-I 0.254 1.971 -0.539 -0.31 -3.11 2.73 

..... .... 1 . 1  . . . . .  CENTER -- - 2.282 1.522 -0 339 --.-2 4 6  -2 07 .---- 2.23-- - 
! i 

1 ;  % .  

END-J 3 . 5 7 4  -0.254 -0.039 . . -3.23 0.19 -4.61 
. . 
I > !  . I --f3--T&kCE%T - - . - - . - 1 . . - - - - ~ N ~ I . . - - - - - - ~ 5  069-- 0.254 ------- 0.039 -- . - 3 . 2 3 . .  0.19 -4.61 - 
I - .  END- J -6.565 -0.254. -0..039 . -3.23. -0.58 0.48 ) i . . [  
I . i 

' -J+.T~&GENT 1.. ----END- I -------6.565 ------ 0.2'5 6 --------- 0.039- -3 -23 J 58 J 48 
! .  

~j . ;  
END-J 1.931 -0.254 -0.039 -3.23 -1.35 5.57 

. . :  : L-. -59--TANGENT - - 1 - - -  EYD-I------1.431 3.254 0.039 3 23 - -1 35 5 57 . , b j . . l  END-J 3.631. -0.254 -0.039 -3.23 -1.50 6.58 
I I . , I ' L 5 6 . - .  T * ~ G E ~ ; T  i---- END-. 1 -2 126 ... 71.159 8.291 -64.76 ---99.31 -----706.32- , -. - ... i 

END-J 2. 126 68. 279 8.291 64.76 -74.44 497.16 D i 
... I I .. ' ~St - ILN6ENT- - - . - - - . - -1 - . - .  END-1 2.126--- 68.279--------.8. 291 . 64 76 74 44 . 497 16. 

B ; .. END-J 2.126 64.439 8. 291 64.76 -41.27 231.72 

. ....... .. i.' \-58.-.iAkGe&T 1 .... .END-[ .- 2. 126 64..439 --.-- 8'. 291 64.76--------41 -27 231 ,7* ---. 
I n l  

Di-. /  END-J 2. 126 63. 339 8.291 64.76 -18.47 56.03 
8 .  

. ; 5 s - e ~ ~ ~ -  END-I 2. i 2 6 63.339-- 8.291--1-64.76 ----.--18.47 ..----. 56.03 - 
m;.y i  GJ C EN1 ER 45.79C 42.784 8.291 . 38.19 -45.66 -42.81 

I END-J 61.925 -2.126 8.291 0.18 -46.10 -85.54 I .  

i ;* 
. -.- . -- -- . . .  -- . . . . . .  -- . - - ... 

! '  
65 TLlhCEhT 1 END-I 61.525 -2.126 8.291 3.18 -45.10 -80 -54 B :  1-2 LN'D- J 57.625 -2.126 8.251 0.18 43.03 -57.69 

* :  . . -. - - - .-- . . .  ---. . . .  .- . - . . . . .  . . - - . - - Bq 6 1  TlrhtEEiT 1 . END-I 57.625 -2.126 8.291 ' 0.18 43.03 -57.69 
. . 
! i 

END-J 53.425 -2.126 8.291 9.18 130.09 -35.37 
.. - - . .. . .  -- . . . . .  -- . . . . . .  - - .- .......... -.-. . . .  .--. - . - . - . . . 

! . ,  @ ! . /  62 TbhGEhtT 1 - EHD-I 53.425 -2.126 8.291 0.18 130-09 -35.37 
, . €?ID-J 17.425 -2.126 , 8.291 J. 18 229. § A  -9.86 

. ....- . - . . .  . -  . . .  iIi --- - - - - - . . 

0' .. I 63 TdNGkNT 1 END-I 48.lOJ 0. OJO -0.300 0 .O -0.00 0 -00 
EN C- J 0.000 0.033 -do JOI) 0.0 0.0 -0.00 4 

P . 

'..I- .. . . .  ......... . . . . .  . . . . . .  .. .... ! .  : . . - --. -. ---. . -. - - -- .-p -- - .- .- -- 
I 6 4  TPNCENT 1 END-I -25.655 -1 1.454 2.126 5.97 -7.86 -229 -58 Y 

! ., END-J -06.659 -39.904 2.126 5.47 26.37 183.49 d 

: L -. . . .  - . . . . . . . . . .  -- -- . . . . . . .  -- . . . . . .  .- -. . . . . -  - .- .... - - 
i - a;.  6 5  TANCENT 1 END-I -45.264 4.247 0.2W -24.47 -11.49 183 -49 

END- J -32.514 iI.658 0.244 -24.47 -3 . 89 106.18 e 
9 " :  - -. . .- -.. -. - - - .... - . . .  - . . . . . .  - - . . - -. - - - . . - .... - ............. -- . . . .  -- ---. . ........- . -- 

1 .  END-I  0 ;  i 6 6  TANCENT -8.291 3 1'. 446 0.244 ' -13.46 22.66 , 106.18 n) 

END-J -8.291 28.046 0.244, -13.66 24.41 -131.79 
... -. ... - .. .- -. . . . . . .  . . . . . .  . - ... .......-. . . . . . - . . .  . .  . . . .  - .. ..... - - - .......-....... -- 

a 
---- 

0 -  i 61 1AIYCEF17 1 END-I -8.291 -8.288 -13.785 -10.46 24.41 -131.79 
FNU- J -8.291 -9.563 -13. 785 -10.46 -7.94 -105.01 

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

. . .  . -. 

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



AXIAL Y-AXIS 2-AX I S  TORSIONAL Y-AX IS 2-AX1 S 
FOR-HE A-HEAR---MMENT-----MOHENF------CIOHEHF h 'j:l 68 BEND 1 cENL-l 0.198 9.563 -0.614 ' -10.46 7.94 . 105.01 1 1 

f M $ E - 9 - s 2 6 3 - - - - - 8 r 9 8 ~ . 6  16----------3~58 8.66 26;82 

) .  
EN]-J 16.239 -0.198 . -0.614 . 1.80 4.31 -12.89 ; I 

7 I 

- 6  - 6 - 3  8.1-9-1.8 0 12i89-~31 1 . .  

END-J 
1 . j  

-32.336 -0.611 0.198 1.80 -10.91 1.83 i ,. i 
I I , . z 3 

I w 0 4 - h  2-;3 5 6 S. 61-+-ii9-;80 10.91 h - 8  3---------------- ,f 1 
END-J -28.086 -0.614 0.198 1e80 -8.92 7.97 I.. 

I 'I 

1. ' 

l-TW-N-Zd3 --i b1 F i i - + - - i  .- 14 1+.+7 !, j 
END- J -19.161 -0.614 0.198 1.80 -4.76 . 20.87 I r !  I ,  , " i 

--Nf -NCtf___i+.-l61 -0--6 1-4- -1-98 l i - 8 0  -4 .-76 20.87 . j.' 
I n :  

E N b J  -14.91 1 -0.614 30 198 1.83 -2.77 27.02 1:: 
- ~ H f C - - l 4 - . - S  >1---------0-. 6 1 - i-448 1-080 2 i-77 27-0 2- i-1 

ENC-J -10.'708 -i).614 0.198 1.80 -0.84 33.00 
I C i  . . - .  
3 : .  

-- ?6------e-W-C-I -10-;?68 0-i6 l 4-i198 1.80 0.84------33.00 
. . 

I 

p . :  

CENTER -5.688 4.819 0.198 1.26 -0.46 12.26 1 . '  
END-J -0.614 4.092 0.198 1.15 0.19 -26.03 I* .. I . 

! 77 TANGEhT 
I . :  

1 ENC-I -0.614 4.092 0.198 1 -15  0.19 -26.03 : 

n END-J -i).6k4 3.242 0.198 1.15 0.58 -33.36 . . .. 8 

"u 
78 TAKCENT 1 END-I -0.614 3.242 0.198 1.15 3.58 -33.36 I -  

.. . 
END-J -0.614 1.967 0.198 1.15 1.18 -41.18 i . :  l e i  

7 9 @ EhC 1 END-I -3.09 1 -1.567 -0.198 1.15 -1.15 41.18 . I :. 1 

C ENiE R -2.868 1.533 -0.198 -0.23 -2.07 41.63 I .' ! 
W D - D - J - - - - - - - - O . M W  & F t - - - - - - - O  ..I98 1-. 73 1 . -74--------3 5.6 2 ::I 

) _ I  
83 TANGENT 1 END-I 0.036 -3.091 -0.056 -1.78 1.74 -35.62 i S :  

END-J 7 ~ 5 ~ 7 - - - - 3 ~ 0 9 1 ~ ~ 0 5 6  L-7-U ..76 18.86 ; " I  
I .. I . . i ; 

81  TANGENT 1 €IUD-I 7.527 -3 35 1 -3.056 -1.78 0.76 18.86 .. t 

. * :  

END--S4l-F------b-091 0 .4  56 0-22------43.3'; 
1;; 

1- 78 
; .. I 

I I , .- . . :  
BEND END- I 15.917 3.051 0.356 -1.78 0.22 -73.34 + 

N T E R-5.4 65  ~13~-7S3--------0.056--------0.96--------1.80------44.-76 - -- : 
END- J 3.391 -2 1.693 0.356 0.77 2.33 88.42 

I : 
L d - 9 - ~ - - - & 1 - - ~ 0 -  ..77 2 .-3-88 -42 , . -  ; - .  ! 

END-J 3.09L -22.033 5.056 . 0.77 2.38 105.91 . ] : !  

- ---.-- 8 ,  

, 



F .--. . , -- 
P I P E  F C A C E S , A h D  M 3 M E N T S  

I 
: ELEYEhT ELECEhT LO49 STATIOR AXIAL Y - A X I S  Z - A X I S  TORSIONAL . Y-AX IS  2-13 X I  S 

--. . -. . - . . . .  .. k t i n p ~ ~  T Y P E  FCACE - S V E L R  SHF MOYEtiT . . .  MOHEF:T CASE MOYeNT 

e 4  T A ~ G E ~ T  1 END-I J . J ~ J  -22.333 -3.173 5.77 2.38 155.51 
EN*J ' -0  3 2 >  - .  -22. 246..- . -0. 173  0 7 7  ............ 2 29 ........ 1 1 6 .  5 8  

. I------- . - -- - - .- . - - . 
. 

. . 
8 .  

1 '  
E 6 e END 1 EYE-I 3.023 -47.332 0.173 0.77 -2.17 -132.66 

- -. .... -. ......... . . . .... - -......--- CEKTER 52-74,, 3 2  7 7 7  0 173  0 8 4  -1.71 -33 2 4  
I END-J -45.329 -0.523 0.173 -1.65 -0.25 7 .22  

. . 
t 1 7  - - - T A h ~ ~ h ~  - 1 . END-I. .---- 3 8  . 3  - 9 d  - -  - - 3  023.- . 0.173 -----..-1.65 -0.25. - - 7.22 

END-J -29.75R -0.023 0.173 -1.65 2-  51  7.63 

I . . .. . . .  - -9-TekcE~T - 1.. EN* I 23 4 2 3  - 0  1 7 3  -1 l 6 5  5 09 -0  023 -- - 7 9 5  
' : 

END- J -17.698 -3.023 5.173 -1.65 7.34 8.25 
' i 

. .  . _ ~ . O - l A h t t k f . . .  ....... 1 I .. 0. o j 6  ........ 4s .  265 .... 2.455 3 2 2  - 7 8  . . . .  - ... 4. 37 . - 7 1  - 4 5  
END-J 0 .056 31.945 2.455 322.78 R. 36 -303.07 

I 
, : I L - T & N C  EN1 .- 1 . . END- I .. 5.056 .31.445.-. -2.435 -----.-- 3 2 2  7 8  8.36 303.07 - - 

f EKD- J -3.056 . 8-43!, -2.455 -322.78 -17.42 9 0  -33 
! W 
' L ... . . . . ..- ..... + + - e f ~ ~ .  - l . . .  I 1 e 4 3  2.455 : .-. 8.635 .:- -322.7e. - -  -59.03 - 4 2  . - - . -- - - . . - . -. - - - . . 

h CENTER 3.337 0.433 -1.827 -282.99 177. 80 -24.60 

1 9  
tND- J 2.455 -1.843 -12.288 -83.84 294.67 -21.09 

- . . . .  .. - .......... . - - .- . -. . - - - - . -- - .. - . - * - . . . -- -- - - ---- --- .- - -- 
5 3  1AhCEhT 1 END-I 3.334 -5.922 1.843 -83.84 -21.09 -294.67 

; i ChD- J 3.334 -32.562 1.843 -83.84 1.02 -63.76 -- - - . -- - - -- - - .- . . -- - - - -- - . . - . . . -  - - - . -. . . .  - - - ... --.-- . .- - .  l- - 
.I 

) 9 4  1 A h G E h T  1 END-I 3.334 -32.562 1.R43 -83.  RL 1.02 -63.76 . 
€KO-? 3.334 -92.532 1 8 4 3  -83.84 53.78 1624.61 

--. - .. - - . -- -. ....-... - . . . .  - - .- ... .. - . -- -. ......... . . - . -. - - . -. . ..-p 

5 5  T A h G E l V T  1 ENC-I 3 . 3 3 4  -42.502 1.843 -R3.84 59-78  1624.61 
ESLI-J 3.334 -99.162 1.843 -83.84 56.33 1912.11 

P 

. - - .-. . . .  - . . . .  - - - - - .. - - . - ... - ..... . .- 
4 

' I 
- - 

4 6  1AhCEhT 1 END-I 3.334 -99.162 1.843 -83.84 56.30 1912.11 
:'i - '  

END-J 3.334 -120.252 1.843 -83.84 73.81 2954.33 . LA 

.. . .  . . . . .  . . . . .  . - . . .  - - ... . . E- 
5 7  TbbGEhT 1 END-I 3.334 -120.252 l. A43 -83.84 73.81 2954.33 - ! END- J 3.334 -142.452 1'. ti 43 -83.84 92.24 4267.85 b 

: 
-.-A -... -- -- - ......-. - - . . . . . . . .  -- .... . -- - . . - - - - , . . - - - . -- - . . -. - .-- - - .- - -- - - . I 

i 58, TbhGENT i END-I 3 . 3 3 4  181.527 -0.941 -83.84 . 92.24 4267.85 .% ; 
" i END- J 158.217 82.36 2484.20 Oc - i '3.334 -0.941 -83.84 . 
- - . - - . - .. -- . . .  - . . - . - - - - . . . - - . - - - . . . .  -. - -- . -.:. . - . ---. .- . . - . - 

- .  59 1AhEEhT 1 END-1 3.334 158.217 -0.541' -83.84 8 2 - 3 6 '  2484.20 
END- J 3.334 136.017 -0.C41 -83.84 72.95 - 1313.03 

t 

-- -- . .  - . - . . . .  - ... -. .... ....... -. . . . .  - ...... -- . . .  -- - ........ -. .. .- - . - - -. - - . . - -- .*.A- .. 

1 0 0  TAhGENT 
I 

1 END-I 3.334 136.017 -0.941 -83 8 4  72.95 1013.03 
E%D-J 3.334 132.717 -3.441 - 8 3 - 8 4  5 8 - 8 6  -777.47 ' : (  . . - . - -  . . . . . . . . . . . . . . . . . . .  . -  . . . . .  ........... . ......... ....... . .- . -- -. -A - - - 

4 
. -  .. ... . . . . .  



' P I P E  F C P C E S  A N D  M C g E N T S  
i 
i ELEUEhT ELEPtkr  LOAD STATION AXIAL Y-AXIS Z-AX I S  TORS I ONAL Y-AX I S  Z-AXIS 

FCWCf . -SHECR ~ N ~ H - - - T Y P ~ - - - c  AS- SHEAR--- MOMENT MOMENT . MOMENT - .  

1 C l  TANCENT 1 END-I 3.33+ 132.717 -0oS41 -83.84 58.84 -777.47 . 
.. ...... ..-....... ....... I . ..- END- J . 3.334 ----. 69.417 -0.941 -83 84 44 72 -2.368 47---- 

! 

' f  102 TANGENT 1 ENU-I  3.334 65.417 -0.941 -83.84 44.72 -2068 -47 
. i  EYD-J . . 3 334. . - 40 557 . -0.941----- -83.84 . -. 32.49 - .  -2783.29 -. . 

I . . 
153 I? EN0 1 EIUD-I 3.334 -36.576 .-17.953 -83.84 -1318.40 2451 -44 

CEF!TEA - - I6  839 ----21 524 .... ... ... ......... ..... ..... ... 13.113 -1525.23 -938.31 2593 05 
! EN U- J -17.835 -3.334 -8.263 -1405.01 13.13 2645.28 . 

. , -. 104-TAhcEhT - 1 E N P I  - . - - -17.95? - .. a.041 .--. -3.243 -. - .-14,)2.94 . - -2637. 17 . - 264 6 1  - 
END- J 7.280 -5,142 -3.243 -1402.94 -2678.83 246.33 

,-.105--. .- EEkD . - . . 1 -. Eh'D-1 
CCNTE R 

END-J 
. & ... .-. 

1C6 7CtdGEhT 1 EhO-I 
EhD- J ! . -  -- . .  - ............... . -- . - - - 

. I 
lC7  TAFiGENT 1 END-I 

. . END-J 
I - - -- - . - - .-. - - - -- . - . . - - .- -- .- 

ICE I A ~ G E ~ ~ T  1 E N D - I  3.334 

i 
EPI D- J 3.334 

-.. --- . . . . .  ..... . - 
i 10s TANGENT 1 END-I 
: i  GJ 

3.334 
EN D-. J 3.334 

. - - .  . 

5- 113 8EhD 1 tlVD-I 3.334 
. V  C EhlTEH 27.d71 
.--- ---- - . .: END-J 3 6 .  ;a1 

. , 
111 TANGEhiT 1 E N D - I  -5.286 26.431 -3.334 850.02 134.65 -161.44 

...... EN& J ....... -5.286. ....... 4.201--- --3.334 833.32 ....... 131.31 . .  -314.45 . -- 

113 TAi'uGEhiT 1. END-I -5.286 -29. oss -3.3 34 833.02 51.30 -127.72 F 
E&Q- J- -5.2d6 -51.299 -3.334 833.32 17. 96 274.27 4 .. ...-.... ........ .. . ........ ........ ...... .. 

A- - 
114 TAhGElriT 1 ENU-I -5.286 -5 1.2'39 -3.334 17.46 274.27 

I-b 
830.02 

.. ..........- ! .f-l"O- J .  ---- 5.2&6 -73.459------- -3.334---. 830.02 -. -15.39 - -  . $98.26 - c-. 

& 

115 TAhEENT 1 END-C -5.286 -73.49'3 -3.3 34 850.02 -15.39 " 858.26 C-, 
- -- - - - - - - - - - ~~l).- J .. -5.286 - -9 1.259 , -3.334 .-  a33.02 - -  . . -42.06 - 1557.29 

ry 
116 TAhGE&T 1 EYD-[  -5.2t3b 130.454 3.806 833.02 -42.55 1557.29 

.. . . . . . .  E N 0 - 9  -5.286 55.495 - .3.6Ob- . - 830.02 35.01 -21 -73 - . - . 
OI 



i P I P E  F C R C E S  A h 9  M 3 M E F ; T S  
I 
! E L E M E k T  k L t P E h T  L O A D  S T A T I O N  I X I 4 L  Y - L X I S  L - P X  I S  T O K S I J ~ L L  Y-SX I S  L-I X I  S  4 
& h ~ a  E R - T  Y  P E---- -C A 5  F Q ~ C E  .----.--.s+.IEAQ S ~ E  A Q  .---- H O f i E N T  MOMENT YGME?IT. - .  

117  a END L ENU-I -5.286 -14.913 53 .so3 833.32 14.23 36-67  4 
...-.... ................ - . .  - - e E N T E R p - 5 . 3 1 4  1.337 19.437 -.. 842.62 .-- -73 . - 6 5  1 7 1  63 

END-J -3.857 5.266 -14.719 589.62 . , -627.94 , 129.05 t 

. ----- kk+.---+mQ--. .. - 1 .  ..... crJ+I 175 163 : 244 463 105 443 5d9 62  ....... 
t -001.25 

C E p l T E R  3C4.911 48.585 95.743 33.48 -556. 74 
I 
I END-J 249.558 -183.359 . 85.496 . -213.05 -31.95 

.................... .......... - .. . . .--. .- 
1 2 ~  T A h C E H T  1 Et,;C-I 0.0 46.7S7 196.R23 -211.05 --431. 32 

. . kNU-J 3.3 37.362 196.823 -215.03 405 e 17 
..... , ..................... .................... .. . - . -. - - . . -- - - - - . - --- -- - , 1 2 1  , T A h C E h T  1 EUD-I 0.0 37.362 196.823 -21  3.33 415.17 

END- J 3.3 28.254 196.823 -215.53 1217.07 
. ... ....... -......... , ...... .- .............. -. ... . - -- - -- 

i 122  T A R G E N T  1 EPrD-I 0.3 -7.076 -81.663 -215.53 1217. i)7 
END- J 0.3 -26.779 -81.663 -215.33 452.31 

. .  .... - ....... . . . . . . . . . . . . .  -. - . - . - -- . - - 
, I 3  T A h G E h T  .1 END-I 0.0 -26.779 . -81 -663  -210.33 492.31 

I E N 5  J 3.3 -46.759 -81.663 -213.00 -242 .'66 
......... *- .....-... -- .......... .. .............. -- - . .  - 

124 ~ A ~ C E ~ T  r END- I 0.0 -46.7 59 -81.663 -213.30 -242.66 

. I END- J 5.0 ' -53.419 -81.663 -213.00 -487.65 
............ - - - -- - - - -. - - - . - . -... - .... . . . . . . .  - ....... ....... - - . . . . . .  - - . 

11 1 2 5  T A h E E N T  1 tFID-I 0.116 40.667 -2.432 -314.53 6.57 
E t i D -  J 0.116 27.367 -2.432 -314.53 -8.32 

........... . . . . . . . . . . .  . . . . . . . . . . .  . -- . - - . . .. --- -. . - - - . - . 
1 

. . 126  TAhGEFtT 1 END-I 0 0 7 8 50.578 -2.177 -307.95 9.87 
END- J 5.578 44.318 -2.177 -332.95 3.34 

-- -- - -- - -- -- -.- -. -. 
> j- 



' a 
&. E \ T  I ENC- I -67C. l t 2  i31.7S1, 347.489 -1 ->t3 -. . .- . -- .515.25 . i --- EhC-J -67C.  162 231,796 3 4 5 . 4 6 -  -115s - - , .. -9. ..J -- - 4_4_2.4? - ! I  I . - -- -. . 1. I 

&.:\C 1 E F ; C - I  - 6 7 i .  162 -23 1.79L -347.465 - i, 7 -101 - 6 5  - 2 .1  - i: 1 
'EkTER -637.781 3CS.5'2 -347.4&2 . - 2 - - - -3.: 1 - - -.  32- '-.- - - .  

-- -. - . - .- 
ChC- J -231.796 670,162 - I 4 7 . i & 9  5 - L 5 4  :62., - 

i - i " , 
I " !  

1 G I P E  F J R C E S  A N C  ~ c n ~ h r s  B L ~ E  3 

-231.756 5.7 ' 162  - .  I - ,  . 8. 'NT -- - -  - t .:.-I- -_ _ -= 5 ~ ~ 4 3 . s  -. - -  - :.- %e - - .-A - ; 185.54 -- 1 

Eh i;- J -231.796 347.48. -€7>. 102  -5 .  . - ,34.;. 7.5; 1 ' 
1 .  

ELEVEAT ELECEhT LOLC STATION bX I bL Y-AXIS Z-AXIS TORSIONAL Y-AXIS Z-AXIS 
NUCBER TYPE CASE FCRCE SHEPR SHEAR MOMENT MOMENT MOMENT 7%. 

, 4 
L 

r 
1 TLNGEhT 1 ENC-I -670. 162  -231,796 . 347.489 -1: 28.07 2 4 6 4 0 2 3  -6124.47 

4701.01 ShC-J -670.162 -231.796 347.489 -1J58.07 -4632.40 

j 1 11 I :  . 
2 T4NGEKT 1 ENC-I -670.162 -231.796 347.489 -1058.07 ' 4701.01 -4632.40 

ENC-J -670.162 -231.796 347.489 -1358.07 7873.58 -2516.10 

3 BEHD 1 EhC-I  -670.162 -347,489 -231.796 -1ir58.3: 2516.10 7873.58 ! : ]  CENTgR -714.588 " 28.165 -231.796 776.39 i012..68 8958.93 . , .- E K C - J  -.347.489 -- 7C.162 -231.756. 1646. 65 8 6 - 8 3  6663.56 --- 

s 'I 

I I. 
I , ,  

I.. 

4 TAi4GEhT 1 ENC-I -347.485 -231.796 -670.162 -188.83 1646.84 5563,56 
EhC-J -347.489 ,- -231.796 -. -670.162 1646.86 1218.49 1694.51 . 

5 TirNGEhT 1 EhC- I  -347.489 -' 31.796 7673.162 1646.86 1216.49 1694.51 
ENO- J - 3 4 7 . 4 e ~  -231.796 -457s. 162  1646.86 -1462.16 2 6 ~ 1 ~ 7  o : - m .  

6 - * W  C 1 EruC-I -347  - 4 8 9  -231.796 6 7 5 . 1 0 2  , v * .  1646-8 -14-20 1 6  
- - - -  2621.70 ==Im! i ,. 

I n  
I b  

m 

s * 

f 
il 

2 -  

E';C-; -347.489 - 231.796 -673.162 - . 6 . 5 :  3577.85 1 - -  - - -- - -+:I 
7 : A L - E - . T  1 F Y C - 1  231.796 547.48s 67G. 1 6 2  422L.>8 - ~ 6 4 u . 8 6  -3577.85 I ; ,  

F -  -- - -- ...- - .. - - .  2?1.796 '47.489 b 7 J  e 1 6 2  4 2 2_:z55 9 1137.56 -59& 2 4  

r T vt' r ENC-I 231.796 ,47.489 673. 1 5 2  4226.58 1117.56 -5011.24- -1;: 
- - -- EKC-J 231.796 '47.489 b7J. 162 4226.58 ' 9159.50 -9181.11 - = !  

'7 = TJ~;CL( ,T 1 ENC-I "31. ?S6 3' '.485 57d.162 4226.58 9159.50 -9181.11 I r 

I ENG-J 231.796 347.489 573.162 4226. 58 19882.1.3 -:'*740.92 -- - I:: --L .- - - i 
I= u 1' TASrJEhT 1 ENC-I 231.756 347.489 573.162 4226.58 19882. 1 0  -14740992  
1 -  I .- - .- - E' r. , - 231.790 - '47.485 57.3. 162 4226.58 -5604.70 .- - 2 9 3 0 l 7 4  - . 

,s - 1.. . 



/ 
-p-*-...--.-.-.-- -. -.- . - - . - . . - 

1 / P I P E  F ~ A C E S  A h c  P C C E ~ I S  -- 
' 

2 9  TAYGEhT 1 €KC- I  -1lO?.S10 305.332 1545.751 665.10 3154.95 1941.58 / 
EhC-J : ~ ~ 3 - y 4 1 6  3 3 9.3.?_2- 1045.7_91 665.10 be L%.2.?-- ... 858.91-- 1 

i 
33 TbUGEhT 1 ENC-I - 1 1 ~ 3 . ~ 1 6  77.415 7.518 665.10. 6815.22 858.91 

m 77.415 665-. 1 0  E h t ~ J - ~ 1 1 i ? 3 = ? ? 6  ?r5!8 6852.81_---_. 4 7 1 - 8 4  -. P - * 
I -I 3 1  . TANGEN1 rn I 

1 ENC-I -t .CCC -*3.00.: 3.00Q -0.d3 -).OD -9.03 
1 - E \ E E L - - .  C . *~C%:Z?.CC?-.-- . - .. ... c .. GGIJ r 0.03 -:?2!!3 ., - 3 - O J  ~ ! 

k - 32  TAVGEhT 1 ENC-I -7.518 -1133.916 -77.415 -471,.84 665.10 -6852.81 * . ENL-.:L . . L  ? ~ 1 . 1 9 3 . _ 9 1 0  -772 4.15 -5 l . l~ t4  -1_3_r_!k- 3634.40 ~1 I - 

i 
ELEPEhT ELEPEhT iObC STbTION bX1AL Y-AX1 S Z-AXIS TORSICNAL Y-AX I S L-AX I S 

KL.PREH TYPE. C 4 c E  FCkCF: SHEbR St-EbR MOMENT UnMF NT MCMEKT i t 

'1: 

33  TANGELT 1 ELC-I -7.518 i22.141 1.739 -471.84 -73.34 36?4.40 ! 
ENC-J - 7 . S F !  122.1- 1.739 -47 1.84 -3,)&5 

'U 
,-847*33 

i A: 

2e  T ~ N G E ~ T  . 1  EhC- I  -1193.516 339.332 1 3 4 5 0 7 S l  665.10 -4557.76 4222.90 I 
ENC-J -1193.9J.6 1A45.791 665.10 1941.58- 3 9 9 ,-322-- 3 1-24! 95 - -- I 

c < - -. . .- -- - - - - - .- - .- -- . . - . -. - . - . - - . . - - . . . .- - -. - .- 
16 eEhC 1 €KC-I  -231.7St -633.C28 -456.627 -5354.26 4879.96 -3835.34 

CEhTiR - C l l . 5 2 3  -283.714 -456.627 -2.307.17 3233.64 911.25 I 

N k J d b 3 3 . a  2 2 8 - 2 3 . 1  . _ 7 _ 9 6 - 4 5 . 6 . 6 U  -82.7.. B-7 - 3.53053 1180.Cf L 

19  TANGEhT ENC-I ' -633.*:28 231.796 -456.627 -827.87 -353.57 1180.06 
~ ~ ~ _ z ~ - - 6 3 3 . . ~ 2 8 - - 2 3 1 . . 7 9 _ 6 . _ r 4 5 e . . 6 2 1  -8 t? ,87 - 49&5..58 - 674.31 -- 1 

I .  20 TAYCEhT' ENC-I '( C.  C C J  -O.?C? -3.C.j.3 -3e00  iJ.33 -0 .33 
- 3  .$23 -9.90 2 c!J---%.rSSC3 - O-* .GL 9 - 0 %  .- 

TANGEhI ENC-I C . i O Z  -f .3J I - 2  .C..30 0.90 0.3) -3.03 - .7 .E.XC.zL . .C 0 L C  .-. %-0!?C:< -c. C ;g .kc!& 0.99 . . .-J.O:>.- i 

- 3  .os:) 2 2  TA~JC.EI\T EhC-1 -c . CO:] -:J.JCJ 0.0 3 . 0 3  -0.03 .. - - r .  - i. .. ENC-J .c..:c.J .tl-'l-'.l-'r~--s .-';p533 - XJ-=JJ -.-P.*92 -3.oj i 

2 3  TAr4GEhT 1 EKC-I -461.027 144.165 655.041 164.94 -4052.79 863.5 1 

D 

B 25  TbNCfhT ENC-I -633.C2e -1C43.313 888.724 9232.51 -123l .98 2467.29 
-633..$2,8- - 8e8.724 223.98 - . 

i 
EhC:J---. 1043.~31.3 9-23.?. 5 1 4 1  36.59 i 

-633.':28 -1043.313 880.724 ,9232.51-----..-- . 22J.98 4 1  36.53 , -- 
ENC-J -t33'.228 -1043.313 888.724 ...- i' 9232.51 2887, l .b 7266.44.- : . - - - 66$;10/. --' . . .' 

TANGEhT EhC- I  -111i3.916 339.332 -7302.96 5 3 3 4 0 9 a  
1345.791- ENC_=J - 1  1.531_91b- ' 369%322 - 665. 1 0  - 4 5 5 7 * ' 6 4 2 2 2 * 9 ' 3 _  

E 

EhC-J - .  -46-1 - 6 2 7  .-. 144. 165.--.. 6 5 5 * . U 4 1 . - . . - -  . 164.94 2635.36. -611.45. -..: -- 
1 

2 4  T ~ N G E I \ T  1 ENC-I -1zse. ie9 - 8 3 s . 3 1 ~  -362.447 2694.09 7 5 1  11 -28.26 
-2.8. 2 6  

! 
-83G.310 EhC-J -120 iL * .L8 .k  - 3H.. 447-- - 1 2 7 . - 5 . L . 9 5 5 4 . 3 5  I 



c-- . -----.-- 
P I P E  F C R C E S  A k C  U C U E h T S  

ELzrEKT E L E P E ~ T  LCBC STPTICN A X I A L  Y-AXI  s z-axis TORSIONAL Y - 8 x 1 s  z-AX IS 
NLP8ER TYPE C I S E  FCRCE SHEAR Sl-EAR MOMENT MOMENT MOMENT I • 

1 .  . -- -.- - -. - - . - - 
35 TIIVCEhT 1 €KC-I  -2.216 122.141 7.373 -112. ~6 21.61 -219.81 

€ k t -  J -2.286 122.141 7.372 -112-  3 6  36.85 -472.37 
- . - - - . -- .. -. - .- - - - - - .- -- - . - -. - - . - - 

36 TANGENT 1 EKC-I -2..205 122.141 7.373 -112.13 36.85 -472.35 
ENC-J -2.285 122.141 7.370 -112.13 59.56 - 8 4 8 0 6 1  

-- . - . . - -4 I 
3 7 HE ho 1 E ~ C - I  -2.285 -122.141 -7.350 - 1 i Z i 7  -59.56 s4e.'bc I s  

CENTEM -87.574 -84.759 -7.373 -127.91 21.56 11.Z5.67 i -1. 
E Y C - J  -12.2_..~1 2 0.2.6 1p--7-3 20 -31 ._ 69 ~O.PL._ 12:;a017 -1 :I ! 

3 8  TANGEhT 1 €KC- I  -122.141 -1.739 -7.518 -81.67 686.44 998.29 
I . . ; @  

1 2 2 - ? 4 . 1 - - . ~ . 1 . / 3 9 - - _ 7 . 5 1 &  E!L~-I.J-: - 8l.*3 7 418*78-.--- 1 0 1 3 - 9 5  .- !.:I 
' . I  

3F TAVGEhT 1 ENC-I -122.141 -1.739 -7 .5 i8  -81.67 618.78 1013.95 : a : *  - ". 
EBC-J 1 2 2 9 1 4 1  = 1 7 3 9 --2 5. ! 8. - - - - E l .  r.63 468-42- . - - - ,  l r ) 4 8 * 7 3  - - -  -. -- -------------1 : ! 

4C TAVGEhT 1 EPIC-I -122.141 -1.739 -7.518 -81.67 468.42 1948.73 I ,  : @  
-7.5>0 1 : 

E ~ C Z J  ~ 1 . ~ 2 .  1 4 1 - - ~ 1 - . ~ 3 - -  -_ - . e ~ - - 6 1 _ - ! 9 3 . 2 4 - -  .. 1066.12 -- ...- I - I  

! " ; 
4 1  TbYGEhT . 1 EPIC-I -122.141 -1.739 -7.5 18 -81.67 393.24 1066.12 :a  

- - l ? 2 *  1 4 1  ---- : _ 1 , ? 3 _ 9 7 : 8 1 , 6 _ Z - ~  325.5.7 - .  1'361.77 . -.. . . .  * = .  
1.. 

4 2  TdNGEhT 1 ENC-I -122.141 -1.735 -7.518 - 8 1  0 6 7  325.57 1081.77 
E ~ L - J  -u?,G 1 -1.73s - -~..s.!.e - e  ~ - 6 7  2.95 5 .>) - 

\ 

Q 
43 TPNCEhT 1 ENC-I -122.141 -1.73s -7.5 18 -81.67 295.5.1 1388.72 . -  • - I - .  

E ~ C - J  - 122.141 -1.739 -2...5 1e > 1 a ! - .  265-43-.--  -. 1 8 9 5 - 6 8 . .  - .- - -. / 
I 

44  TANGENT - 0, 1 ENC-I -122.141 -1.735 -7,518 -81.67 265.43 1395.68 
-122.141 - _  -7.518 - 177.09. 1116.11 

i:/a 
- -. ENC-J . . -1.735 - 81.67----.- . _ _ _ ' i 

i: I 
4 5 REhD 1 EhC-I  -122.141 -1.739 -7.518 -81.67 177.39 1116.11 ! .a  

c EN~JLR -e7 .ssq  85.137 -7.518 45.46 120.81 - . . 775.67 - - .- . . - --,::; . I  

EKC-J -1.73s 122.141 -7.518 101.91 6.49 -87.90 
1-10 

46 TANGEhT 1 EhC:-! . . : C  -t4!. 122.141 - 7 5 8  lOl,9_l  . . 6 0 4 ~  . -e7-9c--  ! - I  
ENC-J -C. t 4C  122. 1 4 1  -7.518 101.91 -31.13 -698.61 1 - 1  

4 7 eEhC 1 -122.141 _ -  7.518 131.91 ... I i E?C-.I- -3.642 31. 1 3  6 5 8 -  6 1 - - - - -. - -  
CENTER -86.119 -85.914 7.518 130.66 -34.12 957.14 m 

EHC-J -122.141 C. 64.3 7.518 53.66 -79.36 1963.11 C-. 

- - - . -. - . - - . . . - . - - . - - - - -. , - . - I . .  

49 TbYGEhT 1 EhC- l  -122.141 - ~ . 6 4 J  -7.518 53; 6 6  -95.67 -1048.20 
€KC-J -122.141 -3.64J -7.518 53.66 -185.65 -1J4i l .  5 3  rY I!!. 



I E L E V E ~ T  E L E I V E . ~ ~  L C P C  S T ~ T  ION dx ILL Y - A X I  s z - 4 x 1 s  TORSIONAL Y-4x1s z - A X  IS 
hL'C@ER TYPE CASE FCYCE SFEAR SEEP-? FOPEVT MOMENT 'MCVENT 

. . 

E h C - I  -122.141 31.548 - 7 0 5 1 8  -59.11 -584.13 -558.63 i , . (  
. .. 

EhC-J -1.22.1.41 - . - - - - - -- - - - . 3 ! . = s f l _ 6 _  :7*.5LR - 5 9 -  .- ll-:6.14* 1 8  -684. 79  - .  - . < - .  

*- . -- -- , -..... 
TbNCEhT ENC- I -323 . t96  60.653 -157.066 ' 1 9 2 9 - 5 5  . 2222.06 2231054, 

1729.86 3 2 3 . - 6 9 . 6 _ - 6 J . 6 , 1 3  - 1 5 ? . * C t 6 . - 1 _ 9 t 9 , 5 5 _ _  2349.73. \1-. ... - .  - 
. . 

5 7  TPYtEhT 1 ENC-I -323.696 6;;.6C3 -157.266 1929.55 1751.86 2749.73 ; . - ! (  
E h C r J  - 3 2  3* C.'?-L.-.-.-- 6-:-693 -157.. jt6 113.9255 !1?.2* 59----- 1 8 ° 7 * 3 1  - ..-i i i.; 

! m :  ll TbNGEKT ENC-I -323.656 60.603 -157.S66 1929.55 1122.59 1827.31 
-322.69.6 E % . = ! ! . -  _ -. . s . & ! & ? - . .  -157..266 1929.55 -690.66 164.3065 .....---a .. - . 

BEhD. EXC-I -323.696 6.>.673 -157'.C66 1929.55 693.66 1643.65 : I ! (  
-186.234 cEN!!p--.-. , -. 271.741 -151?>66 - 1749.26 11.25092 1333.91 

EkC-J 6C.633 323.696 -157.C66 337.26 -2282.95 775.98 

31.,35-1 337  2 6  6c.- CE-- . 8 z.14 8 -t_zsr,%'-71fi.98 _-.----p 
ENC-J 6C.603 31.C51 8 5 0 3 4 8  337.26 -1365.46 442.18 

- .. . 
t 1  T A N G E ~ T  1 EI\C-I 6 C d ?  3 - . 3 . ! , _ 3 . 5  1 85034.8 3.??:26 1-36.?. 4 k-.-.-.-- 4 4 2 -  1 8  I _ !  

ENC-J 6C.CC3 31.351 85.348 337.26 -469.33 116.15 

62  TbYGEhT 1 ENC-I .- 6C - . 692 3 lL25-l e 5 ~ 3 . 5 ~  337.26 -469-  33.-- - 1 16. 15----- 
EhC-J 6 i .  6t.3 31.051 85.348 337.26 554.88 -256.46 

6 3  T P N G E ~ T  -c_...c 0.13 g?.~q:: o,-gg.x -9.30 -?YO?--.. 3-93 - 
EhC-J -6 . iJ 'J  ij.CQJ 9.0ii3 -0.33 0.03 -3.53 

TPNGEhT . - - 1.- 426-- 104*666__-  -31.951 .. -. ... 42  30.6 1 .- -8.07 - 5 5 4 * 8 8  .- c-. 
EhC-J -1.426 LC4.666 -31.051 423.61 -538.03 -2240.14 " .  

6 5  TPNCEZT e!k,L--- 8 1 ~ 7 C Z ~ 6 5 ~ 4 3 7  - - : 3 1 * C 5 1 _ 1 4 i 1 r 5 3  646.37- -2240*14 

.' 

ENC-J -81.702 -65.437 -31.551 149.53 -322.36 -198.64 

6 6  TANGEAT 1 EhC- I  -85.258 62,62 3 -31.051 -271*1 - 2???!?.lP -198.64 
ENC- J -85. 348  63.6C3 -3  lTj% -271.41 -472.01 -683.47 

t 7  TANGEhT 1 Erii=I 185??!!8-l73&!?t( 3 5,2-2.1 -4??-01--.-- -683-47 .. . .- ..-.-. - .- - - 2 s 4  1 
ENC-J -85.348 173,374 35.227 -271.41 -366.33 -1202.69 

* - - . -. - -. . . . - . - -- - -- - ,- - - -- - . - - -- -- .- - -- .. . . -. -. . - . - - - - -- 

I 



I E L E Y E N I  ELEYEHT Lnbc STATICN ~ X I A L  
NL'CBER TYPE CASE FORCE 

Y-AXIS 2 - 4 x 1 s  TORSIONAL Y-AXIS 2-AX I S  
SHEAR SHEAR MOCENT MOPENT n(lMENT 

t 9  TANGEhT 1 ENC-I -173.074 -35.227 -85.348 14.!17 2079.95 83.86 - EKC-J L 7 - 3 . * 7 4 - : 3  5 0-2 2 7 _ - 1 8  5.348 -- 140.37 - l_2?6*4?.-p 433.13 - 
1/14 

7 C  TAYGEhT' 1 EhC- I  -173.574 -35.227 -85.348 1 4 - 9 7  1226.47 433.13 1 ;  
ENC- J - 1_7_3.574 -35.227 - 8 59-3 5 8  14.57 ?72,9.8____. 785.39 

7 1  TANGEhT 
-1 

1 EhC-I -17?'.1374 -35.227 -85.348 14.37 372.98 
E NC- J 

785.39 - 1.?-?.*-;.73.. -35.2 2.2 7 . ~ 8 f i . 3 4 8  14.37 ~ 4 8 5 * . ? 0  11 37.66 ----- 

72 TZYCEhT 1 EhC-I  -173.<74 -2.445 . 8.46.3 1 4 - 6 7  -483.50 1137.66 ! :: I .. 
-2,445 . 8.4.61 17.3 ' J . 7 3 - -  -- - . . 13&9 7 -4-56~6-6- , 1 1 4 7 0 4 4  .- 

7 3  TANCELT 1 ENC-I -173.C74 -2.445 8.463 14.07 -446.66 1147.44 , 

€KC-J -- - 8.463 -!73.:Y'!!.- -2.455 1 4 - 2 7  -!A!?!!!!--.-- 1164.55 -- -- 
-I ; 

4 

74  IANCEhT 1 ENC-I -173. :74 -2.445 8.463 1 4 - 9 7  -387.44 
€LCz J 

1164.55 - 17 ? , - < . ? A :  z.! 465 . - .  14.57 -302,85._..-. - -.. 1189.05 

75 iAYGEhT 1 ENC-I -173.,274 -2.445 8.463 14.37 -332.85 1189.02 
ENC-_J;17.3 !C7f( 8.,+6_? 15.97 :22-:>_.37 . -1212.84 

7 6 A E ~ D  1 E ~ C - I  . -173.374 -2.445 8.463 14.37 -22). 3 7  
CENlER 

1212.84 
-124:. 11.1 - 12.J.653 8 , 4 6 0  -1.21-t.11 . - 

ENC-J 
1.0.5 9 5- 723.20 

a -2.445 173.474 6-46:; -135.77 73.53 -493.46 

: - I  - 

I e 2 e t h ~  1 EK'c-I q 7 ' 3 ; i 7 4 - - 2 . 4 4 5  -.l. 722 - 1 3iS i -1  -- . - . - - - - - - - - - -. - .. / 

I 
49.70- 

CEKTER -12C.653 124.111 -1.722 -67.63 
1784.54 I '  j 

123.69 
EhC-J 

. 1263.33 - 1.072 2 32.48 p a  .2*4.4 5 1 _ 7 _ 3 ? 2 f (  1JL.9-9 
I 29.35-- --_-. 
I I - :  @ 3  TbNGEhT 1 ENC-I 2.445 173.C74 -1,722 
I 

32.48 12.2.99 29.35 
-1 - 7 2 2  

;::a 
EhC-J -2.4-45. 173.,3?4 

[ 
- 32.48 11S-*._62!---109* 11 - . - - +:/ 

- - - - -- - - . .- . -. - - - - - - - - . 
/::a 

i --1.. I 



E L E X E ~ T  E L E C E A T  L C ~ C  S T A T I C K  AXIbL Y-AXIS Z-AXIS TORSIOVAL Y-AXIS , Z-AX1 S 
kUPeER ~ V P E  C A S E  F C & C E  SHEAi4 SHEAR MOwENT HONENT MOMENT 1 

\ . . . . . .  ... / 8 - ........ .. . . . . -  - - - - . - -- . - - - 

I € 4  TbhlGEhT 1 EhC- I  2.445 173.374 -1.722 32.48 119.61 -199.11 1 I 
ENC- J 2.445 173.,374 -1.722 3 2 - 4 6  118.75 -195.65 i 

. .... - - ..- 
2.445 -173.C74 1.772 32 3 8  -117.54 3 16.83- I 

CEkTER -12.30653 -124.111 1.722. -58.64 -132.43 686.13 
hC-J -17.3.J-74 - 2-9-5455 !A?-?? -1M +_38 - 23.. 3.1-- 843.36- 

8 7  TPNCEhT €KC- I  -173.174 -2.445 1.722 -112.38 -27. 3 1  . 843.36 
EhC-J -173.-674 - 2 . ~ 4 1  1.722 - U L . 3  !I.-.- ? 2 4  . a 8 2 0 4 8  

8 8  TbNCEhT 1 ENC-I -173.274 -2.445 1.722 -112.38 i1.24 882.48 I ,. ! ., EhC-J -L73..CJ5 . -2.445 - . . . . . - - .. ........ 1.722 -21 2..*38 2 6 - 0 6  919.15 .--- 
I :. 
., e 9  T B N G E ~ T  1 ENC-I -173.274 -2.445 1.722 -112.38 26.36 919.15 

1.722 - 112,3 8 I :: 1- WC-? - 1 1 3 , , : 7 C -  _:2-33-5 !!!a=!+$-2 953.93-- 

5 3  TANCEAI 1 Eh-C-I -J3-4,C.j7?5 1 5 ? - ' ? . ! 3 f l ~ 3 4 1 2 - ~ 4  5 15 13.3 5 2_C_! 5 7 - 1  Z-. 1780.10.- 1 ' 
ENC-J -144C.775 199.834 -341.645 16lD.35 16357.39 5382.35 . . 

I 

! ' 

9 5  T.B?JGEhr 1 ENC-I -144<.775 1~$.0-34 -%.!,t_4_5 1610,3 5 s e 2  .-?e-.. -1 3.43,,_ I 
I 

EhC-J -1445.775 199.834 -341.645 1610.35 . 5838.05 -612.93 

S t  1A:JGEhT 1 € $ P I  -142&,715 L??.*-!?3.4:34&6f?S lkx-d? 5808.05-. -612.93 I 
ENC-J -144C.775 145.834 -341.645 1610.35 . .2562.42 -2511.35 

L 

& 5 8  T B N G E ~ T  1 E S z L J . 4 4 - 9  ..??_5-!.??: B ? _ f i ~ 3 4 ; :  % 4 ? .  1630.35 - e s 4 . 9  - 4 s ? 9 . 6 ~  i 
ENC-J -144C.775 19S.834 -341.645 1610.35 -4441.29 -6657.95 & 



8 

ELEWENT ELECEhr LOsD STATICK bX14L V-ax IS Z-AXIS TORSIONAL Y-AXIS 2-AX1 S 
NUlreER TYPE CASE FCRCE SHEAR SFEbQ MOP EN1 MOMENT MOMENT 

\ I - . . -. - - . - - - .- - - - . . . . . - - - -- a 
c 

1C1 TANGEAT 1 EhC-I  -144C.775 199.834 -341.645 i613.35 -12982.41 -11633.80 \ 3 

EkC-J -144C -77.5 193.834 -341.645 1613.35 -18107.08 -14671.31 1 1  4 
-- -- 

1C2 TbNGELT 1 EhC-F -144C.775 1 9 9 0 8 3 4  -347.645 1613.35 -18107.08 i14631 .31  
EhC-J -14LC.775 199.834 -341.645 1619.35 -22548.46 -17199.15 

---- 
1C3 eEhC I ENC-I -14LC.775 -235.387 210.168 1 6 G i 3 5  12012.94 

CEhTER -1255.936 781.627 215.108 10332.46 8247.41 24583.13 
EhC-J -335.383 144".;:,175 2 _ ~ 1 & 8  13273.94 -3_49.3_4-1 '?056.  8 4  

l C 4  TbNCEhT 1 ENC-I -278.903 -101.654 1464.354 13253.84 -19066.32 5520.53 
EhC-J -2-78.963 -1i l1.0654 -.. 1 4 1 4 . 3 5 4  -. --2.72004 .1857.18-- 13253.84 

l i 5  PEhC 1 ENC-I -335.387 -144U.775 - 2 l i .  1 6 8  13172.34 -2346.78 -411.83 
CEhTER -L25~5.$.?9. -7.810.63-7 - 2 1 : 4 . . . l 6 8 - l 2 - 8 S r 5 8  -118650.27 5111.43 

EhC-J -144C.78G 335.365 - 2 1  1.168 -3607.56 -14433.38 6223-  5 3  

- 136  T6NGEhT 1 ENC-I - l 4 4 C c 7 7 5  ! 9 _ 9 ~ a 3 4 ! 4 _ 1 _ . 4 5 - ~ 3 6 0 7 . ~ 1 8 - - ? 9 0 B .  3?---. 12203.36 
E ~ C - J  -144c.775 199.834 -34 1.645 -3637.78 - i2299.82 10891.22 

l C 7  TONEEKT - 1 E 2 C 1 I - > ?  43.0 77 5 - 1  s 5 . 8 3 4 - 3  4_1.:45_-- -3637.78 . - 1 9 8 0 1 - 2 2  -12295.82 .. 
EhC-J -1446.175 193.834 -341,645 -3607.78 - 1 9 8 1 6 . 0 ~  6404.87 - 
C :144<. 7 7 5 -  199.834 - 3 5 1 6 4 5  -3691z78 -19816.00 6434.87.- 
€KC-J -144t .775 199.834 -341.645 -3637.78 - 2 2 2 3 7 0 5 1  5096.03 

-341.645 E hC!2!;14 f t  :,lf 5- 19_%!3k -. -363 . -i22_31.-51 _ 
EhC-J -144C. 775 199.834 -341.645 -3607.78 -26307.25 

PE4C E h - I  --1442.775 -1723:455 -138,2c6 . - 3 . @ ? ? . * 2 @ 2 2 v . 8 -  2.-- 263;7*25. 
CENTER -2237.441 -199.878 -138.2C6 -949.92 38C8.63 31q87.25 

EkC-J -1723.445 1 4 4 - 0 7 7 5  -138.206 1778.43 2778.19 28333.27 
" 

.- - > -445 I 2 . 6 6  . . . - .  -- .. 
E ~ C - I  -172;. 1 4 4 ~ . i i ~  1778.43 - 2 8 ~ 3 3 . 2 7  2778.19 
EhO-J -1723.445 138.266 144:.775 1778.43 -13595.52 1395.53 

- - - . - -. . . -. - - - - - - - - . . .- . - -- . . . . -. 
1 1 2  TANGEhT EhC- I  -1723.445 138.266 144b.775 177F.43 -13595.-52 1 3 9 5 . 5 r '  

C - J  -1723.445 139.266 1445.775 1778.43 8516.10 -678.46 
----. .-- 

EKC-I - 1 7 2 3 i i s - "  l4 ','- -j7-5 8 5 i 6 .  ici-. 
. 

1 1 3  T A N G E ~ T  1.3e.266 .. . 1 iia.43 -678.46 
EhC-J -1723.445 138.266 1442.775 1778.43 22423.85 -2061.12 

- - . - * & 
' .. . - - . - .. -- - . 

I 
114  TANCEhT ENC-I -1723.445 144.2.775 1 fi8.43 22423.85 . -2961.12-- 

EhC-J -1722.445 138.266 1443.775 . 1778.43 36831.65 -3443.78 
I --- -- - . - - - - - - -- - - - . .. - - . . -. . . - - -. . -- . -. . . - - .. . - . a - - -- 

115 I A N G i h T  t ENC-I -1722.445 138.266 1 4 4 ~ . 7 7 5  1778.43 36831.63 -3443.7e 
EhC-J -1723.445 1 3 8 0 2 t 6  1443.775 1778.43 48357.80 -4549.90 rY 

- - - - - - . . . - m. 
l l t  1ANCEST 1 E ~ C - I  -1722.445 1 9-F. i b 8  5 f 8 T 7  4 1778.43 48357.83 -4549.92 

EKE-J -1722.445 195. 1 6 8  528.174 1778.43 59053.31 -8502.05 
-- - - - - - - - -- - -- 

-- - - - - - -- - - - - - - 
I 

;::I4 
-- /' 

, t ' *  t - - . -- a 



. . 

. -  - , 

--- -- 
P I P E  F C R C E S  A h C  P C C E h l S  ' ------7 

b X 1 b L  Y - A X I S  2 - b X l S  TCRS[CNhL V - b X 1 S  Z'AX I S  
F~L'CBER S P E A R  S ~ - E A R  n o u E u r  n c r E N r  H C K E ~ V ~  

- - -. - - - - - - . - . . - . . . . - - . . . - .  . 
CEhC 1 . €KC-I  -1723.445 -550.67:i' 84.712 1778.43 -3574.36 59555.04 

CERTER -1612.285 e25eC34 84.712 -773.69 -2506.99 57331.84 
. . - 5 ~ 6 , ~ ~ i l ~ 1 3 2 3 . . . 4 4 . ~ - e ~ . - ? 1 r ~ 1 s e . ~ . . r 3  -.84. 2~- -36219 .5~ .  ___--- ; 

. / I  

1 1 8  TbNGEhT 1 E N C - I  -556.673 84.696 -1723.445 -1881.32 . 36219.50 84.23 
EhC-J - 5 5 t . 3 3  8.4*b_9_6_--fl2-3._445__?88.~12 - -1398.6*0?--- -2383a.09.  - .  

.! . i i l  1 1 9  E ! E ~ C .  . 1 ENC- I - 5 5 6 . t t 6  1723.445 84.739 -1882.19 2383.09 -13985.95 . ..! :: 
CEN_L_ER . e2:,24.e-1612. , 2 7 . 7 - . 8 4 . . . 7 . 3 9  - 5f'J3*12_____3375-52---22216.22 - . -. .- - . ... - --.-- g ,. .. . 

E ~ C - J  1723.451 556.647 e4.739 . 2891.55 2 3 9 i . 6 1  -27666.65 
--, . 

I-..: 

1 EYC-! J.7-?? 44 5.-195.-.L6.8--:- 528.9 174.- ? 8 9 1 = . . 5 Z - . 2 8 8 6 2 * 2 1  -8745.83 
ENC-J 1723.445 135.168 -528,174 2691.52 -3104u.93 -9550.89 

1 2 2  1ANGEhT 
t .. 

1 E i C - I  1 7 2 3 0 4 4 5  1 9 5 -  1 6 8 - - : 5 2 F r .  174 *81 !Z .3Z_LT !$47*  9 3  :-. - 9 5 5 3 9 8 s  :---:. 
ENC-J 1723.445 195.168 -528,174 2891.52 -35728.47 -11283.01 . : n 

. .. 
1 2 3  TbNGEhT 

. . 
1 E ~ c - I  1123 ~ ! 4 . S _ _ _ ? 9 5 - = - 1 _ 6 - 8 ~ -  -528-0 1_74~~891*_5-?--.3~-??8=C?--.-11283-~1..-- ---- L--, . x 

ENC-J 1723.445 195.168 -528.174 2891.52 -43482.34 -13C39.52 , y 

8 .  

s E C U A T I C N  S C L t I  I C Y  = 3.5e  P 
-.- 4 - C I S P L b C E P E h l  C L T P L T  = 1 - 2 6 .  

A 
STRESS REC.CVERV = 5.27 e-. 



I S C L I R E  D t C T  CF T k t  S U P  C F  TPE ) S I I h R I S  DP T t E  * C O I L  S T P E S I B S  LOLL 1 4  
. -$&LfUL4CCUEkEhIS) . . . . . . . .  . - . - . . . - . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.. ............................-........ . . . . . . . . .  . . . . .  .. . ... 
: , C L E r E h T  T Y P E  (?/I! P  I P  E 1 / / /  E L E P ' € ) \ ' T - ~ U Y ~ E H (  5) ---F- 

4 
.-.-!?x!. I! V Y ( 1 )  .. . V Z  ( . I  1 T X ~  1 1  P Y (  I I M Z ( 1 )  - P X (  J)-.- . -  v Y ( J ) . - - - .  V Z ( J I  T X t J l  M Y t J I  M Z ( J 1  A 
?.2136C 2 3  1.4537f  r 3  :'.215;C . 3  :5.:1'3~ ;4 C.24360 J 4  0.4531C 5 4  i.213CC ! ~ 3  d .49370  3 3  0 . 2 1 5 ; ~  3 3 - 0 . 6 0 0 3 0  0 4 " 5 . 2 8 3 7 ~  3 4 - j . 6 4 5 6 0  34- - - - t f '  

. E L i P E h T  T Y P E  ( 3 / C  P I P E / / / E L E C E N T  h b V B E R  4 6 )  



; . (  
I ' : E L E C E ~ T  T Y P E  ( ? / c  P I F E . 1 / / E L E V E K T  h U V e E i 4  1  5 )  
1 ;  ............-. - . ............. 
[ ' :  P X ( 1 )  V Y ( 1 )  V L I I )  T X I I )  P Y [ I  1: C Z ( 1 )  P X ( J )  . V Y I J )  V Z ( J )  
. . .  ..-, ! .4941C $3 -9.6581C ',':3 ".6f44C .13 ".3523C i.4 Z.6;'.'2@0 C4 3.6744G <4 ~.4941D 33 !?.65810 33 9.68440 43 
% .  
8 6 ,  / , . '  -"- - - .................. . . 

i , i  
h .  1 ........ 1. .. / /_ .A '  . E L E I E R T .  h U Y E E R  ( . 1<.) ......................... 

i.:! 
P X ( 1 )  V Y ( I I  V Z ( l l  T X (  I )  ) ? Y [ I )  P Z  I I ) P X t J )  V Y ( J )  V Z ( J ) .  

;': ,.-&Fi4t!2_29..2..245SC C3 :E,7?SSL..113 1.351.3C - 4  ?1.1495C .35 i1.1379C 35 10.4946C -183 i.74590 . G ? . .  0.27950 23 
8 .: . 

. . . .  
I .. 
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APPENDIX C 

I N E L  P I P E  I 1  (SAPPER)  Results: 

A )  Black Model Class 2 Results 

B )  Red Model Class 2 Results 

C )  Blue Model Class 2 Results. 
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.--- I _ 

-STRESS- ( S 8 Q I  A T  J END' OF ELEMENT NGo'23m-8350.  7.. 1:: 1 STRESSES S A T 1  SFY ALLDW4BLE STRESS L I M I T  9 S SUB H - 16700. . . 
.. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - . - - . . - - :, . . 

TAbiGENT P O I N T  STRESSES 
.... ........ .. . . . . . . . .  - .. -. - - - - . , - - - - - -. - -- -- - -- - - - - 

.. I 
rI E Q U A T I O N  (9) STRESS 

PI STRESS ( S 9 R )  b.T I END OF ELEMENT NO. 26- 8350. - - - . - . - - . . - - - - - - - - - - - - . . - . - . - - - - - - - - . - - - 
"-'-' STRESS ( S 9 P J  A T  J END OF ELEMENT NO- '  23=-'.' - 8350.' ' e l STRESSES S~TISFY A L L o u f i e L ~  STRESS L I M I T l  1.2 * s sue H 2 0 0 4 0 .  

... -.- - - -- ..--..-.-.. .- ............................... -- .... - - - - - .. 
r ;  Q I:! 

1 '  TANGENT P O I N T  STRESSES . ,  i 1 +-.- ......... - .. - . . . . . - - - - -- .- . - -. . - -- .. 

' 1  E Q U A T I O N  t 10) STRESS . . 
I -- -. - - - - - -. STRESS ( b 1 O R )  AT  I END OF ELEMENT NO. 1s 304. 

.......... - .- - -".STRESS ( S l O Q )  AT  J END OF ELEMENT NO." --1=-'--'303, 
STRESSES SATISFY ALLOWABLE STRESS L I M I T *  s SUB A = 2 7 6 7 5 .  

. . 

. . 
I:I TbNGENT P O I N T  STRESSES 

E Q U A T I O N  ( 1  1 1  STRESS 
STRESS ( S 1 1 R )  AT  I E N 3  OF ELEMENT NO. 2 4 ~  1 2 8 3 .  : 

. ..... -- ....... .- - 1283;--'-------- - . % STRESS ( S 1 1 0 )  A T  J E N 0  OF ELEMENT b!O. 2 3 =  :. 
STRESSES S I T I S F Y  ALLOWOBLE STRESS L I M I T 1  S S U B  A P L U S  S SUB ti 4 6 3 7 5 .  . . 

-. . 

TANGENT PO1 N T  STRESSES 
* 

.- . . .  . . ... - .. - . - -. .. - = .!  --- 
C1 . .  

E Q U A T I O N  ( 9 )  STRESS - EMERGENCY C O N C l T l O I J S  I-- 
STRESS 1 S 9 R )  A T  I END OF ELEMENT NO. 24= 8 3 5 0 .  I : 

.C -- -- . . 
STRESS ( S 9 0 l  AT -3- EVD O F .  ELEMENT NO. 23=----8350.- 
ST,RESSES S A T I S F Y  4LLOWABLE STRESS L I M I T .  1.8 S SUB H 30060. & i:  

0 \ .  
F 4 U L T E O  . C O R D I T I O N S  t 

--.- - ----- ---------- - 
S T R E S S  AT 1 END = 8 3 5 0 .  
s T a E s s  A T  J END = 7371.  

-- . STRE-SSE s S C T I S F ~ ~ ~ A L L U W A ~ L E ~ - S T R E S S ~ - ~ - I M I . ~ - ~ O ~ O .  .-- 



- 

-..- 

4 
-C 

' - -TANGENT'  P O I N T S T R E S S  ES- 

FOR M A T E R I P L / S E C T I O Y  .TYPE NO. 2 
. - ......... .- . . . .  ................................ - -- -- 

. . 
MATER1AL ND. 1 
S E C T I O N  NO. 2 ............. - .... .. -. ......... - .- . - 

STRESS I N T E N S I F I C A T ! O N  FACTOR = 1;000 
SECTION n o D u L u s  = 0,190 . - ..... - .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .... 

. - -. ....... - . . . .  - .. -. . . . . .  - .. . - - - - - .... 
TANGENT P O I N T  STRESSES 

- 

E Q U A T I O N  ( 9 )  STRESS ' 

- - - - - . . - - STRESS ( S 9 R l  AT I END OF ELEMENT NO. 4 6 % .  ' .  5 8 9 7 .  
STRESS ' ( S 9 0 1  "AT ' 3  END OF ELEMENT NO.' 469- 5898.- 
STRESSES S A T I S F Y  ALLOWABLE STRESS L I M I T .  1.2 * S SUB H = 20040; 

:I E Q U I T S O N  ( 8 1  STRESS 
STRESS ( S 8 R )  AT  I END OF ELEMENT NO. 460 5897.  . 
STRESS ' ( 5 8 0 )  " A T - J  END OF '  ELEMENT NO.- 46k-5898'.  , 

I . . I '  STRESSES S A T I S F Y  ALLOWABLE STRESS L I M I T r -  S SUB H 16700. 

....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .-. .. ............ - .... . .- - - - TANGENT P O I N T  STRESSES -- 
E O U A T I O N  ( 1 0 1  STRESS 

-- STRESS I S 1 O R l  AT I E N D  OF ELEMENT NO. 849 1 0 5 9 2 .  
SB RESS ~SIOQI - ' A T J  END OF' ELEMENT - N O : - ~ C = - - ~ S ~ Z ~ ;  
S l 'RESSES S A T I S F Y  ALLOWABLE STRESS L I M I T .  S SUB A a 2 7 6 7 5 .  

- I  
TANGENT P O I N T  STRESSES 

;AI 
- ... ...- .- . . . . . . . . . . . . . .  . . .  - -. - - w 

c - .  
E O U A T I O N  ( 9 )  STRESS - EMERGENCY t O N D I f I W S  
STRESS ( S 9 R l  A T  I END OF ELENENT NO. 4 6 ~  5897.  * 

.I -. -. - -. -- . . - STRESS-  IS9Qk-AT-;)-.END.- OF. ELEMENT.-NO.- 46=-5898-i ; I  STRESSES S A T I S F Y  ALLOWABLE STRESS L I M I T .  1 - 8  S SUB H = 30060- 
- 

.......... . -  ........... - - - - - - ----- - r\) 

cp . . 

: j  TANGENT P O I N T  STRESSES .............. ..... - . . . . . . . .  ....... -- 

... ... 

SCRESS bT I END = 5 3 9 7 -  
SORESS AT J END 2359- 

JHlfSSE5.- Sb T I  S FY--At;L-OYdBtE-ST R E % - t m f f ~ 4 0 0 8 O e  
J . .,. 

' . . '  . . 

. . E Q U A T I O N  ( 1 1 )  STRESS 

- .. - .... - ..... - STRESS ( S 1 1 R I  AT I E N 0  OF ELEMENT NO. 8 4 =  13531 .  
STRESS ( S l 1 0 )  & T " J  EYCl OF ELEMENT NO.. 94s ' - 18262 .  

.I I STRESSES S A T I S F Y  ALLOWABLE STRESS L I M I T *  S SUB A P L U S  S S U B  H 1 44375. 



[ .  . . 
FOR W A T E R I A L / S E C T I O N  TYPE NO. 3 . . 

I I - .--- . .  - ...-.. - .. - - . . . . . . . . . .  .. 
I #  

-----. 

M & T E R I A t  KO. 1 2 .  

S E C T I O N  N3. 3 
. . 

.......... .... .. -- - - - - -- - . . ..... - I ' '- - -- - - .- - 
1 ' ;  

) I a .  S T R E S S  I N T E Y S I F I C A T I O N  FACTOR = 1.000 
1 , :  - - -- - . -- S E C T I O Y  MODULUS = 0.100 ..... . . . . . . . . . . . . . . . .  -- - . -- . I ! 
i A ,  p,!  EQUATION t 8 1  STRESS /.,i STRESS t S 8 R )  AT S END OF ELEMENT Y0.120= 6 3 2 5 .  
f STRESS (SBQI-41-;I-EN) O F  ELEMENT NO. 120='--6847. 

-. - 
... 

B ;  . :  STRESSES S A T I S F Y  ALLOWABLE STRESS L I M I T I  S SUB H 16700- , . I 

B i .- 1 T I H G E N T  PO! N ?  STRESSES 
.. i 1: I . - . . . . . . . . . . .  - . . . . . . .  - - - - - - - - . . - 

. . 

);.. i E Q U A T I O N  ( 9 )  STRESS 
I 

I: ; i / - STRESS ( 5 9 0 )  ' A T  ' J .  ENQ OF E L E Y E N T  NO. 120=.'-'-'6847.-- 
. 

STRESS ( S 9 f t )  AT  I EN: OF E L E M E N T  N 0 . 1 2 0 3  6325 .  

,i.l STRESSES S A T t S F Y  ALLOWABLE STRESS L I M I T I  1.2 * S S U B  H = 2 0 0 4 0 .  

j :  . I  
.... I :: ........... -. ... 

T4NCENT P O I N T  STRESSES . . - . . - - . -- . . -. - . - 
I _ .  
i I 
0 

E Q U 4 T I O N  ( l o t  STRESS 

- - - - - - - STRESS ( S l O R h  AT  I E h O  9 F  ELEMENT NO. 9 5 -  2 5 4 4 6 .  
/ : !- STRESS ( S  1001 ' -  bT J E h D  OF ELEMENT 'NO. 96= . ' -24228 .  --- 
'-L , : = I  , STRESSES S A T I S F Y  ALLCWABLE STRESS L I M I T ,  .S SUB A = 2 7 6 7 5 .  

) ; ? I  

; ... . I . . .  . . . . . . . . . - . . . .  TPNGENT - P O I N T  . . . . . .  STRESSES - - . - . . , - - . . - . . -. . - 
. 1 . . E Q U A T I O N  (11) STPESS 

'i!i ........... 
STRESS t s 1 1 R )  AT I E m  OF ELEMENT No. 9 5 1  2 9 0 6 1 .  

- S T R E S S  1 S 1 1 Q )  A T  J EQD OF ELEMENT NO. 9 6 =  2 8 3 6 6 . - - - - - - - - - - - . -  .- --- -- 
,I. i STRESSES S .AT ISFY ALLOWABLE STRESS L I M I T .  S SUB A P L U S  S SUB H = 4 4 3 7 5 .  4 

a 
I .: 

u . . - -  - - .- . . - --- . .- -- . . L  . - -  

) ; - i  c-. 

- ....... .-...... . . . . .  
T4hGENT P O I  VT STRESSES 

- ,  
' C -  . . 
f--- 

E Q U A T I O N  (9)  STRESS - EMERGENCY C O N D I T I O N S  ' /.. 
STRESS ( S 9 R )  AT I END OF ELEMENT NO.lZO= 6325 .  

i *  ................ . - .- -- -- ry 
... i:I ' I  STRESS STRESSES . ( S 9 Q ) - - A T - - j E N O  S A T I S F Y  A L L O d A B L E  O F .  E L E M E N T  STRESS N0 .120=- -6847 .  L I M I T *  1 - 8  S SUB H = 30060. a' 

' i .  ; 

) ' .  I . . F A U L T E D  C O k D I  T I O N S  I- ; . !  
-- - .- . . . -- -- .. - --- -- - - . - -- - - . - . . - - . - - - 

):I STRESS AT I END = 6 3 2 5 .  
STRESS AT J END = 2 7 0 9 .  

.A S T R E S S E S  S t T I S F Y  ALLCIWABLE -STRESS - L I W I T  - = - - 4 0 0 8 0 .  - - -- -- - - - - . - - 

b 
. - -. - - - - - -- - --. . . .  . . _ . . . .  



? \ -. - . - - - . - cc ThNGENT.. P O I N T S T R E S S E S  
@ ! .  

FOR M A T E R I A L / S E C T I O N  TYPE NO. 4 ! I i  .- - - .......................... ...... . .- .. -- - 
! . I  

- - -. -- -- 
MATER14L  YO. 1 . . 

. . . . .  .- . . . .  - ...-.. - ... - ... - .. - ... - .. - -- - -. . S E C T I O N  NO. 5  
I .  I . . 

Q);  . !  STRESS I N T E N S  I F I C A T  I D N  F4CTOR = 1.000 
- - - - - .- . - S E C T I O V  MODULUS = 0.053 

. . . - . . . - . . . .  ..... . . - . . . .  . .  I :. 1- - - 
- - -- -- 

@!..I E O U 4 T I O N  ( 8 )  STRESS 
! .$ ! STRESS ( S 8 R )  AT I END OF ELEMENT N 0 . 1 2 3 =  1 0 9 5 2 .  . 

! .I STRESS ( 5 8 0 )  ' A T - - . J  E N D . O F  ELEMENT N011'21'=-Z439@.-- 
@!. . I  

I :  
STRESSES S A T I S F Y  ALLOWhBLE STRESS L I M I T  S  SUB ti .= 16700. 

B;..! 
-..-........ ...... . . . .  ....................... 

!:? t - - -. , 
TANGEYT P O I N T  STRESSES 

1 .. - -- - 

@:.-I 

d"1 % E Q U 4 T I O N  ( L O )  STRESS 
i;' ' - ...... STRESS ( S 1 0 4 1  AT  I EYO OF ELEU'ENT NO.L70= 15207.  

STRESS ' ( S  LOQ)' A T .  J END OF ELEMENT NO. 125=' - '14809;  - - - -- . - 
STRESSES S I T I S F Y  ALLOWABLE STRESS L I M T T r  S  SUB A t 2 7 6 7 5 .  

i . 

B!*L TANGENT P O I N T  STRESSES I S  ... -- . . . . . . . . . . . . . . . . . . .  ...... ... . . - - - - -. - - - .- -- 
; ., I 

-. .. - - ...... . . .  , . . . . . . . . . . . . . . . . . . .  - . . - - . - -- - . 

E Q U A T I O N  (11) STRESS 

. - - . .- -- .. - - STRESS I S 1 1 R )  AT I END OF ELEMENT N 0 . 1 2 1 ~  2 3 6 3 2 .  
.... 'STRESS ( S 1 1 0 )  AT:. J END OF ELEMENT NO. 125="."26678.- ---- 

.--.- 

STRESSES S A T I S F Y  ALLOWABLE STRESS L I Y l T *  S  SUB A  P L U S  S  SUB H - 4 4 3 7 5 .  --4 
XI 

TANGEYT P 3 I N T  STRESSES 
! .. 

& - !  E O U A r l O N  1 9 1  STRESS 
I ., j - .......-. , ....... 

STRESS l S 9 R 1  AT I E N 0  OF ELEHENT N0 .1231  1 0 9 5 2 .  

i n '  - ' S T R E S S  ( 5 9 0 )  A T -  J END OF ELEMENT NG.12 L=-- 14396: -- ------ 

B ; - 1  STRESSES S A T I S F Y  ALLCWARLE STRESS L I M I T *  1.2 * S SUB H 20040. 
: . i  

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

I b- 

& 1 - -  .- . .  - ... -- . ....-.- --- . .  
TANGENT P O I N T  STRESSES 

..... .... . . . .  . . . . .  - . - - -. .. - 2- 

I 
- 

E Q U A T I O N  ( 9 )  STRESS - EMERGENCY C Q N D I T I O N S  

-- - .- ............... - .. STRESS 1 S 9 R )  A T  I END OF ELEMENT NG.1231  1 0 9 5 2 .  ry 

I S T R E S S . ( S 9 Q )  AT.-.J END OF ELEMENY.N@.121= .  1 4 3 9 6 ;  
STRESSES S A T I S F Y  ALLCWABLE STRESS L I M I T *  1.8 S SUB H 30060. OI 

! 
p1. j  ._ . ( 

F A U L T E D  C3hDl i I O N S  ! "' .... -........... ....... -.......... . . . . - . . . . . . .  
! .. : .- . - -- -- 

m i . !  S T R E S S  b T  I E N 0  = 1 0 9 5 2 .  
: .  1. STRESS AT J E N 0  - 2521 .  
\ . . 5.TRESS.ES SbT [ S P Y  ALLOWABLE . S T R E S S - t 1 Y  I T -= 4 0 0 8 0 .  . . .  -- ---- - -- 



1 .  FOR H A T E R I A L / S E C T I O N  ....... -- TYPE - NO. 1 
I - - - - . - - - .. .-- -- ... - 2 

. . . 
N 4 T  E R 1 4 L  NO. 1 : i . . ( 

-- S E C T I G N  YO. 1 - - ..... - ..... - - .. . . . . . .  . . . . . . . . .  
' I  . I 
/ S T R E S S  I N T  ENS I F I C A T  I C N  FACTOR 3 1 a 3 6 3  

S E C T I O N  MODULUS = 0 .326  I ....... . ..... . - ... - . . . . .  -. - - - t - . 
., i E Q U L T I O N  ( 8 1  STRESS . . 

- STRESS l S 8 R  l AT 1 END OF ELEMENT NO. 2 5 =  8 1 7 9 .  
STRFSS ( S 8 O l - A T - C E N T E R  OF ELEYENT NO.' 2 5 =  -' 8047.' - -- 
STRESS ( S 8 S J  AT  J END OF ELEMENT NO. 2 5 =  7 9 4 8 .  

I STRESSES S A T T S F Y  A L L M A B L E  STRESS L I M I T r  S SUB ti = 16700. . . . . . . . . . .  - . . . . .  - ...... . . - - - - - , . - - - 

. . -- - - - - - EOIJATION ( 9 ) ' . S T R E S S  ' " 

. 
. . : _ j STRESS ( S 9 R )  A T  I E N D O F  ELEMENT NO. 2 5 =  8 1 7 9 .  

1 1 il- ---- - 'STRESS STRESS ( ~ 9 0 1  1 ~ 9 s )  ' A T - J  A T  C E N T E ~  END OF OF ELEMENT ELEMENT NO. NO. z 5 =  2 5 =  '-7948; '-  8 0 4 7 .  -- . I  

... I 
: .- I - S T R E S S E S  S A T I S F Y  A L L O Y P B L E  STRESS L I M I T ,  1.2 S S U B  H a 20040. 

. . . .  [ - I-- - - ..... -- E O U 4 T l O N  ( 10) STRESS 
'STRESS ( S l O R )  AT 1 E V 3  OF ELEMENT NO. 22='- ' - .-41O; i , . 

C j  STRESS ( S 1 0 , 3 )  AT CENTER OF ELEMENT NO. B =  409. 

- .- -. . - STRESS ( S l O S )  A T  J E N D O F  E L E M E N T N O .  8 =  409.  
STRESSES S A T I S F Y  ALLOYABLE STRESS L I M I T .  S ' .SUB-A ~ 7 7 6 7 5 .  . . 

/ .I I .... - . . -- - - ........ - ..... - . . . . . .  - . . . . . . - . . . . . .  - -. . - -. - . I  .. i b i  E O U k T I O N  (1 1) STRESS 

- -- - - - - .. STRESS ( S l l R )  A T  I ENC OF ELEMENT NO. 2 5 s  8 5 8 9 .  
- -- . I .. STRESS ( S 1 1 0 J  A T  CENTER OF ELEMENT YO. t 5 =  ' ' 8456.' 

' ,  
: . - 

STRESS ( S 1 1 S )  AT  J END OF ELEMENT NO. 251 8356 .  
:.i -- STRESSES S A T I S F Y  A L L O Y 4 B L E  STRESS L I M I T ,  S SUB H P L U S  S SUB A = 4 6 3 7 5 .  

................ . . . . . .  . . . . .  . I . !  F 

! '  I 4 
... A - - - . - - - - . EClUATION ( 9 ) -  STRESS - EMERGENCY CONDIT IOWS- -  

+b 

- 1  STaESS l S 9 R )  AT  I END O F  ELEVENT NO. 2 5 =  8179.  
. 1 

C-r 

- -- - STRESS ( S 9 0 )  AT  CENTER OF ELEMENT NO. 2 5 1  8 0 4 7 .  
. . - . . .  . .  STRESS ( S 9 S ) -  AT  J END OF ELEMENT NO. .25=.--.7948:-- & : I 

:I STRESSES S A T I S F Y  A L L O Y A B L E  STRESS L I M I T ,  1.8 * S SUB H = 30060. & 
' .. I 

i ' 

. . . ----  --- - .:;I S r R E S S  ( S 9 R l  &T  I END OF E L E Y E N T  NO. 2 5 1  8 1 7 9 .  
; i 

-.- - .- 
STRESS I S 9 0 1  L T  CENTEF OF E L E M E M  NO. 2 5 ~  8 0 4 7 .  
STRESS ( S 9 S J  AT  J END OF ELEMENT NO. 2 5 -  --7948;- - - -  --- -- - .--- . 

. . S T R E S S E S  SATISFY ALLOWABLE STRESS LIMIT = 4 9 0 8 0 .  



, : : I  
!:I- . . .  . ........ FOA Y A T E R I A L / S E C T I O Y  TYPE NO. 2 . . . . . . .  . . . . .  ..... .... -. - - - - : .  ! 
, a M A T E R I A L  NO. 1 1 ;  i 

' SECTION MO. 2 1 .1  -- - .. -- - . . . . . . . . . . . . . . . . . .  . . . . . . . - . . . . . -  - ... - .. -. 
i s ;  . STRESS I N T E N S I F I C A T I O N  FACTOR. = 0.622 . '. 

S E C T I O N  HOOlJLUS = 0.190 , . L  .....-.. - -........ . . . .  ......... .- ....... I ,a  I 
E Q U A T I O N  ( 8 )  STRESS '!.:I STRESS I S B R )  AT  I END OF ELEMENT NC. C5=  - 5 7 5 1 .  

I ., ! STRESS ( S B O )  -AT CENTER OF ELEMENT NO.' 4 5 = - - '  5854; 

' I  ' !  STRESS ( S B S )  A T .  J E'JD OF ELEMENT NO. 4 5 =  5 8 9 7 .  
I > !  ,- STRESSFS S A T I S F Y  ALLCWABLE STRESS L I M l  T t  S SUB H = 16700. . - . . - ......... - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ... - - ... - ... 
! I ?  I 

. . . . . . . . . . .  ........ -- 
E Q U A T I O N '  ( 9 ) '  STRESS 

- - ... 0 
: I  
. I  STRESS ( S 9 R )  AT I EVD OF ELEMENT NO. 45s  . 5751.  

STRESS ( 5 9 9 )  AT CENTER OF ELEMENT NO. 4 5 s  5854 .  1 .. I .............. - 
I.+- ""-"STRESS ( S 9 S )  AT  J END OF ELEMENT NO. 45='---- '5897. 

) 1 j 
S T R E S S E S  .SATISFY ALLOWABLE STRESS L I M I T ,  1.2 s SUB H = 20040. 

........ ......................... ! -  r 
1 I 

b ; - ;  . .' i - E Q U A T I O N  ( 10) STRESS . ................ STRESS ( S l O R )  AT I END 'OF ELEMENT NO. 83~"-'- 6373;- ''I V 
) r  '1. STRESS ( S I O Q )  AT CENTER OF ELEME.NT NO. 8 3 s  7319.  

i.1 -- .. - STRESS ( S l O S )  A T  J END OF ELEMENT NO. 8 3 ~  6 5 9 2 .  
... ..... 

I -. I STRESSES S A T I S F Y  ALLOWABLE STRESS L I M I T .  S"-SUB'A - ~ 7 7 6 7 S .  . I 

) I a . i  
I.! 

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

E Q U A T I O N  (11) STRESS 
STRESS ( S 1 1 R )  A T  I END OF ELEMENT NO. 8 3 ~  1 2 1 2 4 -  

- STRESS ( 5 1 1 0 )  A V C E N T  ER OF ELEMENT NO. 8 3 ~ - - ' 1 3 1 7 3 .  
STRESS ( S L l S )  AT J END OF ECEYENT NO. 8 3 s  1 2 4 9 0 .  
STRESSES S 4 T I S F Y  ALLOWABLE STRESS L I M I T *  S SUB H P L U S  S S U B  A = 4 1 3 7 5 ,  

. . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  . . .  - -- .. . . .  - .. 
F 
-I 

-EOUbTION.  (91.--STRESS-;.. EMERGENCY C O N D I  T IONS-  
STRESS ( S 9 R )  A T  I END OF ELEMENT NO. 4 5 =  5751.  - 
STRESS ( S 9 0 )  AT CENTER OF ELEMENT NO. 4 5 s  5 8 5 4 .  k.. 

STRESS ( S 9 S )  ' A T  J END OF ELEMENT NO. 4 5 s  ' -5897."-'-- - -  
STRESSES SATISFY ALLOWABLE STRESS LIMIT. 1.8 * s sue H = 30060. e 

F A U L T E D  C O N O I T I O N S  0\ - ......... . . . . . .  ............... ... ........ -- - - 
~ ; < ~ i  , STRESS ( S 9 R I  AT I END OF ELEMENT NO. 4 5 =  5751.  

" STRESS ( S 9 Q I  AT  CENTER OF ELFWENT NO. 4 5 s  5854. 
. . . . .  . . S T I F S S  ( 5 9 5 )  AT J €YO OF ELEMENT NO, 45- S89r. '. . . .  

: I  

D - '  S T R E S S E S  S A T I S F Y  ALLOWABLE STRESS L I M I T  = COOaO. 



: - - - - -. - - - -. - 
*, [ ---ELBOW STREE S ES - 

I : ,  I( FOR . . . M A T E R I A L I S E C T I O N  TYPE NO. 3 
v :  t 
t ! 

I : . !  M A T E R I A L  NO. 1 
I I !  . S E C T I O N  NO. 3 . .  - -  . - 
! 9 !  

-. . . . . 

, I , '  STRESS I N T E N S I F I C A T I C N  FACTOR a 0.570 
8 * I .  1 -- .- - - . S E C T I O N  MODULUS = 0.100 

-. -- . . . - . . . . - - - . . - - . I .. ; . -- - . - -. - 
i E Q U A T I O N  ( 8 1  STRESS 

1:; -- STRESS ( S 8 R )  AT I E N D O F  ELEMENT NO. 113= 4 5 3 7 .  
STRESS ( S t 3 0 1  - AT- .CENTER'OF ELEMENT NO.l13=-'4393. 1 * !  

I .. j . . STRESS ( S 8 S 1  A T  J E N D  OF ELEMENT NO. 116s 3930. , : .  STRESSES . S A T I S F Y  A L L M A B L E  - STRESS . .. . .... L I M I T *  . .  S SUB H = 16700. - . - - - . -. . . - - - - - . 
I . I  

- -. 
; . ;  
j .. i 

-. -- -- - - -- - 
I .* 1 E Q U A T I O N  (9 ) ' - 'STRESS - " "  . 

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

STRESS ( S 9 R )  AT  I-EN@ OF ELEMENT N 0 . 1 1 3 1  4537 .  
j . ;  STRESS ( S 9 Q l  AT  CENT€?  OF ELEMENT N0.113-  4 3 5 3 .  

. -- - . - . - - . - . . - - . - 
STRESS ( S 9 S )  AT J END OF ELEMENT N0 .116=-  -.3930.. ---- -- 1 :. I 

: i STRESSES S A T I S F Y  A L L O d A B L E  STRESS L I M I T ,  1.2 * S SUB H I 20040. 
. . I  

I i : I- - - - - -- - .- -. - . E Q U A T I O N  1 1 0 )  STRESS 
- STRESS ( S l O R 1  A T  I E N 3  OF ELEYENT NO.-. 7 2 1 - - - - 3 8 9 4 .  

; !P, 
3 - !  I 

STRESS ( S l O Q I  AT  CENTER OF ELEMENT NO. 7 2 %  4311.  
j . !  

! : - - - -- .- -- .- - - . . STRESS ( S l O S 1  A T  J END OF ELEMENT NO. 7 2 =  4135 .  
STRESSES S A T 1  SFY b L L O Y A B L E  STRESS L I M I T  * '  S -SUB -A - s 1 7 ~ 6 7 5 .  . - -- - -- . - . 

I 
I : ,  

! 1 ---- . . - -- .- - . -. - . - - . _ .. . _ . - . _. . . . . -. . .- _- - .- . . 
E C U 4 T I C N  (11) STRESS 1-L STRESS ( S l l R )  b T  I END OF ELEMENT NO. 721 8 4 3 0 .  

-- . - - . . - . - . - . . - STRESS ( S l l O I  4 1  CENTER OF ELEMENT NO. 7 2 =  8704 .  .. -- -- _ 
j ! - ! STRESS ( S l l S )  AT  J END OF ELEMENT NO. 7 2 +  8065 .  
I : - t - -- - -. - . . . . . . . . . STRESSES S A T I S F Y  ALLOUPBLE STRESS L I M I T *  S SUB H P L U S  S SUB A 4 + 3 7 5 .  
i - . - . . -- .- - . _-. 
' .  I . I 

, '  i 

/ .: I . L- 

r 
. . - 4 

E Q U A T I O N  ( 9 1 ' - S T R E S S  - EMERGENCY C O N O I T  I O N S -  
- 8 

?-- - 
STRESS ( S 9 P I  A T  I END OF ELEKENT N0.113= 4537,  

, .. : 
w 

8 a - . . . 
STRESS ( S 9 0 1  AT CENTEF OF ELFMENT N O . l 1 3 =  4 3 9 3 .  c-. 

! - I  -- - - .STRESS ( S 9 S  1 AT J END OF ELEMENT NO. 116.r- -.3930..--------------------- 
! .. 1 STRESSES S A T I S F Y  A L L O k A B L E  STRESS L I M I T *  1.8 * S SUB H 30060. P 
i .. 1 * 
.. . - . - - - - - . . . .  -. -- .. -_ . .  . . - 
. i 

-- 
I . I  ' ,  . . 

.N 

: i-- 
F A U L T E D  COHO1 T I f f l S  

: :  
-. - -. .-- - - o? - - -- . - - . . . -- - - . - 

i . I  STRESS ( S 9 R I  AT  I END O F  ELEMENT N 0 . 1 1 3 ~  4537 .  
. :  . . 

---..A- - - -- - - . 
STRESS ( S 9 Q I  d l  CENTER OF ELEMENT NO.L13= 4393,. 

. . STRESS ( 5 9 5 1  P T  J END DF ELEMENT N 0 . 1 1 6 ~  . 3930.- - .  .. - ..--. . .  
' ,  . . S T R E S S E S  S A T I S F Y  ALLOWABLE STRESS L I M I T  = 4 0 0 8 0 .  



i . I 
, .. 
f f 

........ 
. ELBOW STRESSES - 

6;: :  ! I 

FOR WA'TERIAL/SECTION TYPE NO. 4 .. ...... ........ -- .,- I : i-- . . . . . .  . - . - . . -. - - - -. - - . - - - - . - - - 

81,) M A T E R I A L  NO. 1 
SECTSOY N3. 5 ; . !  

3 8 
. . . .  - - - -. - - - . ....... - .  - - - . . . . . - .  . - - - --- -- 

‘,I:; STRESS I K T E N S I F I ' C A T I O N  FACTOR t 0.530 

- .. - ........ S E C T I O N  VODULUS = 0 .053  i.:t ..... 
. . . . .  . . .- 

E Q U A T I O N  ( 8 1  STRESS 

I ,  e; :I-- -- 
STRESS ( S B R J  .AT I EVO OF ELEMENT - NO. 1 2 4  4612 .  

I .: j 
S T d E S S  ( S 8 Q l  ' A T  CENTER OF ELEMENT ~ 0 . 1 2 6 = - ' 4 5 4 9 .  

@ ; - ;  STRESS ( S 8 S J  AT  J END OF ELEMENT NO. 1 2 4 ~  2 9 8 6 .  
STRESSES S A T I S F Y  ALLOWABLE STRESS L I M I T *  S SUB H = 16700. . ........ ........ . . . . . . .  . . . . . . . . . . - . . . . .  1 .< 1 - - . . - - - . . - -, - - - - . . - - .- - - .- 

e; . !  ' 
I .  - - - - - . - -- - - . . - -. 
i I 

' I  
E Q U A T I O N  ( 9 1  - S T R E S S  .' - . . 

a! - !  STRESS t 5 9 9 )  AT I END OF E L E M E k T  NO.124= 4'612. 

- -- -. 
STRESS ( S 9 0 J  AT  CENTER OF E L E V E N T  N0.124= . 4 5 4 9 .  

. .-........ . .  .... 1 :l 1- STRESS ( S 9 S J  C T -  J' EN0 OF ELEMENT NO. 1 2 4 =  ' -  2986;"' 
STRESSES S A T I S F Y  ALLOWABLE STRESS L I M I T *  1.2 * S SUB H 20040. @::I . . - - - - -. . . . -- .. - .. .- .. - - . .  - - ... . . . . . . . . .  .- ..... .- - 

I . !  
- 

*!. 1 

Pp-' 
........... - '- .STRESS E Q U A T I O N  I S L O R 1  ( 1 0 1  AT  STRESS I END OF ELEMENT NO. 1 2 4 = - ' - - 7 1 8 4 . -  - 

STRESS (SLOO)  AT CENTER O F  ELEMENT NO. 1 2 4 s  7703 .  
, e STRESS ( S l O S J  4 T  J END OF ELEMENT NO. 124= ' 7 8 9 3 .  - - - . -- - - - - -. - - . . - - 
I:, Q 

STRESSES S A T 1  SFY ALLOWABLE STRESS'L1MITi ' "S-SUB .A 'x-77675;- 
g; ..! 

el.\ E Q U A T I O N  ( 11 1 STRESS 

1 . 1  --. ... ......... -. 
STRESS I S 1 1 R )  A T  I END OF E L E V E N T  NO. 1 2 4 1  1 1 7 9 6 .  

! I ! STRESS ( 5 1 1 9 )  AT CENTER OF ELEMENT ND.L24=.- 12252:.-- 
STRESS ( S l l S l  AT  J END OF ELEMENT NO. 1 2 4 -  10879 .  
STRESSES S A T I S F Y  ALLOWABLE STRESS L I M I T *  S SUB H P L U S  S SUB A m 44375. 

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

EQUhTI rJN  (9) STRESS - EMERGENCY C O N D I T I O N S  ......... F 

0 ; STRESS ( S 9 R )  A T  I END OF ELEMENT NO.124= 4612. 4 

- .- - .- . -. -. ... - . . .  ' STRESS ( 5 9 9 )  A T  CENTER OF ELEHENT NO.124= 4 5 4 9 .  iO 
1 I ' I=- STRESS ( S 9 S  1 - A T . - J  END-OF E L E H E N T  NO. L 2 4 =  --2986;- e ! .: STRESSES S A T I S F Y  ALLOWABLE STRESS L I M I T *  1.8 S SUB H 30060. e 
: .. I 
L - - . - - -- -. . - - -- . . -- - - - . - .- - - .... - - - . - - - - -. .. -. - - & 

& e ... 
F A U L T E D  C O N D I T I O N S  

. . . . . . . . . . .  .......... ;':I- - - - - -- - - .  . . . !. STRESS ( S 9 R 1  AT 1 END OF ELEMENT NO.124= 4612.  0I 
: . I  
, , -- - -- - - - - - - - . - . . 

STRESS (590) A T  CENTER OF ELEHEIST N O - 1 2 4 ~  4 5 4 9 .  
. . :  STRESS I S 9 S . l '  AT J E N 0  OF ELEMENT NO. 1 2 4 1  2986. . --.-.-...... 

, !  S T R E S S E S  S A T I S F Y  ALLOWABLE STRESS L I M I T  J 4 0 0 8 0 .  



1 ' I E F l C 2 1  - ~ T E P  MAS E X E C U t t D  - CON0 CODE 0 0 0 0  
I I E F 2 8 5 1  PERMeRMFS4PPB KEPT 

I E F ~ ~ S I  VOL SER Nos= PERPOZ. ' i ' - ~ ~ ~  2 8 5 1  -SY S76254.~130655.RVCOO. JUrlXA8FA.F 1 - DELETH)-.-p 
- 

f 

- ,  . I I E ~ i 8 5  I SYS76254.T 130bSS~RV000 .  JWWXABFA.F3 DELETE0 . '  IEFLk tS I  VOL SER hOS= DtK002.  L.- I i F 2 ( ! 5 I - - S Y S 7 6 Z 5 4 . T 1 3 0 6 5 5 . R V O O O . J W ~ X A B F A . F 4  ---'------DELETED'.----.-------.--- 
- - . - - - - - - - - . . 

. i 1 E F Z j S I  VOL SEA h 3 S =  OSKCO4. 
* r E F  2 B 5 1  SYS70254.Tl23456. 10007~JUMXABFAoS0000048  SYSIN 

:~- -?EF~~)~ I - voL -sE I~  VJS= SPOL03. 
. - - -. , . . . . - - -- - . - - - - -- - . -. - - - 

i I E F 2 8 S I  SYS76254.T123456.10007.JiJMXABFA.S0000048 DELETED 
.:i 1 I F Z B t r l  VOL SER %3S= SPO'L03. 

4 

I-- I E F 2 0 5  I SVS7eZ S4.T 130655.SVOO'G. JWWXABFA.RO000260~---SYSOUT-- ' - - ' - - -  - - - - - - . - - . - . .-. - - - - - 
. 1 ~ ~ 2 8 5 1  VOL SER NOS= SPoLo i .  
, l E F 2 0 5 1  L-JbMSTES 
I 

KEPT ItFi351 --'.VOL SEi (  kSS= T9H187. . . . . . - ' - . , 
! l i F Z 8 5 X  L.Jh'4STES KEPT 
: I E F 2 8 5 1  V3L SEX V J S =  T9H096. , - -- . . . - -  - -  K E P T . . .  - . . . - 

IEF2b5I-- 'L.JLi'4sTOS' - -  - - - - - - - . - . . --- - - - - 
. I E F 2 6 5 I  VOL SER h 3 S =  194800.  

KEPT : : I E F Z 8 5 1  L. JhqSTJS 
C-. 

x i  I E F 2 8 5 I  ' VOC SER hOSo T9E203. 
- - - . . . . . . . . . . . . . .. . -- - .- -. . - . . . ... . - . -. 

A ;  1 E F 3 7 3 1  STEP / S  / START 76254.1514 
: I E F 3 7 C I  STEP / S  .- / STOP 76254.1610 CPU 3 M I N  33.10SEC 4ACN 698K LCS OK 

. , h 4 I T  OOOCflIN--a.83SEC SYSIN 00296REC UNUSED CORE 062K- - -  'ZXCPS 002632~'~"SYSHRS--i lZ403T-------------  
Z3L 000000X;233 0 0 3 9 9 1  X;Z31 00010bX:Z30 000048X:  1 3 1  000041X:  136 000033X:236 001327X:ODO 000003X; OC0 000003X: 001 OOOOCOX 
iJc1 000040X TEF3751..' -rJU HX'3FP/ -START 76z54* 1514 ' . .. --- -. .- - . '  -. .-.---.-- - 

. I l E F 3 1 6 1  J3B /JwMXABFA/ STOP 7625401616  CPU 3WIN 33.10SEC 
I. I WAiT 3004MIN 8.83SEC SYSIN 00296REC .- - - - - - - - - . . . -- - . . - - . - - . . . . - EXCPS 0 0 2 6 3 2  SYSHRS o i t i 0 3 7  DPSU . - - .. . . .. .- -- - 0 8 2 5 1  -- a E L  - - - 21.8 - -. . .- - - -. -- 



LTR 1144-26 

, B. ,RESULTS OF INEL  P IPE  I 1  (SAPPER) 

FOR THE RED MODELS 



1 i 
FCR b ! A T E R I A L / S E C T I O N  T Y P E  NO. I . ,  1 

- . - -- - - - -- - .  i 
; ? :  

C A T E R I L L  hC. 1 ! . I  

S E C T I O N  NO. 1 : .  : ! 
- - - -. - - -- - - -- - 

S T R E S S  I h T E k S I F I C A T I O N  F A C T O R  = 1.000 
, 
! 

S E C T I O ~  PODULUS = c . 3 ~ 6  . . 
.. - - - -- - . .- .- - - -- . J  i : _ .  

E Q L b T I C N  ( 8 )  S T R E S S  I .  

S T R E S S  ( S 8 R )  A T  I END O F  ELEMENT.NO.***=  - 7371 .  . . . . 
3 T R E . S S - M 8 4  )- AUhD-GF-ELE.MENT-#O~*.*-73.7--1-- -- -- I .  

S T R E S S E S  S A T I S F Y  A L L O k C B L E  S T R E S S  L I R I T I  S  S U B  H = 16700. 

-- - - - - - - -. - - - - .- . 
1 .  

TANGEKT P O I N l  S T R E S S E S  . . 

--- - - 
E C L A T I O N  ( 9 1  S T R E S S  
S T R E S S  ( S 9 R )  AT  I END C F  E L k M E N T  NO. 6 1 s  7 3 7 1 .  

- S. IRESS--CSSQ)-AT-J. -EhD-CE.ELEMENT-blOl-61~7171~ I . ;  

S T R E S S E S  S A T I S F Y  A L L O k P a L E  S T R E S S  L l H I T r  1.2 * S  S U B  H = 20040. 
-: : 

TANGENT P O I N l  S T R E S S E S  
. - -. - . - - - -. - - -. . - . - -- - - - - - - - - - - - - - . 

1 .  

E C L A T I O N  (10)  S T R E S S  . , 
S T R E S S  ( S l O R )  A T  I END OF E L E M E N T  NO. 6 1 ~  - 0. 

- cJRESS.-LSLOQ J- AT. JJ-UuD4FFLEHEhT-NOL6L=--=10.- - -- 

r, S T R E S S E S  S A T I S F Y  A L L O k b ' a L E  S T R E S S  L I H I T I  S  S U B  A 27675- 

T A N G E h T  P O I N l  S r R E S S E S  8 .  

-- - - - .- -- - - - -- 
E C L A T I O R  Ill) S T R E S S  
S T R E S S  ( S 1 1 R I  AT I €AD'  L F  E L E M E N T  NO. 6 1 1  - 0. 
TRESLLSllQ.I.L-J-ENU-OF1LERENLN0,4J = -0, -- 

S T R E S S E S  S A T I S F Y  A L L O W h d L E  S T R E S S  L I M I T *  S  SUB A  P L U S  S  S U a  H = 4 4 3 7 5 -  / I  .- -- 

T A h G E h T  P C I N T  S T R E S S E S  CI 
- -- -- - . . . - . . - . . - - - -- - - . - - - - - - . - - -. -- - - - -. - . - -- - * 

E Q U b T I O N  ( 9 )  S T R E S S  - S E R G E N C Y  C O N D I T I O N S  ----: 
C--r 

S T R E S S  ( S 9 K 1  AT  I E h C  CF E L E M E N T  NO-  61= 7 3 7 1 .  c--. 
S . I R L I Z Q L S P L A L L E L E ~ E N L F i 0 . ~ - 6 . 1 ~ 7 3 1 1 ~ -  -- 
S T R E S S E S  S A T I S F Y  A L L O H A B L E  S T R E S S  L l H I T ,  1.8 S  S U B  H = 30060. -.- ---, 

C- 

- - - - - - . - . - - - - - . .- -- - - - -- - . - - - - - - -- -- - - - - - - - . - - - - . . 
J ry 

F A U L T E D  C W D I T I O N S  'u g 

- . - . . .. . - - -- - - - -. - . - - - - - - - - - -- -- - -- - - -- .- - - - - . . -. . - - -- -- - - -- . - - . . . 
Qc. 

. - 
S T R E S S  AT  I' E N 0  = 7371. 
STRESS AT  J END = 7371.  
~ I u S ~ A I I Z F Y L L G h d e L F ~ L I H L l  = cnQE11- ' .  

.--- 



I 
FOR R A T E R I A L / S E C T I O N  T Y P E  NO. 2 

-- 
P A T E R I A L  NO. 1. 
S E C T I O N  NO. 2 

- -- -. 
S T R E S S  I h T E N S l F  I C A T I O I v  F A C T O R  = 1:000 
S E C T I C h  COOULUS = C - 1 9 0  

.- - 
E C L I T I O N  1 8 )  S T R E S S  
S T R E S S  ( S 8 R )  A T  1 E N 0  O F  E L E M E N T  NO, 5 0 =  3 8 7 1 .  . 
S T R E  S . S d S S Q  ) - A T I E 3 % U A E  M E N ~ O t S Z 6 1 - 5 4 -  ---- 
S T R E S S E S  S A T I S F Y  A L L O Y A B L E  S T R E S S  L I M I T *  S  S U B  H 16700- 

-- 

T A N G E h T  P C I N T  S T R E S S E S  

E C L I T I O N  ( 9 1  S T R E S S  
S T R E S S  I S 9 R )  AT I E A D  O F  E L E M E N T  NO. SO= 3 8 7 1 .  
S J R E S S - 4 S 9 Q  I-ALL-~~~~~~-E b L n E . h i r 5 3 ~ 4 - r S 4 ,  
S T R E S S E S  S A T I S F Y  A L L O W A B L E  S T R E S S  L I M I T I  1.2 * S  S U B  H = 200409 

T A h G E h T  P C I N T  S T R E S S E S  
-- .- ----- 

E C U > T I O K  1 1 0 )  S T R E S S  
S T R E S S  ( S l O R )  A T  I END O F  E L E H E N T  NO. 50= 9210'. 

c r a E S S - I U O Q ~ . 1 F . 1 L E M E U [ L 1 1 0 1 9 4 4 D -  
S T R E S d E S  S A T I S F Y  A L L O W A B L E  S T R E S S  L I M I T ,  S  S U B  A  1 2 7 6 7 5 .  

I TANGENT P O I N T  S T R E S S E S  
- -. - - . - - -- -. . - - - - -- - - - - .- - . - - - . - --- . -- - 

. E C C A T I O N  1 1 1 )  S T R E S S  
S T R E S S  ( S 1 1 R )  A T  I END OF E L E M E K T  NO. 4 7 =  1 0 1 2 2 -  

-- .S.TRBSS_ L.SAlPL- .AL.LLND-[LEILEMENT. .  N O - B O ~ 2 0 6 3 6 . a -  \ 1 I-- S T R E S S E S  SATISFY ALLCWABLE STRESS LIMIT, s SUB A PLUS s SUB n = 44375. 

T A N G E k T  P C I N T  ' S T R E S S E S  
H. - . . . - . . . . - - - - -- -. . . . - . . - - 

E C l b T I C N  1 9 )  S T R E S S  - EMERGENCY C O N D I T I O N S  ~ 1 .  
D S T R E S S  ( S 9 R )  A T  I E N D  O F  E L E M E N T  NO. 50s 3871. w 

t T I E 2 6 S d T . ! H O F U t l d  = 4154 
S T R E S S E S  S A T 1  S F Y  A L L O W A B L E  S T R E S S  LIHI:, 1.8 * i S U B  H - 30060.- 

r- 

e 

114 

F A U L T E D  C O N G I T  I O N S  a? 
- . - - - . - . -- - .. - . . . . .. . . - - - . - . . - 
STRESS A T  I END = 3 e 7 1 .  . . 

S T R E S S  A T  J END 2 9 5 9 .  



. .  
I.! FOR M P T E R I A L I S E C T I O N  T Y P E  NO. 3 - !  . s i.1 

. . .  
M A T E R I A L  NO. 1 
S E C T I G h  NC. .  3 1 . ;  I .  

-i ' : . . a  

STRESS I N T E N S I F I C A T I O N  FACTOR 1,000 I I 
. S E C T I C L  CCDULUS = 0.100 I : .  I 

.- 
, , 
! .: , 

E C L A T I O N  ( 8 )  STRESS 1: i 
S T R E S S  [SERB A T  I E ~ D  OF E L E n E m  NO. 3= 2 8 9 7 .  . , - , s  

I R E - S S - - M B Q ~ E N & ~ E C E M E I Y ~ L ~ . Z ~ - ~ ~  i . ;  
STRESSES S A T I S F Y  ALLOW&BLE S l R E S S  L I M I T t  S  SUB H x 16700. . .  8 . . 

. .. .: 

:. 

TANGENT P G I N r  STRESSES 

T A L G E h T  P C I N -  STRESSES 1 I 
! '  ' 

' ! 

E C U L T I G K  1 9 )  STRESS 
STRESS ( S 9 R J  AT  I END O F  ELEMENT NO. 3= 289'7. 

A I R E S S - 4 S S Q  L W N D A F F L E M E W U - J - - - .  
. , 

STRESSES S A T I S F Y  ALLOWkBLE S T R E S S  L I M I T I  1.2 S  SUB H = 20040. 

p 
I 

I 

. 

. - -- -- - - . - . -- - - - - - - - .- . - -- - - - -- - - - - - 
ECLAT1C.h  ( 1 1 )  STRESS 
STRESS L S l l R )  AT I END OF E L E M E k T  NO, 9- ,1522, ' .  

I:! S T R E S S - L S U Q  1- A T A -  END- OF-.ELEMElrTND-7=1312-  -- 
STRESSES S A T I S F Y  ALLOUt .3LE STRESS L I M I T ,  S  SUB A  PLUS S SUB H a 4 4 3 7 5 .  . . 

I -  I 8 .  

TANGENT P O I N T  STRESSES 

rn 

. --. .. -- - - - - - - - . -- - - ! * 

E C L P T I C K  (9 )  STRESS - E.MERGENCY C G N D I T I O N S  7 -7 
STRESS ( S S R )  A T  I E k D  UF ELEMENT NO, 3= 2'897. -b I 

c T R E S S _ - L Z P C I E  J F  L C I . A ~ L - ~ L U  f 
STRESSES ' S A T I S F Y  A L L O W 6 8 L E  STRESS L I M I  T r  1.8 * S  ,SUB 3H 30060. 

ry 
. . -- - - . -- - . -- . - a+---. 

- - - . - - - - - - -- . . - 
E C L P T I C K  1 1 0 )  STRESS I 

! ?  

F A U L T E O  C O N C l T  IGNS ! (I---- . . . - - - - . . . - - ---- -- --- - -  - -  
;.I S T R E S S  A T  I END = ~ € 5 7 .  

! . i  STRESS AT J END = 27CF.  
l I R E Z Z E Z U 1 - L C k A B L E  cT-- -- 

I - 
. . - . . . . < 

STRESS 1 S l O R )  A T  I END OF E L E C E K T  NO, 9= 1334 .  ! . I  . . 
S I R E S S - L S l O Q  ! ~ T E N ~ ~ F L E I ~ E ~ L N O J . = - - L ~ ~ L - -  -- 
STRESSES S A T I S F Y  ALLCWhBLE STRESS L I M I T ,  S SUB A  = 2 7 6 7 5 .  

. . 



F C R  E A l E P I A L / S E C T I O N  TYPE NU. 1 
i - 

C A T E R I A L  NC. 1 
S E C T I O N  NO. 1 i 

I .  

h .. 

I 
- CLbTICh--19J-S.TRESS---- --.. 

I E k D  U F  E L E M E N T  NO. 6 l =  7 3 7 1 .  
S T R E S S  ( S 9 0 )  A T  C E N T E R  OF E L E M E N T  NO. 6 l r  7371. 

.T.RESS-(5-9s )-A.U-EW-QE&LEMNT-M-~~L- 737-I,.- . _. .- _ _ _  
ALLOWABLE S ~ R E S S  L I n I T l  1.2 * s SUB H = 20040. 

- - . - - - -. - - - i 
STRESS I h T E N S I F I C A T I O K  F A C T O R  = 1.363 
SECT  I C h  CODULUS = 0 .326  
- - . - - -- 

E C L A T I O K  ( 8 )  S T R E S S  
STRESS ( S B R I  A T  I E N D  O F  E L E M E N T  NO. 61= 7371. 
S T R E S S  - l S 8 0 ) 4 T - - C E h T . E - R - Q F 4 L I M E h T - N 0 - 6 1 ~ 7 3 7 1 ~ -  ! 

S T R E S S  ( S B S I  A T  J END OF E L E n E h T  NO. 12s 737.1.. 
S T R E S S E S  S A T I S F Y  A L L O U 4 6 L E  S T R E S S  L I M I T *  S S U B  H = 16100. 

-- 
) 

) 

. - - - - - -- - - -- ---- - 
E C U A T I O K  (11) S T R E S S  ! 

S T R E S S  ( S l l R J  AT  I E h O  OF  E L E M E N T  NO. 6 2 1  7 3 7 1 .  := S T R E S S  1 R E S L . l  ( S 1 1 S )  U lQI-ILlLEhTERUE.LLEMEAI..NC,-62=--7371.. AT J EhC C F  E L E M E N T  NO. 610 7 3 7 1 .  -- - 

S T R E S S E S  S A T I S F Y  A L L O W A 8 L E  S T R E S S  L I U I T I  S S U B  H P L U S  S S U B  A = 4 4 3 7 5 0  - 
" I 

I 

.. 

,. 

-- - -  -- -- . . __  .- 

E C L b T I C N  1 1 0 )  S T R E S S  
.-STRESS 4 S 1 0 R l :  A l  I .-END.  OF . .ELEnEKT. .  NO..-. 6 2 = -  .. -0. - -- - -  - -  - . 

! 
Q C A J I O N A 9  L U E E S S - - . - 1 H E R G E N t L  . C . O N O U l O N Z . - -  

S T R E S S  ( S 9 R )  AT  I €KO C F  E L E H E N T  NO. 61= 7 3 7 1 .  + b ' !  

S T R E S S  ( S 9 Q )  A T  C E k T E R  O F  E L E M E h T  NO. 61s 7371. w : 
TR ESS..-l.S-9S L A W - E N O - . . a f - U M E W Q A L 7 3 z L  -----cc--l 

S A T I S F Y  A L L O W A B L E  S T R E S S  L I M I T 1  1.8 5 S U B  H 1 3 0 0 6 0 .  c. 

m 

U 

S T R E S S  ( S l O Q I  A T  C E N T E R  OF E L E M E N T  NO. 6 2 1  -0. 
S T R E S S  I S l O S )  A T  J E h D  O F  E L E M E h T  NO. 611 -0. 
STRESSES.-SbJISF-Y4LLOUAaLLSTRESS-LI~Il~.A-SUB .A. =--27675, ----- - 

- - - - - - - - . .- - -.-. 9 Y - L  
S T R E S S  ( S 9 R )  A T  I EhD GF E L E M E N T  NO. 61s 7 3 7 1 .  a! 
S T R E S S  I S 9 0 1  A T  C E N T E R  OF E L E M E N T  NO. 61s 7 3 7 1 0  I. 
5.TRLSS ... [S9S) . .AT r . . J_  E N O - O T - E L E A E I Y ' 3 Q L 4 1 ~  .7371. .. - - - - -- -- - . 

B "  
S T R E S S E S  S A T I S F Y  A L L O h A B L E  S T R E S S  L ' I W C T  = 40080. 

I. ) = 

- .b 
-- 

. , 

* 1 

F A U L T E D  C O N D I T I O N S  i 



F C R  P A T E P X A L / S E C T I O h  T Y P E  NO. 2 
--- 

I :  

F b T E R I b L  NO, 1 
S E C T I O N  NO-  2 . L -- lii S T R E S S  I N T E N S I F I C A T I O N  F A C T O R  = 0.622 : 1 .  * !  j 

I * i  9 .  SEC T I C K  P O D U L U S  = C.190 I : 
a I .- : 

E C L b T I C h  ( 8 )  S T R E S S  1 .  ! 
" I , . S T R E S S  l S 8 R )  A T  1 - € h 0  O F  E L E M E N T  NO. 58= 4154, . . .  
.r I S T R E S S 4 8 0  L A L C E N T E ~ - E L E M E N T - - N O ~ - 5 8 - - G O 5 O ,  1:: I 

S T R E S S  ( S 8 S J  A T  J E h O  OF E L E M E h T  NO. 58= 3 8 5 5 .  : .. 
: .. 

S T R E S S E S  SATISFY A L L O ~ A B L E  STRESS LIMITI 5  SUB H = 16700, ! I 

. . 
9 ; . . 1:: j 

f U A T l C I C - i 9 L - S I R U S - - -  - - . .. ----- , ' I  

E L E M E K T  NO. 5 8 =  4 1 5 4 .  ! '  

E L E M E h T  NU. 5 8 =  4050. . . I  I .  ' 
ELEWEIUU0,-58=-.28.55--- 

S A T I S F Y  A L L o w A e L E  S T R E S S  L I M I T I  1.2 * s S U B  ii 20040. . i i I :  
- -- . - -- -- -- - -- - - -- - . - ; . i  

E C L A T I O N  ( 10) S T R E S S  : - j  / j 

I :: i 
CCAT. ION -L9.l_SJRESS..=-EMERGENCY-CCNOITIONL m ! . I  

l S 9 R )  AT  I E N 0  O F  E L E M E N T  NO. 5 8 =  4 1 5 4 .  7 i '  
S T R E S S  ( S 9 C )  A T  C E h T E R  O F  E L E M E N  NO. 5 8 0  4 0 5 0 .  W . . 

l-b TR ESS. -LS91LAYA-END-UFFFELEMEKLNOo058~ .=_ .=_38~-  
S T R E S S E S  S A T I S F Y  A L L O W A B L E  S T R E S S  L I U I T I  1.8 * S  S U B  H = 30060. U - I 1 I 

: _ a  

C T R E S S - . ( S . ~ O R ) ~ L ~ ~ ~ ~ ~ L U E W E N L - N O ~ R ~ = - - ~ L ~ ~ ~ ,  - -- . . :  
S T R E S S  ( S l O Q J  A T  C E N T E R  O F  E L E M E h T  NG. 46= 5 9 1 7 .  1 . !  

, 

S T R E S S  ( S 1 0 S l  A T  J END O F  E L E M E N T  NO. 4 6 ~  5 6 8 4 .  i -  . . 
--STRE S SE S--SAT U E Y - A L L D W A B L F 2 1 R E S L L L R U - ~ - - ~ U & 4 - = ~ 7 A 7 r i - -  I .  I 

. . I 

I. 1: 

1 -  I F A U L T E D  C O Y D I  T I O N S  I - .  I 

i 

I :, i 
E C L A T I C N  ( 1 1 1  S T R E S S  I .  j 
S T R E S S  ( S 1 1 R l  AT  I END OF  E L E M E N T  NO. 8 1 =  1 6 2 5 3 .  
%TRESS-  i S U C L - A L L E N T - E R - . O F -  E L E M E h  I... NO.. 4 6 = - 9 9 6 7 .  - I l I 
S T R E S S  ( 5 1 1 s )  A T  J END OF E L E M E N T  NO. 46= 9 5 3 9 .  

;V 
1 / 

I 

- _ _ _  _ _ : .  * . ; S T R E S S  ( S 9 R )  AT  I ENC O F  E L E M E N T  NO.. 5 8 =  4 1 5 4 .  
S T R E S S  t S 9 Q )  A T  C E N T E R  OF  E L E W E h T  NO. 5 8 =  4 0 5 0 .  I - :  
S I R E S L t  S9.S I 4 I - . J - - E N I L O F _ E L E H E & T _ d l O d 5 8 = 3 8 5 5 .  - - - - - - - - . I .  

S T R E S S E S  S A T I S F Y  A L L C h A e L E  S T R E S S  L i W I T  = 4 0 0 6 0 .  . . 

: i 
C T R E S S E S  S A T Z S F Y  A L L C U A 8 L E  S T R E S S  L I M I T v ,  S  S U B  H P L U S  5 S U B  A  = 4 4 3 7 5 .  ! .: I : .  I 

i .. : 
1 ;  
: I 



F C R  C A T E R I A L / S E C T I O h  T Y P E  NO. 3 
- - - - - -. . - . . ! 

C A T E R I A L  NO. 1 
S E C T I O h  NG, 3 

i 
-- I 

S T R E S S  I N T E N S I F  I C A T  I O N  F A C T O R  = 0.570 
S E C T I C h  C t D U L U S  = 0 . 1 0 0  i 

- . . - . - -- - - 
E C U A T I C h  ( 8 )  S T R E S S  
I 

I 

S T R E S S  ( S 8 R )  AT  I E h D  O F  E L E M E N T  NO. 4=  2 7 7 3 .  I 
I 

S T R E S L ( 5 8 Q  I--&GENTER--OF--ELEWGHLNOL-2784. I 
S T R E S S  ( 5 8 5 )  A T  J E h O  O F  E L E M E h T  NO. 4=  2 8 0 8 .  
S T R E S S E S  S A T I S F Y  A L L O k A B L E  S T R E S S  L l H I T ,  S  S U B  H = i6700. i 

! 

E C L A T  I C N .  ( 9 )  ... S T R E S S  .. - --- 
S T R E S S  L S 9 R )  AT I E h C  O F  E L E M E N T  NO. 4=  2 7 7 3 ,  
STRESS l S 9 Q )  A T  C E N T E R  OF E L E M E h T  NO. 4 =  2 7 8 4 .  
S T R E S S  1 5 9 5 )  .AT- J-ENO..Of-ELEMENT-NO.-4= --- 2808, 1 -., 
S T R E S S E S  S A T I S F Y  A L L C W A B L E  S T R E S S  L I n I T *  1.2 S S U B  H = 20040. I 
- - . . - . . . - - - ---. -. . -- - -- -. - - -- .- - -.. 
E C L A T I C K  ( 1 0 ) .  S T R E S S  

TRESS- (S . lORL4 I -L~D-OLELEMENLNO-8=-245 .  - 
! 

. - 
-?  

'i 
S T R E S S  ( S 1 1 R )  A T  I ENU OF E L E M E N T  NO. 8 =  3 5 1 9 .  
C1RESS.-(SLlO)..-AT-.CEhTER-OF.. ELEMENT-  N O  .-.. 8=-3583 

I 
S T R E S S  ( S 1 1 S )  A T  J ENU OF E L E M E h T  NO, 8 =  3 5 6 8 .  
S T R E S S E S  S A T I S F Y  A L L O W A B L E  S T R E S S  L I M I T m  S SUB H P L U S  S S U B  A 1 4 4 3 7 5 .  

I 

! 
. C C b T I C L L 9  IZTRESL-EMERGENCY--CONOLLIOblSL- . i 

S T R E S S  I S ~ R )  A T  I END OF C L E M E N T  NO. 4= 2 7 7 3 .  F 

I' S T R E S S  I S 9 Q I  AT  CENTER O F  E L E M E N T  NO. 4 1  2 7 8 4 .  
C O :  

Y R E . S I ~ 9 X L A I A - E b l L O L ~ & X T A O 6 =  2808. 
= : 

1 .. S T R E S S E S  S A T I S F Y  A L L O W A B L E  S T R E S S  L I M I T *  1.8 * S S U B  H a 30060. ' 

c--. I 

F A U L T E D  C O N D I T E G N S  . . 
-- -. - . - .. -. - - .- - - . . - - . - - - . - . . . - -. - - . - - - - - ry ! 

I = S T R E S S  I S 9 R )  A T  I END OF E L E M E h T  NO. 4s 2 7 7 3 .  

S T R E S S  ( 5 9 0 )  A T  C E N T E R  O F  E L k H E N T  NO, 4- 2784. OJ I 
S I R E S S - I S 9 1 ~ ~ J - - E N D P ~ F _ F _ k L E ~ E F c ~ . 0 ~ f f  2808----- - -- - . f 

S T R E S S E S  MTISFY A L L C Y A B L E  S T R E S S  L, l .HlT'= . 40080. 
I -C - 



. - 
E - S 5 L J U W N R E B E A / J T A R L 7 6  141,17C3- - -- - -- - 

I E F 3 7 6 I  JOB /JUMREOFA/ STOP 76161.1737 CPU 2HIN 03.15SEC 
15-52SEC SYSIN 00199PEC 

i 

EXCPS 0 0 1 5 5 3  SYSHRS -071S76 OPSU ,4388 REL 21.8 
I 

.- - . _ _ I _ . _ _  ___ I_------------- - 
_ I _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ ^ _ - ~  

i ; 
I E F 1 4 2 1  - ,IEP WAS EXECUTED - COhD CODE C C C C  
I E F 2 8 5 1  TEHP.RCFSGPPB KEPT 

VOL S fR  NOS= TE*PO3. 

I I 

285 t - - -5YS7614 f  .T 1 2 4 8 4 7 . R V 0 0 0 r J C ; M R E B F A ~ ~ E t f l : t Q  I --. I .  
3 

I E F 2 9 5 1  VOL SER h L 3 =  OSK003. 
DELETE3 I E F  2 8 5 1  SYS76141.T 124847.PVOOO..IkNREBFA.F2 

? - I  
-4EF265I-VC-L - SER k O S =  CSK006w------- 

I E F 2 8 5 l  SYS7614 1.7 124e47.HVCCO. JkXREBFA,F3 
\ 

DELETE) 
- 

1EF2851  VOL SER NOS= DSK033. 
" - 4 E F 2 S 5 1  j Y S 7 6 1 4 1 . T  ~ ~ ~ ~ ~ ? . U V O C . O ~ W M R E B F ~ ~ E - L I F F ~ ~  -- 

I E F L 9 5 1  VCL S I R  hCS= DSKUO3. 
- I 

I E F  2 8 5 1  SYS7614l .T l23456.1COC7~ JhMREBFA-SO000337 SYSIN 

JhWPEeFA-SOOCC337 CELETEJ I .  

' 1  I E F 2 8 5 I  VOL SER NOS= SPOLOZ. I i 
' E F ~ ~ s I - - s Y S ~ ~ L ~ ~ . T ~ ~ ~ ~ ~ ~ . S V ~ ~ ~ M R E ~ F - ~ ~ ~ ~ ~ ~ Y S O U I  I~ 

' 
) 

' I E F 2 9 5 1  VCL SER NOS= SPOL31, ' i  

! I E F 2 8 S I  L-JhtrSTAS . . KEPT 1 . ;  . . 
" -1 ~ ~ 2 8 5  1 ---VOL S E R  NOS=--T.~CGO~\&- -- - - - . . 
' 1  I E F 2 8 5 I  L.JhMSTAS KEPT I ;  i ' !  I E F 2 @ 5 1  VCL SER NOS= 790007. I / 

" '  EF28 ' j I  -L,JUMSTOS -. K E P L  -- - - - . - -- - A 
. . 

e E F L B S I  VCL SER NOS= T93910. \  
L.JkHSTOS I KEPT t .  . - - 

/ START 76141.17C3 
/ STOP 76141.1737 CPU 2MIN 03.15SEC HAEN 698K LCS OK 

I.  
i 

. ..------A 

00063CX:331 0 0 0 0 t 4 X i 3 3 C  CCOO34XI330 0 0 0 0 2 7 X i 1 3 1  0 0 0 0 L 3 X i 3 5 4  0 0 0 7 t l X i 0 0 1  000003X iO02  000003X;OCI 000022X i 
8 .  
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! 4  
TANGENT P O I N T  STRESSES d : 

I 

I FCR K L T E R I A L I S E C T I C N  T Y P E  KO,. 1 ; . . 4  , 

L - -- I . '  
! 

i MATERIAL NO. 1 . . 
I S E C T I O N  KO. 1 
. L 1 3  
. I  

. 
STRESS I~~E~SIFICA~ION FACTOR = 1.000 . I  S E C T I C N  HODULLS = 0 .325  ! . i (  

- . -- - I . .  -i ' i 
E C U A T I G N  ( 8 )  STRESS 1 ! 

I STRESS ( S E A )  4 1  I END OF ELERENT NO. 5 8 s  8 1 1 9 ;  I " (  1 .. ; .. . sTREss-!-ZeQ)-.*!--4-ENPPP9c~EENTNQq~-~l-=-7~S4-' : I 

STRESSES S A T I S F Y  A L L O W A X E  STRESS L I M I T r  S  SUB ti = 16700. . 
- j ,- i 

.:I i i (  

TANGENT P O I N T  STRESSES 
i . ;  
I :  ; (  

. - ! . 
E C L A T I O N  ( 9 )  STRESS 

-- . 
, . 

STRESS I S 9 R )  AT I E N 0  0' ELECENT NC- 5 8 =  8119 .  " ' (  

ST.RESS--!S?P)..!T-J .E!D ..Gf-EL,EHENT-NOc 61.=-1784-~-- - i .. i 
STRESSES S A T I S F Y  ALLOWL3LE STRESS L I M I T .  1.2 * 5 SUE H = 2 0 0 4 3 .  I '  . 

.; I 
I . I.. i d  

TANGENT P C I N T  STRESSES 
1 : 
! :( . , 

fi 
w - - -- - . - 9  - E C U b T I O N  (10) STRESS I :  . . -I  u STRESS I S 1 3 R )  AT I END OF ELEMENT NO. 2 7 ~  2 7 8 0 6 .  ( .. . : i -- sTRE55-.! S.1.30.)- bTJ EFIE E F . E L E ! E N T . H ~ L _ ? ~ ~ . ~ ~ ~ ~  ?-  , 

STRESS AT BOTH ENDS EXCEEC ALLCWAELE STRESS L I M I T - u ~ = ~ ? ~ ~ ~ -  
-- 

' .  8 
': i i. . I  

- .  
I 

I .. I 
E C C b T I C N  (19)  STRESS i:-I 

I 
I STRESS t S 1 J R )  AT I ENC OF ELEVENT NO.***= . . (  . 

'I TANGENT P O I N T  STRESSES -. ' i r i :' i 
E C L B T I C N  (11) STRESS 4 i - ' l  

.- I S T R E S S - ( S l l R )  AT I END OF ELECENT NO. 2 7 =  2 8 5 5 2 -  ;a !:.i 

.: I STRESS ~ s ~ ~ ~ ~ ' - A ~ ' - J - ~ E N D - ' o F - E L E P E N T - N O ~ - ~ ' ~ ~ - ~ ~ ~ ~ ~ ~ .  -- 
I STRESSES S A T I S F Y  ALLOWABLE STRESS L l M I T t  S  SUB A P L U S  5 SUB H = 4 4 3 7 5 0  ~ l r  - I ; 1l I .. . 

-b . . . 
& 1 :  ;, 

TANGENT P O I N T  STRESSES - - - - - - - - - - - - - - - - - - - -- A> I .  

a * " E C U b T I C N  ( 9 )  STRESS - EMERGENCY C O N D I T I O N S  ! - ! I  

gff?:;-f g;;--;;-;-~c.;:-~::~;:;-;s>:;&;;;;: ___, : i .  ,. ! . ! 
3 < 

STRESSES S 4 T I S F Y  ALLOWA6LE STRESS L I M I T *  1.8 * S SUB ti = 3 0 0 6 0 .  1 . '  

STRESS AT I END = 8 1 1 9 .  
r T v c 7 7 . r l ? .  





-- - J A N G E N L C Q I - U W S E S  .- 
I L , - 

FCR N A T E R I A L / S E C T I O N  TYPE NO. 2 . ? 

-- - - . . 
C A T E R I A L  KO. I 
S E C T I O N  NO. 3 i j ;  

1 . :  

~ ~ s ~ ~ ~ ~ E N s ~ A ~ I o N  FACTOR = 1.000 
S E C T I C h  VCOULUS = 0.103 

. . 

. . I  
- . .. I 

E G S I C N  1 8 )  STRESS -; :! 
STRESS ( S B R )  AT  I E N 0  C F  ELECENT NO. 2 3 1  3069 .  I ! .. . .  . . STRESS t S 8 Q I  AT J END OF E L E C E N T  NO. 2 3 =  3 1 9 4 .  1 - - 4  

STRESSES SATISFY ALLOWABLE STRESS LIMIT* s SUB H 1 16700. ? : ; I . . 

TANGENT P O I N T  STRESSES * : . 8 

a .  

E C L A T I C N  ( 9 )  STRESS 
--. 

STRESS ( S 9 R )  AT I END C F  E L E C E N T  NO- 2 3 s  3 3 6 9 .  
S_r_R_ESS ( S 9 Q l  AT  J €NO--QF-E.Elr.ENI NO*  -23= 3 1 9 4 .  -- -- 
STRESSES S A T I S F Y  ALLOWABLE STRESS L I H I T t  1.2 S SUB H ~ z o o ~ ' ~ .  

, . 
I i 

-- -- 
! I 

-TANGENT P C I N T  STRESSES I 

- - 
E C L A T I O N  1 1 9 )  STRESS 
STRESS ( S l O R )  AT I END OF ELEWENT NO. 2 3 -  3 4 2 9 3 .  

. . . I 

b STRESS t.S_l,Q.).-P_T-J.- E N 0  OF E L E M E N T - ~ 0 . _ _ ~ 3 ~ - . 2 7 6 3 9  
C '  -- . . -- 

' 9) 
s ~ d E i s - - ~ ~  I ENC E X C E ~ O ' S - A T C C W ~ E L E  STRESS LIWIT~F~SUB A  = 27675; 

= I  : . I  

TANGENT P C I N T  STRESSES I..;, 
: .- 

*I-- - .- 
. ! 

n i  - E C U h T I C N  (10)  STRESS 
-. , 

i .  / . . .: STRESS ( S l O R )  AT 1 END OF ELEMENT NO.***= ! .: . I 
! I - TANGENT P C I N T  STRESSES ., r F 1 .  ! 
.. I ECCAT I O N  ( 11 1 STRESS i : : c  
., I STRESS ( S 1 1 R I  AT I ENC OF ELEMENT NO. 2 3 =  3 4 6 5 3 .  

- .- . -  -- - ,X1 ! :  ar- - 
STRESS ( S 1 1 Q )  4 1  J ENC OF ELECENT NO. 2 3 -  28115;' 
STRESSES S A T I S F Y  ALLOWABLE STRESS L I M I T ,  S  SUB A  P L U S  S  SUB H = 44375. 

c-. 

: I  "' I 
C- I 

TANGENT . - P O I N T  STRESSES - - - - - p.d ! : 
6\ 

e .  

- 
E C L A T I C K  ( 9 )  STRESS - EMERGENCY C O N O I T I O N S  I .' 4 
STRESS ( S 9 R I  d T  I EKO GF ECECENT NO. 2 3 1  3 0 6 9 .  
S T R E S S  -( S ~ C - I '  ~ T ~ - - E K D - O F - E L E C E N T  NO. 2 3 = - 3 1 9 4 .  

--- -- ._ 

STRESSES S A T I S F Y  ALLOWABLE STRESS L l H l T t  1.8 S  SUB H = 3JO60 .  : 4 





. . FCR C A T E R I A L / S E C T I C N  TY'E NO. 3 I : i . . -- -- - - 
p M A T E R I A L  NO. 1 f . !  : i SECTION NO. 4 : .  . 

. I  -. -- 
STRESS I N T E N S I F I C A T I O N  FACTCR = 1.000 

. , 
. . 

S E C T I G N  WODULtS  = 0 . 5 6 1  . ! e .  

E C U A ~ ~ G W  ( 8 1 STRESS +:.I 
STRESS ( S B R )  AT I END CF E L E V E N T  NO. 6 5 ~  9006. i 1, 
STRESS ( S B O )  AT  J END CF E L E C E N T  NO. 66- 8 9 1 5 .  ! . f  _ .  _. 
STRESSES SATISFY ALLOWABLE STRESS L x n x T *  s SUB H = 16700. . ' I  

I I 

i :. 8 :: I TAKGENT P O I N T  STRESSES 1 :  ; 
( I :  - .  

STRESS ( S 9 R I  AT  I END W E L E E E N T  NO. 65= 9006. 
- . . 

I . I  

i . I  
. . 
: .: :I P. ' TARGENT P C I N T  STRESSES ! .. i 
. .  , - - . .. - - . - . - -- - - -- 

E C U A T I O N  ( 1 5 1  STRESS . . 
' . 

STRESS ( S l O R I  AT I END OF ELEMENT NO. 3 3 ~  1 2 2 5 9 .  [.- STRE s s _ . t s l o Q !  - P _ L L E K u ! F .  -C"-""NT_NO. -33r_--. ??%%-.-- -.. - -- 
-. l t  ! . .  

S T R E S S E S  S A T I S F Y  A L L O Y L B L E  STRESS L I M I T *  S SUB A = 2 7 6 7 5 .  . ,  
! 
. !  

J 

H 3 ,  -- -- ; '  ! 
A 

TANGENT P O I N 1  STRESSES -b 
a .  

. .. - .  
; ! I .. . TARGENT P D I N l  STRESSES . i .. ' 

I 

i :: 

, . 
-- * ----: ! 

E C L A T  ~ C ~ N - [ ~ ~ T R - E ~ ~ S - - E  ~ ~ E ~ ' G E ~ C Y - C O N ~ ~ I T  1 . 0 ~ 5  ! i 
STRESS ( S 9 R )  AT I END OF E L E C E N T  NC. 65= 9006. 

a- 

. . 
STRESS ( S 9 Q )  AT J END OF E L E C E N T  NO. 6 6 s  8915.--- M' ' - - - - - - - : 
STRESSES SAT;SFY A L L ~ ~ ~ - A ~ E ~ S T R € - S ~ C ~ W I ' ~ ~ - - * ~  SUB H = 30i)Xo. # .  

, . ,  STRESS ( S 1 1 R ;  PT  I END OF ELEMENT NO. 3 3 r  1 2 5 9 3 -  , I  
i '  

STRESS ( S l l Q :  b T  J END OF E L E V E N T  NO. 3 3 1  4 1 9 3 -  . , --- - - I- 3 .  

~ ~ ~ ~ ~ ~ ~ ~ T ~ ! T F ~ A ~ C O ~ C E S ~ T R ~ E S ~ S ~ ~ K I T ,  s sue A PLUS s SUB H = 443,s. I . . . , 
A b .. : 

-- - . -- - - - -. - - - - --- .- . - - . - - - - . - - - - . . . - - . - -- - . - -. . - - - - - - -- - - -- - - - - - - - . -- - . . - -. - . 
' STRESS A 1  1 END = 9 C C t r  )I- i STRESS b 1  J EKC = 8675.  

STUESSFS S A T I S F Y  .bLLCbAeLE.-S.TRESj  _ k _ I r 1 T  - - - - - - - - - 

b - 4 
. . . . . . . . - 



e l a \  F C R  Y A T E R l A L / S E C T I C k  T Y P E  K C . '  4 
- - - - - - . . - - - -- - - 

R A T E R I A L  NO. 1 
S E C T I O N  KO. 6 

. - 
S T R E S ~  I N T E N S I ~ C A T I C N  FACTCR = 1.00i) 
S E C T I C &  MOCULUS = 5.8S8 
- . - - - . - .- - - . - - .- - I:/ -. . 

E C L A T I C N  ( 8 )  S T R E S S  • .. . S T R E S S  ( S 8 R )  A T  1 E N 0  OF  E L E Y E N T  NC. 98= 5491. 
SJR-E.S-S(S.EQ! A T  J END OF  E L E Y E K T  NO. 9 7 =  5 4 9 1 .  - 

- S T R E S S E S  S A T I S F Y  A L L C U A B L E  S T R E S S  L I M I T p  S  S U B  H r 16730. 

@ I l  TANGENT P O I N T  S T R E S S E S  
. - .- - -. - - - -. - - - -. - .- 

E C L I T I G N  ( 9 )  S T R E S S  
S T R E S S  ( S 9 R )  AT  I E K D  OF  E L E M E N T  NO. 9 8 =  5 4 9 1 .  

-. - - - -- s-TEsL$~~cjJLLE.'C.CF..L~~.!ENT_NO~~7= 5 4 9 1 .  - .  
S T R E S S E S  S A T I S F Y  A L L O W A B L E  S T R E S S  L I M I T *  1.2 * S  S U B  H 20040. 

el-I T A N G E N T  POINT STRESSES 
- -. - -. . - - - - - -- - . - -- - - - - - -- 

E C C b T  I C N  ( 153) S T R E S S  
S T R E S S  ( S l O R 1  P T  I ENC OF E L E M E N T  N O . l l b =  8 2 4 3 .  

STRESSES SATISFY ALLOWABLE STRESS LIMIT* s SUB A = 27675. 
= 

TANGENT P O I N T  S T R E S S E S  

C1 
TANGENT P C I N T  'STRESSES 

9 

h - . . - - - . - . - - . .--. - - . . 
E Q L A T I G N  ( 9 )  S T R E S S  - EMERGENCY C O N O I ~ I ~ N ~ S -  V 

OI S T R E S S  1 S 9 R )  AT I E N D  O F  E L E C E k T  NC. 9 B r  5 4 9 1 .  
S T R E S S  ( S 9 0 )  A T  J E N D  O F  E L E M E N T  NO. 9 7 =  54910 1: I S T R E S S ~ A T I S F Y  A L L O W A B L E  S T R E S S  L I M I T ;  1.8 * S S U B  H = 30060. 

- 

~ ~. .:I.., : 
I I .- ii _ , - - 

F A U L I E C  CCKOIT.~@,. i 
. *a 

E C U A T I C N  (11) S T R E S S  CI ! 
S T R E S S  ( S 1 1 R 1  AT I E N D  OF  E L E V E N T  # O . l l b =  8 9 6 4 .  9 
S T R E S S  ( S l l Q )  AT  J E N D  O F  E C E t E N T  N0.116= 1 0 8 4 3 .  XI 
S T R E S S E S  S A T I S F Y  A L L O H A B L E  S T R E S S  L I M I T *  S  S U B  A  P L U S  S  S- H 4 4 3 7 5 .  )u ! 

k 

- .- - -- - - - 

e k r  
S T R E S S  A T -  1 ENC-G- 5491;----- 

- ----- -- -.r''- -- 
S T R E S S  AT J E h C  = 4 7 6 7 .  

_ S T ~ E S S ~ S  S ~ ~ S ~ Y - A L L C ~ J J L E  STRESS LIMIT = 4 0 0 8 5 .  - 
-- 

- - 



' # I  ) I z !  F C R  K A T E R I A L / S E C T I C N  TYPE NC. 5 
- -- - . . I.: -- 

C A T E R I A L  NO. 1 ) I ; ;  S E C T I C N  KO. 7 . . i '  
I .  -- 

S . ~ % ~ S ~ T E N S I F I C A T  10b1 F A C T C R  = 1.000 
S E C T I C h  MCCULUS = 1.037 

-- - ---- 
. I  E C L A T I O N  ( 8 )  S T R E S S  1 

S I R E S S  ( S 8 R I  A T  I E N D  O F  E L E C E N T  NO. 5 6 =  4 7 5 0 .  I .  
S l R E S S  (S8QD A T  J E N 0  CF E L E M E N T  NC. 260 4 7 1 5 .  - 
S T R E S S E S  S A T I S F Y  A L L O 3 A B L E  S T R E S S  L I M I T I  S  S U 8  H = 16700. 1 .  

i :  
TANGENT P C I Y T  S T R E S S E S  1 

ECUAT~ON ( 9 1  STRESS 
b S T R E S S  I S 9 R I  A T  1 END O F  E L E P E K T  NC. 56= 4 7 5 0 .  

s- RESS- IS>-a )-A r J ! D  _~LE_L~!E!1T_N&-_Z_qr_-4715. ---. -- - I .  

S T R E S S E S  S A T I S F Y  A L L O d A B L E  S T R E S S  L I M I l r  1.2 S S U B  H 3 20040. : .  

b Iw I  TANGENT P O I Y T  S T R E S S E S  . . 
ECC6, Iij,t-ilj-)-sGE 55 - .  ; - 
S T R E S S  ( S 1 3 R I  A T  I E N D  O F  E L E C E N T  NO. 2 5 ~  14094. i .  

S r q E s s  !s.! 39 )__ AJA-.Eh(D.13FJLEMEF!Irf'PP*- 2.?%!40'1_4t--- -- -.--. 
S T R E S S E S  SATISFY ALLOYABLE STRESS L I M I T ,  s SUB A = 2767s: 

, . 
S T R E S S  ( ~ 1 1 0 )  AT J E w C  OF E L E M E N T  NO. 2 4 =  1 4 4 9 7 .  ---- 
S T R E S S E S  S A r I S F Y  A L L C Y A B L E  S T R E S S  L I M I T *  S S U B  A P L U S  S S U B  H = 4 4 3 7 5 .  P : .  

1:. 
"I; 
p! I .  

C-r TANGENT P C I H T  S T R E S S E S  

8 .  . . 
i .  

TANGENT P G I H T  S T R E S S E S  !. 
I .  

EXG' ION . (  111 STRESS i . . 
S T R E S S  l S 1 1 R )  AT  I END OF E L E P E N T  NO. 2 5 0  1 4 5 3 2 .  

! 

CI 

E ; l; a i i c'h-T$ , - S ~ - ~ E S ~ - ~  A-CR-G-E ccv-i; ~ ~ ~ 0 - 1  r i.acsp -. . 
.b 

S r R E S S  ( S 9 R I  A T  I E N C  O F  E L E M E N T  NO. 5 6 =  4 7 5 3 .  
S r R E S S  ( S 9 C )  A T  J EKC C F  E L E C E N T  NC. 261 4 7 1 5 .  'U j 
S S R E S S cS' - SA ~ f s ~ i b ~ i T a r i i ~ A S r ~ S ~ A  E S S T i P  1-lF9-1.8*S3iiH330060-. 

OI 

F A U L T E C  C O R C I T I O N S  

\ -  - -  -- . 
I S T P E S S  & 1  t E ~ C  475J. 

0 S I R E I S  L l  J E h C  a 4 3 1 ) .  

"'1 
- . S T Q F S S ~ S  ~ f i l 1 5 6 ~  ~ l ~ ~ ~ t ' l ~  I l R E S S  1 1 * l l  - 4338;. 

6 



F C P  P A T E R I A L / S E C T I C K  T Y P E  tic. . l  : !  
~- 

I - - . . 
F A T E R I A L  NO. 1 ! .  . SECTION &o. 1 I 

. . - . - - .- -. - -- - - - ! .  

S T R E S S  I N T E N S I F I C A T I O N  FACTOR = 1 .363  . ( 

S E C T I O ~  nocuLus = 0 . 3 2 6  
--.-. ( .  - . - - - -. - E C C A T I C N  ( 8 1  S T R E S S  

S T R E S S  ( S 8 R )  AT  I END C F  E L E P E N T  NO. 5 9 ~  7 6 4 5 .  
STR.tsS lS .89)  AT  CENTER OF  E L E M E N T  NO. 5 9 =  7 6 0 0 2  
S T R E S S  ( S 8 S )  AT J END C F  E L E Y E h T  NO. 5 9 =  7 6 6 1 .  
S T R E S S E S  SATISFY ALLOHABLE S T R E S S  L I M I T ,  s SUB H = 1 6 7 0 0 .  

- - - - - . . 

S T R E S S  ( 5 9 9 )  AT CENTER OF  ELEMENT NO. 5 9 =  7 6 0 3 .  
S1R_ESS..(59S)... *T-J-.E!D -_CF-.ELU'._ENTJC~.- 5 . P -  .- -76612 -. . - -- -. . 
S T R E S S E S  SATISFY ALLOWABLE S T R E S S  LIMIT, 1.2 s SUB H = 200 io~-  i: , 

el-4 4 C A X I P L P  A L L O W A B L E  K C R E K T  = 6 6 2 4 .  ! 
I 

~ i - i  E C L A T  I O Y  ( 1 3  1 S T R E S S  

I I' s .TpEss  - !s_iOrll.dT-_I--ENDg~-_ELE!ENT-r?(3r--T9=--??9?4* 

I 
! 

€3 U TLCN-! 11ESTRESS- - . - -- - - - -. 
S T R E S S  ( S 1 1 R )  AT I ENC OF  E L E C E N T  NO. 5 9 =  3 7 6 3 9 .  i 
S T R E S S  ( 5 1 1 9 )  AT  C E N T E R  OF E L E P E N T  NO. 591 2 6 0 1 6 .  

J E N D  OF  ELEPENIl--EO. 5 9 =  16224. 
P : 

A L L O W A B L E  S T R E S S  L I M I T ,  S  S U B  H P L U S  S  S U B  A  = c4F7-5 .  m i  

D i: 
I:-. 

E C U A T I C h  ( 9 )  S T R E S S  - EMERGENCY C O N D I T I O N S  & 

f !R ES S-(-59R)ATI:-ENILCFs_E_!.EN_T L C - t  I_?=-76415~ - -. 
S T R E S S  t S 9 Q )  A T  C E N T E R  OF  E L E P E N T  NO. 5 9 ~  7603. 
S T R E S S  ( 5 9 s )  AT  J E N 0  OF  E L E H E N T  NO. 5 9 =  7661. ry i 
S T R E S S E S  S A T I S F Y  ALLOWABLE S T R E S S  L I M I T *  1.8 * S S U B  H P 30060. w .* j 

-- 
S T R E S S  l S l J 9 l  4 1  CENTER OF  E L E Y E N T  KO. S9=  1 8 4 1 6 .  ? S T R E S S  ( S l J S )  A T  J END OF  E L E M E N T  NO. S 9 =  8 5 4 3 .  
S .TRESSES-~ -O_N_NE~OR MORE P O I N T S  E X C E E D  A L L O U A B L E  S T R E S S  L I M i - T  

% , S S u e  A  = 2 7 6 7 5 .  ! 

- - - !  
I 

i 
-- - . . - -- -- . - . -. . . . . -- - . - ---- - - . ... - S T R E S S  ( S 9 R )  A T  I END O F  E L E M E N T  NO. 5 9 1  7645. - - - - - - - ! 

S I R E S S - ( S ~ C ) ~ " A T ~ ' C E ~ T E R '  OF ELEMENT ~ 0 . ' 5 9 = -  7 6 0 0 -  
S T R E S S  l S 9 S )  b T  J END C F  E L E P E b T  NO. 59- 7661. 

S T R E S S E S  S d T I S F V  A L L O h b B L E  S T R E S S L I C I I r . - =  4 0 C 8 0 .  -- - --- --. - -. - 
- - 

d) 
------ 



I4 ' FOR MATER1AL ;SECTION TYPE KC. 2 
- - - - - - - -----, 

KC. 1 \ 

S E C T I O N  NO. 3 
\ : i  
! . !  
I . .  

- 8  ' 
S T R E S S  I N T E N S I F I C A T I O N  FACTOR = 0 .570  I I 

, ' I  

' ,  
SECTICN MCOULUS = c.10~ , .  , .. , 
ECGTION 1 8  1 STRESS-- / .! 
S T R E S S  I S B R )  A T  I E N C  CF E L E C E N T  NO. 2 3 ~  2739. ! .  . . . . 
S lREsS(S8Q)  A T  C E K T E R  OF  E L E C E N T  NO. 20s 2709. 
S T R E S S  I S 8 5 1  A T  J E N D  OF E L E C E N T  N C o  20s 2709. I 

S T R E S S E S  S A T ' S F Y  A L L O W A B L E  S T R E S S  L I M I T *  S S U B  H = 16700. 
I 

I 

ESCPT!LN_! 9 ! ._~XESZ._  - - - - - . - - - -, a. : . /  
S T R E S S  l S 9 R )  A T  1 E K C  CF E L E Y E N T  NO. ZD= 2739- 
S T R E S S  ( S 9 Q 1  A T  C E N T E R  O F  E C E C E N T  NO. 2 3 =  2709. 
S T R E S S  _rs_ssr A T  J END OF ELEKENT NO. 20% 2709. 

: .  . . - 
STRESSES SATISFY A L L c n a a L E  STRESS L I n I T .  1.2 s SUB H = 20040. 

I : , . 
- . - . - - - - - - - -. -- - . . 

E C L A T  I C N  ( 1 3 1  S T R E S S  I ; . \  5 7 R E S s . _ ( 5 1 i l R ~ - b I _ - I .  E N C  .OF -ELEVENT.  .NO-.--?P= 0 -  .-. , 
1 -  S T R E S S  I S l C Q ' I  AT  CENTE'? OF  E L E C E N T  NC. 2 0 =  0. 
it r l  S T R E S S  ( S l O S I  A T  J E N 0  OF E L E M E N T  NO. 20= 00 

E.CCdT IC iu.-- (..li i'-S.fR-E.S-s 1:: 1 .  I 
i - I  S T R E S S  ( ~ 1 1 ~ )  A T  I END OF ELECENT NO. 2 0 =  2 7 3 9 .  1 . 1  

i S T R E S S  ( ~ 1 1 ~ )  AT C E N T E ?  OF  ELEMENI,-NO_,-20=. 2~-3_q .  I .  . - . - -. - . . . - - - -- --- - 
S T R E S S  ( S 1 1 S l  A T  J END OF  E L E C E N T  NO. 2 0 =  2 7 3 9 .  I .. . 
S T R E S S E S  S A T I S F Y  A L L O H A B L E  S T R E S S  L I M I T *  S S U B  H P L U S  S S U B  A = C 4 3 7 5 .  ! I . ,  

I ---- 2 7 0 9 .  S.TR E s s  !_sssLdrJAC - _c IAE! .E ". .KC?. 2 - = 2 - -  - -- -. - b 
S T R E S S E S  S A T I S F Y  A L L O W A B L E  S T R E S S  L I M I T *  1.8 * ' S  SUB H = 330-6d.. * i 1 

I: 
1 1 -  

\-Ir- I .. -- ---- ---- ~-fl--- 

) !  ! F A U L T E C  C O k C I T I O W S  OI 

\: C -- .- - - -. . -- - 
S T R E S S  ( S 9 R )  AT  I' € K C  -CF EL EVENT"  NO.. .2,2=--2709. - - - -. - . 

S l R E S S  ( S 9 C )  AT C E h l E R  CF E L E P E N T  KO. 23% 2 7 3 9 .  
S T Q E S S  ( 5 9 5 )  AT  J END OF E L ' E P E h T  NC. 291 2 7 3 9 .  . .  . . . . . . s T u c r s t 5  S ~ T I ~ F Y  A L L c b s e L E  S T R E S S  L I M I T  = 4 5 c e c .  . . 

Q 

% , .. . 
E C L A T I C N ' 1 9 )  STRESS-EMERGENCY C O N D I T I O N S  I 

- I ,  s RE-S.~ (S ij H I A T - - ~ - E  N 0 JT- -E L-G p E h f - i-2 OF-279 9, )-. 

S T R E S S  ( S 9 9 )  AT  C E N T E R  OF  E L E M E N T  NO. 2 3 =  2 7 0 9 .  I.- 



FCR C A T E R I A L / S E C T I C N  T Y P E  KC. 3  ! 
-- 

W A T E R I A L  NCI 1 
S E C T I O N  NO. 4 I 

I . I 
S T R E ~ ~ ~ ~ S I F I C A ~ I O N  F A C T C R  = 1 .544  B I :  SECTIOR n o c u ~ u s  = 0.561 ! 

I:! . -.--- -- -- J 
E C L A T l C N  1 9 )  S T R E S S  
S T R E S S  ( S 8 H )  A T  I END C F  E L E C E N T  NC. 86P 8949. 
S T R E S S  ( S 8 C  t.. . A ~ - . C E ~ N l . E ~ - O ~ € ~ E M E ~ N ~ ~ N O O ~ - . 8 8 Z ~ . 0 8 7 6 7 ~ -  ---- I 
S T R E S S  ( 5 8 s )  AT  J ENC C F  E L E K E N T  NC. 8 2 1  8 8 5 8 .  1 
S T R E S S E S  S A T I S F Y  A L L O W A B L E  S T R E S S  L I M I T *  S  S U B  H = 16700. j 

ECLP!!C!!.-19!-S!RESS 8i llgT.---p---------- . ---. 
S T R E S S  ( S 9 R )  AT  1 E N 0  OF  E L E C E h T  NC. 8 6 P  
S T R E S S  ( 5 9 0 )  A T  CENTER OF  E L E M E N T  NO. 8 2 =  8 7 6 7 .  
~~~.E~s_!s~s_)_cI_T_-L..E~c_~_c_F-.EL-E!EN.~'. NC-%.82?. ---- 8 8 5 8 - - . -  -. p-- 

S T R E S S E S  S A T I S F Y  A L L O W A B L E  S T R E S S  L I M I T I  1.2 * S  S U 8 . H  = 20040. 

S T R E S S  ( S 1 1 R )  AT  I ENC O F  E L E M E N T  NO. 3 4 s  1 5 0 5 4 .  
$Tp E sX-!5! 1 c 1 A  C _ L ~ ! . E U F L .  E?ENLnE9?-14 16 3_. 
S T R E S S  ( S 1 1 S )  A T  J E N 0  O F  E L E K E N T  YC. 7 9 =  1 4 5 8 3 -  
S T R E S S E S  S A T I S F Y  A L L O W A B L E  S T R E S S  L I M r l r  S  SUB H PLUS S  S U B  A 1 44375. 

,I; 

E C U A T  I C N  1 9 1  S T R E S S  - E M E R G E N C Y ~ C C N O I T I C N S  . . . . . . . - -- - - - - - - .- - E- 
STR'ESS f S 9 R )  b T  I ENC OF E ~ E E ~ E N T  N O -  8 6 ~  8 9 4 9 .  4 

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

- E C L A T I O N  (10)  S T R E S S  
S T R E S S  ( S 1 3 R 1  AT  I END O F  E L E ~ ~ U  RO. 34s 6 1 9 5 .  
S T R E S S  ( S l O P )  AT  CENTER OF  E L E V E N T  NO. 79= 5 3 9 5 .  
STWESS (S1O.S) A T  J ENC OF  E L E C E N T  N O -  7 9 ~  5 7 2 5 -  
S T R E S S E S  S A T I S F Y  A L L O W A B L E  S T R E S S  L I M I T *  S  S U B  A  = 2 7 6 7 5 -  . . . - . . - - -- - -- - - - - - - .. - . .- - - -- . - . ,- - -- . . - - - - 

* - - - ----- -- .-. - - .- - -- - .. -. . - - - - - ---. . 

F A U L T E C  C C N C I T I C N S  rY 

) 

) 

- 
S T R E S S  i ~ 9 ~ 1  A7 I END O F L X F F ~ ~ T O .  86s 8949. u? 

] ! - I  S T R E S S  ( 5 9 0 ) '  AT  C E N T E R  OF E L E V E N T  NO. 8 2 s  8 7 6 7 .  

- 
. 

- - - -- - . . - -- . . . STRESS. . . (S951.  d l .  J EkO. .PF ELEMENT.  -N4.._8Zr 8 8 5 8 -  .__---------------- 
l:lpSTRESSES S l i l f F i - i i L C h ~ ~ ~ ~  S T R E S S  L I M I T  = 4OCOJ.  

- . . - - -- 

S T R E S S  ( S 9 Q )  AT  C E N T E R  OF  E L E C E N T  NC. 8 2 1  8 7 6 7 .  
S T R E S S  I S 9 S l  A T  J E N D  O F  E L E P E h ' T  NO. -821 8 8 5 8 .  
~ T R E ~ ~ ~ S ~ S A ~ ~ F ~ A ~ E - S ~ R E S S L I ~ ( I T ~  1.8 * 5  S U B  H = 33066. 



FOR P A T E R I A L / S E C T I C N  T Y P E  k0. 4 
: .  

1 1 1  

S E C T I C N  ha. 6 
, ' .  I * !  j . !  

I I . .  
1 .  . . -. . - -- -- - - -- .- - - .- 

S T R E S S  I N T E N S l F I C A T I O N  FACTOR a 0 .958  . . . . 
a I S E C T I C h  M C C U L U S  5 . 8 9 9  . .  . . 

E C U A T I C N  ( 1 9 )  S T R E S S  . , 

' 
9 

q .I  

1:: 
m 

I I. 
,, 

. I 

S T R E S S  ..LS?gR.)-AT.-!.-.ENC. .~F-.ELEIENT~.F(O--11.7.=-969~~ 
S T R E S S  ( 5 1 9 9 )  b T  C E R T E R  CF  E L E C E N T  NO.117= 9 3 2 5 .  ! '  

\ S T R E S S  ( S l O S )  A T  J E N 0  O F  E L E R E N T  NO. 1 1 7 ~  5 8 9 3 -  1 
!JI  H sTRE.ssE.5- .. .3 *-L?3FV~LLOKA-3LSTR.ESS-L!ljE?- S-SU!!. b- 276752_- 
I,' Y 

- - -- - - - -- 
E C U A T I C N  ' ( 8 )  S T R E S S  ' .  f 

i .  
S T R E S S  ( S 8 R )  A T  I E N D  Oa E L E M E N T  NC. 1 3 5 1  5 2 8 1 -  I . :  

. 4 

STR! SS_(.S-BC)_d.TtEN_TEP--JFEL-E~E.IrJ.-NF! r l ? 5 ~ 5 2 1 9 ,  -- 
S T R E S S  ( S R S )  b T  J ENC G F  E L E Y E K T  NC. 1 3 3 ~  5 2 7 5 .  f ( i  
S T R E S S E S  S A T I S F Y  b L L O Y 4 3 L E  S T R E S S  L l W I T v  S  S U B  H 1 6 7 0 0 .  

. . 

. .  , 

. . I 

ECUA!IGN..!._9_)-S.T_RSS . I ! , 
S T R E S S  ( 5 9 2 )  A T  I E N C  0' E L E M E N T  NO.105= 5 2 8 1 .  
S T R E S S  ( S 9 C )  AT  C E h T E R  3F E L E C E N T  N C o 1 3 5 t  5 2 7 9 .  
ST&ES.S_LS2S) A T  J €.NO C' E L E Y E K T  NO*  1 0 3  5 2 7 5 .  -. .. - . . - - , . 
S T R E S S E S  S A T I S F Y  A L L O W A 3 L E  S T R E S S  L I M I T *  1.2 S  S U B  H = 20040. c I .  

, . .  
I I 

-- - ! 
E cLi 1 r ' ~  ~ - - ( - 1 1 ) S T f f ~ j  S  .. : a I 

S T R E S S  I S 1 1 R )  AC I E N C  O F  E L E M E N T  R0.  1 1 7 0  1 4 9 7 9 .  I -. : 

, :  
-- -- - - . - - - - - - - . . .  

. . 

S T R E S S - t S l l Q )  A r  C E N T E R  OF E L E C E N T  N 0 . 1 1 7 ~  1'i6?4. 
! .  . 

- : .  I 
STi7ESS ( 5 1  ~ S ~ ) - ~ - - J ~ ~ C ~ O F - E L E ~ E ~ T ~  ' N ' d r . ' l l 7 =  1 1 1 6 8 .  7 . ,  p I . ' 
S T R E S S E S  S A T I S F Y  A L L O W A B L E  S l R E S S  L I M I T r  S  S U B  ti PLUS S  S U B  A  = 4 4 3 7 5 .  4 

. . 
E C c b T  !CN. -!_9 !-STRESS - EREERGENCY C O N D I T I O N S  . . 

- . . 
STRE.SS  ( S 9 R )  P T  I ENC C F  E L E ~ E & T ~ - N O ~ ~ ~ J S ~ ~ - ~ ~ ~ ~ ;  . . 
S T R E S S  ( S 9 C )  A T  C E N T E R  O F  E L E R E K T  N0 .135=  5 2 7 9 .  
STRESS.  1 S 9 S )  A T  J E N 0  O F  E L E M E N T  N 0 . 1 1 3 =  5 2 7 5 .  
S T R  E sf EST~SFY ~LLc~~A~~ESTI-E~S~LT~~I Trm.-s-s-su~ H = 3 0 0 6 0 .  pt)--.. j 

1: I F A t L l E C  C C h C I l I O N S  

.. 7- - . -. - - . . - - - . - - . . 
S T R E S S  -( S S R ) - - A T I  - E N D ~ - ~ ~ R - E L E P E N T - & G . ~ O ~ ~ " ~ ~ ~ ~ .  

-- -- - -- - - - - - 
: I 
! I S T R E S S  ( S 9 C )  AT  . C E h T E R  OF  E L E M E N T  NO. l JS=  5 2 7 9 .  
1-1 - . - .  S T R E S S  ( 5 9 s )  AT  J E N C . C R  E L E * E k T  - NC.153= . . - . . . . - - . 5 2 7 5 .  . 

S l u f S S F S  S A T I S F V  A L L O h A B L E  S T R E S S  L : * I T - =  40983. - - - - - - - . 
1 :  I 



: FCR F ~ T E R I A L / S E C T I O N  TYPE RC. 5  i .  
-A; 1 :  

I P A T E R I A L  KC. 1 
I S E C T I O N  .NC. 7 \ I :  

I .  
S T R E S S  I k T E N S I F I C A T I C N  FACTOR = 0 .880  

- 
: I  , . 
' 1  S E C T l C h  Y C C U L C S  1 . 6 3 7  / .. ' 

--. 
,: 1 ~ c u P T r o N 8 1  S T R E S S  

S T R E S S  ( S 8 R l  AT  I ENC CF E L E M E N T  NO. 1 8 s  4 3 8 6 .  
., 1 S T R E S S .  A s B c )  ... P_~-C~?IER..CF.-ELEV_EE!TTTN_O:~11B~4?3rj. - I:; 

- 3  

S T R E S S  ( S ~ S I  A T  J END OF E L E V E R T  NC. 1 4 =  4 4 3 5 .  
I 

I S T R E S S E S  S A T I S F Y  ALLOWABLE S T R E S S  L I M I T *  S  S U B  H = 16700. . .. 

! ;. 
I :. 

E C U a T  I @ . N ! . c l L . S T R I ~  . . , .  . 
S T R E S S  I S 9 R l  AT  1 ENC C F  E L E C E N T  NO. 1 8 9  4 3 8 6 .  . :. 

1 - 1  S T R E S S  ( 5 9 9 )  A T  C E h T E R  OF  E L E C E N T  NO. 1 8 s  4 4 3 5 0  8 .  

'1 I------ ~?r!E.~5_-~S_SS)-bT-LED..~F-_EL_E_!ElriT_.YP~--!4~-ft4.?5~ 
i .  

S T R E S S E S  S A T I S F Y  ALLOWABLE S T R E S S  L I M 1 . T 1  1.2 * S  S U B  H = .  20040;- 
+' 

1 .. 
1: 

- . -- - -- - . -- - - - - -. . - - - - I --.---. 

E C U b T  I C N  ( 1.3 1 S T R E S S  
, - 

' I .  
S T R - E S S  ( S 1 9 R ) .  b T  I ENC O F  ELEWXNT NO. 14s 4 5 3 3 0  I * 

UJ 
1 

S T R E S S  ( S 1 O Q l  A T  CENTER OF E L E C E N T  NC. 14% 4 6 6 4 .  
S T R E S S  ( 5 1 3 . 5 )  A T  J END OF E L E M E N T  NO. 14s 3 4 3 8 0  i "  

i SJRESSES S A T I S F Y  A L L C W A B L E  SlRE_ESS.-LIMIT* S  SUB.,A = 2 7 6 7 5 .  

1 

1 - 1  S T R E S S E S  S A T I S F Y  A L L C U A O L E  S T R E S S  L I I " I T I  S  S U B  H P L U S  S  S U B  A  P 4 4 3 7 5 0  
! 

rr 1 ;. 
I. S T R E S S  ( S 1 1 R I  A T  I END OF E L E M E N T '  NO. 1 4 s  8 8 8 9 0  I * 

i .. 
S T R E S S - J S l l Q I  AT  CENTER CF E_CE!ENT NO. 1 4 s  9 0 9 8 9  1 .. 

. . S T R E S S  ( S l l S I  AT  J END O F  E L E M E N T  NO. 1 4 =  7 8 4 3 .  

C . .-. 
TR ESS.-(ZP_S_L 4L.--J-ihlCCF..Ci!cN_T..-NP_ :-.1_4=4405. !. 

S T R E S S E S  S A T I S F Y  A L L O W A B L E  S T R E S S  L I P I T g  1.8 S  S U B  H 30060. 
w , . , .. 

It 
. - 

E  Clr4~_!tN(91LSTw_EJS--EM~_RGC_E_N_cr..caNoITICNS---. w - 1 ?. 
S T R E S S  1594 )  A T  I END OF E L E F E N T  NO. 1 8 =  4 3 8 6 .  9 .  I - 

! . 
S T R E S S  ( S 9 C l  A T  CENTER O F  E L E M E N T  NO. 1 8 =  4 4 3 5 0  : 

! 

S T R E S S  f S 9 R )  A T  I END O F  E L E ~ O ~ ~ =  4386. 
i' 

I - 

6 

I - 
I - 
I - 

S T R E S S  I S 9 0 1  AT  C E k T E R  O F  E L E R E N T  N O *  1 8 ~  4435. 
S T R E S S  t S 9 S I  A T  J END CF E L E C E N T  NO. 1 4 ~  4435. . . . . .. -. , , -- . - - . . .- ---- 

S T R ~ ~ S € ~ - S P ~ T ~ ~ ' S F ~ ~ A ~ L G ~ ~ ~ L E '  S T R E S S  'LFUIT :='- 400@11. . 

- - -- - .- - - -- . - - - - - I: 
m i  , .. 

F A U L T E C  C C k O I T I C N S  ! .' 



) 'I I E F 1 4 2 I  - k~ h 6 S  EXECLTEC - CCNC COCE C C C O  
KEPT I E F Z e S I  fEYP.RYfSAPPB 

I E F 2 8 5 1  VOL SER NCS= TECPC3, . t 
f 2 8 5 ~ L Z 6 1 L S m T 3 2 . 5 ~  L C ~ P - Y 3 U d i + M E B E L F 1 I I E L E T E ~  i .  - 

I E F Z e 5 1  LOL SER hCS= CSK003. 
I E F 2 8 5 f  SYS7C139 .T17511 i .WVCOO~JhCREBFb~F2  CELETEC I 

LEJZ~SLV~L..JE.~-~CS=- C S K C ? ~  - -- - ; . ,  
I E F 2 8 5 r  SYS7t13FeT07511C.WVCJO~Jk)rREBFP.F3 CELETEC 1 : 
I E F Z e S l  VOL SER hCS= CSKW30. i '  

i .  

3 F 2 8 5 l  S Y S ~ t l ~ ~ ~ r 3 7 5 1 I C ~ R ~ ~ O ~ J W M R E B F 4 o F 4  D E U T E O  ! . :  -- 
I E F 2 8 5 I  VOL SEQ hCS= CSK004.. 1 I E F 2 I S I  I1 57Cl35.112345L.  ICa'J7. Jht4DE8Fb.SCOOOOB9 SYSIN I 

. I I € F Z ~ S I - V @ L - S E K - S C S = . . - S P C L ~ ~ ~  ---------. 

. - 1 1 ~ ~ 2 8 5 1  SYS76139.Tl234SL. 10037eJWt4REBFboSCOCO089 CELETEO 
- 1 1  I E F 2 e S I  VOL CER hCS= SPCLC4. . I 
~ ~ ~ I E F ~ . ~ S I ~ ~ S Y S ? ~ ~ ~ ~ . T ~ ~ ~ ~ ~ C , . S ~ ~ O O ~ J W P R E ~ F ~ O R C ~ ~ O ~ O ~  SYSCUT .-.----a 

1 E F 2 8 5 I  VOL SEN %CS= SPCLC4. 
.. : , I E F 2 e 5 I  L. JhPSTbS .. . 1 KEPT I 

]EF~~~.I--voL-.sER. ~ c s ~ = _ I I P _ E . ~ .  \ -------- - 
I E F 2 8 S I  L.JUCSTAS K EP 
I E F 2 8 5 1  VOL SER h C S = ' T 9 E 2 6 i .  1 

KEPT - - - . - - - - - - . . 

1 E r 2 8 S l  L.JYPSTCS I KEPT - I 

r_F: F 2 E I . - - .  \rllL.-.SE_R_ACS.:.:.19 F 3 6 3 : L  .----. - -- - - - - . -- - -- - . .. . .- . - -. - . - -- - - - - . . - . - - . . . - - ---. - - - . . 

I E F 3 7 3 1  STEP / S  /. START 76139.1238 . . 

I E F 3 7 4 I  STEP / S  / ' ~ 1 ~ ~ - 7 6 1 3 9 . 1 ? ~ 4  CPU 4 P I N  4S.24SEC P A I N  6SBK LCS OK I 

. . -..- , 

- - - - - - - - . 
- I I E F 3 2 5  I JCB /JWRE.8FP_/__SlqRL70139._!?C8- - - . -- - - . - - - - - - . - - . - - - . . .- . . - - - . .- - - . . . 

JCB / JhPRE$F&/  STCP 76139.1304 CPU 4 n I N  49.24SEC 
:II::::6:002141N 13.S8SEC S Y S i h  0 0 2 1 9 R f C  EXCPS 0 0 1 8 1 6  SYSHRS - 0 7 C S l l  DPSU - 4 3 1 5  REL 21.8 I 

i - i  k 
. .  i "  I Cr 

1- . - - - -- . - -- 
: - I  7--- 
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t LTR 1144-26 

APPENDIX D 

T h i s  Appendix conta ins t h e  a n a l y s i s  of the  Class 1 p o r t i o n  o f  the  system using 

INELPIPE. T h i s  a n a l y s i s  shows t h e  a l lowab le  number o f  cycles  f o r  each compon- 

e n t .  The a l lowab le  cyc les  a r e  tabu la ted  a t  the  end of the  Appendix. Also,  a  

paper copy o f  a  sample output  i s  included.  +;$) 



KULL C P S E  
6 5 5  TH 

LCCE TH 
LCCE PECH + 

LCCE P E C H  + 

CBE + 

CUE - '  

LOC E 
R 1 1 . 5 4  
K 2 2 3  
B 3 1 . 3 1  

EPERGEFICY 
R 1 .z 
R 2  . O t 2  
e 3 - 0 8 4  

FA'ULIED 
SE I SM 1C HIJ 1  

R L 2  
ER3 

LCaCE P I J l  
?C2 
C R  3  

E k O  OF CASE 
k E L D  T O  TEE PRbNCH3 
P K l N T  

. I O d  - 2 5  -. 1 . C 1 2  
-.l . C 2 3  

*ALL 1 5  
*kU 1 2 5 0 0 .  

n1,2 2 5 0 0 .  
F.23 2 5 0 0  

'*ALL 3 7 C  
*P.;Jl 2 5 0 0 .  

RC2 25CO. 
0 2  3 2 5 c c .  

* R i i l  1530 
HL2 
E R  3  

*:tu 1 
RU2 
ER3 
ALL 2 6  

t R u 1  2 6 0 2 5 0 0 .  
Rb2 2 5 0 0 .  
0 9 3  2 5 C G .  

+RU 1  2 5 0 C .  
RU2 2 5 0 C .  
RR 3 2 5 0 C .  

+nu1 1GO 
P.U2 
eR3 

+KU I 
HU2 
8R3 



T E E  C N  PKFSSUNF R E L I E F  2-;/2X2-1/YX1-1!2 

C.1). WALL C.C. H A - 1  
DCR 1~ O ~ I !  ' . T I ! '  H C RIV' a =  z P .? I! T H 

DES l G N  650. 16600. 257.8 1.00 1.7 5 . 3  0.3 

PRESSURE VOMENT THE icPO4L ' 

0 1 C 1 KI B Z R  e 2 e  C ~ P  ' c z e  ttza ~ 2 3  c 2 K 3 C3' 
1.00 1.50 4 .0C  1.50 1.50 2.00 2.0J 1 - 0 0  1-06 1.00 1.CO 0 - 5 0  



TEE CN PRESSLRE P.ECIEF 2 -1 /2XZ- ! /ZX1- : /2  

. . . . . .  . . .  .- 
, . YCP.ENTS IN 1 ~ ~ 0  I:<-LB. 

ME I G ~ T  E I R T H C U A K E  corg :Ncc  
6 .  LEG VOXEKT k' Z P A X  Z ' V I ~  K ~ Z P A X  vi4.?i4 I N  

. . . . .  ___________________------------------------------------------- 

0 
. -- - ..... , ... -... 

. tl 
0. I 

u.- . . . . . . . .  

0 
- ....  DM AX' 

,o.o 

ACDI ' ICNAL CONSTANTS .................... 
? € S I G N  ' Y I E L D  

.- ' - D P I N '  ' P?ESSUAE"" -STRENGTF - 
(3.0 25CO. 0.0 

0 

W~PRIFL.ARY STRESS I W l E N S I T Y  I S  ' 

' INTERNAL CCCULUS OF 
v PRESSURE E L A S T I C I T Y  

0 .30  0. 0 .  

T E N S I L E  
STRENGTH 

0. 

T B 
RANGE 

0.  



T E t  CK P R E S S U R t  P E L I E F  2 - 1 / 2 X 7 - 1 / 2 X l - l / 2 .  

C A L C U L A T I C N  ' O F  C E C E N T S  ---------------------- 
VCt'ES'TS I N  lCGO IN -LB.  

biE1Gl-T LGCE CCK@ [NEC 
L E G  C O P E Y T  k ZM4X Z f J l h :  h+Z!?AX W + Z C  IR --------__--------_------------------------------------------- 

* * * P R I M A R Y  STRESS I N T E N S I T Y  I S  1 7 4 3 9 . 6 .  1.50 SM= 24SCG.O -. .- .. 



TEE CV PRESSU2E R E ~ I E F  2-1/2XZ- l / .Z . !1-1/2 

...-. ....... . . . . . . . . . . . . . . .  - - - 
FOYEKTS I M  lCOO Ia-LE.  

WE IG' iT EYERGERCY CUYRINEO 

- .  . L E G  F!IJYENT 'k Z V A X  .!"I% , k + Z v b X  h + Z . P I K  ------------------------------------------------------------ 

I M X R  . . . . . . .  w y  a. . .  .-... -- ...... .... ... 
. . 

NXR 

-- .- .- ?'tR . . . . . . . . . . . . . . . . .  . .  ....... .............. - - . . 

* * *STRESS I N T E N S I T Y  I S  - - .- 12145.9.  2 . . 2 5  SM= ............... .. . .  .............. - ...... - .. - ........................... - 



I E E  C N  lJRESSb4E WEL I F F  2- L / Z X % - 1 / 2 X  1 - 1 / 2  

.. .- . .. 
FOrFhT5 I N  lCCC LN-LR. 9 

W E l t t l l  S F I S Z I C  LCC t C O V E  I NEO _ 
h+ZPAX k+ZMAX W t Z P I N  , W + Z H I K  

+ . . ' - 
LEG M O P i N T  k Z W A X  ZI ' IN UMnX L P I N  +L)JAX + L F I N  +LPAX 
-----------_-----------------------------------------------------------------------------------------. 

........... - ...-. - . - ...---. 
R U I  V X l  0 . 1  0 . Z - 2  ' 1.5 - 1 . 5  1 . 8  -1.2 . 1.4 -1 - 6  

CY 1 0 . 1  0. b -0.6 C .  7 -C .  7 1 . 4  . - 0 . 1  0.3 - 1 . 2  
P Z  1  0.6 0.b -0 -6 2 . 3  - 2 . c  3 . 2  -0. a 2 . 1  -1  ..9 . - - - -. - - - . - .- - -. -. - . 

. .- 
P L  P x a  

F Y  2 
YZR 

na 
v e 

..... . . .  - - -- - - - *** STRESS I N T E i d S I T Y  I S  1 7 6 2 8 . 1  3 .0  S?!= i S E C C  .C 

4 * * 9 4 0 4 0 9 4 + 0 0 9 0 9 4 0 3 O O $ O * < i 4 4 % 3 * Q 4 ~ * 9 O f 4 Q 4 . * < ~ 4 * * * * * * * m 4 = * U * $ * 4 ~ ~ * * ~ % ~ t * * * 4 * V * * 4 * * * * 9 * * ~ * + ~ * * * * * * * * * 4 * * * * * * * * * * ~ 4 * * * * * 8 * * * * * * * * 4 * * * *  
. . . . .  

1 ' 4 2 9 . 6  OCCCRREC h L T H  P R I  VARY LGADS I h P U T  UhGER TkE T I T L E  CF LOCE 
- * THE HAXLCUM P A I K A R Y  S T R E S S  I N T E N S I T Y  OF *'---- - 

*~4********9**+***************9**********;*********-**?<*****:********************~**4*4***********44~*******4******************* 



S U V ~ A K Y  C F  L c a c  S ~ T S  
TEE C!: PRESSUZE ? E L I E F  7 - 1 / 2 X 2 - 1 / ? X 1 - 1 / 2  

a. 

------------------------------------------------------------------------------------------------------- 
LCh0 TEE NC. CF 

. - -' SET NO. LOAD SET D E S C R J P T l C N  1.0. T R A X S I E N T S  P tJX !'V Y Z  CT1 . .TA-TB ' O T Z  ----------------------------------------------------------------------------------------------------- 
. . 

. . 1. 1 NULL CASE + ALL 19 0. '2. G C.C C.5 0.0 0. 0. 0.0 
1. 2 6 5 5  TH + RUl  19 2.500. 9.3 2.9 7.3 326.2 . C. C .  1C8.7 

RU2 .2.C 2.2 2.2 

2; l... NULL C A S E  ER3 -7.2 - 2 . 7  5. C . .  
- 9 p ~ l -  370 0. 0.0 2.0 C.0 0.0 ' C. C. 0.0 

2 .  2 655  T H  * XU1 37C 25CO. 9.3 2.7 7 . 3  36.0 0. 0; 12.0 

. . ?U2 2. C 2.2 2 . 2  
€! R 3 -7.3 -C.7 5.C 

3. 1 540 TH * RC'I 1SCO 0. 7.6 2.3 5.9 0.0 0. 0. C.0 
HU2 
PI? 3 

* Rb1 15C.O 
R U i  
E K  3 
ALL 26 

5.  1 LOCE MECH + 
. - - -- . . . . . . . . . . .  - ..... - . + R U l  260 25CO. 1.5 C.7 . 2.0 0.0 0. 0. 0.0 

R[!2 '. ' - - -  C. 2  C.6 1.6 
B R 3  1.3 C . 2  . 1 . 1  

5 .  2 LOCE MECH + .- - .- ....... + RU1 260 2500. .-1.5 -0.7 -2 . i~ '  - 0.0 -0. 0. 0.0 
RU2 -C .  2 - C . 6  ' -1.6 
ER3 -.1. ? -C. 2 -1.1 

6. 1 OBE + + RU1 
.- -- .- -- - - -. 1 C O  0. 0.1 G.3 C.3 0.0 0. 0. 0.0 . . . . . . . . . . . . . . . . . .  ...... . ... 

RU2 ' ' '2.0 9.0 0.0 
eR3 . 0.3 C . C  C.  C 

6. 2 OBE - + RU1 150 O.. -9.1 -0.3 -C.3 0.0 C. C. C. 0. 

6 RU2 -0.0 -0.0 0.0 
eR3 -C. 3 -C.C C. 0 ---------------------------------------------------------------------------------------------------- 

3. . .  . . . .  . . . . .  

MAXIMUK LOAD RANGES 25CG. 0.C 0.0 C . 0  326.2 0. 0. 108.7 
9 . 6  1 . 2  t .  1 

THE2CAL COMENTS C. 0 0.0 0.0 

. . . . . . . . .  . . -. 7 . 3  1.2 5.6 
TOTCL T R A K S I E K T S  2275. 

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





LCAC S E T  
P A I R  

1. 2 ( 8 .  I) 

1 2. 1 
1. 1 1. 2 
1. ? 4 .  1  
1 3. i 
1 2 5. u 

. . 3 . 2  5.u 
1.2 3.2 
2. 2 b. G 
2. 1 2. 2 
1. 1 2. 2 
1. 2 2 .  2 
3 . 1  5.0 .... 
2. 7 4 .  i 
2. 2 3. 1 
4. k 5. 0 
2. 2 3. 2 
5. c* 6. 0 
2. 1 5. 0 

K F 
? . 3 1 i  
3 . 2 3 3  
3 . 3 3 3  
3. ?!? 
3 . 0 7 1  
3 . 3 3 3  
2 . 2 6 3  
1 . 8 4 3  
1.453 
1.12b 
1 .126  
1.244 
1.CSS 
1.CCZ 
1 .CCO 
1 .CG3 
1.CCC 
1 . C C G  
1 .cro 
1 .c:c 
1.CCC 
1.CGC 
1 .CCO 
1.CCC 
1 .c.:c 
1.C23 
1. CCC 
l.CC0 
1 .C03 
1.CCO 
1.CCC 
1 .COO 
1.CCO 
1.CCC 
1 .COC 
1.C5C 
1. CCC 
1 .CGO 



SL.PCA?Y OF C A L C G L A T  I CNS O F  CUCULAT I V F .  US B G E  F A C T I I R  " 

T E E  C!l P X S S I J R E  K E L  I L F  2- lIZY2- 1 /2X  1- 117 - 

L O A O  S E T  
PA 14 
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ALLOWABLE CYCLES PRESSURE RELIEF SYSTEM 

LOCE 2 6 

70' -. 655O Step Trans ients*  19 

70' - 655' Undrained L ine  370 

1150 Step 1500 

Heat up 

*Tran'sients as de f ined  i n  LTR 1144-18 (Ref. 5 )  (see Table V I ) .  
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APPENDIX E 

A l l  hangers added t o  system were analyzed t o  comply w i t h  A I S C  a t  the t ime o f  
4 

t h e i r  design and these var ious hanger analyses are no t  p a r t  o f  t h i s  repor t .  

This  Appendix contains data p e r t i n e n t  t o  the  o r i g i n a l  hangers and r e s t r a i n t s .  

The f o u r  o r i g i n a l  f l a t  bar hangers H-5, H-6, H-10, and H-40 are analyzed 
'* 

us ing  SUPAN ( f l a t  bar  ana lys is  program; see Appendix F f o r  1  i s t i n g ) .  A l l  

o r i g i n a l  un iba ls  a re  l i s t e d  w i t h  t h e i r  var ious loads. Appendix E contents 

a re  : 

1. Designat ion and l o c a t i o n o f  o r i g i n a l  unibals  

2. Loads on o r i g i n a l  un iba ls  

3. SUPAN ana lys is  o f  4 o r i g i n a l  f l a t  bar hangers. 













- 5 
THERE AREdk- 5 SUPPCRTS TC PE bWbLVIE0 I N  THfS  R W  

. -- 4 LOLC C h S E S  YtLL BE REAO 

-_ -  THE )tL1OIblG FOR THlS RUN IS; 

PRESSURIZER PRESSURE RELIEF FL IT  B M S  

. -. -, & & . - ~ s b ~ ~  'if' i 





. . . .  
LENGTH- I S  I N  INCHES 

. . . . . .  - -. . . .  
SUPPCRT LEkGTH 

. . 
F I X I T Y  H ~ T E R  IAL C E O W E T R Y  

. . 1.. 1 a 
1.2COO . .2 2 _ _._ _ _. _ _ ._  . . .- 
1.2GOO 2 2 
1.2COO 2 3 cia 
1.ZCOO . . 2" 3 ..... -- I .. , 
1.2COO 2 3 I 1 ! :, a 

-- ....... A,: i 
: .a  

1 - 1  
I:ic 



@ P l p S b , k V  A R E  I h  U N I T S  CF L P S .  
Tl.SM,WM A X E  I N  U h I T S  O F  I N . - e P .  

8 SbPPCRT ILCAC C A S E  P 1  
. . . . . .  1 1  0 .o  

1 2 4 0  . C O  
m 1 3 60 . C O  
.. 1 4 5 8  - 5 3  

2 1 0 . C. • 2 2 19 . G O  
. . . . . .  2 3 40 - 0 3  

2 4 4 C . C C  
3 1  3 7 . C C  

W v 
1 . C O  
7 .  C C  

S O .  C C  
4 1 . C I )  

1 . C O  
8 .  C C  

4 0 . C O  
4 0 . C G  

7 . C C  
9 7 . C C  

6 0 0 . C O  
1 2 9 0 . C O  

0.  C 
1 2 7 . 0 0  

5 7 . C G  
1 9 . C C  . 
0.0  

127 .00  
5 7 . C O  
1 9 . C O  



C G P B I N E D  L C A C  C > T A  FGLLOWS . . 
. .- -- -- - - - - - - -- 

C O F B I N E D  L O A C  S E T  1 
L I P I T  C G R C I T I O N  NUMBER I $  1 . . . . - . -- -. - - - - . L C A D  C A S F S  C C P B l h E C  FCR T H I S  S E T  ARE 1 3 0 0 0 

. . . - . . . 
C C P B I N E C  L C A C  S E T  2 
L l r l T  CO~VCITICK NUCBER IS 2 

.._-.----.*LOAD C A S E S  C O C B I N E D  FOR T H I S  S E T  ARE I Z 3 

. , .. ... C G P B I N E O  L C A C  S E T  3 
L I M I T  C O N O I T i C N  NUMBER I S  3 
L C 4 C  C A S E S  C C C B I K E C  FOR T h I S  S E T  ARE 1 4 0 

C O H B I N € D  L C A C  S E T  4 
I . . .  . . L I P 1 1  C O N D I T I C N  NUMBER I S  4 

. :  L O A D  C A S E S  C C C B C h E D  FGR T H I S  S E l  PRE 1 2 3 

.. - .- -. . .- - - - - - -. 
T ~ E  F O L L C W  I N C  T 3 E L E - L  I S I S  T  F E  C O M B I N E D  L O A D S  

.SUPPCRT C O M B I N A T I O N  j v  . -- 

70.COO 
169.000 -.. 

86 .000  
222 .  CCC 

15 .000  . - 
4 4 . 0 0 0  
15.000 
54 .COO 

372.000 
703.GCO 
3 5 7  .COO 
7 L 8  .OOO 

6 0  -COO 
8 8  - 0 0 0  
1.5 -000  

i c - 7 - c o o  
1C6&OC , 

2 0 5  - 0 0 0  
68 .COO 

224.COO 

81.CCO 
.. 8P.COO 

42.090 
129.CCO 
. 41.COO 

49.000 
41.CCC 
89.CCC 

607.G00 
7C4. C O O  

428.C00, 
468.000 273-GO0 
184.COO * 6 3 1 . 0 0 0  
632.CCO 

4051.00C F4 .CCO 643. CCO 
4275.000 3301.000 1511.000 
tt63.CCO 753.C00--~1433.000 
e572.coc 4 ~ 4 3 . 0 0 0  2 0 7 i . c c o  

43C.000 ' ,346..000 516.000 
74C.CCO 7 4 1  • COO- 958.000 
165.0CC 1SC.CCO 251.COC : I 



. T h E  L I C I  1. F A C T C R S  U S E C  I K  T t E .  C b L C U L b T I C N S  F O L L O H  

1; O E S  IGN,  h C R P A L ,  bhd  U P S E T  C O N C I T  I C N S  
2. K E S T R A I h T  C F  F R E E  EKE C I S P L A C E K E N T S  
3 .  E C E R G E N C Y  C O N D I T I O N S  
4 .  F b U L T E O  C O N C I T I C N S  

. . . . .  
H h T E R I h L  L I P I T  C O N C I T I O N  F A C T O R  



THE FCLLCW I N G  1 bt!LE L I S T S  T E N 5 1 0 t l  S T R t S S  VALUES 

N C T E . -  CLS = C O C H I N E G  L O A C  S E T  
LCACS ARE IN UNII: OF LH. EXCEPT WHEN 1 4 0 L E  
STRESSES PNC L I P I T S  bPE I N  P S I .  

.. . - 
S U P P C R ~  CLS L G ~ C  STRESS L I P I T  

EC. COO 
1 ? ? . ? 3 3  

77 .333  
110 .667  

5 ? . ? 3 3  
78.t67 
5'3.333' 
l?Z.CGO 

26.667 
63 .333  

2 5 4 . t 6 7  
293.233 

70 .667  
136.667 

45 .333  
149.333 
4 0  .OOO 
58.667 
23 .?33  
71.333 

0 

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

0 ' 

0 . - 
' +:I 

IS FO[t BENDING VALUES, THEN IN.-L8. _ _ . 

' I C.CG1P 
C. C C C S  1:: I 4 

. . 
, 

. . . . . -. -- 0 . - p i ; ! ,  



D 
! 

THE FOLLOWING TAeLE L  I S 1 5  SHEAR STRESSES OUE TO L O A C S  I N  THE O I R E C T I O N  OF THE WEAK BENCING A X I S  . . I 

NCTE - CCS = C C C R I h E D  LCAC SET I 
LChCS ARE lh' U N I T S  OF L 3 .  EXCEPT bHEN TABLE . IS FCR 0ENL;ING VALUES*  THEM..IN,.-L0..-.- 
STRESSES 6NC L I P I T S  ARE I N  P S I .  

. .  
SUPPCRT CLS ' L O I C  5TRES5 L I P 1  T H A T 1 0  



0 - .  
N C T E  - C L S  = C O C e I N E G  L O A C  S E T  • 

. . L C ~ C S  A R E  IN U N I T S  OF .LB. E X C E P T  LHEN T A B L ~  I S  F C R  BENDING VALUES*  TIJEN,,IN.-LB.---. 
S T R E S S E S  b N C  L I M I T S  ARE I N  P S I .  

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

S U P P O R T  C L S  LOAI: S T R E S S  . L I P I T  R A T  l C  

9 3 . 3 3 3  
225.333 
1 1 4 . t 6 7  
296 .000  

2 0 . 0 0 0  
58 .667  
2 0  .OOO' 
72.COO 

2aR.COO 
468 .667  
238.COO 
498 - 6 6 7  

40. COO 
58 .667  
23.333 . 71.333.  
7 0 . 6 6 7  

136.667 
45.333 - 

149.333 - 
0 

. . . . .  



THE F O L L C U . I Y C  I f i B L E  L I S l S  C L P P R f S S I V E  S T R E S S E S  
. . - - . . - - -. - - - -  

* - .  I '  . . 
M C T E  - . C L S  = C O C P I K E C  L C b C  S E T  

- - 
L C d D S  ARE I N  U N I T S  C F , L e .  E X C E P T  b H E N  T A e C E  I S  F C R  @ENDING V A L U E S *  , T H E N  C-N-.yLB.--_-- 
S T R E S S E S  ANC L I P I T S  A R E  I N  P S I .  

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

S U P P C H I  C L S  L C A L '  S T R E S S  L I P I T  R P T I C  



THE FCLLLbi Ib;G T b E L E  L I S T S  C E k C I N G  S T H E S S E S  CUE TC H O C e N T S  b0OUT THE WEAK A X I S  
- . - - - - - . . 

N C T E  - C L S  = C C C C I N E C  L O b C  SET  
L C A C S  3 9 ~  I N  U N I T S  C F  L P .  E X C E P T , W H E N  T A M E  I S  FCR HENDING V A L U E S *  THEN IN.-LB. - .- - STRESSES A l V 0  L I C I T S  biCE I F ;  P S I .  

! I  

. . . ." . . . - . . - . - - -- 
SLPPORT C L S  L C A O  S T R E S S  L I P I T  R P T I O  .. ! , . 

* 1 1 5 r ~ 7 . 0 0 3  
1 2 7 1 5 . 0 0 0  
1 3 2 4 6 . 0 0 0  
1 4  '154 .COO 
2 1 7CO .COO 
2  2 739.COO 

. . .  . 2 3 50C.  C O O  
2 4  1 2 3 3 . 0 0 0  
3 1 643.00Cl  

- . . - -. . - I:: 1 
I . I  



THE FCLLT.ki1h.G T B P L E  L I S T S  B E h C l N G  S T A E S S E T ,  OlJE 1 C  M D P t N l S  A ~ ( ~ U T  THE ST,HONC A X I S  ' . . i i 
- 

N C T E  - C L S  = c o r e i ~ t . ~  L I J A C   SF^ . .  
LCA'LS. ARE I N  U N I T S  O F  . L P .  E X C E P T  k H E N  I A e L f  I S  FOR B E N D I N G  V A L U E S ,  T H E N  E N . - L B . - . .  : j . . . . . .  

S T R E S S E S  6 Y C  L I W I T S  ARE I h  P S I .  ; ' i  

- . .  - .  .- - . .- . . - . -. .- . . - _I .. I 
S L P P C R T  C L S  C C A C  S T R E S S  L I P I T  H A 1  1 0  I .. I 

I .. ; 

............ -- .. .- - -- I.:! 

- 
................-... I!! / .. i 



C O R R I I J E D  S T R E S S  - C C Y P R E S S I V E .  - E C l l 4 T l O N  2 1  L S E C  
. - . . - - - -- . 

A S T E R I S K S  I N C I C A T E  U k E R E  TkE C C M P R E S S I V E  S T R E S S  R I T I U  MAS G R E A T E R  T H A N  0.15 AN0 EQUATIONS. 19 AND 20 kERE USE0 

. . . . .  . 
.................. .... S U P P C R T  C L S  T E R C  1 T E R Y  2 T E R Y  3 T O T b L  L I M I T  _- ---; 

1 1 0.(;247 O.?34C C.CF2C C.45C7 1. COO0 
. . - .  .9 1 2 0.0137 0.1356 0.0783 C.227t 1 . C C G O  

1 3 0.0179 0.1050 0.0430 0.1659 l.CCC0 
1 4 0.0399 C .  3323 0.1731 0.5453 1 .OOOO 
2 1 0.0165 . 0.3983 C.0216 C.4363 1 ccoo 
2 2 0 .LGR 1 0.1402 0.0121 0.1604 1. C C O O  
2 3 C.0124 C.2160 . C.0631 0.7'115 1.0000 

- - > - . - . 2 4 0.0250 0.42'15 0.2713 C.5257 1 coo0  
3 1 - 0.002'3 0.1372 C.0042 C.1442 1.CO00 
3 2 0.0023 0.1074 0.0489 0.1586 1.0000 

I ...................... .- 3 3 0.0207 0.2293 0.0251 C.2752 1 0000 
3 4 . 0.0195 0.3750 0.1100 C. SC45 1. ccoo . 
4 1 C.0033 0.1101 0.0154 G .  12ee  1 . ~ ~ 0 0  - - - 4 2 0.0021 .............. . . . . .  C.C681 0.C111) 0.0812 1 -0003  -* . 
4 3 0.0016 c -0402 c .co65  c.04e3 1. C C G O  
4 4 0 -0043  0 .1365  0.0210 0.1618 l.CC00 - 

. .  5 1 0.0019 C.1101 0.C191 0.1311 1 0000 .  ........ :. .......... - 
5 2 0.0009 C.0681 O.CL10 C.Cf!CC. 1: 0000 

- 

5 3 0 -0008 0 -0402  0.0055 OeC4t5 1 . O C O O  
. - - - . - - - 5 .  4 0.0020 0.1365 0.0225 0.1610 1 *oc)w .- - . 0 '  

I q 
I 

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

'b . . 
0 .  

0 

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

- 0  
..... ..... , ....... . . - - . . - - .-- -- - .- - . . - 

i c . 
; ; 
:I' " 4 

i 
i l l  ; ! I  

: I 
:, 1 ' 
.I - I 

1 1 ,  : 1 
!I' . . i '  

: 1 
i 1 
: I 
:I / 
.. I 
.. I 
.. I 

! .' ! - - 
. - . .  L 2 

N -  

e c-. 
+ - - - - ......--........ .. . 

..i 
-. , 
:: i 
I 

C ,:I 
- .  

a 

. . .  .......... - * .  
. I .  

b h . . 
. . - - .- - - 

- 

. .  - I : j  . . : 
. . - . - . . - . - . . - . - 

I : !  . - 
- .  

. . 0 .  . . .: 
. . .  . . ., . -. . - ' : . i  -. 

0 .  ' - -  
. - -. -- - . - . 



CCh 'B iNEO S T R E S S  - T E N S I O N  - E C U A T I O N  2 0  U S E C  

S L P P C H T  C L S  TERP 1 T E R M  3 . ' TOTAL 

1. coo0 
1. C C G O  
1. coco  

1. C O O 0  
L .CGOO- 
1. C O O 0  
1. C C C O  
1. C G O O  -- I I 
1.0000 
1 . O C O O  . I I 





APPENDIX F 

Th i s  Appendix g ives  source l i s t i n g s  o f  a l l  programs used: 

, Page 1: INEL P I P E  I1 (SAPPER) 

Page 2: INELPIPE 

Page 3: SAP I V  

Page 4 t h r u  13: SUPAN (Hanger Ana lys is )  

LTR 1144-26 

.. . 

'I r, 
C 









. . 

FORTRAN I V  G L E V F L  2 1  M A I N  DATE 1 16140 0 8 / 4 9 / 0 0  . PAGE 0001 - .--- -.. * ...* . - . - . -  . . . -. .... L+ ..-.-..--. 
C **a* PRCGRAM S U  P A  N **** 

L 
WiO-EI lP TMc W P l L E a = - W - Y T l F l H d r . r 9 ' ) C .  , 

C  **: PRESENT V E R S I C N  PERFGRHS F L A T  BAR T Y P E  SUPPORT A N A L Y S I S  
C  *** a P P E t I C I X  1 7  ECUATIC lcS  FOR TENSIO!4* SHEAR, COMPRESSION, RENDING, -'- I : I  
r ~ L U ; r ~ S I n E S L 4 R L U S E D -  - - - - . - - - - - - - - 
C *** NSU? = NUMSER OF SUPPORTS r 
t ' * C  F i t  = hUPiyER OF LCAC C 4 S E S  

~ r * A f i S S d H Y _ e R G ; ! E R l I L S - f E A 2 C L 4 ~ R B D N - I Z E E L b R U U T E R  LAL 
C BhEK 
C *** C E R T A I N  GECXETRIC P R O P E R T I E S  O F  114 X 1 AND 3 / 8  X 2  F L A T  BARS ARE . 

L - l L P - ? G G R & K  --- 
C I Y E \ S l @ N  A l 1 ~ ~ ) t R S l 1 ~ ~ ) ~ R h ~ 1 7 ~ r Z S l 1 0 ) ~ Z W ~ l 3 1 t S L l 1 3 3 ) ~ S K ~ 1 0 3 ~ ~  

I P 1 1 1 5 0 ~ 1 0 1 ~ S V ~ 1 0 0 ~ 1 3 1 i W Y ~ 1 C 9 ~ 1 0 ~ ~ T I l 1 0 D ~ 1 0 ~ ~ S ~ ~ 1 0 0 ~ 1 ~ 1 ~  j !':I Z - - . - i l l 1 1 3 . 1 1 1 . , E I U I  r U L 1 1 1 ~ S U . L 1 3 ) ~ ) 1 A 1 1 1 9 0 I ~ . ~ C E O . (  1 O J )  - 
3 C ~ 1 1 1 ( 1 3 ~ 1 ' ~ ) r C S V l l O ~ ~ ~ l ~ ~ l i C W V 1 1 9 3 r l 3 l r C T L 1 1 3 ~ ~ l C . l ~ C S M ( l O ~ ~ l 3 ) r  i'.! 
I. C k ' ~ 1 1 3 ~ . ~ 1 1 7 ) , N L C ( 1 0 ~ ~ r 1 3 ) i L C C l  l J : ~ ~ l C I ~ F A C l l 0 ~ 4 1  , T E N S I l i ) 3 s i ? r 4 ) ~  1 .  

~ ~ . V ~ S ~ . ~ L A . L . ~ Y S I W Q ~ W . . ~ . ) . ~ . N U ~ L L ; I S ~ I . ~ C O ~ ; L S ~ ~ ~ ~ ~ ~ ~ ~ . ~ )  tNCMI1321.. ~ , - t  
6  ~ E h C S l l ~ ~ ~ l . ~ l C ~ ~ 8 E N C k I 1 O 3 t 1 7 i 4 ~ ~ N C T 3 l 1 O ~ 3 ~ ~ ~ % C N T l l O 0 ~ ~ 2 l ~  I I 

7 % C K T 2 ( 1 3 ? ' ) r T O T t ( l ' > ' ~ 1 1 : l ) r T O T T ( 1 0 3 , 1 ? ) 1 T 1 9 t [ 1 0 ~ . 1 3 ) r T t 1 9 ( 1 ~ ~ ? ~ ~ ) 1  i / I  
B - - T . l 2 2 ( 1 9 ! 2 . . l 5 )  1ll22~T_(.15C,.10)<.1319( 1 .35 , lQ I  ~T.23C.(.lO!!.lO.l ,HED(lbl..- - - 

P I = 3 . 1 4 1 5 9 3  
C  *** PROPERTY @4tdY 
c **L-fUSSCI(.IPT. - L I f 4 P . L L E U 1 3 A  . ,Y.AUNO-1/ .4Xl-GEQUETRY---  -- -. 
c a* *  SUBSCRIPT 2 IMPLIES 4 2 4 2  MATERIAL AND 318x2 GEOMETRY 

7 3 .  E l l ) =  2 7 S J t 2 O D .  
1 ~ 2 7 E D C 9 Q L .  ---- 

GO35 S Y t l )  = 360-5.  
S Y I Z )  = 5'1""). 

5U.(.lL=-5.@9G2. - 
S U I 2 )  = 73-S0@.--,- SCC8 

- f i l l )  = 5.253 
. b.LZI_-=_-.3.7.52 
" P.S i1  = ~1.289 

; - I  C 2 1 Z  9 S 1 2 I  = ?.5783 - 
, l):L3 i;V111.-.=-3.9723 -- 

Uh ' l2 )  = ':.1';.€4 

( 2 J . q .  i 5 f .  --- 
6 3 1 7  

Z U ( 2  1=3.34687 . - 
1 c z 1 S : L = 2  .- 
i - 1  C J 2 3  r,::= 2 ; .. ! 
! ' !  C *** T I T L E  P P I h T  PI 8 .  . 
i .  . 0 1L: h.l? ILL(  6  6J -- 

0 3 2 2  6  FCRVhT('l~//////Tl5,**** P I P E  SUPPORT B N A L Y S I S  PROGRAM - W R I T T E N  0 
i:l 

1 %  K d Y  13, 1 9 7 6  * * * ' / / / I  5 C ***,9ZP_C-C.C-b-PtL-CARC 
+IEACIS.~ I ~ S U P ~ R L C I  IPEC(I ),i-1.16) 

1 
! ' I  

1 F C R P J T ( Z I 5 ~ 1 6 P 4 )  
.jQlrF_?b.1>5ULJSIIP_~ELC,-tEW.CLL-L~s 1.&-- 

0 .126  1 0 5 3  F r R R b T ( / / T 1 5 . ' T F E R E  CRE'.15,' SUPPORTS TO R E  ANALYZED I N  T H I S  RUN'  
1 / / T 1 5 , 1 5 1 '  LCCC CASES M I L L  B E  R E P O * / / / T 1 5 r ' T H E  R E A D I N G  FOR T H I S  R U  
2.K-€S :_'.I I.1.25 r l $ 4 4 ! / -  -. - - ---- ---. 

C **.* Q E A C  !4 ,5TCRIPL ANC SUPPORT I N F O R M A T I O N  AXE3 L O A D  S E T S  
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I .  
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l A L S  I S  IS,  PRCGRAH T E I C I N A T I N G ' / / )  
co r c  zoc?,o 

L l 4 I S S - k R l T ; ( 4 . S U K K -  
0 0 4 5  5 1  F C R M b T l / / / / T 1 5 . ' C E O Y , E T R Y  NO.',15+' W4S I N P U T  - MAX. NO. OF GEOHETR 

l I E S  I S  PROGRAM T E R M I N A T I N G ' / )  
-40- J C _ Z C 6 3 - - -  - . -- - - - . - -. . - -. . . . -. .. . . - . - - . - - i .. I 

I .. i 

77 1 0  C C K T I N U E  
t t t l . * ! J  hT EHKEC L b J L 9 R I K U . u P -  - 

k R I T E I ' b t 7 3 )  
7 5  F C R ~ d T ( / / / T I S 1 ' T H E  F C L L O U I N G  M A T E R I A L  P R O P E R T I E S  ARE READY FOR U S E  

t Y  1 ' L . / _ L I S L V A T E R I A L -  F S U L I )  . I !  

0 5 5 4  t O  7 1  K = l r N  I . !  
71. ~ R I T F I ~ . ~ ~ I K I E ( K ) V S Y I K ) : S U ( K )  

Z2ERKP..LUlI~ I ~ . I Z ~ ~ L ~ % L - ~ ~ ~ L U U I W U ~ . P )  
W R I T E 1 6 r 7 3 l  

0 0 5 8  7 3  F C R M P T I - ~ - / / / I / T ~ S , ' T H E  FOLLOWING GEOMETRIES ARE 'UEAOY FOR u s € s / / /  
A R E U S - L w s  

V R I T E ( 6 . 1 ) 4 3 )  
I k(31c.pzJ T  I 1 1 * /Ju!IS.LP P 0 RT C A ~ F 1 ) . U p ~ ~ L T l . 5 2 C E . N  WILLL.lfFC1NC-~E 

I: I I S ' / / / T 2 O v ' S U P P C R T  LENGTH F I X I T Y  R A T E R I A L  GEOMETRYs /  ., . 
---- - -  - - 

1 - 1  &L-.WRILE&-76 1-- 
0 0 6 8  7 6  F C R C 4 T I e 1 ' / / / / / T 1 5 . ' T H E  FOLLOWING LOADS WERE I N P U T ' / / T 1 5 e s P l r S V v Y V  

1 ARE I N  U N I T S  C F  L B S . ' / T l S v ' T l r S U r W M  ARE I N  U N I T S  OF IN.-LB. ' I /T15 
2 .  S W Q R - U A 3 C b S F  P  1 sv Y L  T 1 



0 1 1 7  CC TC 23233 1:: / ' 5 1  1 8  
1 7 I I A 3 1 J E I . 6 ~ 1 1 1  U . 9  I . L E I Y ~ - ~ ~ ~ L z ~ ~ ~ % < ~ ~ C ~  -- 

I 3 1 1 9  1 7 1  F C R X A T t I T 1 5 , ' C C I P I N E O  L C > 3  SET ' r 1 3 / T 1 F t ' L I r I T  C O N O I T I O N  NUMBER I S  

,", . * - - .  . . . . . - . . 
- . '  

. I .  i. _ ' _  . - . . . . . . . . . ,  -, . . . . .  .-  . - 

1 1 ~ 1 3 / T 1 5 ~ ' L O h G  C A S E S  C O P B I N E D  FOR T H I S  S E T  A R E  ' . 5 1 3 / 1  
i . 1  
I .. 

%tL-CCh?.l.h'YE -- -!. 1: 
I .. 
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. '  

\ 
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-- * . - .  - . . A . + 

C 0 7 3  8 0  C C h T I N U E  
r ..* * 1 TWWDUrnMOULDb lC  
C *** tJCTE -. - L I M I T  C O N C I T I O N  1 D E S I C N P N O R M A L ~  A N 0  U P S E T  L I M I T S  
c .r* L l n l T  C O N C l T l G N  2 = R E S T R A I N T  O F  F R E E  E N D  D I S P L A C E M E N T S  
r * S 9 1 . L ~ l . I ~ = - W . E R G W - L C W I T T I C N C -  
c +e+ LIMIT CONCITION 4 = FAULTED C O l J O I T I O N S  .. 
C 

. .  - 
I 
3 

.n l~4- - - - - - -~0  7n-1 ~ f - ~ ~ n n  \ 
I '  
I ' 

. . CG 21:' J = l r l C  \. 
O C 7 6  C P l t  I * J 1 = 0 . 3  

n s 7 v L L J . J  =3- 3 
C 3 7 8  C H V t  I*Jl=J.Q 

C T l t  T?JI=3.2 
p- ... -- 

! , I  
CC iC37 t J ~ 1 . 4  i .. i 
T.%S.LLd&-=U -- j, ! 
SVS( I I J .E I=J .O  
YVS( I . J ,Y I=O.O 
CCVPXiI T J r . R L ~ - 3 . n  - 
PEACSI I . J IY I=C .O  

1237 ~ E h C b ( t r J t b ! l = O . i l  

339; 203 C J h T  I V G E  
h S I T F ( 6 . 2 3 1 )  

-LEGRCPT-I.! I . ~ ~ / / J ~ L ~ ~ ~ R U N F T : L L O ~ S ~ ~  I - 
t 3 9 3  - F E A C ! S t t l I h ' C O M  

'. I . . /  C 0 9 4  8 1  F t R Y P T t 7 1 5 )  
Te.155 %-I=.LALCP, -- I,! C 0 9 6  - F ? E f i C ( 5 . e l l  I L C I N C ~ . K C Z ~ N C ~ ~ N C ~ ~ N C ~  

I - I C 3 S 7  . IF lN,Cl .EC.OI  GO TO 1 5 5  i ! -  !+-.-C??S ..K.=:*.CL. - ----- -- - - 
I :  ';.:jS9 CALL  ~ C C ~ P ~ . S V , U V , ~ ~ . S P , W K ~ C P I , C S V ~ C U \ I ~ C T I ~ C S M ~ C U M , K . I ~  
, I .: I<J,> IF lNCZ.EC' .OlCO TC 1 6 0  . . - I X l C ,  K = h t j  

C l 5 Z  C A L L  A C O t P ? ~ S Y ~ Y V ~ T l r S f l t ~ W ~ C P 1 v C S V ~ C U U ~ C T l ~ C S ~ t C W M t K ~ I l  
0 1 2 3  I F I Q C 3 . E C . U ) t G  TC 1 6 3  

-- -- il l  G I 2 5  C P L L  b C C ~ P i ~ S V ~ W V ~ T ! ~ S U ~ W M t C P l ~ C S V t C U V t C T 1 ~ C S U t C U M t K v I l  
O l r ' b  I F I N C 6 . E ? . O ) t C  TC 1 6 0  

-I..! r 3 E 7 K = t C 4  L .. -.- 
; _ I  

!. , -. 
I ,  

0 l t e  C A L L  ~ ~ C C t ? l ~ S V v W V t T l ~ S K r W ~ t C P l t C S V t C ~ V ~ C T l t C S E ~ C ~ H ~ K ~ I ~  
i ' i C129 
I .. I 

I F l h i ~ . E C . O l G @  TC 1 6 3  
211.1 K=NC5--. 
0 11 1 C A L L  A C C ( P ~ ~ S V I W V ~ T ~ ~ S K ~ W Y ~ C P ~ ~ C S V ~ C W V ' ~ C T ~ ~ C S M ~ C U W ~ K ~ I I  

t . : I 1 2  1 6 9  CC 161 K=1.103 
! - 1 . L 1 3 . L - C C C l K r l  )?LLC.- , --.- 

0 1 1 4  t G  TC 17;:. 
15: ~ R I T E ( 6 ~ 1 5 1 1  

, , 1 I i2J lL'.-lLC~!.U-UdV!.l '~ .V!~Z?-€RXR - - U~D..'O40-CASE.WS.T-K-LJ~SiE- -- /:I * 
1 FCR E A C K  C G M G I N A T I O h " / I l  7-1 

. - 
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c , I  C Q Q *  P ! t l h T  CCMPINEZ LGACS - l-UE-I.6.1 al- 
:if 0 1 2 2  1 8 1  F C R H b T ( / T l S . ' T H E  FCLLCWING TABLE L I S T S  THE CCMSINEO LOADS1/ /T1S.@S 

\ 3 
j] ' ! 1UPPC!RT CCF@!YCTICV P 1 SV YV T I  
1 ' .- 
3 I 

2.---SY- L X  lL1 
. 0 1 2 3  CO 2 3 4  I = l . N S U P  !:i .. 

CO 2 - 3  J = l r N t O M  :::: ,, I I 
3-MUIL 1 . 6 r i  I 2 L I . r  J...CP_LlllclLe C S V I L . J l 3 h W . U u U . L . U  &JJ.LLYLL JL CUM1 I 

1 . J 1  \ ! . I  1 .: ! 
0 1 2 6  2 0 2  F C R ~ ~ T I T 1 7 v 1 3 ~ T 2 7 ~ 1 3 ~ T 3 7 t F 1 O ~ 3 e T 4 9 e F 1 ~ ~ 3 ~ T 6 l ~ F l O ~ 3 v T 7 3 e F l O ~ 3 ~ T 8 5 e F ~  , 

-115.3 ,197.. E l O . d L -  --- -- i:! 
0 1 2 7  2 C 4  C C h T I S C E  1.;' 

' / : I  c r++ c A L c t L A T E  LILIT FACTCRS I . j  . 
1 r-.9UUa----_-C0-215...I =l..S-- , -1:i 

5 1 2 9  F d C l I ~ l ) = l . ?  i .. a 

FCC(1 .21=3 .?  i . . i  
-FACl.l...3 L=1.333 - 

FT1=.:.6D*SY I I) 

. - .  

C G  T C  2 1 5  . .. 
. 2 1 5  CONTINUE . . I - I . c C ~ L C U L A T E  STRESSES !. r 

_515-I.s,?.CE.C.UL. 
C *** T E h S I C X  STRESSES 

CC 2;: J s l t Y C C M  
. . 

F U = :  .4?.SY.U(!U 
FT2=;.5*StiIKK) 
!F IFT l .LE .FT21GO TO 2 2 1  

1 5 6  F T = F T 2  
GC TC 2 2 2  

2 2 1  i T = F T ?  . . 
2 2 LJF?.cLC-U~.J 1 

FT*FAC(KK.JK) FLIA= 
T E K S f 1 1 J . 3 1 = F L I H  

LPLLILJLMLILU 
. . . . 

. . T E K S l I v J e 2 1 = S I G ,  
h_l.CL-d , . ! + k - S _ r  G l  F L  I M I . 

C *** SHEAR S l R E S S E S  
V L  I M s  3 . 4 G * S Y l K K ) * F A C ( K K v J K l  



I . .  , . . . . .  
. . , %  . ... . . 

? .... . . . . . . .  . n . :*.. . . . ,,., , -  ,;- . . - .  . . . . f ' .  . . , . . . . * . - .' . . . 
. . , -.  , . . "  - . .  , > . . .  . . .  . ' . .  f 

- .  
,, . . - .  . . .  - ,..;.-.' . . -  . . 

f .  , .  , 
;- . . . . \ .  . . .  . . . - .  . _ -  

r . . . + 

i -.-. -. - -* FORTRAN IV G LEVEL 2 1  - . .  HAlN . .  OATE ?-14140- ,.08/49/00 ,.,., ,, ,. ,PAGE 000.5.. 

WVS(IIJ,~)=VLIM 
Cu-- I1 

h V S I I ~ J ~ 1 ) ~ C W V l I ~ J )  
0 1 7 1  . . .  SVS(I,JI~)=CSVII~J)/~IKLI 

0 1 7 3  . . 
0 1 7 4  \ 

, ..... : ', . . . .  PLIMS=9.6C*SYlKKI*FbClKK,JK) . . .  . . . . . . . . . . . . .  
0 1 7 6  

.. : . . . . 
BLIPh=i ) .75*SYIKK)*FPClKK,JK' )  
D E L C S U r  J..2Lla8Lll'c 
P E K C h l I ~ J s 3 ~ = O L I P W  
PEhDSII*J*l)=CS#lI,J) 

0 l ~ R U l l r J r f L = C Y H . L L . J 1  
0181 

C +** CCKPRESSIVE STRESSES 
O U Z C C I P S L I  Jrll=CEL LI., JJ . ... 
0186 C C ~ P S I I ~ J I ~ ) = C P ~ ~ I ~ J ) / A I K L )  
3 1 8 7  CSC- SCRT(lZ.*PI**2.*ElKK~)/SY1KKl) 

U(eSKU).*ILI.l~ /RII.[KJ 1 
IFIXX.LT.CSC)G@ T O  250 
FA=l12.*Pl**2.*ElKK))/l23.*XX**2.l 

d 1 9 1 T . L . Z t d  . 
9 192 25C FXL!'.= 11.0 - I X X * * 2 . / 1 2 . * C S C * * 2 . ) ) ) * S f [ K K )  . ! 

0193 CEKOY = (5.13.) + 13.*XX/IB.*CSC)) - [XX**3./18.*CSt**3.)) 
I _ :  

ilS---FA.=-F.,\U F! /D.E%O P -. -- .- :I 
I .  S1$5 263 C C P P S I I I J I ~ ) =  FA*FACIKKIJK) 

0145 C C P P S I I V J I ~ ) =  C C Y P S I I ' I J ~ ~ ) / C C Y P S I I ' ~ J , ~ I  
i. I 
1:: 

lFICKEItS Us J S ~ L L E S * L ~ . L G O - L ~ _ L ~ ~  1 . :  
t 158 PCiT l=NChTl+ 1 I. ! 
0153  hChTiI'CMTle1 )=I 

h W 1  :.Xfi T i . 2 . I  J 
265 CChTINUE 02Jl 

. . 0212 IFlJK.h'E.41 GO T C  270 
j '  ; 0 2 ~  -?C_9%-I.P I *?2 ..?ElXK)~AU.~K.UIZRKlKU=_+2~ LISLU*t.- - .- 

0 2  24 ' . Q 4 T =  CPilIvJ)/PCR 
1FIRbT.Li.3.671 GC TC 270 
:'_ChJ2iKC.\X2+1- 

0207 %C!!T2(PCNT2)=1 
i , - ,  ozca 273 C C ~ T I V U E  

c * +%C.C_rS Y E C - S _ r ~ S . 5 - L C ~ . S  I v E 
1 .. I C *** ECLAIICN 21 TEST 

02.39 IFlCCVPSlI~J~4l.LE.3.15) G O  TO 283 
c o a + c P L c L L n . t u x .  19 ANO-L- 

3213 FPES=il12.*PI~*2.~EiKK~l/l23.*~SKl1~*:Lll~/RSlKL~~**2.~l 
1 *FPCIKK.JK) 

8 071 1 F FXK=I-UL.&Pl-*-f 2 & L ~ . ~ ~ . & f i ~ * t : ~ . k ( ~ h ) ~ - * >  &lJ 
L +FICIKK.JK) 

!'I 
C214 h21TEibr271)1 
321s 271 F P R ~ A T I / T ~ S . * A N  IKCCRHECT OPTICN N U ~ ~ E S  FOR c SUB Y MAS ENTERED I N  

i .  j91 
. ! 

I i 
. . . ; 1. SCppCnT', 1 5 1 )  ---- .-- ' 1  _ 
I - ;  . . 



I FORTRAV I V  G LEVEL 2 1  P A I N  DATE = 7 6 1 4 0  0 8 / 4 9 / 0 0  PAGE 0006 I 
c.1 r.1. tci T c  20.303 
L r 2-i -"+U.5 

,i , 
. . .  - 1 . i  c z i e  C-c T C  2 7 6  \ \ 

! , I  C  s t *  SCTE - I?: THE FCLLCWIRG EQUATION FOR CM THE 2NO TERN I S  + BECAUSE 
j I I  r A A 1 K P L . E  . F U E A e J S 4 S S C H E ~ n u L 4 - 5 L N G L L C U R V A T U R L 4 5 . ~ €  
i . 1  c F I R ~ T  ~ U C K L I N G  VCOE 

e. 
', ! - I  0 2 4 2  PCNT3=HCKT3+1 

fiC.T.3 L?CH73.1.=_1 
c *** CCP@IXEC S T R E S S - T E N S ~ C N  

2 8 5  T ? Z D T ( ~ ~ J I = T E N S ( ~ ~ J I Z I I ~ ~ . ~ O * S Y ~ K ~ ) )  

C 2 4 7  K N N T = P t N T 4 + 1  

1.: +JJJ+.PIL~~ 2 9 0  C C h T I N t i E  LYCS-T-~*I.?-I 
". l i : C25; 3 0 0  C O h T l N U E  
" I.! c * ? ? - - E I ; C - C L C U R R E L Z L ~ M c Y U ~ U S  

I .. C  a49  B E G I N  F l % b L  P R I N T  SECTION _ I. . 0 2 5 1  335 CSL=I.C, .; :; ~-:-~-DLT.E(L.~I~I 1: . 
3 1 6  F O R ~ A T I ' l g / / / / T 1 5 . ' T H E  L I M I T  FACTORS USED I N  THE CALCUL6TIONS F O L L  

l C Y ' / / I l S . ' T H E ! ? E  4QE FOUR L I M I T  CONDIT IONS P R O G R A M E D : * / / T 2 J ~ * l .  OE 
2-S-1.G r\;.&LR"AL. NE-U PSm-LCCXQ I~T.~O~(SX-T~-~LZLRESJR~!.N-T~QF~FR€.E-FF!.~~D 
3 1 S P L A C E ~ E N T S * l T Z ~ r ' 3 .  EMERGENCY C O N O I T I O N S ' / T Z 0 ~ ' 4 .  FAULTEO CON0 

L I M I T  C O N D I T I O N  FACTOR'/)  
.- 

dt7 3 2 7  J.114 I - 
0 2 5 6  3 3 7  h R I T E l 6 r 3 ' : 8 ) I t J , r F ~ C ( I r J l  

i " L ~ 2 4 7 3 3 8 8 ! W ? l  r l l t . I . 3 2 1 2 ~ ~ 4 ~  4 I. 

313 CGhTINUE 
311  F O ! ? X I T ( / T l 5 ~ ' K @ T E  - CLS = COCBINEO LOAD S E T ' I T 2 2 r ' L O A D S  ARE I N  UNI 

- 



. . _ . .- 
- .  . ~ 

. . -  . 
. . 

. . . . )_, . . . . . . . . . .  . . . . 
C 

- 
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FORlR4N I V  G L E V E L  2 1  MAIN OAT€ - 76140 08/49/00 PA6E 0007 . 

0 2 6 8  k R I T E ( 6 r 3 1 7 )  
3 1 7  F 0 R K b T l D 1 ' / / / / T l 5 , ' T F E  FOLLOWING T A B L E  L I S T S  SHEAR STRESSES DUE TO 

1 .LLACS-1 k I H L U a U . I C N l i F - L H U ~ H O I ! 4 G t t A X  I S V L - - -  

kRIT.E(6.323)-  ----- - . . - I !  

3 2 3  F C P M O T 1 1 1 ' / / l / ~ 1 5 s ' T H E  FCCLOUING T A 0 L E  L I S T S  SHEAR STRESSES DUE TO --I ; I 
, !  1 L C A C S  I N  THE D I R E C T I O N  CF THE STRONG BENDING A X I S ' / )  ! -. 1 

W Z . W . 9 1 . L L L 6 . J L r  1 
:1-~27~ 

---.-- 

- D 
DO 335 I = l , N S U P  

0279 CC 3 2 9  J= l .XCCP - 1 d 2 , 9  3~ ~RLLE 1 ~ 3 ~ ~ l l & I u I S l W d L 1 1 ~ G W  
2 I 02el 3 3 c  C C ~ T  1';~: 

! . I  .._ : I .2291 W 4 1 T E ( S 1 3 4 1  ItJCNT: I : !  
! . ! U . Z ~ L ! ~ ~ - . F C K . ? ' ? T _ !  i / L / T l Z ~ . l ~ ~ E - C C P P % E S S J Y . L S T R E S ~ - R . ~ . I I D D I . S S G G S . E A ~ r E 4 4 4 T . H A ~  15. ! / 
i . :  

- _--, . 
1.14, '  T I : < E S .  TEE SCPPCWTS b Q E : ' I / l  ! > :  I 

a252 h R ! T E ( 6 ~ ? 4 2 ) 1 ~ C N T l I t l ) t I = l ~ M C N T l )  ! * '  !.I G L S . 3  
. . 

O RYZ.ZLT.25.. Ckll.)p- .+ ;, 
C2;4 3 5 i  IF(KChT2.EC...)GO TC 3 6 0  

. ! - I  C 2 9 5  Y R I T E ( 6 e 3 5 1 ) P C Y T Z  : .. / 
1: i U 76 liL..W3r*!T11 1 J l . T  I?. ~_LL~I~Jl-XXL4L_C~~~~SZS5L~P4D3-X.CtEEa_S-Q&~tSI~I C A . U  

? L i K L I Y G  L O P C 8 , 1 4 , '  T I R E S .  T H E  SUYPORIS  ARE: ' / )  ':'I 
1- 3 2 9 7  ~ C I T E I C 1 3 4 2 1 1 ~ C X T 2 f l ~ , I = 1 ~ ~ C N T 2 1  i ' !  
; -  i i l L S r ! - 6 L % Q  I T . X 5  r 3.hlJ.-----.---- 
I .  I 

-- I t  

3 2 5 5  3 6 1  F C H P d T i ' l e / / / / ~ 1 5 r ' T F E  F O L L C Y I N G  TABLE L I S T S  B E N D I N G  STRESSES DUE 
LTC KCPEKTS ACCUT THE UEAK A X I S 1 / )  IJ OI?I . I  k W 6  ~1111 

C 3 Q l  CC 3 7 3  l = l . N S V P  
0 3  ? 2  CC 3 C 9  J=l ,KCO# 

;. , 1 -  t 

t ,. y-Q= 3 6 9  N J U L I  br ~~LLL,-J.LLB~C-~-J&LYE=~.I~.I I. 
I..! C 3 3 4  3 7 0  C C h T I I U E  i : ~  
i i C 3 C 5  l Z I T E ! 6 r 3 7 1 1  
! " 3 . . 1 L L L S Q . : l . f i  lr' i-'. l-Ll.?LIS.L'JE-EEf C-LL5.i)~W?~N4~A~R55LL~1~~S5~EEN~JJNCcST.QE.S SEES50UEEEE -' I . .  - 
j I : ! 
i I 



D A T E  = 7 6 1 4 0  0 8 / 4 9 / 0 0  PACE 0 0 0 8  / F C R T R b Y  I V  G L E V E L  2 1  M A I N  

110 K C Y E i i T S  AEOUT T H E  STRONG A X I S 1 / )  
**'%-I 

L .' - -  * _ ' I  C 3 3 8  
! 0 3 3 ?  Ct 379 J= l .NCOH 

' 1.: -1. ' U 9 4 R I . T  U + 3 1 2 ) - 1 1  J4JENLLLLclcK)-cK~&A' . , 
3 E 0  C C h T l N C E  2 3 1 1  1 .  I ' 1  1 3 1 2  3 8 1  F C R ? A T I / l / T l 5 , ' S U P P C Q T  C L S  T F Z X  ? TE!?Y 2 TERK 3 

1 .  

1 . I L ~ . % J ~  1 .  i 
3 8 2  F C R ~ P T l T 1 7 ~ 1 3 ~ T 2 4 ~ I 3 J 2 9 r F 1 0 ~ 4 ~ T 4 1 ~ F 1 0 ~ 4 ~ T 5 3 v F l O ~ 4 ~ T 6 5 v F l 3 ~ 4 v T 7 ~ ~  0 3 1 3  

'\ 1 F l t . 4 1  
'dR.:.TE IA+3ebJ-- -- .- 

3 8 6  FC2X6T('l1////T15r'CO)r8INED STRESS - COMPRESSIVE - E Q U A T I O N  2 1  U S E  
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