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T€EORE!TICAL AND EXPERIMENTAL STRESS ANALYSES OF OIWL 
THIN-SHELL CYLINDER-TO-CYLINDER MODEL 2* 

R. C. Gwaltney S. E. Bolt 
J. W. Bryson 

ABSTRACT 

Model 2 i n  a s e r i e s  of Toerr t h in - she l l  cylinder-to-cylinder 
models was  t es ted ,  and the  experimentally determined e l a s t i c  
s t r e s s  d i s t r ibu t ions  were compared with theo re t i ca l  predict ions 
obtained from a th in - she l l  f inite-element analysis .  The models 
i n  t h e  series a r e  ideal ized t h i n - s h e l l  s t ruc tures  consis t ing of 
two c i r c u l a r  cy l ind r i ca l  she l l s  i n t e r sec t ing  a t  r i g h t  angles. 
There a r e  no t r ans i t i ons ,  reinforcements, o r  f i l l e t s  i n  t h e  
junction region. The s e r i e s  of model t e s t s  serves two basic  
purposes: 
d i r e c t l y  applicable t o  nozzles i n  cy l indr ica l  vessels,  and (2) 
the idea l ized  models serve a basic  need for t e s t  r e s u l t s  f o r  
use in developing and evaluating t h e o r e t i c a l  analyses applica- 
b l e  t o  nozzles i n  cy l ind r i ca l  vessels and t o  t h i n  piping t e e s .  

(1) the  experimental data  provide design in fomat ion  

Both the  cylinder and the  nozzle of model 2 had auts ide 
diameters of 10 in. ,  giving a do/DQ r a t i o  of 1.0, and both had 
outside diameter/thickness r a t i o s  of 100. 
ing cases i n  which one end of the  cyl inder  w a s  r i g i d l y  held were 
analyzed. 
d icu lar  force components, and th ree  mutually perpendicular moment 
components were individual ly  applied a t  t h e  f r e e  end of the  cyl-  
inder and a t  the  end of the  nozzle. 
loadings, 3 addi t iona l  loads were applied t o  the  nozzle (in-plane 
bending moment, out-of-plane bending moment, and axial force) 
w i t h  t he  f r e e  end of the  cyl inder  res t ra ined.  
s t r e s s  d i s t r ibu t ions  f o r  each of t h e  16 loadings were obtained 
using 152 three-gage s t r a i n  r o s e t t e s  located on the  inner and 
outer  surface s . 

Sixteen separate Load- 

A n  i n t e r n a l  pressure loading, t h r e e  mutually perpen- 

In  addi t ion t o  these  13 

The experimental 

A11 t h e  16 loading cases were a l s o  analyzed theo re t i ca l ly  
using a finite-element shell  ana lys i s  developed a t  t h e  Univer- 
s i t y  of Cal i fornia ,  Berkeley. The analysis  used f l a t - p l a t e  e le-  
ments and considered f i v e  degrees of freedom per  node i n  the fi- 
na l  assembled equations. The comparisons between theory and ex- 
periment show reasonably good general  agreement, and it i s  f e l t  
t h a t  t h e  analysis  would be sa t i s f ac to ry  f o r  most engineering pur- 
poses. 

*Work on this  program was i n i t i a t e d  under ERDA sponsorship and u l t i -  
mately completed under NRC sponsorship. 
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1. INTRODUCTICIN 

In te rsec t ing  cy l ind r i ca l  shells a r e  common c o n f i p a t i o n s  i n  s t m c -  

tural components f o r  nuclear reac tor  systems. Piping t e e s  and nozzles i n  

cy l ind r i ca l  vesse ls  a r e  spec i f i c  examples, However, des2 i te  t h e i r  common 

occurrence, proven e l a s t i c  s t r e s s  ana lys i s  methods f o r  such configurations 

have not been general ly  avai lable ,  and only recent ly  have po ten t i a l  analy- 

ses, both a n a l y t i c a l  and numerical, been developed. Tais i s  t r u e  even f o r  

the case of a n  ideal ized configuration consis t ing of two t h i n - s h e l l  nor- 

mally i n t e r sec t ing  cyl inders  with 1 1 ~  t r ans i t i ons ,  reinforcements, or  f i l -  

l e t s  i n  t h e  junct ion region. 

To meet t h e  need f o r  experimental data obtained f r o m  caxef'ul'ly ma- 

chined models, C a k  Ridge National Laboratory (Om1) has t e s t e d  a s e r i e s  

of four  th in -  s h e l l  cyl inder- to-cyl i  nder models ~ I n  addi t ion  t o  serving 

a bas ic  need f o r  t e s t  r e s u l t s  f o r  use i n  developing and evaluating poten- 

t i a l  ana ly t i ca l  techniques, t h e  models i n  t h e  s e r i e s  provide design infor -  

mation d i r e c t l y  appl icable  t o  nozzles i n  cy l ind r i ca l  vesse ls  and t o  a 

c l a s s  of t h i n  piping t e e s  as well. 

p l i cab le  t o  l iquid-metal  f a s t  breeder reactor  components i n  which rela- 

t i v e l y  low i n t e r n a l  pressures  and high. thermal t r a n s i e n t s  d i c t a t e  Lhin- 

walled s t ruc tures .  

The t e s t  r e s u l t s  a r e  p a r t i c u l a r l y  ap- 

Model 2 i s  sham i n  Fig. l along with t h e  s ign i f i can t  dimensions of 

t h e  four models i n  t h e  s e r i e s .  The t e s t  r e s u l t s  f o r  a l l  four  models have 

been compared w i t h  t y p i c a l  e l a s t i c  finite-element predict ions.  

por t  describes the  t e s t s  and analyses of model 2; s imi la r  r e s u l t s  have 

been reported f o r  model 1 (Refs. 1 and 2 ) ,  model 3 (Refs. 2 and 31, and 

model 4 (Ref. 4) .  A s  t h e  f igu re  indicates ,  these  models a re  truly idea l -  

ized s h e l l  s t ruc tures .  There a re  no t r ans i t i ons ,  f i l l e t s ,  o r  re inforcing 

i n  the  junct ion region. The outs ide diameter Do of t h e  cyl inder  of model 

2 w a s  10 in .  and t h e  ou-bside diameter d, of t h e  nozzle w a s  10 in . ,  giving 

a do/Do of L . 0 .  The cyl inder  and t h e  nozzle were 0 .1  in .  th ick ;  thus t h e  

outs ide diameter/thickness r a t i o  of the  cyl inder  and the  nozzle mas 100. 

The cyl inders  f o r  t h e  remaining th ree  models had outs ide diameters 

This re- 

of 10 i n .  

a do/Do r a t i o  of 0.5. 

I n  model 1 t h e  outside diameter of t h e  nozzle was 5 in . ,  giving 

Model 3 had a nozzle outs ide diameter of 1.29 in . ,  
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Fig.  2 .  Schematic of model 2 showing applied ex-ber 
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were t h e  out-of-plane moment on t h e  nozzle with t h e  f r e e  end of t h e  cyl-  

inder constrained t o  zero ro t a t ion  about t h e  x axis, t h e  in-plane moment 

on t h e  nozzle with t h e  f r e e  end of t h e  cyl inder  constrained t o  zero dis-  

placement i n  t h e  y d i rec t ion ,  and t h e  a x i a l  force  applied t o  the  nozzle 

with t h e  f r e e  end of t h e  cyl inder  r e s t r a ined  as fo r  t h e  in-plane moment 

load. 

cases.  

ca l ly ,  and t h e  r e s u l t s  were compared f o r  each loading case.  

Thus, including i n t e r n a l  pressure,  t he re  was  a t o t a l  of 16 loading 

These loading cases were examined both experimentally and ana ly t i -  

Chapter 2 of t h i s  repor t  describes t h e  t e s t i n g  aspects  of t h e  experi-  

mental ana lys i s  and a l s o  t h e  strain-gage data-acquis i t ion and -reduction 

techniques used. Chapter 3 discusses t h e  finite-element analysis ,  b r i e f l y  

descr ibes  t h e  formulation used, and presents  t h e  spec i f ic  element layout 

f o r  t h e  model. 

sented and discussed i n  Chap. 4 f o r  a l l 1 6  loading cases, and Chap. 5 con- 

t a i n s  a concise summary of t h e  conclusions drawn from t h e  study of t h i s  

t h i n - s h e l l  cyl inder- to-cyl inder  configuration. 

reader who wishes t o  use t h e  experimental da ta  for comparisons with h i s  

own analyses, an appendix i s  included t h a t  gives a complete s e t  of experi-  

mental da ta  for each of t h e  16 loading cases.  

Complete comparisons of theory and experiment a r e  pre- 

For t h e  bene f i t  of t h e  

2.  EXPERIMENTAL ANALYSIS 

Experimental inves t iga t ions  of t h i n - s h e l l  cylinder-to-cylinder pres-  

sure  ves se l  configurat ions have used both strain-gage metal models and 

photoe las t ic  models. Strain-gage s tudies  f o r  i n t e r n a l  pressure and f o r  

ex terna l  nozzle loadings have been ca r r i ed  out by Hardenbergh, Zamrik, 

and Edmondson, by Hardenbergh and Zamrik, and by Riley. In  t h e  f i r s t  

two s tudies ,  contoured and reinforced o u t l e t s  were used, while i n  t h e  

t h i r d ,  t h e  model was fabr ica ted  from hot - ro l led  sheet s t e e l  by welding. 

Photoelast ic  s tud ies  have been ca r r i ed  out by Taylor and Lind' and by 

Leven.' In both cases, reinforced openings were examined. 

previous s tudies ,  only t h a t  of Riley7 used a t h i n - s h e l l  ideal ized cylinder- 

to -cy l inder  metal  model, and it was of welded construction r a t h e r  than 

being ca re fu l ly  machined. 

Thus, of t h e  
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2.1 Model Construction 

One of t h e  primary object ives  of t h e  experimental ana lys i s  described 

i n  t h i s  report  was t o  obtain experimental data on a ca re fu l ly  machined 

cylinder-to-cylinder model so t h a t  t h e  e f f e c t s  of geometrical imperfec- 

t i o n s  would be minimized. 

The bas ic  configuration w a s  obtained by forging a b i l l e t  of carbon 

The forging s t e e l  i n t o  t h e  bas ic  shape of a t e e  and then annealing it. 

w a s  then bored out t o  t h e  rough ins ide  dimensions. The outside w a s  then 

rough machined, and t h e  s t ruc tu re  was annealed a second time. To maintain 

t h e  cor rec t  dimensions during annealing, t i g h t - f i t t i n g  graphi te  mandrels 

were machined and inser ted  i n  both t h e  nozzle and t h e  cyl inder .  The in-  

s ide surfaces  were then machined t o  t h e  f i n a l  dimensions by boring. The 

f i n a l  machining on t h e  outs ide surface w a s  then done on a tracing-type 

mi l l ing  machine using a ca re fu l ly  constructed mahogany wood pa t te rn .  

2.2 Strain-Gage Layout 

The model w a s  extensively instrumented with e l e c t r i c  res i s tance  s t r a i n  

gages on both t h e  ins ide  and outside surfaces.  A su f f i c i en t  number of 

gages w a s  used on t h i s  model t o  provide a good descr ip t ion  of t h e  s t r e s s  

d i s t r ibu t ions  f o r  comparisons with predict ions and f o r  i d e n t i e i n g  t h e  

high-stress  regions.  

The strain-gage layout f o r  model 2 i s  shuwn i n  Fig. 3. A t o t a l  of 

152 three-gage strain-gage rose t t e s  w a s  used, making 456 individual  s t r a i n  

gages. 

inner  surface; they were i n  a l l  cases located "back-to-back" a t  t h e  loca- 

t i o n s  shown i n  t h e  f igure .  

H a l f  of these  were on t h e  outer  surface, and ha l f  were on t h e  

The gages were arranged along two l i n e s  running from t h e  junct ion of 

t h e  nozzle and cylinder and around t h e  junction. 

along a longi tudina l  a x i s  (0" plane) and t h e  other  was along a t ransverse 

ax i s  (270" p lane) .  The gages around t h e  junct ion were spaced a t  22.5" in-  

t e rva l s ,  with t h e  f i rs t  gage on t h e  0" plane.  

t i o n  a re  a s  c lose t o  t h e  junct ion a s  possible  and a re  always within 1/8 i n .  

of t h e  junction. 

One l i n e  of gages was 

The gages around t h e  junc- 
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3" 270" 0" 90' 
7- ~ 

75 3-GAGE 
R O S E T T E S  1 0'4 UOZZLE 

0 1 2 3 4  
1 '/* 6 

DIMENSIONS IN INCHES 
1 ROSETTF SPACING (0 '  AND 270") 

180"# 

/67 5" I 
1125'\ ~ I 

I 77  3-GAGE R O S F T T E S  ON CYLINDEC1 

1 -  
F I X E D  END 

2jG'  
- -- A..... 

CYLINDER MIDSLJRFACE 
l B o o j  

FREE END 

Fig. 3. Strain-gage l w o u t .  

The three-gage r o s e t t e s  used were Micro-Measurements type EA-06-030~~- 
120, opt ion SE, which i s  a very compact three-gage f o i l  ro se t t e .  The th ree  

individ.ua1 gages a r e  arranged i n  a "Y" pa t t e rn  and have an individual  gag? 

length of 0.030 i n .  A s  can be seen i n  t h e  i n s e t  i n  t h e  upper right-hand 

corner of Fig.  3, f i ve  complete r o s e t t e s  wexe located. along each gage l i n e  

w t t h i n  t h e  f i rs t  5/8 i n .  fram t h e  junct ion,  

were supplied mounted on a common backing by t'ne gage manufactu-er, 

These f i r s t  f ive  rose t t e s  

These 



8 

assemblies have t h e  same designation as the  s ing le  r o s e t t e s  except t h a t  

t h e  option beco-aes B27. One of t he  f ive- rose t te  assemblies i s  shown i n  

Fig. 4. 
The rose t t e s  were applied with an epoxy adhesive, 13~-610, which i s  

ava i lab le  from W. T.  Bean, Inc. Curing tirnes and temperatures ranged from 

10 h r  a t  250°F t o  24 h r  a t  200°F. 

t o  connect t h e  gages t o  terminal t abs  t o  which la rger  lead wires were con- 

nected. The strain-gage data  were recorded by a Datum Computer-Controlled 

Data-Acquisition System (Sect.  2.4) . 

Uninsulated 4-mil-dim wire was used 

The junct ion region of t h e  model i s  shown i n  Fig. 5 with t h e  s t r a i n  

gage:: applied but not completely wired. 

plane can be c l e a r l y  seen. Also, t h e  gages along t h e  junct ion ean be seen 

from t h e  0" plane t o  t h e  27O@ plane. 

The l i n e  of gages along t h e  0" 

2.3 Test Description 

Figure 6 shows t h e  instrumented model i n  a loading frame being sub- 

jec ted  t o  a t o r s i o n a l  moment on t h e  cyl inder .  The r igh t  end of t h e  cy l -  

inder  was r i g i d l y  clamped t o  t h e  heavy flat p l a t e  using a s p l i t  r i ng  ar- 

rangement ac t ing  over t h e  flange on the  end of t h e  cylinder.  

f.i.xtures on t h e  other  end of t he  cyl inder  and on the  end of t he  nozzle 

were attached i n  a similar manner. These heavy f i x t u r e s  i n  e f f ec t  con- 

s t ra ined  t h e  end c i r c l e s  of t h e  s h e l l  t o  remain plane c i r c l e s .  The end 

f i x t u r e s  were counterbalanced by weights attached t o  t h e  cables (Fig.  6 ) .  

The loading 

The ex terna l  loads were applied by hydraulic r m s  ac t ing  through load 

c e l l s ,  and the  loads were control led by the  load c e l l  indicat ions.  The 

pressure loading was applied using a hydraulic f l u i d .  

s t r a in ing  of t h e  model, weights were used t o  counterbalance t h e  weight of 

t h e  pressurizing f l u i d  i n  the  model. 

For a l l  16 loading cases, data  were taken i n  nine s teps ,  usual ly  a t  

'io avoid undue 

0, 25, 50, 75, 100, 75, 50, 25, and 0% of f u l l  load. 

then repeated, s o  t h a t  two complete s e t s  of data were taken for each gage 

for every loading. 

The procedure was 
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Fig. 6 .  Instrumented model in test, frame being subjected t o  a tor-  
sional m e n t  on the cylinder. 
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2.4 Data Acquisit ion and Reduction 

The strain-gage da ta  were recorded by a Datum Computer-Controlled 

Data Acquisit ion System (CCDAS) . 
t i o n  u n i t  composed of a con t ro l  module cont ro l led  by a PDP-8/1 computer 

with t h e  following capab i l i t i e s :  (1) magnetic tape input/output system, 

(2)  in-core ca lcu la t ion  a b i l i t y ,  and (3) te le typewri te r  input and output. 

The system records t h e  s t r a i n  data i n  m i l l i v o l t  readings on magnetic 

The PDP-8/1 computer converts t h e  m i l l i v o l t  reading on t h e  tape  

The system cons is t s  of a data-acquisi-  

t ape .  

i n t o  engineering u n i t s  ( s t r a i n s  i n  t h i s  case) and s to re s  them on a second 

t ape  which i s  compatible with t h e  ORNL IBM 360/91 computer. 

tape i s  sent t o  t h e  ORNL 360/91 computer, and s t r e s s e s  a r e  ca lcu la ted  f o r  

each r o s e t t e  from t h e  s t r a i n s  s tored on t h e  second tape .  

This second 

The experimental r e s u l t s  presented l a t e r  i n  t h i s  report ,  and tabulated 

i n  t h e  appendix, are general ly  based on t h e  strain-gage readings a t  maxi- 

mum load and on t h e  f i rs t  of t h e  two s e t s  of data  taken from each gage 

and loading. If t h e  f irst  s e t  of da ta  was questionable f o r  some reason, 

t h e  second s e t  was used. The strain-gage readings a t  f r a c t i o n a l  values 

of t h e  maximum load were used t o  check l i n e a r i t y  and d r i f t  of t h e  gages. 

In  cases where nonl inear i ty  o r  d r i f t  was excessive or where an ind iv idua l  

gage or  c i r c u i t  was otherwise obviously malfunctioning, t h e  r o s e t t e  of 

which t h e  gage was  a p a r t  was not used i n  t h e  f i n a l  results for t h e  spe- 

c i f i c  loading case under consideration. In some instances,  a gage t h a t  

behaved e r r a t i c a l l y  during one loading behaved normally during others .  

Thus, i n  t h e  p l o t s  showing t h e  experimental s t r e s ses ,  r e s u l t s  from a given 

r o s e t t e  may be included f o r  some loadings but not for others .  

S t resses  were calculated from t h e  experimental s t r a i n s  by using a 

modulus of e l a s t i c i t y  value of  30 x lo6 p s i  and a Poisson r a t i o  of 0.3. 

3. FINITE-ELENENT ANALYSIS 

3 .1  Background 

Thin- s h e l l  cylinder-to-cylinder i n t e r sec t ion  problems have, i n  recent 

years,  been a f avor i t e  with t h e  s t r e s s  ana lys t .  Their popular i ty  stems 
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not only from t h e  common occurrence of such configxrations i n  p r a c t i c a l  

design, bu t  a l so  from t h e  challenge t h a t  they present as conplex s h e l l  

analysis  problems. In addi t ion t o  t h e i r  use i n  piping and pressure ves- 

s e l  configurations,  t h i n - s h e l l  cylinder-to-cylinder i n t e r sec t ions  occur 

i n  t h e  petroleum ind-ustry, which uses tubular  s t r u c t u r a l  members exten- 

s ive ly  i n  off-shore o i l - d r i l l i n g  towers. 

i n t e r sec t ion  research, both experimenta.1 and theo re t i ca l ,  t h a t  has been 

done was motivated by t h e  off-shore o i l - d r i l l i n g  tower appl ica t ion .  The 

l i t e r a t u r e  associated with t h e  l a t t e r  apglica%ion i s  reviewed i n  Ref. 10. 

Much of t h e  cylinder-to-cylinder 

Both ana ly t i ca l  and numerical analyses have been developed and ap- 

p l i e d  t o  t h i n - s h e l l  cylinder-to-cylinder i n t e r sec t ion  problems . 
Reidel’oachll developed t h e  f i r s t  ana ly t i ca l  so lu t ion  for two perpendicu- 

lar ly  in t e r sec t ing  cy l ind r i ca l  s h e l l s  subjected t o  i n t e r n a l  pressure.  

Eringen and h i s  co-workess12- l5 corrected some errors and approximations 

i n  Keidelbach’s solut ions and formulated a so lu t ion  i n  whlich the i n t e r -  

s ec t ion  curve w a s  approximated by a c i r c l e .  

products of Krylov functions and Hankel functions of t h e  first kind. A 

collocat ion method was used whereby t h e  boundary conditions were s a t i s f i e d  

i n  a least-squares  sense a t  se lec ted  boundary points .  

In  lg61, 

These solut ions consis ted of 

In 1969, 1-Iansberr-y and Jones’” used t h e  method developed by Reidel- 

bach and Eringen e t  a l .  t o  develop a. s o b t i o n  f o r  an in-plane bending mo- 

ment appl ied t o  t h e  nozzle of a nozzle-to-cylinder configuration. 

Maye and Eringen17 developed a so lu t ion  using Fourier s e r i e s  involving 

Bessel  funct ions i n  place of %he Krylov flmctions.  .L? 1-373, Hansberry 

and Jones”’ expanded t h e i r  solut ion t o  include t h e  case of an a x i a l  force 

appl ied t o  t h e  nozzle. H a e v e r ,  a s  i n  t h e  case of e a r l i e r  solut ions,  th.e 

nozzle diameter v a s  l imi ted  r e l a t i v e  to -the cylinder diwneter, 

In 1970, 

In 1967, Bij laard,  Dohrmamz, and Wang”“ formulated %he problem t o  in-  

clude t h e  case where Yne nozzle and cyl inder  a re  of equal diameter. 

indicated a so lu t ion  i n  t h e  fomn given by E’lkge f o r  closed cy l ind r i ca l  

she l l s .  

d i f f e r e n t i a l  equations of Flugge arid Donne11 t h a t  i s  appl icable  t o  t h e  

equal-diameter case I 

t a l  r e s u l t s  obtai.ned by Ri ley7  f o r  a nozzle-dia~eter!cylinder-dislmeter 

They 

In  1969, Pan and Beekett”’ developed a n m e r i c a l  so lu t ion  t o  the  

They compared their predic t ions  with t h e  experimen- 
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rat20 of 1/2. 

lution., they obtained predict ions t h a t  agreed reasona,bly wel l  w i t l r  ' g e r i -  

inent a 

By ca re fu l  choice of some of the f ac to r s  used i n  t h e  so- 

In 1968, Herrillam and Canpbel121 presented. a f inite-element she l l  

ana lys i s  fo.rmulation using f l a t - p l a t e  elements and the  112 di.ameter r a t i o  

model t e s t e d  by Riley7 a s  a sample probleni. The I.isnited comparisons shown 

were f o r  i n t e r n a l  pressure and indicated reasonably good agreement between 

theory and e q e r k e n t .  

f l a t  -p la te  f i n i t e  -element s h e l l  analysis  using t h e  cylinder-to-cy-linder 

i n t e r sec t ion  as a sample problem (ORNJ model 1). 

program was developed under subcontract t o  ORNL as a p a r t  of t;he ORNL Fre- 

s t ressed  Concrete Reactor Vessel Frogram. 

In 1.969, Prince and Rashid22 also presented a 

Their s h e l l  analysis  

3 .2  Finite-Element Method .... -. . . . .. .. 

The finite-element program used f o r  the  ana lys i s  of model 2 w a s  cho- 

sen as  bej.ng reasonably representat ive of current ly  ava i lab le  and widely 

used finite-element s h e l l  formulations. The program was developed- at t h e  

University of California,  Berkeley, under t h e  d i r ec t ion  of  Pioofessor E. W. 

Clough. 

JOhnS01123j 24 and was l a t e r  modified and. adopted by Greste10'25 f o r  trea.t- 

ing the  "IC" j o i n t s  of cy l ind r i ca l  s h e l l s  found i n  off-shore o i l - d r i l l i n g  

The o r ig ina l  program was wr i t ten  f o r  general  s h e l l  analyses by 

.LO'kTF.rS. 

The basic  elemenks used i n  t h e  program are  shown i n  Fig.  7. The ele-  

ments a re  nonplanar quadr i la te ra l s  that; a r e  b u i l t  up of a n  assemblage of 

four  component tr ia.ngles a s  shown. Within eaxh componeiit t r iangle ,  the 

in-plane displacements u afid- v a re  assumed -to vary quad-ratically- over t h e  

plane of t h e  t r i a n g l e  except t h a t  they a r e  constrained to vary- l i n e a r l y  

along t h e  one ex te r io r  edge. 

as a constraihed l i n e a r  s t r a i n  t r i a n g l e  (CLST), has two degrees of f r ee -  

dom ( u  and v) a t  each of t h e  f i v e  nodes. 

The r e su l t i ng  membrane element, referi-ed t o  

The p la te  bending por t ion  of the component t r i a n g l e  elements has 

t h ree  degrees of freedom at each of the th ree  corner nodes - two rokaations 

about axes i n  t h e  plane o f  t he  element and t h e  transverse,  or  n o m l ,  dis-  

placemen% w. The displa,cment expansion for th5.s element i s  due t o  Hsieh, 
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Clough, and Tocher,26 and the  element i s  re fer red  t o  as t h e  HCT t r i a n g l e .  

F u l l  compatibil i ty of displacements and slopes between t r i angu la r  element 

boundaries i s  achieved by dividing t h e  element i n t o  th ree  subtr iangles  and 

assuming an independent cubic va r i a t ion  for w within each subtr iangle .  

One of t h e  t e n  terms of t h e  general  cubic i s  neglected i n  each subtriangle,  

so t h a t  i n  t h e  f i n a l  assembled component t r i a n g l e  t h e  normal slope v a r i e s  

l i n e a r l y  along each ex te r io r  edge. It i s  t h i s  fea ture  t h a t  ensures slope 

compatibil i ty i n  t h e  r e su l t i ng  element system f o r  p l a t e  bending problerns . 
The 27 constants i n  t h e  th ree  cubic expressions f o r  TW within t h e  t r iangu-  

l a r  element a re  reduced t o  9 (and r e l a t ed  t o  the 9 nodal degrees of f r ee -  

doin) by i n t e r n a l  compatibil i ty considerations.  With w varying as a cubic 

polynomial within each subtriangle,  t he  t'nree components of c u m a t w e ,  and 

hence -the bending and twis t ing  moments, vary l i nea r ly .  

'The t o t a l  s t i f f n e s s  (membrane plus  bending) of t he  t r i angu la r  e le -  

ments tha t  form t he  components of t h e  quadr i l a t e ra l  i s  obtained by super- 

pos i t i on  of t h e  p l a t e  bending element and the  membrane elements. 

brane plus  bending s t r e s ses  vary piecewise l i nea r ly  over %he surface of 

t h e  r e su l t i ng  t r i angu la r  element. 

Tfle mem- 

The quadr i l a t e ra l  element s t i f f n e s s  i s  obtained from t h a t  of t h e  four  

component t r i ang le s .  In  general, due t o  t h e  curvature of t h e  s h e l l  t h a t  

i s  being discret ized,  an a r b i t r a r y  quadr i l a t e ra l  w i l l  be xionplanar. This 

introduces a complication i n  the  transformation of t h e  t r i angu la r  element 

s t i f fnes s ,  because on t h e  element l e v e l  only two bending ro t a t ions  pe r  

node a re  defined. l aen  transformed from t h e  element coordinates t o  some 

other  coordinate system, a t h i r d  bending ro t a t ion  quant i ty  i s  introduced, 

and i n  t h e  transformed system th ree  ro t a t iona l  degrees of freedom should 

be considered a t  each node. 

t i o n a l  degree of freedom a l so  a r i s e s  i n  t h e  subsequent assembly of t h e  

quadr i la te ra l  elements i n t o  t h e  t o t a l  s txuc tura l  s t i f fnes s :  s ince adjacent 

elements a re  i n  general  not coplanar. In  h i s  formulation, Johnson23 chose 

t o  r e t a i n  only two ro ta t ions  per  node i n  t h e  t o t a l  element assemblage. He 

argued tha t  since the  element plane i n  a s u f f i c i e n t l y  f i n e  mesh l i e s  c lose  

t o  t h e  shell tangent plane a t  each node, t h e  ro ta t ions  could be transformed 

from t h e  element coordinates ( i n  t h e  plane of t h e  element) to coordinates 

i n  t h e  s h e l l  tangent plane and t h e  small transformed component of bending 

Tnis consideration regardfng t h e  t h i r d  ro ta -  
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ro t a t ion  about t h e  normal to t h e  s h e l l  could be neglected. This i s  per-  

haps a reasonable assunlption everywhere except a t  the junct ion of i n t e r -  

sect tng s h e l l s .  

The s t i f f n e s s  fozinulation f o r  t h e  quadr i l a t e ra l  element, as w e l l  as 

f o r  the CLST menbrane element and t h e  HCT p l a t e  bending element, i s  s m -  

marized by Greste." The quadr i l a t e ra l  element has f i v e  degrees of f r ee -  

dom a t  each node: u., v, w, and t h e  .two ro t a t ions .  In t h e  f i n a l  assembled 

stLmcture t h e  f i v e  degrees of freedom pe r  node a r e  u, v, w, and. t h e  two 

ro t a t ions  about t h e  s h e l l  tangent coordinates a t  each node. 

The task of t h e  f ini te-element  method i s  .to dete.mine t h e  unknown 

coef f ic ien ts  of the assumed element displacement funct ions for u, v, and 

w. This i s  done by connecting t h e  quadr i l a t e ra l  elements together  a t  d i s -  

c r e t e  points ,  the corner nodes, and requ.iring conpa t ib i l i t y  of displace-  

ments and ro t a t ions  and equi.librium of' fo rces  and. moments a t  these  nodes. 

Unfortunately, when t h e  elements a r e  assembled i n t o  a curved-shell  s t ruc -  

ture, corqiat ibi l i ty  and equilibrium a re  not completely achieved along t h e  

element i n t e r f aces .  %nus the re  a re  inherent smal.1 e r r o r s  involved. How- 

ever, s tud ies  by have shown t h a t  these  e r ro r s  a re  not too sig-  

n i f i c a n t  provided a s u f f i c i e n t l y  f i n e  element mesh i s  used. 

There -is an e r r o r  i n  i n t e r sec t ing  s h e l l  problems which i s  not dimin- 

ished by mesh refinement, 

g l ec t  of t h e  ro t a t ion  about t h e  s h e l l  normal. 

t h e  cylinder-to-cylinder in te rsec t ion ,  t he re  a re  th ree  nonzero r o t a t i o n a l  

components, 0~d.y two of which can be re ta ined  a s  nodal degrees of freedom. 

Grestel" chose to define t h e  tangent plane, and hence t h e  two rotat ional .  

degrees of freedom, at t h e  junct ion nodes as t h e  cyl inder  tangent plane.  

The manner i n  which he t r e a t e d  the junct ion nodes thus constmined t h e  

normal ro t a t ion  about t h e  cy l ind r i ca l  s h e l l  normal t o  be zero a t  t he  junc- 

t i o n .  Uiis r o t a t i o n a l  constrairi t  u n r e a l i s t i c a l l y  constrains  t h e  bending 

deformation of t h e  adjacent nozzle elements. 

This e r r o r  a r i s e s  from t h e  aforementioned ne- 

A t  t h e  junct ion nodes i n  

The most severe case of t h i s  s i t u a t i o n  i s  i l l u s t r a t e d  i n  Fig. 8. I n  

t h i s  case, t h e  ro t a t ion  of t h e  nozzle elements (adjacent t o  node A)  about 

the normal t o  t h e  cyl inder  a t  A i s  completely constrained. 

tile ac tua l  s t ruc tu re  t h e  nozzle deforms i n t o  t h e  shape shown, t h e  con- 

s t r a i n t  on t h e  idea l ized  s t ruc tu re  prevents t h e  ro t a t ion  0 a t  A.  

Thus, i f  i n  

Greste 
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P O S I T I O N )  

A' ( D I  
/ / 

C Y L I N D E R  -' e = N O R M A L  ROTATION OF C Y L - I N D E R ,  
OR R A D I A L  ROTATION OF N 0 2 Z I . E  

F i g .  8. Constraint a t  jumction nodes. 

considered two fac to r s  -in estimating the  magnitude of t h e  constrained ro- 

t a t i o n  and i t s  e f f e c t s :  

i n  the  cylinder.  Because of t he  r e l a t i v e l y  small length-to-dianeter ra- 

t i o s  t h a t  a re  generally considered f o r  t he  cylinder,  Greste reasoned t h a t  

t h e  r i g i d  body displacements which produce ro ta t ions  of the  type shown i n  

Fig. 8 a re  s m a l l  compared with t h e  bending ro t a t ions  associated -with 

s t ra in ing  of the  s t ruc ture .  Therefore, e s sen t i a l ly  all t h e  ro ta t ion  of 

t h e  type i n  Fig. 8 can 'ne assumed -to be produced by t h e  membrane deforma- 

t i o n s  of -Line cylinder wall. Greste then -Further reasoned t h a t  i n  o i l -  

d r i l l i n g  towers t h e  membrane sti-fPness of t h e  cylinder i s  very large and 

-the c i rcumferent ia l  bending s t i f f n e s s  of t h e  nozzl-e, o r  branch as he ca l l s  

it, is r e l a t i v e l y  small. Thus t h e  cyl inder  normal ro ta t ions ,  when applied 

as circumferent ia l  bending ro ta t ions  t o  the  nozzle, would be expected t o  

generate only small. forces  and moments i n  t h e  nozzle wall. That, is, i f  

t he  ro t a t ion  0 of F i g ,  8 were allowed t o  take place i.n t h e  nozzle wall, 

r e l a t i v e l y  small addi t iona l  s t r e s ses  would be generated. 

r i g i d  body displacements and membrane deformations 

This argument may be v a l i d  f o r  s t r u c t u r a l  j o i n t s  i n  off-shore oil- 

d r i l l i n g  towers, but  it does not necessar i ly  remain so for pressure ves- 

s e l  and piping cyli.n[ler-to-cylinder configurations i n  which the  nozzle and 
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t h e  cyl inder  may be nearly equivalent i n  s t i f f n e s s .  For Lhese configura- 

t i o n s  t h e r e  is ,  unfortunately,  l i t t l e  j u s t i f i c a t i o n  for  choosing t h e  cyl- 

inder  tangent plane as the reference plane for. junct ion nodes. 

choice might have been some average o r  mean tangent plane a t  junct ion no&s 

giving p a r t i a l  bending eonstrairrt t o  'oot;h nozzle and cyl inder .  

used t h i s  l a t t e r  approach t o  analyze a folded-plate  stmetwe am1 fourid 

t h s t  t'iie r e s u l t s  agreed well  with an e l a s t i c i t y  so lu t ion .  

A b e t t e r  

J'ohnsoa"" 

In conclusion, the e r r o r  introduced i n  t h e  jrmetion region by tine 

neglec'c of the s i x t h  degree of freedom a t  t h e  junct ion nodes and by t h e  

associated cons t ra in t  on t h e  bending de fo rwt ions  of tlie element aclj acent 

t o  those nodes i s  not believed t o  be a Large fac tor ,  but it i s  present 

and it i s  not reduced by mesh refinement. 

3.3 Finite-Element Idea l iza t ion  of Model 
I -_._._I ~ 

The finite-elenlent representat ion chosen for  t h e  model i s  depi.cted 

i n  Fig. 9, w h i c h  shaws developed views of one-half of -the nozzle, cylinder,  

arid end p l a t e s .  

ture  became of symmetry considerations,  This mesh layout .i;/as developed 

manually and was arranged so t h a t  l i n e s  of nodes corresponded t o  t he  Lines 

of s t r a i n  gages i n  the experimental mod~el. There were 993 nodes, r e s u l t -  

ing 2.n app.roxima-t;ely 4500 l i n e a r  algebvaic simultaneous eqmt ions  t o  be 

solved- f o r  t h e  unknown displacement parameters. 

t h e  ( h a l f )  junct ion l i n e  between the  nozzle and cy-li.nder. 

cases considered expefimentally were analyzed using th i s  mesh, and t h e  

t h e o r e t i c a l  preddctions were compared w i t h  the experimentally- determined 

s t r e s s e s  and a re  given i n  Chap. 4. 

It was necessary t o  consider only one-half of t h e  s t ruc -  

There were 2'7 nodes along 

All. 16 load.ing 

Nine of tlie 16 loadings - pressure,  a x i a l  forces  on the  cylinder and 

t h e  nozzle, and in-plane moment and forces  on t'ne cyl inder  and nozzle - 
produce behavior t ha t  i s  t h e o r e t i c a l l y  symrnetric about the longi tudina l  

plane of synlilleLry of t h e  model. 

r ec t  to consider jus t  one-half of t h e  model i n  t h e  finite-element repre- 

sentahion. 'fie boundam conditions on nodal displacements and ro t a t ions  

a re  those eomionw associated with symmetry conditions.  

For these  symmetric loadings, it i s  cor- 
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,-THIS IS ONE-HALF OF 
DEVELOPED SHAPE 

Fig. 9 .  Finite-element i dea l i za t ion  o f  the model. 

For t h e  remaining seven loadings - out-of-plane moments and forces  

on t h e  cylinder and nozzle and to r s iona l  moments on the  cylind-er and. noz- 

z l e  - asymmetric conditions e x i s t ;  and t o  consider j u s t  one-half of the  

model i n  the  finite-element representat ion requires  asswtqtions, o r  ap- 

proximations, i n  es tabl ishing nodal displa,cement and rota-Lional boundary 

conditions,  BasicaLly, t h e  boundary conditions used were bassd on t h e  

asswiption t h a t  t'ne pro jec t ion  on t h e  X--Y plane (see Fig.  2)  of t h e  'oaund- 

ary remained f ixed i n  t h e  X-Y plane. 

i n  t'ne X and Y d i rec t ions  and t h e  rota'Lion about the Z ax i s  were assumed 

t o  be zero f o r  t h e  nod-es along t h e  boundary i n  -the X-Y plane. 

I n  other  words, -Line displacements 

Although 
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these  conditions a re  obviously not s t r i c t l y  correct ,  they nonetheless seem 

t o  be reasonable assumptions t h a t  a r e  useTul f o r  reducing the s i ze  of t h e  

problem t o  be solved. 

The t h e o r e t i c a l  predict ions,  based on t h e  f ini te-element  layout sl~otsn. 

i n  Fig.  9 ,  a re  compared i n  t h i s  chapter with experirflenta1l.y determined 

d i s t r ibu t ions  for a l l  16 loadirig cases .  For each loading, t h e  t h e o r e t i c a l  

and e .xperhenta1 stress d i s t r ibu t ions  along two gage l i n e s  on the  cylinder 

and nozzle ( s e e  Fig. 3 )  and around t h e  crotch a r e  presented. The s t r e s s e s  

shown a r e  always those p a r a l l e l  (longitudinal.) t o  the  gage l i n e s  and those 

perpendicular ( t ransverse)  t o  t h e  gage l i n e s  I The gages around t h e  crotch 

&-re on gage l i n e s  of one gage each a t  t h e  angles shown i n  Fig.  3. The 

t h e o r e t i c a l  stresses at t h e  crotch a re  p l o t t e d  a t  t he  pos i t ion  of t h e  

straj .n gage near t h e  crotch, s ince t h e  s t r a i n  gages could not be placed 

exact ly  on t h e  c ro tch  ( see  Fig. 3). 
To examine t h e  s t r e s ses ,  t h e  plots were drawn using s t r e s s  r a t i o s  

w'nich were determined by dividing t h e  s t r e s s e s  a t  a point  by a nominal 

membrane s t r e s s  value.  The membrane hoop stress i n  t h e  cylinder,  and noz- 

z le ,  was used as t h e  nominal s t r e s s  l e v e l  for- t h e  pressure loading. For 

t h e  moment loadings on t h e  nozzle, o r  cylinder,  t h e  maximum membrane bend- 

ing  s t r e s s e s  (cmputed by Mc/I) or t h e  membrane shear s t r e s s  (computed by 

Tc/J and equal t o  t h e  maximum normal s t r e s s )  i n  t h e  nozzle, or cylinder,  

wzre used as t h e  nominal s t r e s ses .  For t h e  a x i a l  forces  on t h e  nozzle and 

t h e  cylinder,  t'ne a x i a l  membr-ane s t r e s s  (ca lcu la ted  by P/A) w a s  used. For 

t h e  in-plane and out-of-plane forces  on t h e  nozzle, the nominal s t r e s s  was 

mmewhat a r b i t r a r i l y  chosen as t h e  maximum bending s t r e s s  i n  t h e  nozzle 

(ca lcu la ted  by Mc/I) a t  t h e  l e v e l  of  t h e  top  of t he  cyl inder .  Finally,  

f o r  the in-plane and out-of-plane forces  on t h e  cyl inder ,  t h e  nominal 

s t r e s s  was a r b i t r a r i l y  chosen as the maximum bending s t r e s s  i n  tine cy l in-  

der  a t  i t s  midlergth (at  t'ne center  l i n e  of t h e  nozzle) .  

The appl ied loads used i n  t h e  eqe r in i en ta l  analyses a re  given i n  

Table 1, together  with t h e  nominal merabrane s t r e s s  Levels calculated by 

t h e  abo-v e procedure s . 
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Table I.., kpplied loads and nominal s t r e s s  l eve l s  

.I___ - 
Nominal 

( p s i )  
Loading case Load level membrane st  res s 

In t e rna l  pres s w e  

OIL%-of-plane momen, 

Torsional moment, %.N 

In-plane moment 

In-plane force, 

Axial force,  Fm 

Out-of-plane force,  

Torsional moment, M. 

Out-of-plane moment, 

In-plane moment 

Axial force, 

In-plane force, 

Out-of-plane force, 

Out-of-p1an.e moment with 

In-plane moment w-ith 

Axial force w i t h  r e s t r a i n t s ,  

*, % 

MZN 

5a 

FZN 

K I C  

xc 

Mzc 

FYC 

FXC 

FZC 

% 

MzH 

r e  s-brain% s , 

r e  st rai nt s 

60 p s i  

10,000 in .  -1b 

16,000 in .  - 7.'0 
15,000 in .  - lb 

I200 lb 

4000 l'i, 

600 bb 

20,000 i n . - lb  

GO, 000 i n ,  -1.b 

21+j 000 i n .  - l b  

8000 ib 

1000 lb 

1200 lb 

10,000 i n ,  - l b  

15,000 i n .  -11, 

4000 lb 1290 

4.1. - In t e rna l  Pressure .. .. 

The measured and predicted s t r e s s  distrTbutions detenfiinerl f o r  an 

iii-ternal pressure o f  60 psi applied. -to the model a r e  shown i n  Figs, 10 

through 12. 

t i o n s  on t h e  ou ts ide  and ins ide  s-wfaces of t h e  cyl inder  and the nozzle 

along the 0" gage l i n e ,  which i s  t h e  longi tudina l  plane af symmetry ( s e e  

Fig. 3 ) .  
t i o n  of t h e  nozzle and cylinder midsurfaces. 

Figure 10 shows t h e  measwed and predicted stress distribu- 

'Ike s t r e s ses  a r e  shown a,s a i%nction 09 distance from t h e  junc- 

The heavy- l i n e s  a r e  t h e  
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Fig. 10. Measured and predicted s t r e s s  d i s t r i b u t i o n s  a t  0" for an 
i n t e r n a l  pressure of 60 p s i .  

p red ic ted  s t r e s ses ,  while t h e  f i n e  l i n e s  through t h e  experimental po in ts  

show the  measured d i s t r ibu t ion .  The s o l i d  l i n e s  i n  each case represent  

t h e  t ransverse  s t r e s ses ,  which a re  perpendicular t o  the  gage l i n e s ;  the  

dashed l i n e s  represent t he  longi tudina l  s t r e s ses ,  which a r e  p a r a l l e l  t o  

t h e  gage l i n e s .  

the dashed l i n e s  with each other.  

normalized by t h e  nominal membrane s t r e s s e s  given i n  Table 1. 

Thus one can compare the  so l id  l i m s  with each other and 

fill t he  s t r e s s e s  i n  the  f igu res  a re  

The agreement between theory and experiment i s  exce l len t  i n  Fig. 10, 

except that t h e  s t r e s s e s  a t  the  in s ide  surface a r e  somewhat m d e r e s t i -  

mated by t h e  f ini te-element  pred ic t ions .  

but ion of the  s t r e s s e s  a r e  wel l  predicted by t h e  theory. 

The general  shape and distri- 

Figure 11 shows t h e  s t r e s s e s  along the  270" gage l ine ,  which i s  the  

Here the agreement between theory and ex- t ransverse  plane of symmetry. 

periment i s  also exeel lent ,  and the  shape and d i s t r i b u t i o n  of the s t r e s ses  

are again well. predicted by t h e  theory. 
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The va r i a t ion  of t h e  s t r e s ses  around t h e  nozzle-cylinder junction i s  

shown i n  F i g .  12,  and the  sharp and rapid va r i a t ion  of s t r e s ses  around 

t h e  junction, .which ind ica tes  t h e  very complex nature of t he  s t r e s s  d i s -  

triSsEtion i n  t h i s  region, can immediately be seen, The agreement between 

theory and eqeriirierxt i s  excel lent  except around tAe 180" plane on the  

outside surface.  However, t h e  shape and d i s t r ibu t ion  of t he  s t r e s ses  aye 

wel l  predicted by the  theo-ry. 

To examine Yne maximum s t resses ,  s t r e s s  r a t i o s  were detemlned by 

dividing LIE maximum absolute p r i n c i z a  stress* value at a point by a nomi- 

n a l  membrane stress value ( l i s t e d  i n  Table 1). 'hese maxiilium s t r e s s  ra- 

t i o s  were calculated for both experimental and t h e o r e t i c a l  s t r e s ses .  The 

experimental- s t r e s s  r a t i o s  were extrrapolated along t h e  o and 270" gage 

l i n e s  t o  t h e  junct ion where necessary, but t h e  s t r e s s  r a t i o s  around the  

crotch were calculated where they occurred. Rowever, it should be empha- 

s ized Ynat t h e  m a x i m u m  experimental stress estimates a r e  based on a con- 

s idera t ion  of t h e  s t r e s ses  along t h e  gage l i n e s  and on t h e  s t r i n g  of gages 

around t h e  crotch only; t h i s  does noi; preclude t h e  existence of s l i g h t l y  

higher r a t i o s  a t  loca,tions away Prom gage l i nes .  The t h e o r e t i c a l  maximinns 

wwe calculated where they occurred. 

The m a x i m u m  experimentally detemined sti-ess occurred on t h e  outside 

Tne surface of t h e  nozzle a t  180"~ and the  maximum s t r e s s  r a t i o  was 9.0. 

theorel;iealmaximum s t r e s s  w a s  on t h e  outer  surface of t h e  cyl inder  a t  0";  

t h e  m a x i m u m  s t r e s s  r a t i o  was 7.7. 

4.2 Out-of-Plane Moment Loading, Mm, oil Nozzle 

The measured and predicted s t r e s s  d i s t r ibu t ions  for an out-of-plane 

moiiient load-ing of 10,000 i n .  -1b applied t o  t h e  nozzle are shown i n  Figs.  

13 through 15. The r e s u l t s  i n  Fig. 13 are for t he  Oo plane, t h e  longitu- 

d ina l  plane of sylimetiy. A s  expected, t h e  s t r e s ses  a re  small, since t h i s  

plane i s  analogous to t h e  neu t r a l  ax i s  of a beam i n  bending. 

*Principal s t r e s s  values a re  given i n  t h e  appendix i n  terms of  psi fo r  
t h e  i n d i  cated value o f  t he  load?-ng ac tua l ly  applied. 
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The r e s u l t s  f o r  t h e  270' gage l i ne ,  which i s  t h e  t ransverse plane of 

symmetq, are shown i n  Fig. 14. Here, t h e  sfxesses a re  a rmximurr? a.nd t h e  

agi-eetnent between theory and experiment i s  excellen% except for t h e  t r ans -  

verse  s t r e s s  on t h e  ins ide  surface of t h e  nuzzle. 

The va r i a t ion  of the s t r e s ses  around t h e  junct ion i s  s h w i  i n  Ftg. 

The 7.5, where again t h e  complex va r i a t ion  of t h e  s t r e s ses  can be seen. 

comparisons of t h e  r e s u l t s  a r e  good, pafiicula-rly on t h e  in s ide  surfaces.  

The niaximzun experimentally de-&ermined principal. s t r e s s  r a t i o  w a s  15.8, 
with t h e  maximmi s t r e s s  occurring on t h e  ins ide  s w f a c e  of t h e  cyl inder  a t  

t h e  junct ion a% 247". 
sixface of t h e  nozzle a t  .the junct ion a t  249', and t h e  r a t i o  w a s  17.8, 

The t h e o r e t i c a l  niaximm s t r e s s  was on t h e  in s ide  

4.3 Torsional Moment Loading, bT, on Nozzle 

The measured and predicted s t r e s s  d i s t r ibu t ions  for a t o r s i o n a l  mo- 

ment loading of 1.6,OOO in . - lb  applied t o  t h e  nozzle are shown i n  Figs. 16 
through 18. 
of symmetry a re  l o w  and r i s e  t o  Lheir maxirflicrn l e v e l s  on approx-tely .bhe 

70, 110, 250, and 290° planes ( see  Fig.. 18). In  general, t h e  d i s t r ibu t ions  

show poor quant i ta t ive  agreement except fox' t he  d i s t r ibu t ion  around the  

crotch; here t h e  agreement is good on t h e  ins ide  surfaces.  

Here the  s t r e s ses  i n  t h e  longi tudina l  and t ransverse planes 

The maximum eqerEmenta1l.y determined p r inc ipa l  stress r a t i o  was 

31.3, with t h e  m x h m  s t r e s s  located on %he ins ide  surfs,ce of t h e  cylifl- 

der  a t  247". 
of t h e  cyl inder  a t  25S0, and t h e  m~imum pr inc ipa l  s t r e s s  r a t i o  was 37.5. 

The maxhim t h e o r e t i c a l  s t r e s s  was  on t h e  outs ide surface 

4.4 In-Plane Moment Loading, Mm, on Nozzle 

The measured and predicted s t r e s s  d i s t r ibu%ions  for  an in-plane mo- 

ment of 15,000 i n . - lb  applied t o  t'ne nozzle are shown i n  Figs ,  19 through 

21, Here t h e  s t r e s s e s  agree w e l l  on t h e  longitudinal. plane o f  symmetry, 

as shmm i n  Fig.  19, The s t r e s ses  along t h e  t ransverse plane a re  larger 

-than those along t h e  I s n g i t u d i m l  plane (Fig. 20). In  general, t h e  d i s -  

kribut ions show poor quant i ta t ive  agreement between theory and experimen- 

t a l  r e s u l t s .  The agreement between t h e  d i s t r ibu t ions  around t h e  crotch i s  
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excel lent  and again shows t h e  complex s t a t e  of stress with no neut ra l  

axis similar t o  t h e  n e u t r a l  axis of a beam. 

The rnaimWn experimentally determined p r i n c i p a l  stress r a t i o  was 11.0, 

with t h e  maximum stress occurring on t h e  outside surface of  t h e  nozzle a t  

about 1/2 i n .  fram t h e  junct ion along t h e  270" gage l i n e .  The maximum 

t h e o r e t i c a l  stress occurred on t h e  ins ide  surface of the nozzle a t  t h e  

junct ion a t  265"; t h e  p r i n c i p a l  stress r a t i o  w a s  15.2. 

4.5 In-Plane Force, Fm, on Nozzle 

The comparisons of theory and experiment for an in-plane force  of 

1200 lb applied t o  t h e  nozzle a r e  shown i n  Figs. 22 through 24. 

sults here a r e  very similar t o  those for t h e  in-plane bending moment on 

t h e  nozzle, and weral l  agreement i s  excel lent  except on t h e  ins ide  sur- 

face of t h e  nozzle along t h e  270" gage l i n e .  

!The re- 

The maximum experimentally determined pr inc ipa l  s t r e s s  r a t i o  was 1.3.4, 

w i t h  the  maximum s t r e s s  occurring on t h e  ins ide  surface of the nozzle about 

1 . 0  in .  from the  junction along t h e  270' gage l i n e .  

stress occurred on t h e  ins ide  surface of the  nozzle a t  the  junction along 

t h e  256' plane; t h e  r a t i o  was 17.8. 

The maximum t h e o r e t i c a l  

4.6 Axial Force, Fm, on Nozzle 

The comparisons of theory and experiment for an  axial force of 4.000 

lb applied t o  t h e  nozzle are presented i n  Figs. 25 through 27. 
ment i s  excel lent  along t h e  longi tudinal  plane (0" gage l i n e ) .  

t h e  agreement between t h e  d i s t r i b u t i o n s  along t h e  t ransverse plane and 

around t h e  crotch show poor quant i ta t ive  agreement between theory and ex- 

periment. 

The agree- 

I n  general  

The experimentally determined maximum pr inc ipa l  stress r a t i o  w a s  13.4, 

with the  maximum s t r e s s  occurring on the  outside surface of the nozzle on 

t h e  180° plane a t  the junction. 

occurred on the  i n s i d e  surface of t h e  cylinder on the 2 5 6 O  plane a t  t h e  

junction; t h e  r a t i o  w a s  17.2. 

The theore t ica l ly  determined m a x i m u m  s t r e s s  
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4.7 Gut-of-Plane Force, FZN, on Nozzle 

The comparisons of theory and experimental data  f o r  an out-of-plane 

force of 600 lb applied t o  t h e  nozzle a r e  presented i n  Figs. 28 through 

30. 
t h e  nozzle, and the o v e r a l l  agreement between theory and experiment i s  

again ve-ry good. 

The results a r e  very similar t o  those f o r  an out-of-plane moment on 

The experimentally determined maximum prrincipal stress ( r a t i o  15.9) 
occurred on the ins ide  surface of the  Cylinder on the 247' plane a t  the 

junction. 

red on tine outer suyface of the cylinder on the  2 5 6 O  plane a t  t h e  juncti-on. 

The theore t ica l ly  determined maximum s t r e s s  ( r a t i o  24 .3 )  occur- 

4.8 Torsional Moment Loading, MXc, on Cylinder 

The comparisons of theory and experiment f o r  a t o r s i o n a l  moment of 

20,000 i n . - l b  applied t o  t h e  cylinder a r e  presented i n  Figs. 31 through 

33.  
planes of symmetry and r i s e  t o  t h e i r  i-aaximUm l e v e l s  on approximately t h e  

67, 112, 247, and 292" planes. The agreement between theory and experiment 

i s  excel lent  along t h e  crotch l i n e .  The sharp rise In t h e  s t r e s s e s  at t h e  

junct ion of t he  nozzle i s  probably caused by neglecting t h e  s i x t h  degree 

of freedom. 

The experimental s t r e s s e s  a r e  low i n  t h e  longi tudinal  and t ransverse 

The experimentally determined raaximwn stress ( r a t i o  24.2) occurred on 

the  ins ide  sur face  of t h e  nozzle on t h e  292" plane a t  the junction. 

theore%ical ly  detemined maximum s t r e s s  ( r a t i o  37.5) occurred on the out- 

s ide surface of t h e  cylinder on t h e  284" plane a t  t h e  junction. 

The 

4.9 Gut-of-Plane Moment Loading, Myc, on Cylinder - 

The comparisons of  t b e o r y  and experiment f o r  a31 out-of-plane moment 

loading of  60,000 i n . - l b  applied t o  t h e  cylinder a r e  presented i n  Figs.  34 

through 36. 

seem t o  be poors  while t h e  agreement between theory arid experiment along t h e  

transverse p lme  i s  good and i s  excel lent  around the  crotch. The experimend- 

a l l y  determined maximum pr inc ipa l  s t r e s s  ( r a t i o  4.5)  occurred on t h e  ins ide  

The s t r e s s  comparisons along the longi tudinal  plane ( 0 "  plme)  
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surface of t h e  nozzle along t h e  27OO plane a t  about 1.0 i n .  from t h e  junc- 

t i o n .  The theo re t i ca l ly  determined s t r e s s  occurred on the  outside surface 

of t h e  nozzle along t h e  0' plane a t  the  junction; t h e  r a t i o  w a s  5.9.  

4.10 In-Plane M0men.t Loading, MZC, on Cylinder 
.... -. 

The cornpal-isons of theory and exFeriment f o r  an in-plane moment load- 

ing  of 24,000 i n .  -Yo applied t o  t lne cylinde:? a re  presented i n  Figs.  37 
through 39. 

o f  symmetry, as shown i n  F i g s .  38 and 39, and the  comparisons between -theory 

aild experiment are  excellent except €o r  t h e  inside surface of' t h e  nozzle 

a long  t h e  270° plane. 

Here t h e  s t r e s s  l eve l s  a re  a maximum i n  t h e  t ransverse plane 

The experimentally and theo re t i ca l ly  determined maxi:mum s t r e s ses  oc- 

curred on Lhe ins ide  surface of .Line nozzle along t h e  270° plane about 1..0 

i n .  from %'ne junct ion.  

t h e o r e t i c a l  maximum was 10 1. 

'me experimental maxi.mum r a t i o  w a s  lJ.t.9, >?nile t h e  

4.11 Axial Force, F on Cylinder XC' __-___ .......... ...... 

The comparisons of  theory and experiment f o r  an axial force of 8000 

Ib applied t o  the cyl inder  a r e  presented i n  Figs.  40 t'mough 42.. In gen- 

e r a l ,  t h e  agreement between t'neory and experiment i s  very good, and along 

t h e  0" pI.a,ne t h e  agreement i s  excel lent .  

The experimentally and theo re t i ca l ly  determined maxi.mum s t r e s ses  oc- 

curred on the  inside surface of  t h e  nozzle adlong t h e  270° plane at about 

1 .0  i n .  from t h e  junct ion.  !The experimental maximum w a s  14.4, while t h e  

theo re t i ca l  rnaximum was 14 7. 

4.12 1n-l)lane Force, FyC: on Cylinder 
.. ....... - 

The comparisons of theory and experiment for an in-plane force of  

?'he 1000 1.h applied t o  the  cyl inder  a r e  shown i n  F igs .  43 through 45. 
agreement i s  very good except on the  inside surface of t h e  nozzle  along 

t h e  270" plane. 
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Rot h the  zxp e r b e  nt ally and t h e  o r  e t  ?L c n l l y  determine Cl maximum s t r e c s e 3 

occurred oil the i n s ide  swf"nce of  t h e  nozzle along t h e  2'/0" p l a m  a t  about 

I.0 i n .  from the  juric-tion. The exprimeiz%al maximm was l5.'7, wlniJ..e t h e  

t h e o r e t k a l  maximum vms 10.7. 

4.13 Oui-of-Plane Force, FzC, on Cylinder 

Yhe comparisons of theory and experiment for an out-cf-?lane force of  

1.200 lb applied t o  the cylinder a r e  shosm i n  Fi.gs. 46 through 1-18. 

s t r e s s  compari.sons along t h e  l.ongiiudi.na1 p lane  (0' p l a n e )  seem t o  be excel.- 

l e n t ,  while t h e  agreement between theory and experiment along t h e  transverse 

plane and around the  crotch i s  poor .  Tlne sharp r i s e  i.n t h e  s t r e s s  a t  the  

junction i s  probably calmed by neglecting t h e  s i x t h  r l r g ree  of  freedom. 

The 

The exqm-lrnentally determined maximum stress (1-ak5-o 6.9) occurred on 

t h e  inside su:rEac,e of the nozzle  along -the 270" plane at 8bou-l; L.0 in. 

from the  junction, The theore%ically determined maximimi stress (ratio 

3.9) occurred on the outside surface of t h e  cylinder a3.o- t h e  256" plane  

a t  the junction. 

4.14 Out-of-Plane Moment,, %, on Nozzle with Rest ra in ts  

The measured and predicted sti-ess distrri'outions f o r  an oiit-of-pl.ane 

moment loading of  10,000 in.-l_b applied t o  t h e  nozzle a r e  shawn i n  F-l.gs. 

49 tlwoug'n 31. 
of-plane bending moment on t h e  nozzle, a,nd %he overal.1 zgi-eement i s  very 

good except for the t ransverse st?-ess on the in s ide  surface of the nozzle 

along t h e  2(0" p3s.ne. 

m e  results here are vexy  s i r n E 1 a i -  t o  those for t h e  out- 

The iiiaxlrnwfi experimentally de-temined s t r e s s  r a t i o  (14.9) occimred 

on the 2nsid.e surface of .Me nozzle along t h e  270" plane ahout 1 . 0  in .  

J.YGE~ -bile junction. The inaxirnim thcoFetically determined s ' r ~ e s s  1-at:i.o 

(1.1-8) occurred 01-1 t'ne ou%st.de sinface of the  cylinder along either t h e  

256 o r  284" plane at tile junction, 

3 



65 

! ....... d
 1 I d, 

1 I 1 I 

.................. I 
~ 

C
J 

0
 

................. 

.
 ! -. . 

-
 

.... 

c\I 
I 

c: 
s
 

b 

...... 

0
 

(u
 

d
 

I 
I 

.- 

................. 

?
 

0
 

I 

............... 

.............. 
I*! 
. .! 
N

 

0
 

;T
 

IJ.. 

u
 

rd 

... n
 ....... 

e [n 
rc. 
.- 

y
-.. 

..... 

ss3 u1.s 0
 3 z IIV

 a\r H 0
 N 



66 

c 
LI. 

c
 

P- 
n
 r 

0
 

-
T

7
J
 

W
 C

D
 

I 

d
 

m
 

- 
0
 

N
 --. 

0
-

y
"

l
m

Q
m

 
I 

I 
I 

S
S

B
lS

 a3Z
llvW

U
O

N
 

S
S

3
tJlS

 a3211VW
tlO

N
 

I 
(u

 
I 



6
7

 

.......... 
d

 
0
 

U
 

0
0
a
 

0
 

0
0
 

I 
I 

....................... 

... 

rf 
0

 
w I 

............... 

~ 
~ 

co I 

0
 

m
a
 

d
 

0
 

zf 
00 

I 
I 

I 
I 

00 
U

 
0
 

SS3HlS 03ZIlV’VU
tJO

N
 

S
S

3
8

lS
 a32 IltlflijO

N
 



68 

c;" 
I 



6
9

 

d
 



70 

0
 

0
 

0
 

0
0
 

N
N

 
0
 

cu 
0
 

m
 , 

a
 

W
 

n
 
z A

 
>

 
0
 

11. 
0
 

W
 

cn 
+ 3 0 

n 

0
 

8 
0
 

0
 

0
 

0
 

G
 

0
 

% 
(u

 

ssmis a
3

z
iiv

w
o

N
 

S
 S

3
H

 .l S
 0
 3 ZI 1

 VW
 8O

N
 



71 

4.15 In-Plane Moment, MzN, on Nozzle with Res t ra in ts  

The comparisons of theory and experiment f o r  &n in-plane moment of 

15,000 i n . - l b  appl ied t o  t h e  nozzle a r e  presented i n  Figs. 52 through 54. 
The agreement between t h e  t h e o r e t i c a l  and experimental d i s t r i b u t i o n  i s  

excel lent  along the longi tudina l  plane and around t h e  crotch. 

on t h e  t ransverse  plane a r e  low, and t h e  agrement  i s  poorer than on the  

other  plane.  

The s t r e s s e s  

The maximum e x p e r h e n t a l l y  determined p r inc ipa l  s t r e s s  r a t i o  (8.0) 

occurred on t h e  outs ide surface of t h e  nozzle along t h e  270" plane at 

about 3/8 in .  from t h e  junct ion.  The maximum t h e o r e t i c a l l y  determined 

s t r e s s  r a t i o  (12 .5 )  occurred on t h e  ins ide  surface of t h e  nozzle along 

t h e  284' plane a t  t h e  junct ion.  

4.16 Axial Force, Fyn, on Nozzle w i t h  Res t ra in ts  

The comparisons of theory and experiment f o r  an a x i a l  force  of 4000 

l b  applied t o  t h e  nozzle a re  presented i n  Figs. 55 through 57. 
ment i s  good along t h e  longi tudina l  plane (0" plane) .  

d i s t r i b u t i o n s  along t h e  t ransverse  plane and around the  crotch show poor 

quan t i t a t ive  agreement between theory and experiment, 

The agree- 

In  general, t h e  

The experimentaJ-ly determined maximum s t r e s s  r a t i o  (31.0) occurred 

on t h e  in s ide  surface of t h e  nozzle on t h e  270" plane about 1.0 in .  from 

t h e  junct ion.  

occurred on t h e  ins ide  surface of t h e  nozzle on t h e  270" plane about 1 .0  

i n .  from t h e  junct ion.  

The t h e o r e t i c a l l y  determined maximUm s t r e s s  r a t i o  (16.0) 

5.  CONCLUSIONS 

Table 2 represents  an attempt t o  summarize concisely t h e  p r inc ipa l  

f indings of t h i s  study i n  terms of maximum p r inc ipa l  s t r e s s  r a t i o s ,  lo -  

ca t ions  of maximum p r inc ipa l  s t r e s s e s ,  and t h e  r e l a t i v e  ove ra l l  agreement 

between theory and experiment f o r  each loading case. The maximum expesi- 

mental s t r e s s  r a t i o s  are  based on the s t r e s s e s  along two gage l i n e s  and 

t h e  gage l i n e  around t h e  crotch only, and were determined by dividing the  
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2 0  

2 -2 

5 -4 

l- 
v) 

t! 
a 
A 

0 z 
-6 

0 2 4 6 8 0 2 4 6 8 

DISTANCE FROM INTERSECTION (in.) DiSTANCE FROM INTERSECTION ( in .  1 

Fig.  55. Measured and predicted stress d i s t r ibu t ions  a t  0" f o r  an 
ax ia l  force, FYw on t h e  nozzle with restraints. 
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Fable 2 .  Smmry of maximum pr inc ipa l  s t r e s s  r a t i o s  and loca t ions  

Cverall  agreement Experimentally determined Theore t ica l  maximum 

maximum s t r e s s  s t r e s s  between tneory 
b and experiment 

Loading case 

Locat ion S t r e s s  r a t io"  
b 

S t r e s s  r a t i o a  Location 
- 

k t e r n a l  pressure 

Mm, out-of-plane mornent 

Mm, t o r s iona l  moment 

ik$.,J, in-plane moment 

Sm, in-plane force  on 

Fm, axial force  on nozzle 

FZ>T, out-of-plane force  

XXc, t o r s iona l  moment on 

Myc, out-of-plane moment 

MZc, in-plane momenk 

FXc, a x i a l  force  on cy l inder  

F y ~ ,  in-plane force  on 
cylinder 

FZC, out-of-plane force  
on cylinder 

MGT, out-of-plane moment on 
nozzle wi-lh r e s t r a i n t s  

Mm, in-plane moment on 
nozzle w i t h  r e s t r a i n t s  

F ~ T ,  a x i a l  force  on nozzle 
with r e s t r a i n t s  

on nozzle 

on nozzle 

on nozzle 

nozzle 

on nozzle 

cylinder 

on cylinder 

on cylinder 

9.0 
15.8 

31.3 

11.0 

13.4 

13.4 

15.9 

24.2 

4.5 

14.9 

14. 4 
15 .7  

6.9 

14.9 

3.0 

31.0 

Outside nozzle, 180" 
Inside cy l inder ,  247" 

Inside cy l inder ,  241 

Outside nozzle, 270' 

Inside nozzle, 270" 

Outside nozzle, 180" 

Inside cy l inder ,  2$7' 

Ins ide  nozzle, 292' 

Inside nozzle, 270" 

Inside nozzle, 270' 

Inside nozzle,d 270" 

lns idz  nozzle, 270" 

Ins ide  nozzle, 270" 

ins ide  nozzle,' 270" 

Outside nozzle, e 270' 

Inside nozzle,d 270" 

7.7 
1'7.8 

37.5 

15.2  

17.8 

17.2 

24.3 

37.5 

5.9 

10 .1  

1 4 . 7  

10.7 

9.?  

11.8 

12 .5  

16.0 

Outside cylinder,  0' 

Ins ide  nozzle, 249" 

Outside cylinder,  256" 

Ins ide  nozzle, 256" 

Inside nozzle, 256" 

Inside cylinder,  256" 

Chitside cy l inder ,  256' 

Outside cy l inder ,  284" 

Outside nozzle, 0 

Inside nozzle, 273' 

Ins ide  nozzle, 270" 

Inside nozzle, 270" 

Outside cy i inder ,  256" 

Outside cy l inder .  

ins ide  nozzle, 284" 

Ins ide  nozzle,d 270' 

284 anc 256" 

Excellent,  exce l len t  

Excellen;, good 

Poor, good 

Good, exce l len t  

Excellent,  exce l ien t  

Good, poor 

Good, exce l len t  

Poor, exce l len t  

Fa i r ,  exce l len t  

Good, exce l len t  

Good, gooa 

Good, exce l len t  

Fa l r .  good 

Good, exce l len t  

Excellent,  exce l len t  

Good, poor 

- 

'?atio of maximum absolute p r inc ipa l  s t r e s s  value t o  nominal s t r e s s  value.  

bMaxhums a l l  occurred a t  t h e  junction, except where notec.  

CMaxirr.urns not a t  junction, a t  a p p r o x i m t e b  1,'2 i n .  .:'ram j w c t i o n  on transverse p lane .  
% .  

a x u m s  not a t  junction, a t  approxLmtely 1 .0  i n .  from junc t ion  on t ransverse  plane.  

e*hxircums not a t  junction, a t  approximately 3:B i n .  from junc t ion  on t ransverse  plane.  

m 
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m a x i m m  abso1ut.e p r inc ipa l  stress value by a nominal membrane s t r e s s  value 

as previously descri'bed. The maximm t h e o r e t i c a l  s t r e s s  r a t i o s  were caE- 

culated where they occurred. The maximum experimental p r inc ipa l  s t r e s s e s  

occurred at  t h e  junct ion i n  only s ix  cases;  t h e  other  t e n  occurred on t h e  

270" gage l i n e  a t  about 1 .0  in .  from t h e  junct ion.  

The r e l a t i v e  o v e r a l l  agreenent between t h e  finite-element predict ions 

and t h e  experimental results i s  r a t ed  i n  Table 2 as excel lent ,  good, fair, 

o r  poor. These r a t i n g s  are, of course, a matker of opinion, but an attempt 

wits made t o  make an unbiased evaluation by basing them both on t h e  ove ra l l  

qua l i t a t ive  agreement along t h e  gag? l i n e s  and on t h e  quant i ta t ive  agree- 

ment i n  a reas  where t h e  s t r e s ses  were r e l a t i v e l y  high. I n  each case two 

ratings a r e  given; t h e  f i r s t  r a t i n g  i s  f o r  t h e  gage l i n e s  (0, 270' planes)  

and t h e  second i s  for the  crotch gage l i n e .  

Table 2 ind ica tes  t h a t  general ly  t h e  experimentally determined maxi- 

mum s t r e s s  r a t i o s  and those based on finite-element pred ic t ions  a re  i n  

f a i r  agreement. Furthermore, t h e  degree of agreement between t h e  stress 

r a t i o s  general ly  co r re l a t e s  wel l  with r e l a t i v e  r a t ings  of t h e  ove ra l l  agree- 

ment between theory and expe rben t .  Generally, t h e  agreement was bes t  for 

those  cases involvirg loadings on t h e  nozzle, except f o r  t h e  t c r s iona lmo-  

rnent and t h e  axial force loadings,  

In 14 cases, t h e  maximum s t r e s s  r a t i o s  occurred on or close t o  t h e  

t ransverse plane of syrmnetry f o r  both t h e  experimental and t h e o r e t i c a l  

a n a u s i s .  For t h e  axial force applied- t o  t h e  nozzle, t h e  experimental 

s t r e s s  i -a t io  occurred on t h e  longi tudina l  plane, while t h e  t h e o r e t i c a l  

s t r e s s  r a t i o  occurred near t h e  transveyse plane (256" p lane) .  The out- 

of -plane moment applied t o  t h e  cyl inder  produced a nlax2num experimental 

s t r e s s  r a t i o  on the t ransverse  plane, while t h e  t h e o r e t i c a l  s t r e s s  r a t i o  

occurred on t h e  longi tudina l  plane (0" p lane) .  

Final ly ,  it should be pointed out t h a t ,  as would be expected, t h e  out- 

of-plane moment and force  loadings produced quite s imi la r  r e s u l t s ,  and t h e  

in-plane mozents acd forces  prolluced similar r e s u l t s .  The s t r e s s  dis t r i -  

but ions were very s imi la r  for each pair. T'ne loadings on the  nozzle w i t h  

r e s t r a i n t s  applied t o  t h e  f r e e  end of t h e  cyl inder  comLpared favora'oly with 

unrestrained loadings on t h e  nozzle except f o r  the rmaxim1.m experimental 
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s"tess ratio. 

cated that, the nonl inear i t ies  observed i n  the corresponding cases wi.l;hou-t 

r e s t m i n t s  we:r"e reduced. However, t h e  maxhim s t r e s ses  aa.d s t r e s s  d i s t r i -  

butions were s i m i h r ,  which ind ica tes  .i;'na,t t h e  observed. smaI-1 nod.i.neari- 

t i e s  had l i t t l e  e f f ec t  on the measured maxfmum s t r e s ses  t h a t  are reported.  

In conclusion, t h e  comparison of these  pa.rticu.l.ar f i n i t e  -.element pre- 

The r e s u l t s  from the t h ree  J.oa.dings with reztrr i ints  ind i -  

d ic t ions  with the experimei?-tal results shows reasonablg good general agree- 

ment. 1% i s  f e l t  that -t;iiis analysis  would- be sa t i s f ac to ry  for nos-1; engi-  

neering pu.:q)oses. 

The planning and execu-bion of  .the analfl,ical. and experimental st71djr 

repo?Ged here in  would not have been. possible  without -tile ass i s tance  and 

cooperation of many individ.uals, both within OIWL and outside.  'Yhe au- 

thors are deeply indebted to these peop1.e for t h e i r  contr ibut ions,  

Special .t;ina,nks i s  due J-. P. Ruc1.d for the inst r imentat ion of the 

model, which was a very painstaking task .  

The finite-element cornpute:r program used i n  t h e  analysis  was devel- 

oped a t  t h e  University of California,  Berkeley. 
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Appendix 

TABULATION OF EXPERIMEEUWL DATA 

For t h e  benefi t  of the  reader who ma;y wish t o  use t h e  experimental 

da ta  presented here in  for comparison with h i s  m analysis  techniques, 

t h e  experimental data on which the  various p l a t s  i n  this report  were based 

are  given i n  Tables A.1through A.16.  For each loading case, a s e t  of 

data  i s  tabulated for each operable rose t t e ,  These data  were obtained 

from t h e  several  s e t s  of data, taken i n  each case by t h e  procedures de- 

scribed i n  Sect. 2.4. 
The rose t t e  listings are grouped according t o  gage l i nes .  For each 

rose t t e ,  t he  th ree  s t r a i n  readings a re  first l i s t e d ,  followed by the  nor- 

mal s t r e s s  t ransverse (perpendicular) t o  the  gage l i ne ,  t h e  ncrrma,l, stress 

l o rg i tud ina l  ( p a r a l l e l )  t o  the gage l ine ,  t h e  shear s t r e s s  ( re fer red  t o  

t h e  gage l i n e  as a coordinate axis), and f i n a l l y  the  maximum and minimum 

pr inc ipa l  s t resses .  

t h e  s t r e s ses  a re  i n  pounds per square inch. 

The s t r a i n s  are given i n  microinches per inch, and 

The nomenclature used t o  identif 'y and loca te  each r o s e t t e  can be ex- 

plained by considering the follawing sample designation: 

- - -  1 2 7 0 ~ - ~ .  

The le t ter  I designates t h a t  t h e  r o s e t t e  i s  located on the inner surface 

of the  nozzle o r  cyl inder  (0  denotes an outside r o s e t t e ) .  

ind ica tes  that the  rose t t e  i s  located on t h e  270" gage l i n e  (see Fig. 3 

for t he  gage l i n e  designat ions) .  

i s  a n t h e  nozzle ( C  designates a r o s e t t e  on the  cyl inder) ,  and E desig- 

nates t h e  loca t ion  of the  r o s e t t e  along t h e  gage l i n e  according t o  the  

following convention: 

The number 270 

The l e t t e r  N ind ica tes  t h a t  t he  rose t t e  

Distance from nozzle-cylinder 
Rosette i n t e r sec t ion  (see Fig. 3) 

designat ion (in.) 

-x 

A 
B 
C 



Distance f r o m  nozzle-cylinder 
Hosett e i n t e r sec t ion  ( see  Fig.  3 )  

designat ion ( i n .  ) 

D 
E 
E' 
G 
R 
9 
K 
L 
M 
M 

In every case, t h e  rosettes were posit ioned on the  gage 1.I.nes so  t h a t  

-the l eg  of t h e  Y lay along t h e  gage l i n e  and pointed 8:wa.y from .Lhe nozzle- 

cylinder ju ix t lon .  

Fig.  5 .  

gages 2 and 3 being nwabered from 1 i n  %he counte:cclockwise direct ion.  

The convention used can 'ue understood 'ny referrilng t o  

The l e g  o f  Yne Y i s  designated as gage 1 i n  t h e  ts;bula,%lans, wiYn 

Final ly ,  i i l  those cases where nonlknearity o r  d r i f i  was excessive, 

or where am indiv-idml gage o r  c i r c u i t  w a s  otherwise o'oviously malR;ulction- 

ing, t h e  r o s e t t e  of which the gage was ad par t  w a s  not used i n  the T i n a 1  

results plo t ted  in t'liis report  f a r  the specjfic loading under coasider- 

a t i o n .  Nonethzless, these  dxta are l i s t e d  i n  the tabulat ions,  but they 

are marked by a double a s t e r i s k  beside t h e  rosette number. 
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‘Table A. 1 ( con t inued)  

I N T E R N A L  PRESSURE ( 6 0  PSI)  

I-O-N-3 
I- 0-N-C 
T-0-N-D 
T- 0-B -E 
I-O-N-P 
r-o-w-e; 
1-O-N-8 
P-0-N-J 
I- O - N - R  
IC-O-W-E 

0-O-N-;9 
0- 0-B-B 
0- 8 - N  -c 
0- O-N -D 
Q- O-N-E 
0- O-N-P 
0- O-N-G 
Q- O-N -I! 
O- 0- 8-9 
0- O-N- 

0 
26 

122 
189 
22 4 
139 
8 4  
73 
70 
76 

236 
40 

-7 1 - 123 
- 135 
-79 

28 
7 3  
76 
9 0  

337 
3 2 2  
311 
273 

102 
84 
93  
87 
9 3  

5 2 3  
398  
3 19 
2 16 
1 a6 
61 
35  
03 
61 
61 

168  

3 5 4  15195 
348 14527 
298 13274 
264 11604 
15’9 6903  
9 9  4 2 5 1  
9 0  3737 
9 3  4823 
94 3898 
35 2735 

5 4 1  23123 
4 2 1  17959 
304 13774 

155 6766 
6 4  2843 
3 5  1497 
4 3  1824 
6 1  2605 
61  2613 

22a 9903 

sa559 
51Q3 
764% 
9 1 4 7  
878 9 
5 4 5 9  
3 6 4 8  
3 3 8 9  
3267  
3 1 0 1  

14015 
6 5 9 3  
20  93 
-727  

-20 18 
- 1 5 2 9  

131Q 
272& 
3057 
2880 

S H E A R  
e---- 

-2 32 
- 2 3 2  

156 
1 1 - 7  
155 

39 
-78  

0 
- 84 
778 

-228 
-3 04 
195 

- 8 5 6  
- 1  17 - 39 

- 1  
3 
0 
0 

15200 4554 
1zp533 5137 

11610 9 1 4 1  
8794 6 8 9 1  
5460  4 2 5 0  
3788% 3603 
4 8 2 3  3389  
3909 3 2 5 6  
3718  2 1 1 9  

i 3 m  7638 

2 3 1 2 9  1 4 0 0 9  
17967 6565  
13777 2011  
9905 -740 
6767  - 2 0 1 9  
2 8 4 4  - 1 5 3 0  
1 4 9 7  1314 
272u 1824 
3057 2695 
2880 2 6 1 9  
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Table  h.1 (continued) 

12 7 0 C - A  
I2 7OC-8 
I2 7OC-c 
I2 70C -D 

I27OC-E' 
I2 70c-H 
I2 7OC - J 
I2 70C - K  
I27QC-I4 
I 2 7 O C - M  

027OC-A 
02 70C-B 
02 70C -C 
0 2 7 0 C - D  
0270C-R 
O27OC-P 
02 70C-G 
0 2  70C-H 
02 7 O C - J  
02 70C-K 
0 2 7 O C - L  
027OC-I'J! 

1 2  ~ O C - E  

42 
7 5  
sR 
I23 
128 
154 
148 
131 
128 
114  
1 1 4  

23 1 
185 
148 
123 
106 
6 0  
40 
37 
37 
46 
5 1  
5 1  

-2 5 
8 

31 
US 
63 
94 
80 
6 8  
57 
5 1  
54 

211 
174 

131 
117 

60 
3 4  
23 
26 
3 1  
3u 
40 

148 

-5 9 
-3 6 
- 1 7  

0 
2 0  
SI 
5 7  
5 1  
5 7  
5 1  
5 4  

9 7  
94 
80 
69 
60  
4 0  
28 
28 
37  
40 
37 
37 

TRANS ----.. 
- 1889 

-701  
197 
8 4 3  

16 75 
30 27 
28 46 

2366 
21 30  
2256 

65 14 
56 88 
12851 
42 57 
37 75 
2125 
1332 
1085 
1335 
1515 
15 07 
16 34 

24 a8 

STRESSES P R I N  STRESSES 
------a- --_---------- 

L O N G  ---- 
685 

2 0 4 5  
2 985 
3 9 3 2  
4 3 5 5  
5 5 3 2  
5306  
4 6 8 4  
4562  
4 0 6 3  
4101  

8879 
7267 
5904 
4 960 
4304 
2432  
1595 
1436 
1510 
1822 
1990 
2027  

S H E A R  
--.-_e 

4 46 
5 95 
6 3 2  
5 94 
5 7 1  
5-70 
3 04 
2 29 

0 
0 
0 

15 17 
1063 

9 10 
8 32 
7 59 
2 66 

76 - 76 
- 1 5 2  
- 1  14 
- 38 

38 

srwx  
-*--- 

7 6 0  
2 168 
3 1 2 1  
404 2 
4 4 7 1  
5655 
5 3 4 3  
4 7 0 7  
4562  
4063  
4 1 0 1  

9 6 1 9  
7 8 0 2  
6 U 2 9  
5 5 1 2  
4 8 4 3  
2586 
1515 
1052 

1860 
1993 
203  1 

i 598 

S I G H N  
I---- 

-1964  
- 8 2 5  

60 
7 3 2  

1558 
2903  
2809 
2464  
2366 
2130 
2256  

5773 
5154 
4 3 2 6  
3 7 Q b  
3 2 3 6  
9971 
1 3 1 2  
1069 
1 2 4 7  
1470 
1504 
1 6 3 0  
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' i ah l  e A, 1 ( con i inued)  

EYTETZN&L PRESSURE ( 6 0  PSTJ 

-33  - 5 8  - s a  
- 7 9  -97 - 1 l U  
- 8 8  - 7 1 7  - 8 3 5  
-97 - 3 3 8  - 1 2 9  

-106 - ? Y 7  - 1 3 8  
-121 -159 -118 
23 -130  - 7 7  
3 2  - 9 1 2  -80  

- 7 0  -77  - 3 0  
-53 - 5 2  -53  - u -f -18  -12 
-3 5 21 23 

313 224 199 
3-79 235 13 2 
8 1 4  259 1 Q I 
zr3Q 2'16 152 
4 U 8  282 19 a 
319 273 233 
l U 9  244  2 2 1  
31 221 218 

-38  181 2 1 6  
-41 178 187 
- h Q  141 135 
-u4 '7 8 a 3  

-3554 
*- 85 50 
-5445 
=. 57 53 
-5 139 
-50 45 
- h 5 5 3  
.. 42h9 
- 3 Q 0 3  
-2617a 
-599 
1009 

6473 
'76 58 
8 3  17 
93 7 2  
a9 2Q 

10766 
10062 
96 27 
86 Y 9  
80 7s 
51 19 
35 8 3  

s HE WR --- --* 
3 91 
2 35 
2 32 

- 1  15 
- 1 1'1 
- 5 5 0  
-3 09 
- %  31 

39 - 39 - 78 
- 39  

1s 3u 
13 80 
1572 
1379 
I186 
5 36 
3 85 

39 
-385 
- 1  15 

7 7 

- ?7 

s'1:G.B x 
--.--- 

- 2510  
.-- 3 5 7 B 
- 4 2 3 0  
- 4 6  19 
- 4 8 2 4  
- 2 9 5 7  

- S U I  
- 2 6 @  

-_ 1907 
-228.2 
-593 
1008 

11959 
1397s 
15254 
16110 
16633 
1293 1 
18838 
9 5 2 7  
8 6 6 9  
8 0 7 7 
6 120 
3585 

S I G B N  - - -* ,- .- 
-3700 
- 4 6 1 3  
- 5 4 9 0  
- 5 7 6 5  
-6 lQ.9  
- 6 1 3 3  
- 4 6 8 7  
- & 2 9 6  
-3rg04 
- 2 6 0 9  
- 1603 

-762  

6501 
7356 
7 9 6 2  
9089 
9'3 I 5  

18633 
746 1 
7832 
1 U Q Z  
120% 

52-7 
- 2 3 3  
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Table A ,  I (continued) 
II 

___ __ 

R E  ( 6 0  PS1'3 

T- o-h:-* 

I-lo5C-A 
I- 67C-A 

I1 12c-A 
TI 35c-A 
11 5 P C - A  
I202C- 
12 2%-a 
12 47c-A 
I2 92c-8 
'I3 15C-rs 
I3 37e-A 
If ROC-L 

- 2 2 C - A  
0- 4sc- h 
0- 57e-lh 

-90c-A 
01 12c- 
81 35c- 

r- 22c -A 

0 2  2SC-A 
02 476- 
02 92c- 
0 3  35C-A 

-566  
- 3 7 5  
- 186 

-2  
3 

3 

-38  
- 2 5 2  
- 3 8 2  

3 8  

237 
1136 
-5 3 
2 3 7  

- 1 0 1  
103 
26 R 
2 4 2  
19 2 
105 
-8 
- Y  
16 5 
24 

3 

Bb 95 
29 5 
289 
2 29 
-4 
172 
292 
292 
3Y 
263 
173 
88 
57 

3 1 2  
9 

sa62 
3 8 2  
I67 
a 37 
7 0  

379 
507 

7-7 
185 
39 3 
4 6 4  
54 

225 9923 

2658 

2222 

7464 
-1046 

7.77 

1689 

SHE AR 
-.....--e 

2 69 
8 5  

- 3 4  
18% 

-892 
- 6 3 1  
-6 
4 
4 8 3  

- 1  6562 
-3'192 - 11810 

l P 9 0  
-2558 

2589 

2 2 0 6  

a 327  
98 
28 

6 6 2 4  
- 1  

7 
1 a356  

6710 

9674 
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Tab le  A .  1 ( c o n t i n u e d )  

I N T E R N A L  PRESSURE (60  PSI) 

I- 0-N-* 
I- 22N-A 
I-45N-A 
1-67N-8  
I-90N-R 
I1 12N-A 
I1 3SW-A 
I1 57N-A 
11 %IN-FL 
I202N-R 
I225N-A 

I292N-A 
T3 1SW-A 
IL339w-w 

12 U ~ N - I  

0- 22W - A 
0- 45N-A 
0-67N-A 
0- 90N-8 
01 12N-A 
0 1 35N- A 
U 1 5 7 N - a  
01 80N-A 
02 02W-A 
0225N-A  
O247W-A 
0292N-A 
03 l 5 N - A  
0 3 3 ? N - A  
0-0-W-L 

-578  491 477 
-15 259 3 8  
- 4 6  419 -1414 

50 292 6 
-20 -59 -91  

68  36 286 
-9 1 -71 403 

- 2 4 2  21 520  
-510 461 26 0 
- 2 6 8  508 - 2 3  

14 391 -152  

58 3 329 
- 2 1  -105  414 

-2U8 6 469  

2 3  2 5 1  3 9  

239 363 4 9 5  
216 236 3 9 5  
9 2  -23 164 

3 1 4  141 190 
(r3 136 -85 

227 427  245  
256 SUO 378  
307  620 614  
247 350 Y60 
179 190 367 

3 U  -60 13 1 
9 1  20s  -31  

2 0 8  393 222 
225  503 388  

70  56 59 

219 13 
65  53 
60 90 
6507 

-3274 
7002 
87 3 4  

12141 
16392 
10945 
52 33 
63 11 
72 36 
6808 

10709 

18600 
13621 

29 85 
6925 
107u 

14499 
199 07 
26787 
17522 
120 52 

1522 
39 06 

13293 
193 26 

2 4 5 2  

- 1077 1 
1521 
446 

3464 
-1589 

4 142 
-115  

-3609 
- 10390 

-4760 
2 0 0 3  
2590 
3916 
1427 

-14225 

12749 
105611 
3655 

11490 
1601 

11 174 
13650 
1721(9 
12677 
8988 
1 Q78 
3838 

10224 
125UO 
2840 

193 
2945 
7 5  08 
3808 

4 3 1  
-3341 
-71  15 
-6645 

26 74 

7 2  24 
2836 

-15350 
- f i g  13 
-6176 

70 ao 

-1767 
-21 13 - 2496 

-6 53 
29 56 
2426 
2160 

96 - 1467 
- 2.3 SO 
- 2 5  39 

3146 
22 84 
1537 - 38 

21914 
7910 

11 289 
9 087 

-11485 
9206  

12688 
14570 
16657 
13665 
11020 
7842  

10233  
11 53’7 
12932 

-10772 
1 6 4  

- 4 7 5 3  
884 

- 3 3 7 8  
1937  

- 4 0 6 9  
- 6 0 3 8  

- 10654 
-7480 
- 3785 

1059 
920 

-3301  
- 6 4 4 8  

19092 12257  
14700  9482 

5 8 3 8  s o 1  
11582 6 8 3 3  
4305  - 1 6 3 0  

15777 9896 
20580 1 2 9 7 6  
26787  17249  
17932 1 2 2 6 8  
13325 7715  
4039  - 1 0 4 0  
6 9 1 8  6 2 6  

14510 900’9 
19658  1 2 2 0 8  

2844 2449 
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Table A , 2 .  Out-of-plane moment loading, %, on nozzle 

El CR 0 STR AI bl 

I-C-C-A 
I- 0-c-B 
I-0-c-c 
I- c-c-n 
f-O-C-E 
I-C-C-P 
I-0-c-G 
x- c-c-8 
I-0-C-J 
I- c-c-K 
f-  0-c-L 

O-O-C-A 
0- O-C-B 
0- 0-c-c 
0- C-C-D 
0-0-C-E 
O-C-C-F 
a- O-C-G 
0-C-C-H 
6- 0-c-3 
0- c-c- K 
0-0-c-In 

- 9  -12 
-6 -74 
-6  -14 
-3 -14 - 14 

c -17 
Q -14 

- 3  -17 - -  d -14 
-6 -11 
-6 - 1 1  

- 3  
4 

.. 

P - -189 
1 4  -9 
19 -4 
1 4  -11  
17 56 
1 4  -77 

14 -68 
11 - 6 2  
14 62 
I t  118 

1 4  - i a  

-e -6 -2C 
-14 -6 -13  
-14 -8 -17 
-14  -11 - 1 4  
-17 - 1 7  - 3 5  
-77 -11 -17 
-17 -11 -2c 
- 1 4  -11 -2c 
-17 -6 -23 
-13 -8 -20 

17 -8 -2: 

- 5 5 3  

-544 
-545 
-604 
-6 04 
-666 
-677 
-601 
-6 04 
-6 66 

-Q a2 

-318 
-180 
-180  

-96 
-77  
-32 
-18 

-110 
-106 
-158 - 141 

- 4 1 9  
-569 
- 5 8 8  
-589 
- 6 9 1  
-693 
-711 
-625 
-689  

-709  
-689 

-1 E8 
-373 
-374 
-334 
-4  12 
-4 13 
-375 
-4O8 
-335 
-354  
-330  

- 5 5  -452 

2 9 2 -  -476 
342 -430 
407 -428 
3 5 E  -468 
358 -393 
320 -497 
2 5 2  -419 
304 -400 
381 -403 

288 -478 

1 4 0  -285 -687 
153 -367  -685 
113 -450 -682 

39 - 5 2 3  -611 
57 -540 -736 
36 - 5 6 0  -736 

f04la - 5 3 2  -805 
114 - 5 3 1  -764 
227 -414 -877 
152  -ua§ -804 
1 4 0  -497 -a79 



8 
E- 
o 
E- 
E- 
9- 
E- 
9- 
E -- 
E- 

E- 
O 
0 
0 
E- 
o 
e, 
E- 
O 
E- 

ZL- 
3- 
6- 
5- 
3L- 
ZL- 
9 8-- 
71- 
fL- 
9- 

0 
0 
3 

E 
3 
E 
5 
0 
0 

c 
- 

3-N-6-0 
1'- He-a -0 
R-!?--O -0 
3-8-3 -8 

a-a-3-0 
a"-N-O -0 
3-N-3 -0 
'3-ti-0-0 
B-N-0 -3 

'1-w-3 -6 
ss-Ea-0-1 

ki-N-6 -1 
3-M-9-1 
B-I-0-1 
3-N-D -I 
Q -!$ -9 -I 
3-u-3 -1 
8-M-3 -e 

c -N-D -i 

26 
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'Table A .  2 (cont inued)  

OUT-OP-PLANE MOtlENT L O A D I N G ,  RXN, CN N O Z Z L E  #loo00 IN-LEI) 

I 2 7 0 C - A  
1 2 7 Q C - B  
I2'1OC-c 
I 2  70C-D 
I2 7OC- E 
12 3OC-P 
1278C-H 
I 2 7 o c - J  
I270C-R 
f 2 7 0 C - L  
I 2  70C-H 

0270C-A 
0270C-B 
C27OC-C 
0270C-D 
0270C-E 
02 30C-F 
027OC-6 
0 2 7 oc - N 
0270C-J 
0270C-K 
c 2  7oc-L 
027oc-!4 

-87  
-11n 
-145  
-168 
-171 
-203 
-174 
-103 
-66 

- 9  
3 

- 6 5  
- 8  
31 
6C 
8C 

123 
7 2 3  
1043 

46 
1s  

-2  2 
- 7 6  

- ; f4 
- 3 1 5  
- 2 8 2  
-237 
-217 
- 1 0 3  

23 
S 7  
6 3  
43 
17 

- 37 
-8 
17 
31 
60 

100 
a 20 
109 

8 3  
54 

6 
-20 

-4 1 4  
3 1  
3 €  
4 7  
42 
25 
2c 
26 
2 5  
1 4  
- 4  

285 
a9 6 
385  
16 5 
1 5 4  
12 f 

9 5  
89 
? &  
66 
32 

6 

'IhAHS ---- 
-73 9 1  
-6077 
-5240 
-3992 
-3638 
-1409 
1132 
1932 
2073 
1264 

185 

3767 
4 1  43 
4411 
4194 
4609 
4773 
4584 
4225 
34 79 
26 32 

8 5 %  
-287 

ST BE S SE S P R I N  STRESSES ___----- -e---*--*---- 

L O N G  
-*-e 

-4822 
-5348 
-5932 
-6225 
-6229 
-6502 
-4883 
-2503 
-1 I76 

122 
147 

-830 
9 9 1  

2267 
3057 
3780 
5127 
5070  
4446  
2427 
1141 
- 4 1 3  
- 4 1 2  

S BE BR 
-e- c- 

-Y9C4 
- 4 6 4 5  
-4236 
- 3 7 4 2  
-3461 
-1749 

38 
4 18 
456 
3 EO 
342  

-32i3 
-2730 
-2237 
-1746 
-1251  

-3  05 
342 
268 

7 5  
-1  54 
-342  
-3  42 

-1037  -11176  
- 1 0 5 4  -10372 
-1336 -9837 
- 1 1 5 5  -9062 
-1238 -8629 

- e 6 5  -7045 
1132 -4884  
1 9 7 1  - 2 5 4 2  
2136 -1239 
1379 7 

5 0 6  -180 

542E - 2 4 9 0  

5 8 2 0  8 5 8  
5 4 6 1  1789 
5 5 1 3  2876 
5305 4598  
5246  440'7 
4 6 2 5  4046 
3 4 8 4  2421  
2647 1 1 2 5  

944  -499 
- 2  - 6 9 8  

5719 - 5 8 4  



9 4  

Table A .  2 ( c o n t i n u e d )  

- 2 6  - 3 3 3  - 5 2  -8U.39 
1 5  -368  -95 -IC285 
3 @  - 3 4 k  -15E -12157 
3 5  -lac03 -;1c - 7 3 6 4 6  
3 2  -412 -237 - 3 4 1 5 3  
2 2  -552 -42E -;e891 

- 7 0 9  -398 - 4 8 1  - 1 7 Q 4 1  
- 1 8 3  -245 - 2 5 3  -IC688 
- 7 a c  -37 - 7 6 2  -5507 
- 1 3 6  -47 - E 4  - 1 8 3 5  
- l o o  -28% - Q Q  -1383 

-34  -1s - 2 7  -829 

-3310 
-2638 
- 2 7 6 2  
-3032 
- 3 2 7 2  
-5564 
-8509 
-8€94 
-7050 
-ea922 
- 3 4 2 5  
- 2 4 6 3  

-@409 
-6520 
-7677 
-9 SOV 

-10T23 
-9BYQ 
-7206 
-4375 
-62Q8 
- 6 0 0 1  
-428'1 
- 3 3 3 8  

-3240 
-35E4 
-3792 
-2443 

- 32 6.7 
39 
3 9  

864 
550 
235 
157 

- 3 8 1 1  
- 4 6 3 8  
-5aac4 
- 5 5 2 1  
-5945  
- 4 8 6 9  
- 3 5 6 1  
- 2686 

-152  
3 E4 
4 49 
153 

- 1 3 4 9  - 1 0 4 0 8  
-1%%1 -13782 
- 1 9 6 2  -"13"217 
-2436 -14.202 
-2760 -14665 
-5461 -219993 
-8SQ9 -17442 
-8699 -10691 

-814 - 2 4 7 8  



Table A .  2 ( c o n t i n u e d )  

I- coca* 
I - 2 2 C - A  
I - 4 5 C - B  
I- 6fC-A 
I-9OC-A 
I1 12C-A 
11 35C-A 
I1 57C-A 
x2c2c-A 
I2 25C-A 
12 47C-A 
1292c-B 
13 1 % - A  
13376-A 
I I aoc-x 

0-22C-A 
Q-45C-A 
Q - E X - A  
0-98C-A 
Q d  12c-8 
0135C-A 
0 I 576-A 
Q I  80C-A 
02C2C-A 
62 i 5 C - A  
02 47C-A 
0292C-W 
03 1SC-A 
0337C-A 
01 f30C-L 

- E  
-34 
- 4 c  
-9s  

8 0  
-312  
-4 6 
-13 

5 2  
8 1  

413 
127 
423 
2E 

-46 

23  
47 

1 2 3  
E4 

356 
75  
2 5  

- 2 5  
-67  

- 1 2 6  
-48Q 
- 177 

-66  
- 2 6  

3 

-3 
-9 - 14 

-166 
-32  

-392 
-160 

-5Y 
35 

121  
514 
-20 

29 
6 
3 

12 
58 
73 

- 2 € 5  
25 

- 8 1  
-11 

20 
46 - 57 

- 34 
3 

-6 
20 

E 
- €  

-14 
40 

z44 
-464 
-106 

64 
1 7 1  
38 I 
17C 
2 9  
1 4  
Q 

7 
-li 

1 7  
3E 
2E 

-45 
- 3 6  

- 1 7  
4€ 

-7 1 
-94 
-14 e; 
-17  
-26 

^ e  
c *  “ L  

-84 

4 4  

119 
-2 80 
-585 

-2666 
€773 

-18478  
-5804 
-1869 

2102 
6389 
79233 

3163 
1216 
4 I6  
114  

3 79 
195  

18 29 
-5097  

756 
-369% 
-1252 
-829 

136 
2 1 4 3  

-2286 
-2622 
-867 
-493  
-1  29 

-938 
-1  029 
- 1 3 7 9  
-3635 
4438 

-14910 
-3 116 
-1075 

2194 
4 3 4 4  

18168 
4763 
f 839 
905 

-7353 

813  
14E3 
4233 
397 

11 197 
3 1 5 1  
3-79 

- 1 0 0 1  
-1958 

-65213 
-6082 
- 2 2 2 7  

- 9 1 2  
46 

- 3 2 ~ 4  

-1  48 
-38 

0 
-2748 
-4999 

954 
- 7 2 5  
-3C5 
-3 E5 
-653 
1-72? 

-2541 
0 

-1 66 
59 

7 1  
5 5s 
7 144 

-11815 - 3 7  
37 

4 4 6  
5 20 
4 E4 

8 
1 so 
7 $7 
6 45 
3 52 
6C7 

186 - i ? 8  
-585 
-360 
10?39 

- 1 0 6 7 3  
-2933 

-973  
2534r 
6602. 
20556 
6627 
4838 
931 
115 

a 2 4  
6715 
21444 
2 5 1 5  

31193 
? 452 

4 9 3  
-388 
24; 

2 143 
-2284 
-244E 

- 6 1 0  
-4126 

5 7 2  

-205 - 1 0 3 1  
-1379 
-5941 

472 

- 5 9 8 7  
-1973 

17 59 
4 3 3 1  

3 6 8 5 1  
1299 
7276 
390 

-1354 

3 6 7  
- 3 8  

- 3 2 3 5  
766 

-3699 
- 1 3 6 6  
-33142 
-2073 
-3204 

-15215 
-6257 - 2484 
-960 
-655 

- 1 8 7 1 7  

m a  
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T a b l e  A. 2 ( con t inued)  
____I- __________ ___-___ 

QUI-OF-PLAIE MOElElT L C E C I N G ,  MXH, CN OZZLIE ( 1 O Q Q O  IN-LS) 

i! I C R C -  STER BIN STRESSES P B I N  STRESSES -- ---- _-- --- ----e--- ---- 

T-0-N-*  
I- 22N-A 
I- 45N-A 
1-678-8 
I- SQN-A 
I1 12N-A 
I1 25N-A 
1 1  57N-A 
11 BOW-A 
I 2 0 2 N - A  
I22SN-A 
1 2 4 7 N - A  
I2 92N-A 
I3 15N-A 
I337N-A 

0- T 2 N - A  
0- 45N-A 
G-67N-A 
0- 9QN-A 
0 1 12N-A 
01 3 5 Y - A  
01  59N-A 
0 1  E O N - B  
0202N-A 
6225N-A 
0247N-A 
0242N-B 
03 15N-A 
03 37N-A 
0- O-N-L 

- 6  0 
-6E - 3 5  
-30  -18 
-86 24 

26 -9 
- 2 3 1  -504 

-77  -95 
- d e  -33 

2 9  3 
5 :  114 
99 154 

3 2 5  411 
9 3  3 
3 2  38 
40 14 

14 23 
-3  5 2  
- 9  5 2  

13E - 2 6 0  
105 8 

19 -111 
2 c  -40  

- 2 8  -11 
-68 -23  
- 5 1  -85  

- 1 5 9  -410 
-2C  -48  
- 1 2  -6 
-19 0 

- 9  0 

F 197 
-3E -1549 
- 2 i  -945 

2 6  7190 
365 7 8 8 0  

- Z s j E  -15015  
- 1 4 5  -5175 

- 3 5  - 1 5 4 2  
4 7 92 

5 5  22C4 
9 6  5399 

3 3 5  16042 
-1; - 2 9 8  

29  1434 
1; 549  

c 4 8 8  
- 3  1078 
2 6  1716 
7 8  -4149 

2 5 6  T 8 e 4  
5 7  -7206 

- 2 c  - 1 3 5 4  
-37 -1033 

5 -376  
a c  -70 

-105 -3356 
- 6 5  -1549 
- 2 3  -500 

-492 

-6 < - -10201  

0 -  

- L :  

- 3 1 4  -116 2 3 5  - 1 5 3  
-2502 29 - 1 5 4 8  -2583 

-2214 -37  1 1 9 0  -2215 
3154 -5053  11077 - 4 3  

- 1 4 4 2 6  1219 -13466 -15975 
-3859 669 - 3 5 7 9  - 5 4 5 5  

- 5 9 7  79 - 9 8 6  -1554 
9 1 1  -1 9 1 1  9 2  

2250 -158 2 4 2 7  2 0 2 7  
4290 797  5 8 7 1  4119 

14698  1014 l 6 5 E 3  1 4 1 5 6  
2367  154  2719 -310 
1 3 9 0  137  1 5 3 1  1293 

373 39 779  543  

-1 188 118  - 8 9 7  - 1 2 3 6  

577 3 c7 
234 73Q 
254 346 

2905 -4456 
5523 -4624 

150 -22j6 
196 -265 

-1 164 3 4 1  
-2144 -370  
- 1 5 5 7  -2158 
- 7 8 3 9  -4644 
- 1 6 0 6  7 57 

- 8 1 4  7€6 
-667 3c7 
-410  258  

8 4 3  
1 4 9 9  
179Y 
5 0 9 3  

13475 
1808 
241 

- 7 5 1  
-244  
1 5 0 7  

- 4 2 4 8  
- 6 3 2 4  

-314 
- 3 6 6  
-150 

222 
- 1 8 7  

177 
-6336 

1 9 3 1  - 2 8 6 5  
- 1 3 7 9  - 1446  
-2216 
- 3 1 3  

-73792 
-3638 
-2049 

- 9 0 1  
-752  
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Table A . 3 .  Torsional moment loading, MyN, on nozzle 

TORSIONAL WOMENT L O A D I N G ,  f l Y N q  ON N O Z Z L E  (16000 IN-LB) 

I- a-e-A 
x-O-c-B 
I- 0-c -@ 
I- O-C-D 
I -O-C-E 
x- 0-e-P 
I- O-c -G 
I- O-C-B 
I - O - C - J  
I- 0-c-K 
I-0-c-L 

O-O-C-A 
0- (3-C-B 
Q- 0-c -c 
0- O-C-D 
O-Q-C-E 
8-O-C-F 
0- 0-c -G 
0-0-c-B 
0- 0-c-J 
8-Q-C-K 
Q- 0-c -I, 

8 
3 
0 
0 

-3 
0 

-3  
-3  
- 3  
-6 
-8  

-9 
-6 
-6 

- 1 4  
- 1 4  
-17  
- 1 4  
- 1 4  

- 3  
-2 
- 8  

3 
0 

-3 
-3 
-5 
-8 
-8 

-11  
- 1 1  
- 1 1  - la  

9 
3 
3 
-9 

- 1 1  
-6 
-9 
-9  
-3 
- 3  
-8 

-8 
- 3  
- 3  

0 
6 
8 

1 4  
14  
17 
20 
20  

-26 
- 1 7  
- 2 3  
-23  
-9 

- 1 7  

-17 
- 5  
- 3  
0 

-17 

TBBNS ----- 
- 1  33 

-65  
-124 

- 6 2  
3 
0 

127 
64 

126 
190 
132 

-367 
-3 08 
-4 34 
-675 
-4 25 
-484 
-s 50 
-5 so 
-170 
- 1  13 
-169 

LONG ---- 
213 
65 

- 3 7  
- 1 9  
-83 

0 
-46 
-64 
-46 

-110  
- 2 1 1  

-367 
-265 - 302 
- 6 3 1  
-557 
-659 - 594 
- 5 9 5  - 127 
-106 
-298 

SHEAR 
--a_- 

150 
37 
0 - 37 

- 1 5 0  
-2 25 
-3 00 
- 3  34 
-372 
-4 09 
-4 46 

4 57 
265 
3 43 
190 - 38 
152 
1 1 4  
114 
38 
0 

- 1  14 

SfGtlI 
-e--- 

2 6 9  
7 5  

-37  
3 

116 
225 
352 
34 1 
4 2  1 
475  
438 

9 0  
-20 
-19 

-462 
-414 
-396 
-456 
-456 - 105 - 107 - 103 

SIGWW -..--- 
- 1 8 9  

-75  
- 1 2 4  

-83 
- 1  96 
- 2 2 5  
-272 
-34  1 
-342 
-396 
-518  

-824 
-553 
-7  17 
-844 
-567  
-747 
-688 
-689 
-191  
-1  13 
-364 
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Tab1 e A. 3 ( c o n t i n u e d )  
___ --____- - _______---- 

TOWSXENBL HOHENT L O A D I N G ,  HYN, OW NOZZLE (16000 TH-LB)  

T- 0-N-'R 0 
I- 0-w -c 6 
I- 0 - N - D  3 
I- 0-N-a 3 
I- 0-?T -F 6 
I- 0-N-G 3 
I-0-W-H 6 
1- 0-N-J 9 
I-0-N-K 1 2  
I-O-N-L** 1 5  

3 8 57 17 39 
3 - 3  - I 1  166 77 
6 -3 54 100 115 
5 - 6  -10 79 9 54 
6 -3 54 188 117 
6 -6 -7 8 2  154 
6 -6 -9 158 1 5 5  
6 - 9  -77 236 195 
3 -12 -209 285 1 9 3  
6 -1438 -2267 - 2 4 2  1518 

8 1  -7  
195 -40 
1 9 4  -48 
195 -125 
255 -13 
198 -123 
258 - 99 
3 3 0  -170  
352  - 2 7 5  
5'70 - 3 0 7 9  

0 - 0 - N - A  
0- 0-N-B 
0-0-M-C 
0 - 0 - N - D  
0- 0-w-E 
0-0-N-P 
0 - 0 - N - G  
0 - 0 - N - M  
0- 0-w-J 
0 - 0 - N - K  

-6  17 - 2 3  -137 -22'7 531; 3 5 1  - 7 1 4  
- 3  17 - 2 6  -2Ou - 1 6 2  5 6 8  386  - 7 5 2  
- 1  2 3  - 2 4  - 23 -27 6 25 6 0 0  -650 

2 23 -27 -95 42 6 6 3  640  - 6 9 3  
2 26 - 2 7  - 2 6  6 6  7 03 '12& - 6 8 &  
5 29 -24 99  185 7 02 B Y 6  -562 
5 31 -2 4 157 198 741 919 -563 
5 31 -25 142 186 7 145 909  - 5 8 1  
8 32 - I f??  2 a5 331  66Q 8'12 - 3 5 6  

1 1  32 - 3 8  293 414 663 1020 - 3 1 3  
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T a b l e  A.  3 ( c o n t i n u e d )  

GAGE1 
----I 

-4  0 
- 103 

-8 
-7 
-9 9 
- 3 4  

2 3  
U G  

-6 

Q6 
3 
37 
37 
35 
I t  

-17 
- 3  
-u 
-52 
-32 
5 

622  - 5 2 a  
530 -502 
505 -4rr2 
288 - 2 6 5  

71 -29  
8 4 6  

3 - 3  

4 3 3  - 4 8 6  
373  - 3 3 5  

-6 -9 
0 - 6  

"HANS 
-e--- 

20 13 
2243  
695 

3133 

2 

s 26 
7 
784 

1 5 3 8  
13 53  
'1479 
1261 
1026 

364 
-265 
-293 
-191  

1 2 3 1 7  -113225 

36) -2492 

*IO1163 
-83711 
- 6 4 7 8  
- 4 2 3 6  - 2998 

7 & 3  

- 2236 
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Table A. 3 (conti-nued) 

I270N-A -152  
I 2 7 0 N - B  -1184 
P 2 9 0 N - C  - 1 2 3  

1270N-E**- 102 
1 2  TON-F 9 
I240N-G 6 
I270N-H 5 6  
P270N-J** 156 
T27ON-K 87  
1270N-L 77 
12TBON-N 7 1  

02 TON-A 
0 2  70N-B 
a2 ~ O N - C  
027ON-1) 
0 2  "IN-E 
0 2  9BN-P 
0 2  70N-G 
0 2  70N-M 
0270N-J 
02 7 0 N - R  
02  70H-L 
02 T O N - N  

31 
16 

-50 
-7 

- 5 3  
-93 
-3  2 

5 
48 
45 
2 2  
- Y  

488 
506 
552 
473 
447  
389 
100 
-97 - 38 
- 32 
- 2 1  

i a  

5 14 
583 
644  
690 
715 
538 
307 

92 
- 4 1  
-44 - 24 

17 

- 4 9 4  
- 4 2  1 
- 3 8 6  

-85 
- 263 

88 
315  
339 
25 3 
127 
1U7 
109 

-50 1 
- 6 1  4 
-9u9 
-79s 
-8U9 

-539 
- 2 9 4  

-7 8 
-18  

- 3  
-2 1 

-806  

34  
206 2 
3791 
86 80 
161 s4 

104 73 
9 1 2 1  
5247 
4554 
1965 
26 '39 
27 06 

2 50 
-6 86 

-2252 
-2296 
-28 14 
-5796 
-5052 
-4453 
-2673 
-1412 

-6 20 
- 89 

-4553 
-4908 
-2548  
4 2 5 7  
-1826 
3QO9 
2 9 1 3  
3253  
60 50 
3506 
3108 
2933 

1002 
280 

-2166 
-886  

- 2 4 2 6  
-4521  
-2487  
-1 177 

649 
939 
482 

- 1 3 5  

13085 
12345 
12500 
74 3% 
9Y63 
4003 

- 25695 
-5809 

-23 19 
-2237  
-1217 

13535 
15948 
18555 
19779 
20887 
17900 
11267 

5 1  38 

-3  45 
-269 

4 98 

-3886, 

498 

11025  - 9 5 5 4 4  
114016 -14251  
13517  -32274 
12657 - 5 2 3 3  
11088 -8760  
12283 1603 
10241 1793 
10144 - 1 6 4 4  
9259 1345 

5 1 5 0  6 5 7  
4041 1597 

4990 4 8 0  

l(s166 -12915  
157'54 -16156  
16346 - 2 0 7 6 4  
18201  -21383 

12753  -23030 
7570 -15108  
2 5 7 8  -8207 

7 2 2  - 2 9 4 6  
989 - 1 4 6 2  
54u -682 
387 - 6 1 1  

18268 - 2 ~ 0 8  
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Table A .  3 (cont inued)  

T O R S I O N A L  HOBENT L O A D I N G ,  MYN, O N  NOZZLE (16000 IN-LB) 

MICR 0-STR A I  N STRESSES PRIN S T R E S S E S  
--.--_------I -------- ------------- 

ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG SHEAR S I G R X  S I G B N  
.e------ ----- ----- ----- ----- ---- ----- ..--e- --e-- 

I- 8-c -* 
I-22C-b 
I-45C-R 
I-67C-A 
1- 90C-A 
I1 12C-A 
1 1  35C-A 
L157C-A 
x 2  02C-A 
I 2  2563-8 
X247C-A 
1292C-A 
I3 15C-A 
13 37C-A 
I1 8OC-L 

0- 22C-A 
0-a5C-A 
0-67C-A 
0-90C-A 
01 12c-8 
01 3SC-A 
01 57C-A 
01 80C-A 
0 2 0 2 C - A  
0 2  25C-A 
0 2  47c- A 
0292C-A 
0 3  t5C-A 
03 37C-A 
01 8OC-L 

6 
-32 
-86 

-476 
I 4  

48 6 
83  
31 

-4 1 
-90 

-653 
396 
72 
43 
-9 

40 
12 2 
53 5 
-4 2 

- 5 4 7  
-120 

-5 1 
10 
ti? 

133 
706 

-436 
-97  
-49 
- 1 5  

6 
-41 

- 172 - 599 
601 
66 1 
2 20 

63 
-61  

- 199 
-777  

57 2 
144 

26 
-6 

5 
-90 - 17 
424 
-59 
145 

4 4  
13 

-20 
- 9 4  

5 4  
11 
82 
3 1  - 20 

-3  56 1 8 5  
-32 -1558 -1425 

-152  -7027 -4697 
-679 -27564 - 2 2 5 4 8  

6 2 4  27703 22904 
2 0 0  9142 5221 

6 8  28Q2 1780 
-72  -2882 - 2 0 8 3  

-237  -9493 -5539 
-728  -32373 -29309 

517 23499 18923  
175 6967 4254 
52 1664 1796 
20 325 -186 

-745 -31135 -535 

-35 -695 978 
-81 -3890 2502 

1 9  -544 15892 
- 4 4 7  -460 -1409 

-20  -1132 -16755 
108 5695 -1903  
30 1691 -1013 
16 6112 5 9 8  

-34 -1255 1446 
-146 -5421  2373 

3 4  1144 21515 
9 6  2843 -12222 
9 1  3908 -1747 

- 1 s  413 - 1 3 4 2  
1 1  -185 -494 

112 2 5 3  - 9  
- 1 2 1  -1353 -1629 
-266 -4667 -7057  
1069 -22330  -27783 

17934 16123  -19842 
1992 27753 2 2 8 5 4  
270 9160  5 2 0 3  

1 5 3  -2054 -2910 
580 -5477 -9555 

-655  -29175  -32587 
’732 23613 18809 

-423 7031  4189 
- 3 4 6  2083 1377 
-3 46 5 0 0  -360 

-76 2847 1775  

5 37 
- a  12 
-4 03 

11599 
-522  
4 82 
185  
- 39 
186 
6 85 
2 66 

- 1 1 3 8  
- 1  12 

6 07 
-4 18 

1135  - 8 5 2  
2504 -3892 

15906 -558 
10675 -12543 
-1114 -16772 

5725 -1934 
1704 - 1 0 2 6  

664 575 
1 4 5 8  -1267 
2433 -5480 

21519 1141 
2928 -12307 
3910 -1749 

6 0 2  -1531 
106 -705 
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T a b l e  A. 3 ( c o n t i n u e d )  
.....____ .. .. . . . ... .. .. ........ .... 

I-0-N-s 3 6 - 6  e- 34 
T - 2 2 N - A  1”IT 55 56 2460 
I - 4 5 W - A  - 1 4 2  -15.3 -53 - 4 3 8 2  
I-63W-A - & 3 8  - 6 8 1  -522 -25968 
1 - 9 Q N - A  - 3 8  5f3Q - 7 M 3  - 34 5 8  
E112N-A 4 9 0  560  6 9 3  2’7009 
I 1 3 S N - h  153 189 2 3 9  7480 
1 1  57N-X 44 29 77  2285 
T l 8 Q N - 8  - 2 9  - 3  1 2  31 
P202W-w -56 -80 -&14 - 2 6 6 1  
T225X’-h - 1 6 3  - 2 3 6  - 8 2  -5902 
I 2 4 7 N - A  - 5 3 6  - 8 B i n  -60’7 -31306 
1292N-W 350 a 4 3  609 22736 
13lSM-A 137 41 131 3628 
13 37N-A u 4  6 Y - l  1105 

0-22N-W 5 40 -35 9Q 
0- u5a- A 16 30 - 1 0 7  -620  
0 - 6 ? X - A  2a2 529 1 1  11414 
0-90W-A -50 469 - 5 0 5  -7i30 
01 1 2 N - R  - 1 9 1  -28  -620  - 3 Q O i e O  
01 35N-n -9 159 - 1 1 7  9Y7 
0157N-8 - 1 4  6 3  -13  1636 
81 BON-A, 17 26 3 6 06 
0202N-A 3 4  28 -48  -Q75 
0 2  2SN- A 0 100 - 1 5 9  -131% 
024- jW-A 2 2 2  685 7Q 15443 
0292N-A - 2 6 2  97 - 3 9 8  -G1%03 
03 15N-A -6 104 -70 7 47 
0337N-8 - 1 4  3 9  - 3 9  15 
0-0-W-L 1 1  28 -17 2 35 

254 154 325 
6040 118 SQQ4 

-5562 -1336 - 3 5 1 1  
-20798 -2122 - 2 0 8 3 9  

-2388 l76SY 1‘4872 
22791 - 1 7 6 8  2766T2 

68Y5 - 1 7 2 9  8920  
2013 - 6 2 9  2 7 9 %  
-68’5 -275 I 7 9  

- 2 4 7 9  -a72  -2090  
-6937 - 2 8 5 8  - 4 8 1 0  

-25Q179 -2897 - 2 4 8 0 3  
9‘7313 - 2 2 1 3  2 3 5 2 5  
5198  - 1 2 0 4  5 8 5 0  
164.3 -541% 19863 

-84 
21156 

- 6 4 3 2  
- 2 6 7 2 8  
-285 18 

221sr8 
5Q85 
3505 
-769  

-3050 

-3  1982  
16524  

2976  
767  

- 9 9 2 8  

188 9 99 
308 2U96 

10671 6 8 0 0  
-1720 12985 
- 9 9 2 4  7882  

28 3676 
- 1 2 2  1061 

6 94  3 03 
3 8 1  1023 

-394 3448  
11588 8 1 4 7  
-7979 6593 

56 2321 
-Q17 1048 
408 5 99 

1 1 3 4  -865 
2 3 8 2  - 2 6 9 5  

17854 U 2 3 U  
1176Y -1rd224 
- 3 8 3 9  -20130  

4 1 9 2  - 3 2 1 7  
1SSI -757 
956 344 

1 4 3 1  -1024 
2626 - 4 3 3 2  

22517 5515  
-559 - 1 3 8 3 1  
2 7 4 8  - 1 9 4 5  

8711 - 1 2 7 1  
926 -284 



IEI-PLANE NOXENT L O A D I N G ,  FIZN, ON N O Z Z L E  (15000 KW-LB) 

x- o-C-D 
J6-0-C-E 
I- 0-C-F 
I- 0-c -G 
I-0-c-B 
'1c-0-I=-J 

0- 0 - C - 8  
0- O-e-B 
5- 0-c -c 
0- 0-c-D 
0-0-c-F: 
0-0-C-F 
0- 0-C -G 
a-0-c-s 
0-0-C-9 
8- 0-c-K 
0- 0-C-L 

- 233 - 343 
-9 6 
- 3 1  
0 

39 
3 4  
25 
17 
7 
4 

220 
926 
6 3  
26 

6 

0 
t 4  
15 
1 5  
9 

-25 1 1  
0 6 

17 14 
23 2 0  
23 23 
14 6 
-5 - 5  
-6 -11 
-6 -8 
- 3  -6  

0 -6 

109 126 
114 106 
94 0 3  
77 8 0  
57 5 7  
26 26 
12 9 
6 9 
9 6 
6 3 
3 3 

TRANS 
--e ..m- 

- 48 
286 
8 29 
966 
992 
3 95 

-2 
-4 
-3 28 
-207 
-145 

49 10 
la7 07 
38 29 
3u 29 
25 10 
1147 
4 45 
303 
3 19 
184 
127 

-7014 -487 
-4214  - 75 
-2026 0 
-635 37 

30 1 Q 
1303  113 

9 3 3  
628 7 

37 
434 47 
369  76 

8076  - 9 2 9  
S O 1 5  11s 
30  38 1 5 2  
18Q4 - 38 
928 a 
137 38 
524 - 38 
537 37 
4 99 37 
306 8 

4 

SIGlYIN ----- 
- 7048 

-636  
301  
389 

-278 

- 3 3 0  
-209 
-156  

4893 
4668 
3010 
1803 
928 

4. 
132 
2 9 6  

2 
9 
7 

-408 
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T a b l e  A.4 ( con t inued)  
... 

I N - P L A N E  PI0 EWT L O A D I N G ,  NZN, ON NOZZLE (15000  IN-LB) 

I-0-N-B 
T-0-N-C 
I - 0 - N - D  
I -0 -8 -E  
I -  0-N-F 
I- 0-N-G 
3-0-N-H 
I -0 -w-J  
I- 0 - N - K  
I- 0-N-L 

0- 0-N - A 
0- 0-N-B 
0- 0-N-Cm 
0- 0-N -D 
O-0-N-E 
0-0-N-P 
0 - 0 - N - G  
0 - 0 - N - H  
0- 0-N-J 
0 - 0 - N - K  

- 1 3 4  
-72 
-29 

0 
44 
44 
3 2  
2 9  
32 
3 8  

200  
118 
6 8  
3 6  
12  
- 5  
10 
212 
24 
27 

0 
9 

21 
18 
6 - 12 

-1U 
- 15 
- 1 2  

6 

123 
183 

BY 
74 
59 
30 
15 
16 
12 
9 

0 1 5 3  
18  6 5 9  
20 932  
1 8  7 73 

3 1 u7 
-14  -699  
-20 -798 
- 1 5  -680  

- 6  -425 
-5.3 -1075 

132 5376 
109 4530 
8 8  3941 
7 7  3274 
5 9  2585 
3 3  1381 
15 6 64 
1 3  606 
1 5  5 82 

9 371  

-3960 - 1  
-1976 -116  

-588 1 
2 3 9  1 

1354 38 
1 1 2 5  39 
722 77 
6 6 6  0 
832  - 83 
820 7 9 9  

7 6 9 5  -113 
4885 - 35 
3224 38 
2055  - 39 
1 1 4 8  0 
2 59 - 38 
488 1 
835 34 
895 - rro 
930 0 

SPGHH ----- 
153 
6 6 Q  
9 3 2  
7 7 3  

1355 
1126 

726  
666  

1099 

762 I 
4900 
3 9 4 9  
3 2 7 5  
2585  
1 3 8 2  

664  
8 4 8  
900 
930  

838 

S I G H M  
---o- 

- 3 9 6 0  
- 1 9 8 1  
-588 

2 3 7  
146 

-620  
-802 

- 4 3 0  
- 1 3 5 4  

5 3 7 1  
4515  
32  16 
2 0 5 4  
1140 

2 5 8  
4 8 8  
6 0 1  
577 
33 1 

- 6 8 0  
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Tab le  A.  4 ( con t inued)  

I N - P L A N E  MOMENT L O A D I N G ,  FIZN, ON NOZZLE (OS000 IN-LB) 

I 2  70C-A 
12 7OC-3 
1270C-C 
I2 70C-D 
1270C-E 

I2 70C-H 
I2 7OC-J 
I270C-K 
I270C-L 
I27OC-8  

O270C-A 
0 2  70C-B 
0 2  7OC-C 
0 2  7 0 C - D  
02 70C -E 
027oc-P  
02 70C-G 
0 2  70C-H 
02 7 O C - J  
02 7oc-I( 
027oc-L 
0 2  7oc-PI 

12 ~ O C - F  

-6 
-14 
- 2 5  
-28 
-4 6 
-60 
-60 
-23 

12 
54 
60 

5 7  
3 8  
rr3 
49 
46 
72 

uo 
0 

-3 1 
-7 1 
-7 7 

sa 

-25 -257  
50 -282 

106 - 2 7 9  
134 -282 
166 -280 
174 -225  
103 -83 
09 1 4  
31 4 6  
40 52 
46 Qc4 

6 1 3  -498 
576 - 4 7 2  
516 -435 
476 -361 
411 -333 
237 -168  
129 - 4 5  
60 2 6  
17 6 6  
9 5 2  
3 18 
9 6 

ST RES SES PRIN STRESSES 

-6191 
-5082 - 37 77 
-3224 
-2454 
-1060 

5 08 
14 14 
1685 
1953 
20Q9 

246 1 
22 3 4  
17 22 
24 75 
1663 
14 44 
1772 
1852 
18 37 
1362 
535 
411 

-2032 
-1951 
- 1  8 9 3  
-1 809 
-2 102 
-2112 
-1643 

-257 
851  

2217 
240r) 

3085  
4422  
5 1  28 
55 35 
s9 34 
53 26 
2473 
4 58 
-190 
- 1 5 2  - 38 

2Q60 14793  
1800  13962 
1814 12670 
2216 11147  
1889  9 9 0 1  
2588 5400 
2258 2319 
t 766 4 58 

564 -648  
-52U -572 

-1966 - 1 9 0  
-2 172 38 

-39  t 
1174 
2379 
3064 
3659 
3 7 6 6  
2 1 2 9  
1531 
1726 
2 2 8 7  
2408 

-7831 
-8207 - 8049 
-8097 
- 8 2 1 5  
-6938 
-326a 

-374  
8 10 

188b 
2005 

1725U -12333  
15981 -11947 
14438 -10902 
13a93 -8803 
11677 -8125 
7446 -3414 
4347 -317 
2269 1349 
2m08 293  
1522  -684 
549 -11980 
4.12 -2172  
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Table A .  4 (cont inued)  

I N - P L A N E  FfOE4EY9T L O A D I N G ,  HEN, ON N O Z Z L E  (15000  I N - L B )  

ROSETTE GAGE1 G A G E 2  G A G E 3  TRANS LONG S H E A R  S I G M X  S I G H N  

12788-A 
I270N-F4 
1 2  sola -c 
127QW-D 
12 TON-E 
I2 76N-F 
IC2SON-.S 
E270N-M 
1 2  7QN -J 
I2 70 l.4 -,K 
x2 70N-L 
I270N-N 

-50 -82 -263  -7664 
-50  -178 -243 -928Q 
-38 - 2 6 1  - 2 3 1  -10763 
- 3 8  - 3 3 1  -214  -11917  
- 3  1 -&I2 - 1 7 3  -12815 
- 6 5  - 6 9 3  -38  -15990 
- 6 5  - 6 4 0  2 1  - 1 3 5 2 7  
-17 - 5 0 1  -50 -12087 

- 5 3  -118 -76 -4210 
-Q7 -S6 -35  -1951  

-32  - 1 8 0  -79 - S ~ W  

-35 - 1 8  - 2 3  -862 

6 9  717 - 6 2 4  
98 734 - 6 2 1  
75 728 - 6 6 1  

153 717  - 5 8 1  
150 694 - 5 1 s  
124 Y78 - 1 5 2  
6 9  285 138  

6 135 265  
- 4 3  -17 2 7 4  
-66 - 3 Q  2 0 5  
- 4 8  - 2 3  116 
- 4 0  - 1 1  2 9  

19 60 
23 82 
138U 
28 15 
3703 
78 l a  
90 40 
87 89 
57 04 
3 8 4 0  ’ 
19 75 
449 

-3798 2494 

-4395 - 3 9 1  
- 4 7 2 2  - 1 5 5 8  
-5080 -3195  
-67333 -9720  
- 5 9 9 3  -8800 
-4149 - 6 0 1 1  
-2565 -1336  
-2ibrQ9 -550 
-1994  - 2 7 5  
-1314  79 

- 4 2 5 8  a 58 

2669 17862 
3 4 0 3  18051: 
2669  1 8 5 1 4  
5Q29 17289  
5 6 1 1  1 6 1 4 0  
5 S 2 Q  8 3 9 5  
n792 2072  
2 8 1 5  -1726  

Q30 - 3 8 7 9  
- 8 2 0  - 3 1 9 0  
- 8 5 3  - 1 7 6 7  

-1057 -536 

-9575 - 8 8 8 6  
-0114  - 9 3 4 8  
- 4 3 5 1  -10783 
- 4 3 9 9  - 1 2 2 3 9  
- 3 9 3 1  - 1 3 9 6 4  
- 1 4 9 1  - 2 1 2 3 5  

- 1 9 1  - 1 9 3 3 4  
- 9 1 4  - 1 5 3 2 2  

- 2 1 5 6  - 6 1 6 9  
-2655 - 4 4 0 a  
-1696 - 2 2 4 9  

- 8 4 8  - 1 3 2 8  

20180  - 1 5 5 5 1  
20954 - 1 5 1 6 9  
20552 -16493  
211460 - 1 3 2 1 6  
20826 - 1 1 5 9 1  
14835 - 1 9 9 7  
9883 3949 
9 2 5 2  2 3 5 2  
7758 - 1 6 2 3  
5460 - 2 4 4 0  
2 8 2 3  - 1 7 0 5  

6 2 1  -3228  
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Table A "  4 (cont inued)  

I_ -- 

I N - P L A N E  HOMENT L O A D I N G ,  MZN, ON NOZZLE 

I-O-C-*. 
s- 22C-A 
I- 45C-A 
I - 6 7 C - A  
I- 9OC-A 
X I  1 2 C - b  
I1 35C-A 
11 57c-w 
12 02C-h 
I2 2 5 C - R  
I 2 4 7 C - A  
I2 92C-A 
I3 15C-A 
13 37C-A 

' I18OC-L 

0-22c-PI. 
0- Q5C- A 
0 -67C-A 
0- 9oc- R 
01 12c-8 
01 3SC-A 
011 57C-A 
0 1 8 Q C - A  
0 2 0 2 c - b  
02 25C-A 
0 2 4 7 C - A  
02 926-A 
0 3  1SC-A 
0 3  37C-R 
01 8QC-L. 

G A G E 1  
--PI- 

- 197 
- 2 2 3  - 198 

6 9  
29 

252  
2 9 5  
258 
27 2 
36 1 
28 3 
29 

-2QO - 2.3 1 
-uei 

2 1 7  
232  

a 5  
Q5 

-406  
- 3 1 8  
- 2 9 3  
-254 
-26U 

- 50 
- 3 8 9  

8 0  
2er 9 
226 

GA ce2 
e---- 

20 
-31  
- 1  1 
32 1 

- 292 
- 252 

65 
138 
1 22 
168 
-72  
390 

4 1  
-23 

9 

20 
173 
1 5u - 566 

-373  
- 30 

- 5  
-64 
-94 - 365 - 390 
3 19 
208 

14 
-rr2 - 1 %  

G A G E 3  
...---- 

-25 
- 2 6  

6 3  
450 
-2 9 

- 3  
152 
1 3 5  
316 

8 1  
-237 

295 
-20 
-32 

0 

1s 2 
190 
369 
62 

-379  
- 1 3 6  
-7 5 
-44 
-4 7 

- ? 3 6  
-392 

186 

129  
l a 3  

TRANS 
-e--- 

96 - 1009 
63 53 

16866 
-7078 
- 5 8 7 s  
44 66 
57 83 
49 16 
5069 

-7103 
15030 

7 11 
-95Q 

2 4 3  

5309 
77 316 

1 1Q3f.i 

9 16050 
-9969 
-24 18 
-289Q 
-28 10 
-6881 

-16631 
11007 
83 25 
so 94 

-5 875 5 99 
-7004 - 75 
-5522 -993 

7 1 2 7  -1718  
262 - 3 5 1 2  

5805 -3326) 
10197 -1llr6 
9 4 5 1  38 
9 6 3 1  78 

1 2 3 6 4  1156 
6 3 7 3  2195 
5 3 8 0  1271  

- 6 9 8 1  09 
-7219 1 9 5  
- 1 2 9 1  115 

8 1 1 5  - 1 5 7  

-8236 -258 
-8774 -632 

-13535  - 3 8 4  
-20Q05 36 

5696 1783 
995Q 3 38 
8 2 9 8  -189  

IN-LB) 

056 - 1008 
1493  

17160 
390 

5 6 8 3  
1Orrl7 
9 4 5 2  
9 5 3 2  

125e43 
5 7 2 1  

15 I95  
745 

252 

-593er 
-7005 
- 5 6 6 3  

6 8 3 3  

-6753 
4245 
5 7 0 3  
4 9 1 5  
4898 

-7451 
5 2 1 6  - 7 0 6 5  

-7223  - 43OQ 

9 3 1 5  7703 
12Q99 3725 
17450 -1er382 

- 2 0 8 4  - 8 2 4 2  
-27104 -8840 
- 6 1 6 1  -13555 

0021 8258 
13309 SO83 

- 5  -311  -1359  -76  - 3 0 6  - 1 3 6 4  
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Tab le  A - 4  (continued) 

IN-PLANE HOMENT L O A D I N G ,  HZN, ON NOZZLE (15000 IN-LB) 

I-0-N-* 
9:-22N-A 
I- 45W-A 
I-67N-A 
I-90N-A 
I1 12M-A 
I1 3SN-A 
IO 57N-A 
I 1  80N-A 
I202N-A 
E225N-A 
1247N-A 
I2 92N-A 
I3 15N-A 
1 3 3 7 N - A  

0-22N-A 
0- 4SM-A 
0-6VN-A 
0- 90N-h 
01 12N-A 
01 35N-A 
0 1 5 7 N - A  

02 02N-A 
0225N-A 
0 2  478-A 
0292M-A 
03 15N-A 
0 3  37N-A 
0- Q-W-L 

o 1 aoN-8 

- 2 2 3  12 6 
-24 9 -79 
-99 118 -179 
139 526 4 8  

U 8  -280 -85 
74 290 -271 

254 298 30  
2 2 8  189 71  
2 8 4  118 1 4 2  
24 0 80 195 
202 41 339 

8 2  -286  239 
1 4 9  -6 499 
-84 -169  120  

-175  -111 38 

630 - 15 17 
-1178 
12451 
-8086 

3 2 1  
69 35 
54 70 
54 11 
57 93 
8 1 20 

-1105 
10674 
-988 - 140 1 

188 158 9 3  5525 
223 217 156 7959 
347 -34 151 2192 

27 -625 684 1268 
-466 - 2 8 1  -415 -14798 
- 2 6 2  -88 - 3 7 3  -9535 
-222 -8 -154 -3316 
- 2 7 3  -74 -65 -2757 
-239  -173  -22 -4029 
- 2 6 2  - 3 4 1  -85  -9ORS 
-Q86 - 4 4 1  - 2 8 2  -1’5339 
367 216 a 3  5292 
2 1 Q  152 217 7862 
19 1 96 166 5542 

3n3 0 0 - 34 

-6483 77 
-1246 1179 
-3316 3933 

7905  6365 
-991  -2598 
2227 7474 
9707 3580  
8468  1571 

10131 -313  
8924  -1529 
8 4 8 3  - 3 9 6 4  
2124 -6996 
7674 -6723 

-2828 -3848 
-5662 -1982 

630 
-195  
1828 

16937 
-141  
8808 

12160 
9141  

10151 
9547 

12269 
7689 

16062 
2 0 4 9  
- 6 2 2  

-6487 
-2568 
- 5 3 2 3  
3420 

- 6 2 6 0  
4482 
4798 
53 90 
5 9 7 0  
4 3 3 4  

- 5 6 7 1  
2285 

-5865 
-6441  

- 8 9 3 5  

7298 1000 7947 5075 
9 0 7 3  809 9 4 9 8  7534 

11057 -2459 11693 1556 
1184 -17445 18671 -16218 

-18433 1782 -14070 - 1 9 1 6 0  
-10798 3790 -6447 -14137 
-7648 193.3 -2579  -%385 
-9015 -114 - 2 4 5 5  -9017 
-8372 -2020 -3235  -9166 

-10572 -3Y11 -6337 -13320 
-19191 -2122 -14399 -20131 

12600 2312 13270 4 6 2 2  
8771 - 8 6 1  9290 7343 
7399 -938 7791  5151 
1005 0 1005 -3  
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T8,ble A.5. In-plane force loading, Fni, on nozzle 

I N - P L A N E  FORCE L O A D I N G ,  FXN, O N  ElOZZLE (1200  LB) 

I - 0 - C - B  329 0 -70 -1896 
I - 0 - C - B  191 -36 -112 -1929 
I- 0-c-c 82. -Y8 - 5 3  -23OQ 
I- 0-c-D 1 4  -SO - 5 3  -2291 
I-0-c-E - 2 5  -48 -48 -2065 
I -0 -C-F  -73 -28 -22 - 1 0 2 1  
I-0-c-G - 5 9  0 - S  -08 
I -0-C-€4  -39 3 9 296 
I-0-c-J -28  0 0 36  
I-0-C-K -28 0 - 3  -24 
I - 0 - C - L  - 1 6  - 5  - 3  -457 

9299 9 3 6  9377  
5 1 6 0  74 5 1 6 0  
1760  75 1761 
-260 37 -259  

-1371  0 -1371  
-2 492 -75 - 1 0 1 7  
- 1  777 75 -44 
-1077 - 7 5  300 

- 8 2 1  0 3 6  
- 8 3 6  37 - 2 3  
- 5 U l  - 3 8  - 1 5 3  

- 1970 - 193Q 
- 2 3 0 6  
- 2 2 9 1  
-2065  
- 2 a 9 6  
- 1780 
- 1 0 8 1  

- 8 2 1  
- 8 3 8  
- 5 4 5  

0- 0-c -A 
0-0-C-€3 
0- 0-c-c 
0- 0-C-I? 
0-0-c-E 
0-0-C-F 
0- 0 - c - G  
0- 0-C -H 
0 - 0 - C - J  
0-0-C-K 
0- 0-C-I, 

- 2 9 1  -185  -205 -8269 -11209 
- l a 8  -180 - 1 6 8  -7482 -6688 

- 6 8  -1UO - 1 3 1  -5872 -3806 
-17 -1QR - 1 1 7  -4926 -1982  

6 -80 -77 - 3 4 4 4  -850 
2 3  -25  - 2 8  - 1 2 0 4  3 3 2  
-5 -5 - 3  -167  - 2 1 1  

-25 -3  - 3  -85 - 7 8 2  
-2s -2 - 2  - 8 1  - 7 8 2  
-25  -3 0 -26 - 7 6 U  
-20  0 3 93 -561  

2 6 5  - 150 
- 1  I6 

115 
- 36 

38 
-38 

0 
0 

- 38 - 38 

-8246  - 1 1 2 3 3  
-6661  - 7 5 0 9  
- 3 8 0 0  - 5 8 7 8  
- 1 9 7 8  - 4 9 3 1  

-850 - 3 4 4 5  
3 3 3  - 9 2 0 5  

- 1 4 5  -233  

- 8 1  -782 
- 2 4  -766 
95 - 5 6 3  

- 8 5  - 7 8 2  
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T a b l e  A. 5 ( c o n t i n u e d )  

IN-PLANS FORCE L O R D I N G ,  F X N ,  ON NOZZLE (1200  LB) 

ICRO-STR B I N  ------------ 

I - O-N -B 
1- O-N-C 
I- 0- N-D 
I-O-N-E 
I-0-N-E’ 
I - 0 - N - G  
I -  O-N-H 
I-0-N-J 
I - O - N - K  
1- O-N-L 

(3- O-N - h 
0- O-N-B 
0-O-N-C 
0 - 0 - N - D  
0-O-N-E 
0-0-N-P 
O-0-N-G 
O - 0 - N - H  
O-O-N-J 
O-O-N-R 

0 -32 
79 -40 
18 -46 

-23 -40 
-75 -11  
-6 4 1s 
-43 26 
-35  26 
-29  24 
-2 9 9 

-259  -199 
-145  - 1 6 5  

-73 -140 
-29  -108 

- 3  - 8 2  
15 -38 

- 1 1  -20 
- 2 8  -20 
-32  -23 
-23 -23 

G A G E 3  ----- 
-3 4 
-5  2 
-5 2 
-4 3 
- 1 1  

20 
2 6  
24  
1 8  
9 9  

- 207 
- 17c 
-131 
-108 

-8 2 
- 3 8  
-17 
-1  9 
-23  
-20  

TRANS 
...-o-- 

-1454 
-21  16 
-21 75 
-1811 
-4 20 
844 
1203 
1137 
937 

24 13 

-8643 
-7202 
-5890 
-47 10 
-3585 
- 1672 

-a 99 
-828 
-97 1 

L O N G  ---- 
-436 
1726 
-122  

- 1 2 3 0  
-2 3 84 
-1655 

-938  
-703 
-589 
- 1 5 9  

- 10349 
-6499 
-3949  
-2278 
- 1  152 

-45 
-570  

-1096 
-1244 

SHEAR ---...- 

39 
155 

39 
-1 

- 76 
0 

39 
81 

-1206 

115 
77 

- 1  18 
1 
0 
1 

- 38 
- 4  
- 1  

78 

-929 -960  - 39 

S I G H X  S IGPIN 

- 4 3 5  - 1 4 5 5  
1732  - 2 1 2 2  
-119  -2178 

- 1 2 2 7  - 1 8 1 4  
-1620 - 2 3 8 4  

846  -1658  
1203 -938  
1137 -704  
9 4 2  -59u 

2 8 9 1  - 6 2 9  

- 8 6 3 5  -10357  
-6490 - 7 2 1 1  
-39Y1 - 5 8 9 7  
-2278  - 4 7 1 0  
- 1 1 5 2  - 3 5 8 5  

-45 - 1 6 7 2  
- 5 6 4  -806  
- 8 2 8  -1096  
-9’71 - 1 2 4 4  
-903 -986 

0 



111 

Tab le  A.  5 (con t inued)  

I N - P L A N E  FORCE L O A D I N G ,  FXN, O N  N O Z Z L E  (1200 LE) 

I2 70C - A 
12 7OC-8 
I 2 7 O C - C  
I270C-D 
I2 7OC-E 
1270C-F 
I27OC-8 
I27OC-J 
I 2 7 O C - K  
1 2 7 O C - L  
I270C-8 

027OC-8 
0270C-B 
Q 2  7OC-C 
02  70C-D 
02  70C-E  
027OC-F 
0 2  7OC-G 
O27OC-H 
027OC-J 
0 2 7 0 C - K  
0 2  7OC-L 
027OC-EI 

-1 4 
-19 
-22 

- 2 5  
-3u 
-23 
-17 
-17 
-17 
-5 

- 1 4 s  
-9 3 
-82 
-7 3 
-5 1 
-U 0 

0 
29 
37 
49 
57  
5 5  

-28 

15 1 
36 

-42 
-89 - 139 - I91 

-117 
-45 
-31 
-5 1 
-7 1 

-7u5 
-694 
-667 - 563 - 472 - 257 - 122 - 45 

-8 - 20 
-43 
-51 

329 10556 
340 8300 
3 2 1  6155 
315 4 9 9 9  
300 3551 
22 3 7 36 
69 -1031 
-37 -1780 
-77  -2353 
-82 -2914 
-7& -3178 

564 -3829 
544 -3196 
510 -227U 
456 -2277 
425 -999 
257 56 
132 2 00 
37 -200 

- 3 1  -906 
- a 5  - 1480 
-4s -1994 
-54 -2370 

2 7 5 7  
1913 
1185 
670 
306 

-794 
-986 - 1037 

-1 21 1 
-1378  
-1117 

-5094 
- 3 7 6 3  
-3 lU7 
-2888 
-1817 
-1 171 

70 
540 
851 

1016 
1125 
928 

-2377 
-4008 
-4827 
-5383 
-5852 
-5509 
-2469 
- 1  12 
6 08 
4 I 8  

38 

- 1 7 4 4 7  
- 1 6 4 9 7  
-150210 
-13582 
- 1  1947 

-6844 
- 3 3 8 4  
- 1 1 Q 1  

3 03 
341 

38 
38 

11224 2090 
10262 -49 
9100 -1759 
8636 -2967 
8001 -4144 
5533 -5S31 
1461 -3478 

-1020 -1796 
-949 -2616 

-1272 -3021 
-1116 -3179 

12806 -22129 
13020 -19978 
12316 -17736 
11003 -16168  
10551 -13357 
63111 -7429 
3520 -3250 
1337 -989 
902 -956 
1061 -1533 
1125 -1994 
920 -2370 



T270N-A 
I2 *ION-E! 
I 2 7 0 N - C  
T2 Y O N - D  
I2 70N-E 
I 2 7 0 N - F  
I2 ?ON -G 
I2 70W-H 

I27OW-8 
I270M-L 
I270N-N 

02 7 O N - A  
0270N-R 
0.2 70N-C 
027OW-0 
0 2  703-e 
0270N-P 
0 2  TON-G 
0270M-I% 
02  70w-J 
02708-K 
0 2  7 0 N - L  

12 70N-a 

8 5  219 
88  3118 
7 6  U62 
79 543 
8 2  537 
4 8  9 6 ?  
3 6  8 3 1  
- 5  616 
48 221 
6 2  148 
56 62 
53 18 

-186  -865 

- 2 2 9  -880  
-316 -877 
-315 -851  
-2U4 -607 
- 1 3 7  - 3 7 9  

- 5 4  -198 
12 9 
52  4 4  
3 a  38 

- 2 2 9  -882 

3 7 4  12944 6 4 3 2  - 2 0 6 3  
368 15636 9326  -273 
377 18347 7 7 8 8  1130 
365 19883 $ 3 3 7  2373 
327 21101 8 7 9 1  4125 
210 25664 9129 10009 
112 20694 7 2 8 7  9577 
1 4 8  16994 4880  6238  
148 8057 3 8 4 6  9 8 1  
115 5733 3 5 8 4  4 32 
77 2997 2592 -197 
5 6  1577 2877 -510 

706 -3298 

726  -3127 

556 -6135 
136 -10082 

- 1 8 1  -12144 
- 3 3 3  -11613 
- 3 5 7  -7666 
-279 -5230 
- 1 6 1  -2749 

69u  4 8 - 7 9  

6 3 1  -5058 

-6571h -20933 
-8035  -21007 
-7814 - 2 1 3 9 2  - 10983 - 2 0 0 8 5  

-11299 -18739 
-10338  - 9 8 8 3  

-7762 -2641  
-5109 1799 
-1941 4880 

2 4382 
317  2 6 5 3  

13543 
15645 
18467 
2 0 3 5 1  
22355  
30379 
25680 
19&63  
8 2 ? 5  
5 7 9 8  
3077 
2 3 3 5  

5834  
7319 
7669 
7868 
7S37 
4 4 1 5  
2301  
2211  
3629 
3580 
2513  
1260 

16061 -25933  
15152 -27067  
16049 -2699Q 
12281 -28323  
10199 -27533 
- 3 2 0  -20099 

-6521  -13384 
-Y645 -121077 

854 - 1 0 4 6 2  
2 4 2 1  -7649 
1047  - 4 2 9 9  

0270N-N 9 1  39 -66 -658 1030 1384 1807 -1cS35 



113 

'].'able A .  5 ( c o n t i n u e d )  

- ~. 

I N - P L A N E  FORCE L O A D I N G ,  PXN, OW N O Z Z L E  (1200  LB) 

I - 4 5 C - A  
f- 67C-A 
IC-9OC-A 
11 12C-A 
x 1 35c - A  
11 5'lC-A 
1 2 0 2 C - A  
1225C-8 
T2 47c-A 
I232C-A 

13 3x3-8 
I1 8QC-L 

8-22C-A 
0-45c-A 
0 - 6 4 C - A  
0-9OC-A 
01 126-A 
01 35c-A 
01 57C-A 
01 8OC-A 
02 02t-A 
0 2  25c - 
8 2 4 7 C - A  
02 92c-w 
03 15C-b 

8 1 86C-E 
0 3 3 7 ~ - m  

3 Q 1  -76 - 3  -2051 8 4 0 8  
31 2 9 9 L17 9381 
27 8 1Q -99 -1996 7737 
- 5 1  -317 -506 -18045 -6950 
- a 3  358 1 2 1  10565 1888 

-340 358 6 0  9569 -7337 
-452 -60 - 1 4 3  -3957 - 1 4 7 4 4  
- 4 6 6  -129 -94 -4382 -15299 
-459 -83  -107 -3673 -14866 
- 5 1 9  -373  - 8 4  -5070 -17105  
-384 122 329 10333 -8410 

-17 - U 4 7  -314 -16739 -5528 
327 -63 26 -1176 9YY.J 
327 3 0 -287 9710 

13 - 1 4  - 1 4  -641 197 

- 2 8 2  
- 3 1  2 
- 906 
- 1 4 2  

608 
4 9 4  
55 2 
a24 
43 0 
56 4 
6 7 5  - 137 

-335 
-298 

3 

-197 - 7 8 5  
-248 -237 
-167 -U60 

661 - 7 6 1  
541 (r94 
221 234 
22d 2 2 4  
243 232 
2 26 193 
2 9 1  2 3 1  
630  496 

- 4 0 1  -202 
-259 -259 
-170 -210  

9 1 2  

-0073 - 103 10 
13663 - 20 39 
222 10 
10322 
9273 
9970 
8744 

240 00 
-13102 - 11001 
-80 00 

449 

10a52 

- 10887 - 12455 
-7 267 
-4866 
24917 
17920 
17857 
15723 
1 5 5 2 8  
20 189 
27463 

- 13362 
- 1 1 3 6 5  

233 

-a030 

- 9 7 5  
3 

14 10 
25 16 
3165 
3968 
1 I 04 
-458 
3 09 

-1192 
-2770 - 1770 
-1193  

38 
-1 

-155 
-148  
39 03 

18953  
7 07 

-7  05 
a 

150 
4 46 
7 93 

17 82 
- 2 6 5 6  

-3 
5 32 
- 3 8  

$490 
9 3 8  1 
7937 

-6456 
11 596 
10454 
- 3 8 4 5  
- 4 3 6 2  
- 3 6 6 4  
- 4 9 5 3  
10734 
-5254 

9576  
9710 

197 

-2141 
47 

- 2 1 9 6  
-18589 

856 
- 8 2 2 2  

- 1  4856 
-15318  
- 1  4875 
- 1 7 2 2 2  

-36992 
- 1308 
-287 
-6Q 1 

- 8 8 1 1  

-8064  - m g s  
- 1 0 3 0 0  - 1 2 4 6 5  
-5419 - 1 5 5 1 0  
15454 - 2 2 4 5 8  
25090 22036 
17985 10257  
17857 9273  
15727 (4966 
15557 8715 
20256  10785 
28215  23247 
-6894 - 1 4 2 3 9  

-11001 - 1 3 3 6 2  

455  227 
-"tw - 1 t 4 4 a  



T a b l e  A. 5 (con t inued)  

I M - P L A N E  FORCE L O A D I N G ,  FXN, ON BOZZLE (1200 L B )  

MICRO-STRAIN ST RE SS ES PBIN STRESSES 

I-O-PT-* 
I-22N-A 
I-45N-A 
I-67N-A 
I- 90N-A 
11 1 2 N - A  
I 1  35N-A 
I 1 5 V N - A  
T I  8ON-A 
I202N-21 
I 2 2 S W - A  
I 2 4 9 W - A  
I292N-A 
I3 15N-A 
I337N-A 

0-22N-A 
0 - 4 5 N - A  
0- 67N - ei 
0-90N-A 
0 1  12N-A 
01 35N-A 
01 59N-A 
0 1  80N-A 
0 2  o m - A  
02 25N-A 
02 47N-A 
02 92N-A 
0 3  1SN-A 
03 378 - A  
0- 0-N-E 

329 
68 

160 
-115  

-8 8 
-368 
-380 
-522 
-392 
-268 
- 1 2 2  

13 1 
239  

-3  a 

- ilra 

- 2 4 5  - 265 
- 4 4 6  - 155 

605 
4 3 2  
U03 
466 
415 
39 5 
59 4 

-469 
-261  - 2Q-7 

-22  

-66 - 5 7  -3080 8956  
-14 109 2018 2650 

-159  230 1389 5219 
-610 -47 -14397 -7741  

360 201 12366 2568 
- 3 8 3  395 365 -2539 
-u57 36 -8854 -13710 - 265 39  -4565  - 1 2 9 7 7  

-44 -121  -3647 -16571 
6 -283 -5650 -13454 

-6 -495  -10712 -112Q9 
4 0 2  - 2 9 4  2515 -2911 

18 -591  -12447 -8985 
216 - 1 6 3  1019 4 2 4 7  
149 -90 1029 74  

-1 16 - 1648 
-51 87 
-75 08 

21 21 
- 10374 

-6562 

1023 

6524 
9 2 8 0  
81 I6 
§e) 48 
3184 

3 8 5 3  

- 245 
-302 

12 
72Q 
4 06 
20s 
153 
273 
327  
53 1 
6 17 

- 2 4 2  
-199 - 154 

- 8  

- 149 
-20 1 - 167 
-824 

594  
614  
318  
258 
13 8 
19 3 
40 1 
-7 4 

- 2 9 7  
- 2 4 7  

- 8  

-8309 
-10775 

-2901 
-2022 
21314 
17509 
9922 

11158 
9749 

150 50 
21702 
-6427 - 10625 
-8540 

-339  

-9855 -1267 
-11171 -1343 
-14263  2382 
-5257 20630 
24553 -2500 
18208 -5453 
15079 -2196 
17329 190 
15367 2519 
16351 4771 
24327 2877 

-16003  - 2 2 3 5  
-11015 1310 

-9969 1232 
-769 1 

8958 -3081 
8 1 3  656  

-2832 -19225  
12805 2125, 
938% -10563 

- 4 2 8 5  -18279 
-2905 -1443'7 
-2'670 - 1 6 6 4 8  
-4069 -15036 
-4451 -1?51Q 

9 4 7 1  -9866 
- 1 9 2 5  -18707 

7 9 3 2  - 2 6 6 7  
8 7 9 2  -277  

8 8 3 3  -2225 

-76658 
-9616 
-2@922 
17053 
25913 
23 32 2 
15888 
17330 
1633 1 
20522  
26977 
-5931 
-9496 
-9830 - 339 

- 1  6586 
-12331 
-147162 
-2nP332 

1 9 9 5 5  
1 2 3 9 5  

8 1 1 3  
11152  

8785 
1 0 8 9 0  
1 9 8 5 2  

-16499 
-12144 
- 1  0679 

-769 



115 

Table a.6. A x i a l  force Loading, %I on nozzle 

A X I A L  FORCE L O A D I N G ,  FYN, ON NOZZLE ( 4 0 0 0  LB) 

RICRO-STR A I N  ------------ STRESSES P R I N  STRESSES 
----e-_... ------------- 

I - 0 - C - A  -152 -34 -8 
I - 0 - C - 8  - 1 0 1  - 1 1  - 1 4  
I -0-C-C -62 0 0 
I-0-e-D -34 3 0 
I-0-C-F -1u 6 3 
I-0-c-P 17 3 0 
I-0-C-G 17 -8 -5 
I - 0 - C - H  8 -6 - 1 1  
I - 0 - C - J  3 -6 -9 
I- 0-C-K 6 -3 -6  
1-0-C-T. 6 3 - 3  

-756 
-4 110 

72 
10f-l 
204 
49 

-321 
- 3 1 3  
-308 
- 1  87 

-2 

- 4 7 8 0  - 3 3 7  - 7 2 8  -4808 
-3  166 37 -439 - 3 1 6 7  
- 1 8 3 1  0 7 2  - 1 8 3 1  
-978 37 1 0 5  - 9 7 9  
- 3 5 7  37 206 - 3 6 0  

524 38 5 2 7  rS6 
414  - 37 4 1 6  - 3 2 3  
1 4 1  74 1 5 2  -384 
-7 37 -2 -312 

1 1 5  37 119 -192 
170 74 197 - 2 9  

0 - 0 - C - A  149 
0-0-C-€4 86 
0- 0-c -G 49 
0-0-c-T) 23 
0-0 -C-E  6 
0 - 0 - C - P  - 1 1  
0-0-C-G -8  
0-0-C-H 0 
0- 0-c -9 6 
0-0-C-K 3 
0-0-c-L 0 

60 
6 9  
60 
49 
37 
17 

3 
3 
9 
3 
3 

7 2  2728 5279 
6 6  2861 3 4 3 3  
5 2  2 4 0 1  2 1 8 1  
5 2  2177 1 3 4 2  
U O  1694 68U 
2 0  8 34 -90 

6 203 - 1 9 3  
3 130 44 
9 39 1 302 
6 196 1 6 1  
3 I36  53 

- 1  53 
39 

113 
- 38 - 37 - 38 
- 38 

0 
- 1  - 39 

0 

5 2 8 8  
3 U 3 6  
2449 
2 178 
1690; 

20  7 
130 
30 1 
22 1 
1 3 6  

a35 

27 19 

2 1 3 3  
13419 
6 8 2  
-92 

- 1  96 
4a 

302 
136 
53 

2 8 5 8  
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Table A. 6 (cont inued)  

__. ... __. 

AXIAL FORCE L O A D I N G l  FYN, ON N O Z Z L E  (YO00 LB) 

MICRO-STRAIN 
e-- 

I - 0 - N - B  
1- 0-N-C 
I- 0-N-5) 
T- 0-N-E 
I- 0-11-P 
I - 0 - W - G  
f- 0-N-H 
I-0-N-J 
1 - Q - N - K  
I- 0-N-L 

0-0-N-A 
0- 0-17-B 
0-0-W-@ 
0- 0-N -D 
0-0-N-E 
0-0-N-F 
0-0-N-G 
0 - 0 - N - N  
0-0-N-J 
0 - 0 - N - R  

-96 
- 5 5  
-29 
- 1 2  

23 
2 9  
20 
2 3  
23 
3 8  

134 

5 6  
3 2  

3 
12 
18 
26 
27 

a 8  

i a  

-14 
- 3  

3 
3 

-6 
- 15 - 20 
-18  
- 20 - 12 

74 
65 
62 
50 
4 1  
26 
15 
15 
21 
15 

- 1 %  
0 
3 
6 
0 

- 1 2  
-17  
- 1  8 
- 1 2  
- 1 5  

77 

5 6  
5 0  
4 1  
26  
15 
15 
15 
15 

6 8  

-468 
-2 

160 
2 03 

-151 
-605  
-8 50 
-795 
-730 
-618 

31 58 
28 35 
25 19 
2159 
1788 
1160 
6 3 6  
6 33 
749 
6 17 

-30  1 4  
- 1  655 

- 8 2 2  
-288  

6 5 2  
6 9 0  
'355 
462 
4 8 2  
956 

5 0 4  1 
348 1 
2 4 3 0  
1618 
1066 

439 
5187 
723 

1019 
9 8 1  

s HE AR -- 
- 35 
- 39 

- 1  
- 39 
- 78 
- 39 - 38 

0 
- 1  18 

39 

- 38 
- 3a 

7a 
0 
0 
0 
0 

- 1  

0 
9a 

S I G H X  ----- 
-U68 

- 1  
160 
206 
660 
69 1 
356 
4 6 2  
Y 3 4  
959 

S O Y  1 
3 4 9 3  
2S64 
2 159 
1788 
1160 
636 
723  

1 0 4 0  
9 8 1  

SPGP!N ----- 
- 3 0 1 5  
- 1 6 5 6  

- 8 2 2  
- 2 9 1  
- 1 5 9  
- 6 0 6  
-852 
-795 
-"I2 
- 6 1 9  

3157  
2 9 3 2  
2 3 8 4  
16 18 
1066 

4 3 9  
5nr7 
6 3 3  
7 2 8  
6 1 7  



1 1 7  

T a b l e  A.  6 ( con t inued)  

- 

A X I A L  FORCE L O A D I N G ,  FYN, ON NOZZLE (4000 LB) 

Fl lCRO-STRAIN ST BESS ES PRIM STRESSES --------- --- -- -- ---- -----I------ 

ROSETTE GAGE1 G A G E 2  G A G E 3  TRANS L O N G  SMEAR -_----- ----- ----- _---... ----.. ---- -e--- 

I2 7OC-A 
I 2 7 O C - s  
‘ I270G-C 
I2 70C-D 
1270c-e  
P27OC-P 
I270C-H 
I270C-J 
I2 7OC-R 
I2 7 0 C  -L 
1270C-M 

02 70c-A 
02 70C -B 
02 7OC-C 
Q 2 7 0 C - D  
0 2 7 0 C - E  
0270C-F 
0 2 7 O C - G  
0270C-R 
0 2  7 O C - J  
02  7OC-K 
0270C-L 
027oc-ry 

123 
131  
120 
114 
94 
46 

-43 
-66 
-43 

3lr 
54 

- 1  1 
-36  
- 3 6  
- 3 3  
- 3 3  

3 
26 
46 
52 
26  

- S  4 
-79 

34 - 1 2 3  
70 - 1 4 5  
9 2  - 1 4 8  
95 - 1 5 6  

106 -144 
80 - 1 3 4  
1 1  -71 
-3 -20 
17 9 
rb9 4 0  
5 1  57 

359 -427 
328 -421 
282 - 3 9 5  
251 - 3 4 4  
203 -327  

86 - 2 1 4  
35 -117 
15 -&8 

37 3 2  
26 26 
20 2 0  

23 i a  

-20 93 
-1793 - 1355 
-1471 
-1166 
-1239 - 1267 

-4 26 
6 1 4  

19 89 
23 26 

- 1468 
-2002 
-244s  
-200 1 
-2692 - 28 09 - 1832 
-789 
839 

1488 
9206 
9 79 

3 058 
3 399 
3 195 
2992 
2 4 7 7  
1 0 0 1  

-1662 
-2094 
-1098 

1602  
2326  

- 7 6 9  
-1692  
-1828 
-1604 
-1809 

- 7 4 3  
235 

1145 
1857 
1226  

- 1 2 5 1  
-2087 

2 0 8 1  
2861  
3 1  96 
3 3  45 
3Q 60 

1 1  03 

114 
134 - 76 

10469 
9979 
90 28 
79 23 
70 56 
39 93 
20 15 

75 
74 
0 
0 

2 8 5 3  

2 28 

a 38 

3793 -2828 
4 6 6 4  -3061 

4 7 8 2  -3260  
4566 -3255 
2944 -3182 
- 3 4 4  -2585  
- 3 9 6  -2124 

6211 - 1 1 0 5  
1947 1565 
2403 2250 

4843 -3003 

9356  - 1 1 5 9 3  
8 1 3 4  -11827 
6 8 9 7  -1 1169  
6 1 2 2  - 9 7 2 8  
4 8 1 9  - 9 3 2 0  
2 3 4 8  - 5 9 8 9  
3466 -3063  
1458  - 1 1 0 2  
9812 834  
1507 1206 
1206 -1251 
979 -2087 
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T a b l e  A . 6  (continued) 

A X T A G  FORCE L O A D I N G ,  PYM, ON NOZZLE (4000 L B )  

MTCRO-STRAIN STRESSES P R I N  STRESSES 

0276N-A 
0270N-B 
02 70N -C 
02 70W-D 
0230N-F, 
0270W-F 
0 2 7 O N - G  
0270N-I.I 
0270N-J 
0 2 7 0 N - K  
0270N-L 
0270N-N 

56 23 - 1 1 4  
3 8  -29  - 9 1  
3 2  -70 -6 4 
2 3  -102 -47  
15  -843 - 3  

-15 -248 147 
1 2  -253  174 
59 -206 77 
5 0  -59 27  
27 -35 0 
2 1  -6 3 
15 15 9 

-2052 
-2673 
-2990 
-3306  
-3355 
-26 33 
-1759 
-29 11 

-76a 
-863 
- $4 
SO5 

23 446  -506 -1348 
58 466 -503 -880 
6 1  466 -529 -1453 

132  460 - 4 7 8  -521 
1 4 u  455 - 4 3 7  2 25 
150 276 - 2 0 1  1482 
118 118 - 1 4  2151 
7 5  3 8 1  1455 
4 3  -72 1 2 1  1029 
29 -61 106 973 
23 -35 60 e, 3% 

8 -20 1 1  -208 

1 0 5 %  1830 1888 
33’1 8 18 54 5 

67 - 78 6 9  
-289 -740 -117  
-568 -194-9 u33 

-1230 -5539  3 6 5 0  
-170  -5696 4787 

899 -3772 3220 
1277 -1139 1786 

558 - 4 7 1  705 
597 -118  616  
597 39 64 2 

- 2 8 9 9  

- 2 9 9 2  
- 3 4 7 2  
- 4 3 5 5  
- 7 5 1 7  
-6316  
- 523  1 
- 1273 

- 9 5 0  
- 1 9 4  

4 6 0  

- m a 1  

299 12689 
1467 12919 
1381 13264  
3 8 1 8  12498 
4 3 8 8  11885 
4936  6364 
4188 176Y 
2773 -1035 
1599 -2375 
1 1 5 1  -2229 

$06 -1268  
190 -423  

12186 - 8 3 2 4 5  
13266 -12579 
13303 -13376 
14333 -11036  
14373 -9759 
9803 - 3 3 8 5  
5 2 0 6  1133 
3 4 1 8  1116 
3 9 0 3  -1279  
3292  -1169 
1970 -585 
u59 -477 



1.19 

Table A.  6 ( c o n t i n u e d )  

AXIAL FORCE L O A D I N G ,  FYN, CN NOZZLE (4000 LB) 

I-O-C-* 
I-22C-A 
1- 45C - A 
1-67C-A 
I- 9oc-8 
11 12C-A 
I1 3 % - A  
I1 57C-A 
12 02C-A 
I2 25C-A 
1C247C-A 
I 2 9 2 C - A  
I3 15C-A 
1337C-A 
I1 8OC-L 

0-22C-A 
0-45C-A 
0- 67C - A 
O - 9 o c - A  
01 12C-A 
01  35C-A 
0 1  57C-A 
01 8OC-A 
O 2 0 2 C - A  
02 2% - A  
0 2 4 7 C - A  
0292C-A 
0 3  15C-A 
0337C-A 
0 1  8QC-L 

-124 -6 -31 
- 1 5 4  -31 -40 
-160 -28 9 

-37 135 267 
155 -134 2 9  
4 3  -3u9 -4 3 
0 -25 189 

-180  132 241 
-165  231 1 4 2  

38 182 -20 
66 -104 - 3 3 5  

-66  231 12u  - 191 -6 -32 
-165 -38 -29 
-260  -23 - U 9  

-6 64 - 1387 
-2 55 
8866 

-2478 
-8650 

36 04 
8395 
837 1 
35 16 

-97 20 
7 8 8 3  
-6 14  - 1278 - 1299 

152 66 8 4  3123 
187 117 120  5011 
148 l f 9  271  9286 
-31  -488 360 -2784 
-78 -190 -148  -7331 

6 173 - 2 2  3309 
1 2 3  358 159 11890 
120 366 385 16369 
7 6  140 353 10839 

-32  -49 156 2404  
-114  -217 -163 -8210 

174 239 179 9003 
199 134 131 5593 
159 71 7 U  3009 

-265  6 8 5 97 

-3909 
-5043 
-4 876 

1557 
3903 

- 1 2 9 4  
10915 

-2879 
-2427  

2 182 
-922 

3 73 
-5903 
-5321 
-8192 

3 37 
120 

-u 97 - 1756 
-2174 
-4079 
- 28 63 - 1450 

1193 
26 94 
30 79 
1424 
3 46 

- 1  15 
3 47 

5490 -233 
7116  - 37 
7227  -1087  

-1752 -11304 
-4541 -557 

1163  2603  
7 2 5 4  3049 
8 5 1 5  - 2 6 0  
5517 -2900 
- 2 2 7  - 2 7 3 1  

-5889 -720 
79 12 7 97 
7651 39 
5690 - 38 

-7773 - 38 

-629 -3944 
- 1 3 8 3  -5047 

-202  -4929 
9 2 6 6  1157 
4 5 7 3  -3149  

5 2 1  -10465 
5475  -778 
8 5 7 8  -3062 
8502  - 2 5 5 7  
5625  73 

4 %  -10691 
8 a44 112 
-591  - 5 9 2 5  

-12174 - 5 3 2 5  
-1282 - 8 2 0 9  

5512  3100  
7117 15011 

10065 6 4 9 7  
9047 -13584 

-4434 -7438 
5052 - 5 7 9  

13402 5 7 4 2  
16378 5506 
12114 4 2 4 2  
4119 - 1 9 4 3  

-5683 -8415 
9 4 2 3  7492 
7651  5 5 9 2  
5 6 8 1  30Q9 

597 -7773 
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T a b l e  A.  6 (continued) 
.... .... ___I .... 

AXTllL FORCE L O A D I N G ,  FYN, OM NOZZLE (4000 LS) 

80 SETTF: -- - 

P- O-N -4: 
I -22N-I ._  
I-45W-A 
I-67s-A 
I- 90N- A 
I1 12N-A 
I1 35M-A 
I1 5 7 N - A  
11 %ON-A 
I2 02N-A 
122SN-A 
I2 4 7 N - A  
I2 92N- a 
1.3 1SN-A 
f339N-A 

0- 22N - A  
0- Y5N-A 
0-67N-A 
0-9QN-A 
01 12N-A 
01 35N-A 
01 57N-38. 
01 80N-W 
0 2  02N-A 
0225N-A 

0 2  928-A 
0 3  15N-A 
03 37N-8 
0-O-N-L 

O ~ Q ~ N - A  

- 1 4 1  -14 
18 15 

-8 5 50 
36  316 

130 - 1 1 8  
- 2 1  -62 

27  -94 
-9 7 12 

- 2 7 2  28U 
-106  325 

3 1  33 
-17 - 2 8 0  
58 -67 

- 7 3  -149 
- 1 1 9  -93 

132 106 
159 179 
2-74 72 
-20 - 5 1 6  

- 1 1 9  -131  
176 $ 5  
205  336 
1148 1401 
182 88 
120 - 4 3  

- 1 4 2  - 6 8  
287 174 
155 96 
138 54 
34 9 

G A G E 3  TRANS 

-14 -478 
-50  -793 

- 1 5 0  -2108 
-38  6047 

6 -2603 
-283  -7564 

154 1274 
3 4 3  7897 
219  11333 

3 7327 
- T O  418 
-76 -7.796 
303 5131 
56 -1967 
15 -1594 

4 9  3267 
9 2  57-74 

127 4059 
409 -2333 
-37  -3553 

3 17is-7 
1 1 1  9592 
3 9 0  17220 
285 8091 

7 1  498 
- 1 3 4  -a278 

1 3 1  6380 

107 33-79 
8 3 36 

i a o  5889 

L O N G  
-I-- 

-4388 
2 9 5  

-3 183 
2 8 8 6  
3 I23 

-2887 
1183 
-550 

-4746 
-985 
2843 

- 2 8 6 1  
3 2 9 Q  

-2775 
-4062 

4 9 5 4  
6 4 8 3  
9438 

-1314 
-le6U8 

5818 
9025 
9608 
7 8 6 9  
37 37 

-5547 
10 537 
6 4 0 8  
5 1 4 0  
1116  

SHE AR 
--s 0- 

0 
8 6rb 

26 75 
47 18 

-1653  
29 50 

-3304 
-4406 

8 66 
4 2 8 9  
2 179 

- 2 7 2 1  
-4936 
- 2 7 2 1  
-1438 

7 5% 
1152 
-7 30 

- 1 2 3 3 4  
-1250 

1099 
29 94 

1 5 1  
- 26 26 
- 15 16 

8 72 
569 

-1123  
-7  13 

0 

-Q98 
7772 

8 3  
9455 
3565 

- 1 4 6 1  
4533 
9777 

11380 
9 143 
4 122 

-1656  
92.33 

3 8 0  
- 9 3 Y  

- 4 3 8 8  
- 1 2 7 0  
-537Y 

- 5 0 2  
- 3 0 4 6  
- 8 9 9 0  
-2074 
-2430 
-4'792 
- 2802 

- 8 6 2  
- 9 0 0 1  

-8 08 
- 5 1 2 1  
- 4 7 2 2  

S252 2 9 7 0  
7 3 3 4  4 9 2 3  
9528 3 9 6 2  

-2736, -5U65 
6896  1470 

12315 6 3 0 1  
17223 9605 
10546 5313  

4 3 3 6  - 1 6 1  
-3835  - 5 9 9 1  
10633 6 3 0 3  
7 3 0 1  4996 
5408 3126 
1116 3 3 6  
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Table A . 7 .  Gut-of-plane force Loading, F 011 nozzle  ZN 9 

__ _II_-. . -- 

OUT-QY-LLAiG FORCE L C A D I N G ,  F Z N ,  CN NOZZLE (600 LE?) 

I - 0 - c - A  
I-0 -C- t i  
1-Is-c-c 
I - 0 - C - D  
i -0  -c- E 
I-0-c- P 
I - 0 - C - C  
1-0 -c- w 
1-0-c- J 
I-d-c-6 
I - 0 - C - I ,  

c-0 -c-A 
a-0-c-B 
5-0-c-c 
0-0-c-0 
0-0 -c- i 
0 - 0 - C - P  
0-0 - c - G  
6)-ii -c-ii 
0-0-C-J 
0-0 -c-K 
0-0-C-L 

- 6  
-3  
-3  
0 
0 
2 

- 1  
0 
0 
0 
3 

2 
- 1  

2 
- 1  
- 4  
- 3  
- 3  
- 1  

2 
- 1  
0 

G A G E 2  ----- 
-9  - 12 
-6 
-6 
-6 
-6 
- 3  
-6 
-6 
- 3  
- 3  

5 
2 
2 

- 1  
- 1  
- 1  
- 1  
- 3  
- 1  

3 
3 

CAGE3 
-e--- 

5 
e 
8 
8 
8 
5 
5 
3 
3 
3 
5 

2 
3 

- 1  
0 
2 

- 1  
- 3  
- 3  
- 1  
- 3  
- 3  

T R B N S  ----- 
- 7 G  
-79  
50 
42 
50 

-24 
3 8  

-65  
- 6 3  

- 3  
54 

9 71 
105 
3 2  

- 2 2  
4 2  

-2 1 
-87 - I47 
-3 1 
-14 - 93 

LONG S H E A R  

-202 -188 
- 1 2 0  -260  

0 -187  
1 - 1 8 7  

65 - 1 5 0  
-5 -113  

- 2 2  - 1 1 1  
- 2 1  - 9 1 1  

-4 -7 4 
97 - 1 1 1  

- 6 3  - 1 8 6  

119 40 
1 1  
75 u2 - 24 - 3  

- 9 5  -4 1 
-106 1 
- 1 2 9  3 8  
-70 1 

57 1 
- 27 77 - 19 76 

,c 

S X G H X  
---a- 

6 1  
16 2 
181 
20 9 
2 1 4  
177 
132 
70 
7 2  
7 1  

188 

19 3 
I05 
10 1 
-20  
53 

-2 1 
- 6 5  
- 7 0  

5 7  
5 5  
6 0  

S I G M N  ----- 
- 3 3 6  
-36 1 
- 2 1 4  
-167 - 153 
- 1 3 6  
-98 

-157 
- 1 5 5  
-78 
-37 

97 
I ?  

7 
-26 

-106 
-106 
- 1 5 1  

- 3 3  
-97  
-92 



1 2 2  

Tab le  A.  7 ( c o n t i n u e d )  
~ 

OUT-OF-PLANE FORCE L C A D I N G ,  PZM, CN N O Z Z L E  (600 LB) 

IBOS ETT E 
--+---- 

1 - 0 - N - B  
I -0-N-C 
1-0-N-a 
I-0-M-E 
I-0-M-P 
I-0-IN-G 
I-0-N-8 
1- 0- N- d 
I-O-C- 
4-Q-N-L 

0-0-N- 
O-O-N- 
0-0 -M-C 
O-Q-N- 
Q-Q-N- 
0-0 - H-F 

0-0 -N-J 
Q - 0 - N - K  

GAGE1 
I---- 

0 
-1 
0 

- 1  
0 
0 
0 

- 3  
0 

- 3  

5 
2 
2 
0 
0 
0 

- 1  
- 1  
0 

- 1  

-9 8 
-3 1 1  - 12 1 1  
-9 8 
-9 8 - 12 9 
-9 6 

-6 12 - 12 -6 

- 9  a 

5 5 
2 5 
3 3 
2 3 
0 3 
0 0 
0 0 

- 1  2 
3 0 
3 - 3  

TRANS ----.,. 
-26 
45 

- 2 6  
-28 
-12 
-78 
-7 5 

-8  

-392 

225 
164 
1 1 1  
110 
50 
-15 
-20 
33 
46 - 10 

1 ia 

LO BG 
---e 

-8 
-6 

-21 - 29 - 14 
- 36 
-35 

-105 
25 

-203  

222 
118 
108 
21 
6 - 18 

- 22 
-13 

2 - 20 

SHEAR 
.m---- 

- 229 
- 2 7 2  
- 3 1 3  
-235  
- 2 3 0  
- 273 
- 193 
-233 - 243 
-79 

- 1  
-39 

0 
(3 

-3 9 
- 1  
- 1  
-37 
39 
78 

S I G B X  
-9--- 

212 
29 3 
290 
20 6 
217 
216 
139 
182 
319 - 174 
225  
186 
1 1 1  
110 
7 2  

-15 
-19 

53  
69 
63 

S I G M N  ----- 
-246 
-254 
-337 
-264 
-244 
-330 
-249 
-295 
-175 
-142 1 

222 
96  
108 
21 

-17 
-18 
-22 
-33 
-2 1 
-33 
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Table A.  7 (continued) 

OUT-OP-PLANE PORCB L C A D I N G ,  F Z N ,  CN N O Z Z I E  (600 LB) 

127 OC-A 
I27 OC-B 
I27 oc-c 
127 OC-D 
I27 OC-E 
I27 QC-P 
127 OC- B 
I27OC-J 
XI27 QC-K 
XI27 OC-L 
1270C-ti 

027Qc-a 
027 OC-B 
027 oc-c 
0270C-D 
027 QC-E: 
027 OC-F 
027 OC- G 
027 OC-fl 
027 OC-J 
0 2 7  OC-K 
027 OC-L 
027 QC-H 

- 1 2 0  -432 
-142 -393 
-165 -357 
- 1 8 1  -3C7 
-183 -286 
- 1 9 8  -146 
-137 1 1  
-60 56 
-12 5 1  
22 25 
8 0 

- 1 5  -117 
45 -70 
76 -40 
99 -12 

118 25 
1 ua 99 
139 125 
1 1 1  1 1 1  

36 74 
- 3  34 - 29 - 1  
-9 -12 

128 
142 
131 
131 
105 
53 

5 
5 

14 
17 

2 

295 
273 
250 
215 
20 4 
139 

8 8  
71 
51 
u2 
10 
2 

TRANS 
---.I.- 

-6551  
-536s 
-4786 
-3659 
-377 1 
- 1740 

514 
1413 
1442 
897 
37 

3926 
4233 
4519 
4356 
4900 
5079 
4527 
387 1 
2693 
1682 
322 - 196 

LONG 
e- -- 
-5567 
-5880 
-6375 
-6706 
-6628 
-6448 
-3967 
-1390 

79 
9 38 
2 56 

7 34 
2609 
36 39 
4264 
5020 
59 54 
5532 
4483 
1902 
4 08 
-778 
-338 

SHEBR ----- 
-7468 
-7 134 
-6502 
-5834 
-5209  
-2700 

7 6  

495 

-3 8 

-5494 
-4666 
-3866 
-3024 
-2388 
-531 
494 
530 
30 6 

- 1 1 2  - 190 - 189 

680 

1111, 

1425 -13543 
1516 -12761 
970 -12131 

202 -10601 
-512 -7677 
515 -3968 
1569 -1547 
1603 -82 
1033 802 
263 31 

ad17 -11212 

8052 -3392 
8157 -1315 
7970 186 
7335 1286 
7349 2572 
6205 4028 
5734 4324 
4788 3565 
2798 1798 
169 2 398 
354 -810 
-64 -469 
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Tab le  A .  7 (continued) 

_- I -- 

OUP-OF-PLANE FORCE LCADI G, F Z N ,  CM NOZZLE (600 LB) 

l A X G B Q - Z 3 R A I N  STRESSES - ---- --_---- --I---_- ...----------- m 

ROS ETT E --- -9-- 

127 OM-& 
1270#-8 
127 QH-C 
I27 OW- D 

S 2 1  C N - 6  

I27 OH-K 
127 OM-X, 
127 08- M 

027 0 1-8 

027  a&-c 
02981-13 
0 2 7 C H - E  
Q276N-P 
027 0 8-6; 

027 Q 

GAGE1 GAGE2 G A G E 3  
--...m- ---e- o-...-- 

- 2 7  -360 6 7  
23  -389 17 
29 -404 -27  
40 -395 -138 
35 -395 -109 
0 -448 -322 

-107 - 2 e 6  -35 
- 1  71 
-171 
-127 - 95 

- 5 5  

-109 
- 1 7 9  
-204 
-273 
-291 
-288 
-253 
-224 
-194 
-162  - 99 
-47 

-139 -251 
-59 -17'1 
-38 -95 
-18 -68 
-214 -50 

-190 311 
-230 348 
-273 391 
-246 394 
-317 406 
- 1 e 4  394 
-40 313 

63  219 
86 88 
60 28 
2% -15  
-3 -6  

TRANS LONG -_--- --^e 

-6U16 -2726 
-8194  -1769 
-9494 -1983 

-91748 -2310 
-11104 -2293 
-16919 -5089 
-139516 -7381b 
-8380 
-4879 
-2598 
-1787 
-1561 

2770 
2782 
2812  
2445 
2275  
4 928 
6279 
6439 
4065 
1932 
283 - 159 

-7658 
-6604 
-4 5 93 
-3377 - 24 25 

-245% 
-4520 
-5288 

-8038 
-7 154 
-57 14 
-4802 

-2879 

S N B A R  _---- 
-5684 
- 5 4 1 2  
- 5 0 2 6  
-31s26 
-3816 - 1689 

9Q3 
1494 
1492 
86 14 
66 €4 
353 

-6669 
-7904 
-8853 
-9 199 
-962 1 
-77014 
-4715 
-2069 

-3 
53 8 
499 

3 8  

14637 -10543  
1312 -11295  
536  -12013 

-1198 -12868 
-870 - 1 2 5 2 7  

-4853 -17156  
-7262 -14076 
-6482 - 3 5 5 5  
-4018 -3YB5 

- 1 S U 4  -3620 
-1435  - 2 5 5 %  

7 3 2 1  -7002 
9 6 5 6  -9394 
8498 -10974 
7938 - 1 2 9 6 1  
8Q34 -13798 
8577 -10903 
7911 -7345 
680'9 -5199 
4065 -4588 
1978 -4323 

-156 -3446 
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J- 0-C- * 
I-2 2C-A 
I - 4 5 C - A  
I-6 7C-A 
I-9oc-A 
I1 12c-a 
113 5C-A 
x157c-A 
I20 2C- A 
122 5C- A 
12u 7c-A 
I29 2C- A 
I3 15C-A 
133 7C- A 
IlSOC-L 

0-22C-A 
0-4 5c- PL 
0-6 7C-A 
0-9 O@-A 
0 11 sc-A 
0135C-A 
Q157C-A 
0 18I)C-B 
0202c-A 
0225C-A 
0243C-B 
0292C- 
03 15C-8 
033 7c-A 

-6 -3 
0 5 
-6 28 
20 3 
91 -155 

-356 -482 
-69 - 1 7 2  
-29  -58  

34 14 
86 IC7 

U 4 4  511 
- 1  -148 

5 -12 
-6 0 
-6 -20 

-3 2 
2 39 

-6 69  
16 -274 

4 5 4  55 
603 -37  

39 39 
-9 1114 

-42 47 
- 1  17 77 
-499 -23 
- 1 1  -15 

-3 3 
8 2 

0 1 8 O C - L  5 45 

8 115 -142 
0 107 20 

20 1067 137 
163 3611 1669 
400 5290 4328 

-493 -21029 -16977  
-98 -5859 -3833 
-9 -1435 -1307 
66 1720 1539 
179 6182 4440 
453 20698 19539 
14 -2947 -899  

-23 -779 -74 
-3 -69 -207 
14 -132 -218 

2 
5 

1 1  
94 
72 

-87 
-48 
-45 
-3 1 

3 1  
- 6 3  
-77 
-35 

2 
-34 

9 1  -77 
964 3 60 
1769 349 

-3955 -699 
2306 14322 

-2825 2237 
-244 1086 

-6 -266 
392  -1155 

2488  -2774 
-1352  -153’10 
-2003 -945 

- 9 0 3  -313 
100 2 72 
231 2 28 

- 147 18 1 
70 14,6 
116 1081  

-2136  4987 
-7403 12228 

-989 -3430 
-6a8 -719 
-697 2332 
-963 6690 
770 21082 

-215€ 463 
155 -42 
39 -59 - 460 287 

149 -16971 

-209 
-19 
123 
294 

-2610 
-2 1034 
-6262 
-2022 

927 
4013 
19155 
-4309 
-812 
-217 
-636 

7 
446 
78 1 

-4905 
-224 

66 8 
1152 
1188 
1041 
610 
53 a 
835 
495 

- 1  
106 2 

91 -78 
1200 124 
2114 4 
2843 -7495 
14327 2302 
2324 -2912 
1751 -909 
1059 -1331 
915 -1678 
2558 -28QY 

-1332 -15390 
-485 -2463 

24 - 1 0 4 0  
272 100 
1291 -833 
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T a b l e  A .  7 ( c o n t i n u e d )  

QUT-QP-PLANE P(9EC.E L C A D I N G ,  FZN, ON NOZZLE 4600 LB) 

1-0 -hi-* 
1-22M-A 
I ; -458-B 
1;-6'98-A 
1-9 OM- 
I112N-A 
I: 135N-8 
1157N-A 
118 OH- A 
I202la-A 

X 2 9 2 N - B  

133 TN-A 

0-2iM-8 
0-4 SN- a 
0- -A 
0-9 Q N- A 
8 1 1  2H-B 
0135H-B 

0225N-8 
024 7M- B 
629 2H-A 
8 3  1 5N-B 
633  7 %il-A 
8 - 0 - N - L  

-3  - 92 
15 
23 
61 

-355 
-95 
-21 

6 
26 
81e 

352 
* 15 
-21 
-9 

2 
-9 
-47 

7 1  
190 
79 
56 - 15 

-66 
-72 

-194 
53 
1 1  
3 
0 

-3 
-45 
14 

153 
-136 
-411 
-139 
-53 
-18 
20 
145 
454 

-108 
5 
Q 

2 
20 

-E3 - 277 
4 

-88 
0 

37 
14 

- 3 4  
-447 
-49 - I Q  

0 
6 

8 114 
-1795 

132 6237 
421 6203 

-4'33 -19022 
-130 - 5 8 2 0  

-9  -1359 
26 165 
6 1  1753 
116 5658 
414 18690 

-152 -5699 
-6 Y 
0 -10 

- 4 2  -12 28 

5 168 
23 94 0 
20 -Q02 

141 -3078 
466 l l Q B 7  

$ 2  -226 
- 2 3  -574 
-43 -132 
-6 235 
99  188 

-a6  -10613 
28 -5261 

- 1 1  - 5 7 4  
-.e 1 5 1  

- 3  59 

-60  
-3290 

66 
2567 
36 9hl - I6302 

-4595 
- 1841 

2 17 
1302 
42 17 
16182 
-2164 
-623 
-284 

125 
6 

-1541 
1221 
90 37 
23 09 
15 22 
-4 82 - 1907 

-2091 
-8995 
1445 
161 
96 
14 

- 152 282 
-39 -1794 
35Q 663 
285 6259  

-7429 12483 
826 -16108 

-118  -4584 

-593 '484 
-558  2129 
387 5756 
51s5 18803 
582 -2070 
157 Srl 

- 5 8 7  -592 

- 1  - ao 
- 3 9  
-4 0 - 1076 

- 5 5 7 0  
-5  57 2 
-2294 

3oer 
1063 
27 0 

-2Bs45 
-5343 
- 1624 

-3 8 
-35 
112 

191 
942 
107 

5042 

3645 
1555 
770 
26 9 
1390 

-4400 
1881 
163 
115 
151 

15728 

-148 
-3260 - 169 
2545 

-2586 - 19256 
-583 1 
- I808 
-402 

926 
Y12Q 

16068 
-5792 
-66 CI 
-284 

102 
5 

-221 1 
-6899 
4396 - 156 1 
-618 - 1384 - 194 1 

-3293 - 1.5208 
-959 
-576 

3 1  
-78 
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Table A .8. Torsional rnoment loadifig, %c, on cylinder 

TOBSjCOEJ&L dOMEN? L O A D I N G ,  MXC, O N  C Y L I N D E E ;  (20000 I N - L E )  

I-0-c-8 
X-O-C-Li 
I-5-c-c 
I -0-C- i )  
1-0 - C - E  
I-0-C-2 
x- 0-C- G 
i - 0  -C- il; 
1-0 -C- J 
I- 0-c- K 
1-0 -c- L 

0-0-C-A 
0-0 -c-a 
0-0-c-c 
c-u -C-D 
0-0 - C - E  
0-0-c-P 
6-0 -c-6 
0-0 -c- ii 
0 - 5 - C - J  
C-0 -c-K 
0-0 -e- L 

- 9  -39  
0 -42 

- 3  -37 
- 3  -34 
-3 -34  

3 -34 
- 3  -28  
0 - 3 1  
0 -28 
0 -28 
0 - 3 1  

6 -736 -477 -599 
36 - 1 2 9  -42 - 1 G Y E  
3 4  - 6 3  -106 - 9 3 6  
34 -2 -88 -898 
34 0 -88 -898 
2 8  - 1 3 2  42 -824 
3 1  59  -71  -786 
28 - 6 5  -22 - 7 7 9  
2 5  - 6 3  - 2 1  - 7 0 5  
28 -3 -4 -743 
3 1  -4 -5 -816  

7 -1219  
963 -1134  
8 5 1  - 1 0 2 0  
85Y - 9 4 4  
855 -983 
783 -873 
783 -795 

6 6 4  -748 
739 -7U6 
8 1 2  -820 

736 -823 

6 
3 
0 
0 
3 

- 3  
3 
0 
3 
0 

-3 

49 -48  
49 - 4 0  
52 - 4 0  
52 - 4 0  
49 - 4 3  
4 6  - 4 3  
43 -45 
49 -48 
E l  -ue  
48 - 5 1  
54 - 5 1  

- 1  
193 
26 1 
25 9 
13 1 
75 

-56 
8 

70 
-57 

7 1  

177 1293 1384, -1207 
151  1181  1 3 5 2  -1009 
80 1216 1392 -1046 
84 1218 1393 -1050  

133 1 2 1 8  1350 -1086  
-58 1179 I189  -1172 

75 1179 I 1 9 1  - 1 1 7 1  
12 1293 1303 -1283 

1 1 4  1327 1418 -1235  
-9 1327 1294 - 1 3 5 9  

- 5 8  1403 1 4 1 1  -1398 
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Table A. 8 (continued) 

TQRSSGNAL H Q H E N T  L O A D I N G ,  HXC, 0 8  C Y L I N D E R  (20000 IN-LB) 

1-0 -w-8 0 
I-0-€4-C 0 
1-0 - w - D  0 
IC-0-H-E 0 
I-0-bJ-P 0 
Z-0-M-6 Q 
1-0-PI-8 0 
I-0-M- J - 3  
X-Q-H-K - 1 2  
I-O-l-L** - 3  

0-0 - N- A 
0 - 0 - B - B  
0-0-N-6 
Q-0-N-0 

0-0-N-6 
0-0-SJ-H 
0-0-M-J 
0-0 - N- K 

5 
2 
0 
3 

- 3  
0 
0 
0 
0 

- 3  

- 47 
-47 
-47 - SQ - u9 
-55 
- 5 8  
-53 
-53 
-62 

5 1  
39 
35 
3 2  
29 
29 
29 
29 
29 
49  

40 
43 
4 3  
46 
5 2  
5 5  
5 2  
58 
6'9 

199 

-40 - 29 
- 3 0  
- 2 7  - 27 
- 2 7  
-30 - 27 
-30  
- 2 9  

T R A N S  
-e--- 

- 134 
-68 
-70 
- 7 1  

6 1  
-u - 131 

120 
323 

3 0 1 1  

226 
228 
117 
111 

56 
52 - 16 
44 

-15  
-6 

LONG - - -- 
- 40 
-26 - 24 - 2 1  

16 
-4 - 42 

-56 
-264 
8 18 

2 24 
138 
25 

112 - 78 
5 - 17 

- 1  - 13 
- 102 

SHEA5 
--e-- 

- 1 1 6 0  
-1200 
-126)o - I297 
-1354  
-1470  
- 1 4 7 c  
-1479 
-1685 
- 3 4 6 6  

1213 
9Q9 
858  
78 0 
7 
74 1 
780 
74 2 
788 
78 0 

SIGHX ----- 
1074 
1153 
1153 
1229 
1392 
1467 
138Q 
1509 
166 1 
5 5 5 0  

1438 
1093 
9 3  1 
8 9 1  
733 
770 
763 
76Q 
767 
728 

s I G H N  
-os-- 

- 1248 
-1247 - 12168 - 1326 
-1316 

- 1557 - 1455 - 1602 - 172 1 

-988 
-72 7 
-789 
-66 8 
-755 
-713 
-79% 
-74 1 
-79 4 
-835 
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Table A .  8 (continued) 
L 

- I _ _ _ ~  

TOiiSXONAL t4B)MENT L O A D I N G ,  BXC, ON CYLINDER (20000 PN-LB) 

127 QC-B 
I21 OC-B 
127 0 c-c 
I27 6C- D 
s27 OC-& 
227 oc- f 
E27 oc- B 
I27 OC-d 
I27 QC- IC. 
I29OC-L 
r27 Qa3-E 

021 QC-A 
02’9 i )&-E 
027 oc-c 
021 GC-D 
QZ7 QC-E 
02? OC- P 
027 GC-G 
8270C-tl 

27 OC- J 
0 2 7 C C - K  
827 QC-L 
0276C-H 

- 6 4  -6e8 
-39 -638 
-50 -596 
- 6 7  -510 
-32 -477 
-IC0 - 2 Y O  

3 77 
60 

6 34 
3 3 1  

-3 -492  
26 - 4 1 2  
2 9  -324 
29 - 2 5 9  
3 2  -190 
26 -23 
28 46 
12 49 
3 6 

- 3 1  
-45 

-3  -43 

-6  a 

- 

6 1 0  
5 9 9  
5 2  1 
4 8 2  
4 16 
2 1 1  
-17  
- 7 4  
- 6 3  
-34  
- 2 3  

444 
38 1 
3 2 2  
2 5 4  
2 17 

6 0  
- 1  9 - 26 

3 
34 
4 6  
49 

-1648 
- 8 2 0  

- 1 6 0 1  
-542  - 12138 
- 5 8 6  
-185 

51 
-7s 
-1  1 
18 1 

- 1 0 5 0  
-705 

- 8 5  - 144 
540  
795 
738 
a33 
19rr 
6 0  
18 

135 

-2421 
- 1 4 2 1  - 1989 
-2172 - 1332 - 1379 
-230 

97 
2 3 1  
164 
137 

-394 
5 66 
836 
8 2 1  
1112 

8 27 
478 
158 
25 

-244 
-37 

-17302 - 16486 - 14889 
- 1 3 2 1  
- 1 1 8 9  
-6607 

34 2 
2 0 1 4  
1635 
9 1 2  
7 2 2  

-12472  
-10575  

-8605 
-6826  
- 5 4 2 1  
- 1  10 

76 
1023 

33 
-87 5 

- 1 2 1 6  
-1296 

15272 -19341  
15368 -17609 
13896 -16686 
11887 -14601  
10589 -13209  
5037 -7003 

135 -550 
2088 -1940 
1720 -1564 
993 -84 
882 -564 

11755 -13199 
10525 -16664  
8993 -e242 
7 1 8 1  -E505 
6254 -4602 
2013 -203 
1540 28 
1483 -572 
215 1 2 9  
922 -029 

1110 -1337 
1269 -1170 
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T a b l e  A.  8 (continued) 

T O R S I O N A L  t4QEIENT L O A D I N  s MXC, ON C Y L I N D E R  ((20000 IN-LB) 

1270N-A 1 2 8  -389 610 4722 
12708-B 187 -377 5 6 9  4 0 2 1  
I270N-C 128  -369 5 8 1  4524 
I210N-D** 1154 -293 266 -762 
X270N-E 1 4 3  -2Y3 514 5795  
127 0 N- F 9 -73 282 4574 
127 ON- G 2 1  208 -3 4303  
L24CM-8 -26 323 -147 3904 
I27ON-J -85 141 -132 290 
I27CN-K -47 88 -62 636 
I270M-L - 4 1  41 -106 -1371  
I27QI-N -50 -9 -82 - 1 9 4 2  

027 ON-8 

C 2 7 O P - C  
027061-D 
027  CM-E 
0270N-P 
027 ON-G 
0 2 7  O#-F1 
0270N-J 
027 ON-K 
027  ON-L 
027 ON- N 

- 3 2  - 5 8 7  529  
-64  - 6 8 5  620 

-118  -837 767 
- 9 8  -e86  796 
-64 -748 664 
-41  - 5 0 1  3 7 1  

-3 -242 120 
14 -20 -40 
2 3  23 -46  
14 35 - 3 5  
3 6 0 

-38 - 9 7 4  747 

- 1246 
-1339 

-544 
-1402 
- 1  866 
-1773 
-2814 
- 2 5 4 2  
-1348 - 5 3 4  

-19 
1 2 1  

5260 
6804 
5263 
4404 
6021 
1640 
19 I 1  
3 82 

-2464 
-1215 
-1642 
-2077 

-1334 
-23 13 
-1297 
-3969  
-3507 
-24 40 
-2063 

-894 
26 

5 29 
4 26 
121 

-13313  
-12613 
- 1 2 6 5 6  
-7435 - 10083 
- 4 7 3 3  
2699 
5 2 5 8  
3538 
1995 
1956 

97 8 

183697 
18102 
19524 
9692 

15992 
8062 
6054) 
8644 
2803 
1909 
454 

-1Q29 

-8325 - 7277 
-77919 
-6050 
-4176 - 1848 

155 
-4358 
-a976 
-2488 

-2990 

-14860 13570 -16150  
-17389 15569 - 6 9 2 2 2  
-20261 19344 -21185  
- 2 1 3 4 3  18726 -24097 
-22409  19737 -25110 
-18807 16703 -20916  
-11607 3174  -14052 

26 9 7 7  -1399 
9 2 1  1061 -1066 
9 2 1  1151 -744 

7 7  19% 44 

-4825 3 1 x 1  - ~ m 4  
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Table A.  8 (cont i -wed)  

TOBSUIYAL tiQFJEN'I L Q A D I P I G ,  BXC, ON C Y L X N D E R  (20000 TN-LEI) 

1- o-c- * 
I - 2 2 c - 8  
1-4 5c- A 
X-6 7C-A 
I - 9 Q C - A  
II12C-A 
113 5C-A 
I l 5 7 C - A  
ILO 2c- A 
122 5c-a 
224 742-A 
129 &-A 
I 3  1 5C-A 
I 3 3  7c-8 
118 OC- L 

0-22C-A 
Q-U 5C-A 
0-67C-A 
0-9 oc-A 
5) 11 2c-A 
0 13 5C-19 
0 15 7C-B 
0 18 OC-it 
020 2C- A 
022 5c-A 
024 7C-A 
029 2C- B 
031 5C-A 
033 'IC-A 
018 OC-L 

- 3  
37 
92 

50 1 
6 

-464 - 80 
-37 

49 
1 0 1  
5 0 2  

- 5 2 6  - 87 
- & 3  

2 

-8 
1 

155 
5 E 4  

- 7  19 
- 7 9 5  
-4 1s 

-63 
2 3  

156 
5 7 2  

-966 
-220 
-67 
-23 

-45 60 
-13Q 162 
-572 36 

- 1 4  -510  
563 111 
123 -39 
53 50 - 14 44 

-59 47 
- 1 4 0  131 
-564 56 
6 37 3 1  
128 - 2 5  
54 4 2  

2 5 1  

34 
69 

2 3 5  
136 
60 I 

-6 I0 
- 1 4 0  - 12 

69 
219 
690 

-659 
-153 - 15 

20 

-45 
0 

- 2 5  
Y 4 9  

ae 
- 1 4 2  

-48 
-42 

17 
-66  
- 5 2  - 148 
-52 
-46 

-48 

5 5 5  
1779 
8455 

- 2 5 9 2  
-3039 1 

-7719  - 1600 
1972 
8 140 

27 185 
-30327 

-8097 
-1733  

-69 

2au53 

80 
1647 
5283 

23565 
-668 

-23037 
-47 25 - 1601 
2061 
54 72 

23231 
- 24995 
-5033 - 1823 

43 

377 -1249  
3698 -2909 

867 -16890  

1336 17291 
- 4 1 2 3  2439 

-3  1584 
-52 -438 
179 -1708 

3387 -3183 
4 1 0  -16794 

- 1 1 5 1  18772 
-3972  2634 

-262 1529 
108 105 

-1338 - a x  

-56 1 
-726 

- l o g e  
-2022 

-17507 
- 2 4 8 1  

-99 1 
-687 

-847 
- 1 5 7 8  - 1a24 

- 8 8 5  
-693  
- 5 7 7  

1404 
2 153 

617 
- 3 2 3 7 8  

-89 2 
37 4 

% 300 
1225 
1189 
1519 
1 6 3 1  
1100 
1632 
125 1 
1289 

8788 
29 18 
16Q15 

- 2 2 2 7 9  
-4426 

- 9  11 b 
2635 
8 386 
27738 - 2466 1 
-u795 - 1084 

567 

984 
Q957 

22837 
-39215 
-311150 
-8067 
-2287 
1398 
522 5 

22678 
-31069 

-8334 
- 2u7 2 

-592 

1186 -2059 
4337 -3589 

9omr -36928 
l%Q99 -13862 
17341 1287 
2715 -La399 
2 3 1 4  -733 

995 -lla$Fd 
753 -2282  

563 -16943 
18833 -1212 

30115 -435rr 
2172  -905 
1396 -1183  
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Table A.  8 ( con t inued)  

I l O a S I O N A L  MOMENT L C A D I N G ,  MXC, ON C Y L I N D E B  (20000 I N - L B )  

1-0 - #-* 
1-2 2 N - A  
1-4 SN-A 
1-6 7 la- A 
1 - 9 C N -  
11128- 
1135N-A 
I15 7 N - A  
I: 18 OM-A 
I20 2 I- 
I22 5N- w 
I24 7N- A 
I29 2 3- A 
13 1 S N - A  
133 7N- A 

0-2 2N- A 
0 - U 5 N - A  
0-6 7M-A 
C-9OM-A 
01 12N-A 
0 13 58-lb. 
0157N-A 
0 18 0 N- A 
0502N-A 
C225H-8 
Q247N-A 
029 2H- & 
03 1 SM-A 
0 3 3  7 N- A 
0-Q-N-I, 

-6 
-129 
125 
4 29 
108 

-459 
-127 

- 2 9  
9 

47 
125 
U3Q 

-4Qlg 
- 1  19 
-32 

- 12 - 56 
133 
7 14 

-7C9 
- t E Q  
- 1 4 %  

-56 
- 2 7  
26 

1 7 1  
674 

-625 
- 137 
-55 

9 
-12 
129 
883 
588 

-776 - 159 
-3 
47 
'38 
136 
636 

-802 
-1Q5 
-12 

-6 1 
-1338 
6507 
34849 
-2778 
-30963 
-6589 
-1 272 

431 
2063 
6620 
28304 

-3030 1 
-6870 
-1443 

- 6 6  28 6 640 
-115 -61 115 1327 
-277 - 5 5 0  0 -11793 
-713 -5E2  496 -1817 
287 642 14528 

79 -1068 
65 0 -23 -583 

-20 36 - E c  4 i  - 376 - 86  5 - 1 2  -5 6 
-114 -66 99 858 
-287 - 5 6 9  -15 -12497 
298 -55 576 11133 
87 -140 76 -842 
62 0 -23 - 5 6 9  
- 9  28 - 3 1  -55 

- 

-194 
-&231a 
57 07 

233210 
24 16 - 23051 

-5773 
-1182 

3 89 
2020 
572Q 
21382 

-2139% 
-5399 
-1400 

- 1798 
-306 1 

- 1  1838 
-2881 
12962 
29 06 
13-74 
-325 
-2589 
-3 166 - 12367 
32270 
23 55 
1679 
-2'83 

- 269 150 
-587 -1225 

56h! 6818 
-2384 35323 
-17270 17284 

1 t 0 6  -22338 
153 -5748 

- 7 0 5  -522 
-980 1391 
-591 2633 
464 6887  
5066 28340 

2360 -20834 
117 -5388 

-581 -840 

-Q04 
-4387 
5396 

22851 
- 17645 
-3 1277 
-6619 - 1932 
-570 
1450 
552 8 

2 1345 
-3 1455 
-6089 - SO03 

192 
-234 
-7333 
-14355) 

- 9  102 
-2688 

303 
1213 
23 2 

-2 195 

-8404 
-2U7Q 

30 1 
785 

-7382 

655 -1813 

-a483 -19349 
12020 -16717 
21885 5605 
4261 -2423 
1892 -622 
676 -9776 
-34 -2510  
1824 -4131 

20124 3279 
3698 -2185 
1799 -409  
629 -957 
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Table A. 9. Out-of-plane moment loading, Mfc,, on cylinder 

OUT-C%'-YLBNE N O B E N T  L O A D I N G ,  MYC, ON CYLIfJDER (60000 I r J - L B )  

HLC R C -ST R A  IN - -------..--- 
ROSETTE G A G E 1  GAGE2 GAGE3 T R A N S  LONG SHEAR SIGMX SIGMN ------- ----- --..._- ----_ ----- ---- ...---- e---- ---e- 

I - O - C - A  
I- 0 -c- B 
J-0 -c-c 
1-0 -C-D 
x- o-c- e 
1-0 -c-P 
1-0 - C - 6  
I-O-C-B 
I-0-c-J 
1-0 -C-K 
I-0-c-L 

0-0-c-A 
0-0-c-8 
0-0 -c-c 
0-0 -C-D 
0 -8 -C-E 
Q-0-C-P 
O-O-C-G 
O-O-C-H 
0-0 -C- J 
Q-O-C- K 
0- 0-C- E 

9 -14  - 2 8  -925  
0 - 1 4  - 1 1  -545 

-8 - 1 1  - 1 1  -477 

- 1 1  -5 -5  -228  
- 1 1  -3 3 23 

-3  6 6 2 6 1  

0 6 17 496 
3 3 2 2  5s5  
3 3 34 802 

- 1 1  - 1 1  -a  - 4 1 0  

-3  6 9 3 1 8  

- 8  
0 
3 
3 
3 

-3 
-8 
-8 
- S  
- 2  
- 3  

- 8  - 4 3  -1110  
3 -37  -741 

12 -34 -u91 
17 -34 - 3 0 7  
17 - 3 1  -304 
23 - 3 1  - 1 7 3  
17 -37  - 4 1 5  
17 - 3 7  - 4 1 8  
12 - 3 7  - 5 4 1  
12 - 4 0  - 6 1 3  
3 -37 -738  

- 19 
-157 
-389 
-4 53 
-3 99 
-3 24 

2 
17 

153 
2 57 
33 1 

-581 
-2 12 - 5 2  - 16 

4 - 130 
-372 
-370 
-324 
- 2  58 
-2  98 

188 18 
-30  -151, 

0 -389 
- 3 8  -388 

0 -228 

0 26 1 
-38  322 

- 848 5 5  1 
-260 705 
-a09 1039 

-7 5 38 

-96lr 
-54 9 
-47 7 
-4-75 
-399 
-339 

2 
12 
9 8  

107 
95 

456 -318 -1393 
53 4 a19 -1072 
E07 374  -917  
685 516 -899 
647 506 -815 
7 2 2  5-71 -874 
722 329 - 1 1 1 5  
7 2 2  328 -1176 
€44 220 -1086 
082 269 - 1 1 4 0  
530 57 -1092 
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T a b l e  A .  9 (continued) 

OUT-OP-PLANE MOBEMT L O A C I N G ,  RYC, OW C Y L I N D E R  (60000 I N - L B )  

X-Q-N-B 
1-42 -N-c 
1-0 - N- D 
X-O-N- E 
1-0 -N-F 
1-0 -ti- e 
I-0-N- B 
I -0-&-J 

I- 0- N- L 

O - O - N - A  

O-0-ti-D 
0-0 - 8 - E  
O-O-M-P 

O-Q-M- J 
O-O-H-K 

0 - 1 1  -23  -746 
-8 -$ -20 - 6 1 5  

- 1 1  -8  - 1 7  -5162 - 14 - 8  - 1 4  -&-I3 
- 1 1  -9 -6  -297 

- 5  -6 0 - 1 1 1  
- 3  -9  0 -180 
-5  -9 6 - 1 7 8  
-5 -0  3 -1159 
- 3  - 9  187  3926 

-22Y 
- 4 3 1  
- 5 0 1  
-562 
-430 - 198 
-1 31 
-214 
- 2 0 2  
i o a a  

3 
12 
12 
15  
12 
6 
3 
1 

- 3  
- 2  

-2 -28 -677 -104 
'0 -17 - 3 7 1  2165 

a - 5  -52 14 32 
9 0 194 4 38 
9 6 330 2 88 
9 9 403 2 25 
9 10 420 152 
6 6 279 7 
3 6 205 -9 

0 - 1 1  -256 2 a8 

152 
156 
119 
79  
-4 0 
-76 

- 1 1 4  - 117 - 149 
-2486 

314 2 
2 2 9  
156 
118 
117 
40 

1 
- 4  

0 
-3 9 

- 183 
- 3 4 2  
- 4 0 1  
- 4 2 6  
-286 
-67 
-37 
-79  

- 3  
5474 

- 7 8 7  
-703 
-642 
-6QB 

- 2 4 2  
- 2 7 4  
-316 
-313 
-46 1 

56 -836 
320 -046 
329 -298 
459 -89 
4 6 8  144 
354 265 
403 225 
42 152 
299 7 
2 1  1 - 1 5  
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T a b l e  A .  9 (cont inued)  

OUT-QP-PLANE NOMENT L O A C I N G ,  HYC, ON CYLINDER (60000 I N - I . B )  

I27 OC-A 
I27 GC-B 
127 OC-C 
127OC-I )  
127 CC- E 
X27CC-F 

127 QC- J 
I27 CC-K 
I27 OC-L 
127 GC-B 

0 2 7  OC-A 
027 CC-B 
027 0C-C 
027 OC-I) 
0 2 7  GC- E 
027 OC-F 
027 OC-G 
027 OC- I.] 
027 OC-J 
027 OC- K 
027 OC-L 
027 OC-H 

x27 oc-n 

-161 
-145 
-125 
-108 - 88 
-28 
23 
23 
-3 

-34 .. 40 
-25 
-42 
-59 
-74 - 88 

- 1  28 - 139 
- 1 4 5  
- 1  17 

- 7 7  - 14 
26 

0 13 
346 
3 12 
296 
266 
208 
168 
135 
103 

52 
0 

91 
1 C 4  
117 
123 
134 
149 
143 
129 
114 
89 
57 
1 3  

385 
351 
293 
270 
2 $4 
186 
157 
137 
114 

5 5  
6 

17 
4 3  
66  
€?6 

1 c o  
123  
123 
126 

97 
89 
544 
12 

T R A N S  ----- 
17700 
15481 
13433 
12560 
11518 
8688 
7128 
5953 
4776  
2370 
iai 

24 17 
3312  
4078 
4660 
5238 
6 105 
5992 
5746 
4778 
3978 
2471 
733 

LONG ---- 
470 
3 06 
2 76 
5 14 
8 16 

1766 
2832 
24 83 
1356 
-304 

-1135 

- 34 
-274 
-557 
-808  
-1061 
-2008 - 2384 
-2630 
-2064 
-1109 
3 24 
1001 

S H E A R  ----- 
37 1 
-7 4 
26 0 
335  
152 
30U 
152 
-3 5 - 152 
-3 6 
-7 6 

98 5 
83 5 
682 
49 1 
45 5 
34 1 
26 6 
39 

227 
- 1  
38 

152 

S I G M X  ----- 
17708 
15481 

12569 
11520 

7134 
5953 
4782 
237 1 
I86 

27'63 

4176 
4704 
5270 
6119 
6000 
5747 
4785 
3978 
2472  
1070 

13438 

a702 

3Q97 

S I G M H  ----.. 
462 
305 
27 1 
505 
814 
1752 
2827 
2482 
1349 
-3 04 

-1139 

-380 
-459 
-655 
-85 1 - 1093 - 2022 

-2392 
-2630 
-2071 
-1109  

323 
66 5 
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3 
2Y 

9 
56 
9 1  

3 
88  

1 (a8 
1 3 2  
106 

7 9  
53 

-8 
-25  
- 5 1  
-80 

- 1 Q S  
- 1  12 

- 1 9  
1 2  

1 4 2  
1 2 7  
75 

&a88 
564 
6 1 1  
696 
66Q 
7’77 
@OQ 
4 65 
185 
1 Z Q  

E 5  
38 

113  
73  
38  
-5  

-ra2 
-2.33 
-3 83 - 299 
- 1 8 1  
-1  15 
- 46 

485 21380 
5 5 5  24563 
652 277391 
573 26712 
713 3 0 0 9 8  
819  35075  
589  26113 
3 2 7  16182, 
2@9 8521) 
127 5 3 8 2  
65  2 9 5 8  
35 1557 

3 3  3 2 0 2  
--a 1454 

-34 150 
-63  -1403 
-97 -2956 

- 2 3 0  -10916 
-325 -13984 
-3016 -13335 
-187  -8255 
-98 -4811  
-29 -1718 

6 5  13 

8 5 9 1  
9688 

1 1750 
106 08 
10482 
7 8  554 
6531 
4793 
3211 
20 55 

7 23 
-3  12 

-28 13 
-4050 
-8624 
-4780 
-11830 

1771 
23 74 
1747 

80 ao 

027d‘N-lhl 318 3 3 100 1168 

-ID -- - 
3.8 

I 1 6  
-942 

9 7 2  
-700 
-550  

196 
1178 
- 3 1 4  
-3s 

0 
3 9  

1068 
1071 
954 
746 
73 2 
49 8 
157 
75 
7 8  

-23 1 
-230 

1 

21380  
24569 
277YS 
26767 
3Q I05 
356887 
2 6 9 1 5  
16359 
$573 
538Q 
3 2 1  1 
2858 

6513 
80-99 
8576 
S633 

11724 
1 Q596 
1 c479 
7696 

is790 
2758 
1554 

3599 326 
1959 -817 
589 - 1 9 2 4  

-1867 -3149 
- 2 5 8 9  - Q Q l 7  
-6567 -10982 
-4’777 -13987  
-4830  -13336 

1772 -8256  
23-81 -4f319 
1762 -1’733 
1168 100 
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T a b l e  A. 9 ( con t ihued)  

OUT-OF-PLANE HCCENT L O A C I N G ,  UYC, ON CYLINDER (60000 I N - L B )  

HICRO-STRAIN STRESSES PRIN STRESSES ------------ - _--- -- - ---------..I_- 

ROSETTE G A G E 1  GAGE2 G A G E 3  TRANS LONG SHEAR SXGMX S I G H N  ........................... ................... 
1-0 -c-* 
X- 2 2C- A 
1-4 5C- A 
2 - 6 l C - A  
I -9OC-A 
I1 12C-A 
I 1 3 5 C - A  
1 1 5  7c-A 
120 ZC-A 
1 2 2  5C- A 
I 2 U  7c-A 
X 2 9 i C - B  
13 15C-A 
133 7C- A 
I I S O C - L  

Q-22C-A 
0-4 5C-A 
0-6 7C-A 
Q- 9 OC- A 
01 1 Z C - A  
0135C-A 
0 15 7C-A 
0 1 8 Q C - A  
020 2C- A 
0225C-A 
02U 76-A 
029 2C-A 
03 1 56- A 
C 3 3 7 C - A  
0 18 QC-L 

17 -20 -17 
35 23 29 
69 U 6  120 

267 218 152 
243 - 4 1 5  -443 
246 172 213 

6 3  115 6 1  
20 43 35  
6 - 3 1  -55 

-311 -69 - 1 2 1  
- 2 9 7  -2&0 -164 
- 2 8 5  -127 -274 
-49 -118 -75 
-3 -55 -37 
-3 23 -6 

-40 
-9 2 

-3  I8 
56 

- 2 9 8  
-75  

-2 
14 
55 

3 5  1 
3 6 2  

7 2  
20 
-5 

- 28 

26 
20 

- 2 5  1 
- E  1 

-237 
53 
- 5  - 28 - 50 

-34  
205 
- 1 1  
-68 - 20 
-3 1 

-34 
36 
64 

-39 
1 1  
25 
3 9  
14 - It; 

-76 - 19 
242 
-25 
-48 

17 

-8 13 266 
1108 1372 
3579 3143 
7334 10347 

-19118 1568 

3781 3033 
11690 1121 

-1895 -383 
-4143 -2271 
-9429 -11735 
-8487 -11110 
-4189 -2719 
-2018  -683 
393 13 

8298  9883 

-128 
1336 

-3749 
-2260 
-4629 
1008 
7 7 7  - 294 

-1472 
-2 4 86 
370 1 
468 1 

-2129 
-1511 - 296 

-1226 
-2353 

- 10656 
1005 - 10336 - 17 10 
-5 96 
-163 - 1 1  

8 92 
11631 
12253 
1511 
156 

-250 

-38 
-72 

- 9 9 2  
87€  
38 2 

-607 
722 
114 
31 1 
693 - 1539 
1962 - 577 
-23 1 
38 3 

79 6 - 223 
-4200 

-3307 
373 

-594  
- 5 5 6  - 446 
56 6 

2996 
- 3 3 7 3  
-57 1 
38 0 

-645 

-298 

268 -814 
1390 1090 
4377 2345 
10622 7558 
1575 -19125 

10089 8092 
4221 2594 
1712 1099 
- 3 2 1  -1956  

-2043 -4372 
-8659 -12505 
-7439 -12158 
- 2 5 1 9  -a389 
-644 -2057 
630 -224 

290 
1350 

-1565  
1032 

-3115 
1 e47 
998  
332 
115 
985 

12636 
13548 
1598 
239 
372 

- 1644 - 2366 
- 1 2 6 4 0  - 2287 
-11351 - 1749 

-813 
-789 

-2578  
2696 
3394 

-2217 - 1594 
-91 8 

................ ~ ................. -~ ................. 
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Table A. 9 (continued) 

Q U T - O P - P L A N E  NOBENT L O A D I N G ,  BYC, CN C Y L I N D E R  (60000 I 

I-O-N- * 
1;-22N-A 
1-4 5 N- A 
1-6 765-8 
X-9OH-A 
1 1  12N-B 
T 1 3 5 N - A  
X157N-  
I18 QN- 
I20 2M- B 
122 5 
I24 7 
1292N-A 

0-22N-18 

033 71- A 
0-0 -M-L 

17 -17 
78 53 
66 103 
154 242 
207 -442 
168 230 
65 112 
24 21 

3 -12 
-6 -56 
-53 -134 

- 1 6 3  - ? 5 8  
-58 -85 
-25 -29 

-la7 -259 

-163 
-43 
15 

101 
- 1 1  
-42 
-37 
-3 
14 
-5 
0 

29 
Q 
17 
-3 

6 
-92 

-3 17 
- 6 3  

-239 
48 
14 

-25  - 25 
5 1  

3 24 
103 
-6  1 
-39 
-3 

-29 -1022 
50 2174 

112 4669 
236 10342 

-516 -21281 
239 10129 
1 0 9  4800 

30 1085 
0 -253 

-29 -1860 
-58 -4172 

-207 -10046 
-233 -9300 
-122 -4U86 
-55 -1845 

3 255 
46 -949 

-103 -9243 
-26 -2057 

-99 -1071 
14 67 1 
6 -425 

-33 -1301 
-71 -4211 
114 9624 
338 9660 
73 259 

-22 -1363 
3 10 

-338  -12658 

2 18 
3036 
3371 
97 Q9 
- 1 8 3  
8087 
3393 
1048 
17 

-7 29 
-2830 
-86 12 
-76 90 
-3097 
-995 

-1211 
-3568 
-2330 
24 27 

-4 135 
-1595 
-9Q2 
-2 06 

42 
- 2 9 2  
2892 
37 58 
85 
104 
-74 

15 3 
39 

- 1 1 e  
76 
98 1 

-118 
39 

-319 - 156 
-352 

-1010 
-699 
46 5 
505 
349 

39 
-1843 
-2843 
-499 
1326 
1969 

0 
-417 
102 

1628 
2802 

-3143 
-1796 
-227 
-74 

237 -1040 
3038 2172 
4679 3360 
10344 9707 
-136 -21326 
10135 E O 8 1  
4801 3392 
1184 84 1 

- 4 2 6  -1960 
-2288 -4714  
-6328 -10330 
-7565  -9425 
-2933 -14650 

a9 -324 

256 
610 

-1311 
2482 

-3933 
653 
67 1 
116 
50 

1271 
10638 
11020 

1970 
138 
53 

- 1212 
-3127 - 10262 
-2112 - 12860 
-3%20 
-902 
-746 - 1308 - 1987 
1879 
2398 

- 1426 - 1397 
-118 



T & l e  A. 10. In-plane moment; loading, MZC, on cyl inder  

IN-PLANE HDL3XNT L C A D I N G ,  MZC, ON C Y L I H D E F  (24.000 I N - L E )  

MICRC-S?RAIN STRESSES PRIM STRESSES 
------*--e-- ------e- ------------- 

I - 0 - C - A  
I-0-C-B 
IC-0-c-c 
1-0 -c-D 
I-0-C-E 
I - 0 - C - E  
1-0 -C-G 
I-0-c-fi 
1-0 -C-J 
1-0 -C-K 
I-0-c-L 

0-0-c-A 
Q-0-C-€3 
0-0 -c-c 
0-0-c- D 
0-0-C-E 
0-0 -C- F 
0-0 -C-  6 
Q-0-C-H 
0-0 -C- J 
0-0-C-K 
0-0-c-L 

138 
1 1 2  

87  
6 5  
4 8  
1 1  
0 
0 
3 
3 
0 

- 146 
-77 
-57 
-40 

-9 
3 
0 

-3  
0 
0 

- 1 0 8  

76 
5 9  
U 5  
3 1  
28 
20 
2 5  
31 
33 
3 1  
28 

- 17 
- 4 3  
-46 - 49 - 46 - 37 - 29 
-29 
-28 
-28 
-23 

70 
48 
36 
2 5  
20 
14 
17 
22  
28 
2 5  
19 

- 23 
-37 
-40 
-46 
- 4 3  
- 3 4  
- 2 9  
- 2 9  
-26  
-26 
-20  

3057 
2 2 1 9  
1692  
1159 
995 
724 
9 2  1 

1160 
1343 
1220 
9038 

-7  17 
-1637 - 1798 
- 2 0 0 7  
-19.01 
-1559 
- 1 2 5 9  
-1255 
- 1  186 
- 1  187 

-937  

5047 
4036 
3 1  19 
22  84 
1729 
551 
2 72 
3 U6  

4 46 
3 08 

-4581 
-3745 
- 2 0 5 1  
-2315 - 1770 
-725 
-2 93 
-3 79 
-442 
-357  
-282 

485 

SHEAR .----- 
7 5  
450 
313 
75 

11 2 
7 5  

112  
711 
74 
112 

76 
-7 7 
-75 
- 3 8  
-3 9 
- 3 8  

0 
1 

- 3 8  
-38  
-3 7 

mi2 

S I G M X  
-c--- 

5050 
4049 
3128 
2289 
1745 
752 
939 

1175 
1349 
1227 
1 0 5 4  

-716 
-1634 
-1793 
- 2 0 0 3  
-1759 

-723  - 251 3 
-379 
-440 
-355 
-279 

S I G H N  ----- 
3054 
22 07 
1683 
1154 

97 8 
52 3 
253 
33 1 

439 
29 1 

- 4583 
-371r8 
-2857 
-2319 - 191 1 - 156 1 - 1259 - 1255 
-1188 - 1189 

-939 

w a  

........ I.._........ ..................................................... 
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$-O-N-B*"* 0 
1- Q- P- c 81 
1-0 - N- B 61 
3-Q -&- E 46 
IC-O-N-P 14 
I-0-8-G 0 

3 
I-O-N- J 12 
9-0 - N- K 17 
I-Q-El-L+* 29 

0-0 - % - A  
Q-0-N-S 

0-0 -N-B 
0-0-aa- e 
c-0 -8-P 
0-0 - I - G  
0-0-bf-pI 
c-0 -M-6 
0 4  - M- K 

-134 - 97 
-70 
-47 - 29 

Q 
lla 
8 
9 
14 

E 2  49 
38 32 
23 20 
IO 14 
9 9 
12 12 
14 17 
23 23 
29 26 
35 -204 

-26 -26 
- 3 4  -34 
-38 -35 
-41 -38 
- 4 1  -38 
-32 -32 
-24 -24 
-21 -21 
-24 -27 
-29 - 2 9  

2226 
1 Q38 

8633 
706 
365 
508 
697 

1012 
1199 

-3756 

-984 
-1401 
-1 538 
-1695 
-1712 
-1 1923 
-1056 

-929 
- 1  112 - 1306 

668 
2864 
2090 
l6Q0 
5 43 
150 
294 
651 
8 83 

-248 

- 4 3  13 
-33 28 
-2576 - 1920 
-1396 
-4 34 
11 Y  - 29 
-76 

38 

40 
7 7  
3 3  
76 

1 
0 

0 
36 

3 190 

0 
0 

-3 9 
- 3 s  
-3 9 

0 
0 
2 

39 
6 

- 3 8  

2227 
2868 
209 1 
1606 
54 3 
50 8 
700 
1012 
1203 
1639 

-984 
-1401 
-1537 
-1688 
-1391 
-434 
114 
-29 
-74 

38 

667 
1034 
88 1 
700 
36 5 
150 
290 
65 1 
879 - 5642 

-Y313 
-3328 
-2577 - 1926 
-1717 - 9423 
- ? 056 
-92 9 

-9113 
- I306 
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Tab le  A.  10 (continued) 

IY-PLANE klOBEN'I LCADING, MZC, ON C Y L I N D E I ;  624000 IN-LE) 

HXCRC-STRAIN STRESSES PRIN STBESSES ------------- - - - -_ -- - ----...------- 

B O S E T T E  GAGE1 G A G E 2  GAGE3 TRANS LONG ------- ----- ----- _---- ----- --e- 

I27 OC-A 92 -418 -421 -18547 -2808  
1 2 7 C C - B  92 -315 -349 -14689 - 1 6 5 1  
127 oc-c 91  - 2 4 3  - 2 5 9  -11120  -914 
I27 OC-D 
x27 cc- z 
127cc-P 
127  oc-8 
I27 OC-J 
I27 CC-K 
127 OC-L 
I27 CC-M 

027 oc- A 
827 OC-5 
027 OC-C 
027QC-g> 
027 OC- E 
027 O C - P  
027 OC-G 
027 QC-H 
027 oc-J 
027 OC- K 
027GC-L 
027 OC-H 

7a -198 - 2 0 9  
60 -154 - 1 6 8  
23 - 3 7  - 4 3  - 14 46 40 
-6 88 80 

6 108  1111 
20 145 137 
2 0  151 151  

182 131 91 
1 4 8  94 77 
I19 65 45 
94 54 37 
88 413 2s 
46 17 9 

9 io 20 
- 1 4  3 1  37 
- 5 7  6 8  66 
-86  8 3  88 

- 1 1 7  1co 100 
-131 105 108 

- 9 0 3 5  -372 
-7149 -350 
-1 780 148 

1896 140 
3698 937 
4 8 1 8  1616 

6519  2584 
6180 2452 

4673 6862 
3586 5511  
2306 4274 
1893 3 3 8 1  
1 4 0 1  3061 

513 1521 
567  5 16 

1519 28 
3007 - 8 1 0  
3 8 5 4  -?409 
4 5 1 3  -2154 
4843 -2483 

SHEAR ----- 
37 
446 
22 3 
148 
19 0 
76 
76 

113 
-38 
114 
0 

53 0 
22 7 
265 
229 

1214 
0 

-7 6 
30 

-75 
0 

- 3 e  

228 

-2808 - 1 8 5 4 7  
-1636 -14705 

-909 - 1 1 1 2 5  
-369 -9037 
-344 -7154 

151 -4783 
1899 137 
3703 93 2 

6184  2 4 4 8  
6 6 1 9  2584 

w i g  1 6 1 6  

6983  4551 
5 5 3 7  3560 
4 3 0 9  2271  
3416 1859 
3092 1371 
1534 50 1 

867 51 6 
1523 24 
3007 -810 
3855 -1410 
4513 - 2 1 5 4  
4 8 4 3  - 2 4 8 4  
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127 O N - B  
1270N-8 

$27 OM-E 
I27 08-F 
L270N-G 
I 2 7  ON-H 
I2 7 OM -J 
I27 OM-K 
127 QN-L 
I27 ON-N 

0 2 7  C N - A  
0 2 7 O N - B  
0 2 9  OM-C 
0270N-0 
0270N-E 
027 ON- F 
0 2 7  GN-G 

0 2 7  ON-R 

-134 - 5 E 4  
-164 -677 
-146 -678 
-193 -829 
- 2 2 8  -E64 
-56 - 1 0 5 2  
-56  -178  
- 4 4  -651 

-171 -330 
-159  - 2 5 1  
- 1 3 6  -156 
-127 -57  

-584 -25076 
-686 -29791 
-815 -32638 
-745 -34381 
-914 -38836 
-1061 -Ut5378 
-796 -36727 
-510 -25470 
- 3 6 5  -15098 
-251 -10836 
-159 -6781 

- 8 8  -3941 

261 118 a9 
353 158 135 
437 2C7 167 
503 2 5 9  221 
566 305 273 
523 489 506 

106 5 1 9  5 1 2  
- 5 8  340 3 5 4  
- 8 7  239 23C 
-84 132 109 
-84 23 26 

305 5 5 2  5 4 3  

4251, 
6046 
7725 
9990 
12069 
2 1  152 
23853 
22493 
15319 
10408 

SUO5 
1162 

-11557 - 1384'7 
-14175 
-16100 - 18488 
-15595 - 12699 
-8968 
-9658 - e626 
-6102 
-4984 

91 18 
124 119 
154 19 
18882 
2G60 1 
22836 
16292 
9937 

5 25 
- 8 3  1 

-2  164 

273 -11551 -25082 
117 -13846 -29792 

1828 - 1 3 9 9 6  -32617 
- 1128 - 16031 -34Q50 

6 5 2  -18466 -38857 
118 -15584 -46378 

-1100 - 1 2 6 4 9  -36777 
-1885 -8956 -25683 

Q7l -9617 -1'5138 
Q -8026 -10836 

39 -6108 -6784 
-118 -3928 -4998 

384 9148 4223 
307 124219 6031 
537 15456 76588 
a98 18113 9960 
420 2 0 6 2 2  12049 

- 1 5 q  22062 21127 
37 23853 16292 
77 22494 9936 

-193 15322 2861 
116 10409 524 
303 5426 -906 
-39 1162 -2165 



1 4 3  

Table A . 1 0  (continued) 

IN-ELAN€ BOMENT L C A D I N G ,  MZC, ON C Y L I N D E R  (216000 I N - L B )  

S?RESSES P R X N  STRESSES 
---e---- -...----------- 

I - O - C - +  
1-2 2C- A 
1-4 5C- A 
I- 6 7c- B 
1-9 OC-A 
I1 12C-A 
113%-A 
I. 15 7C- A 
120 2C- A 
I22 5C- A 
n 4  7c-8 
I29 2C- A 
13 1 SC-A 
r337c-a 
I18 0C-L 

Q-L 2C-A 
0-4 5c-A 
0-6 7C-8 
0-9 OC- B 
0112C-A 
013%-8 
0157C-A 
0 18 CC-A 
020 2 C - B  
022 5C-A 
024 7C-A 
0292c-w 
0315c-A 
033 7c- B 
018QC-L 

8 1  67 70 2934 
152 100 92 404s 
18Q 1 1 Q  163 5902 
386 2C9 143 7310 
7U -415  -426 -18573 

349 160 212 7790 
166 160 120 5979 
140 103 106 4435 
a 44 98 98 4lf3 
202 139 176 6694 
401 505 156 7487 
404 167 231 8307 
185 182 124 6522 
150 9 5  104 4212 
-4 12 12 511 

-168 
-223 
-5 19 

2 15 
-466  
- 1 9 5  
-170 - 137 
-153 
-234 
-527 
-5 24 
-2 16 
- 1 5 5  

3 

- 17 
-3 1 
-393 

100 
-3€5 

42 

-17 
- 1 1  
-43 

-359 
- 3  1 
26 
-9 - 14 

-a  

-26 
17 

- 3 1  
123 
-67 
- 2 2  

-6 
-8 
- 3  
28  

-57 
-367 
-34 

- 3  - 14 

-759 
-6 3 

-8745 
4664 

-8986 
640 - 123 

-4 04 
-142 
-62 

-8558 
- 8  182 

44 
-198 
-632 

33 24 
5762 
7178 

13781 
-3341 
12809 
6771 
5535 
5573 
8068 

14281 
I46 16 
7498 
5766 

42 

-5275 
-47 11 

-18180  

-16662 
-5663 
-5 140 
-4221 
-4646 
-7024 - 18364 

-1816Q 
-6480 
-50 15 

-108 

7836 

-3 7 
113 

-648 
877 
15 2 

- 6 8 3  
53 u 
- 3 e  

- 1  
-500 

65 4 - 846 
76 9 

-115 
1 

1 1 6  
-632  

- 297 
-397mr 

85Y 
-37 

- 1 1 2  - 112 - 946 
-4018 
QQ73 
79 7 
0 
0 

-4828 

3327 
5769 
7450 
13897 
-3339 
12902 
7040 
5536 
5 5 7 3  
823 1 
14344 
14727 
792 1 
5774 
511 

29 30 
4038 
563 1 
7193 - 18574 
769 7 
5710 
4434 
4153 
€53 1 
7 4 2 4  

E099 
42Q3 
42 

ai96 

-756 -5278 
- Y  -6770 

-6712 -20213 
7863 4636 

754 -5777 
-122 - 5 1 4 1  
-401 -u224 
-140 -4649 

64 -7151 
-7123 -19800 
-6471 - 19872 

I40 -6576 
-198 -501s 
- 1 0 8  -632 

- 7 2 9 9  - 1 a w  
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Table A. 10 (continued) 
-- 

0-2 2N- A 
0-4 SM-B 
0-6 7 N- B 
0-9 ON-A 
0 1 1  2 H - A  
0 13 58-la 
0 15 7N-k 
0180N-A 
020 2N- 
0 2 2  5 N - A  
02478-8 
029 2M-8 

0 - Q - I - E  

95 66 63 2749 
-671 -41 6 - 5 9 0  
162 148 221 7929 
195 242 398 13859 

- 5 0 2  -21087 
201 375 245 13399 
171 233 156 8373 
139 199 80 3998 

llr5 57 115 4511 
152 169 230 8613 
201 239 3 5 5  12852 
166 356 277 13723 
143 1 2 2  146 7 9 1 8  

1 4 8  80 a9 3535 

131 102 79 3829 

-138 
-130 
- 1 2 1  
3 14 

-122 
-1122 
-131 
-142 
-139 
-120 
-128 
- 1  17 
-101 
-132 

31 

- 9 2  
-225 
-504 

89 
-153 

40 
31 - 17 

-77 
-2 22 
-520  
-136 

3 4  
28 

-28 

L O  -143 
26 -423 

-179 -14884 

-236 -4181 
-65 -609 
-17 -600 
22 -1060 
43 -3809 

-208 -15859 
- 5 2 6  -15313 
-219 -3970 

- 7 3  -851 
-3q  -0395 

36 83 
-53cs  

72&8 
lQOOl 
-4291 
lOQllO 
7647 
53361 
54 87 
5692 
7133  

9104 
6662 
5085 

9892 

- 4 S E 5  
-5167 

10732 
-83 17 - 49 25 
-41 10 
-L)449 
-44 16 
-4729 
-8599 
-8096 
-4230 
-4220 

5 05 

-a 100 

39 
-628 
-983  

-2084 
629 
1730 
1022 
393 

-118 
-236 
- 8 1 6  

1049 
1010 

3 1  1 

- 1 5 5  

-334 1 
- 4 3 3 8  
-499 
4398 
3675 
1288 

1 
-1315 
-3523 
-4 167 
4660 
3369 
1350 
75 

368.u 2747 
-507 -5387 
8629 6SQ8 
144130 909% 
-4267 -21111 
14331 5309 
9095 6925 
5Q66  3893 
5494 3528 
5737 4065 
8874 E772 
13518 9226 
13951 E877 
8479 6100 
5158 3756 

-840 
-1328 
-5986 
1077 1 
-5290 
-859 - 186 
-600  
-606 
-716 
-6703 
-581 1 
-728 
-377 
5016 

-5184 
-8073 

-16999 
4355 

-175‘18 
-8246 
- 4533 
-4u49 - 487 0 

-1’7756 
-17598 

- 7 4 7 1  

- 1398 

- 9 a x  
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Table A.11. Axial force loading, FXC, on cylinder 

A X I A L  FOBCE L O A C I N G ,  F X C ,  CN C Y L I N D E R  (8000 LE) 

1-0-C-B 
1-0 -c-e 
I- 0-C- 14 
1-0-C-E 
I-0 -c- P 
1-0-c-G 
I-0-c-hI 
I-0 -c- d 
I- Q-c- K 
1-0 -c-I, 

0-0 -C- A 
c-0 -C-B 
0- 8 -c- c 
0 - 0 - C - D  
G-0 -C-E 
Q - 0 - C - F  
6 - Q - S - G  
Q-0 -C-H 
0-0-c-J 
0-0 -c- K 

- 1 1 0  - 4 8  - 3 1  
- 8 5  -37 - 2 2  
-62  -26 - 1 2  
- 4 2  -20 - 9  
-28 -17 -6  

0 -17 -6 
2 -23 - 1 2  
2 - 2 6  -17  

-3  - 3 1  -20 
- 3  -21! - 7 %  
-3  - 1 3  - 6 5  

-1623 
- 1 2 2 0  

-746  
-5  86 
-472  
- 5 1 0  
-762 
-944 

- 1 1 1 0  
-992  
-816  

1 1 1  
74 
48 
28 
14 
-9 

-9 
- 9  
-9 

- 1 2  

- 

23 
37 
37 
31 
25 
20 
lrr 
1 1  
17 
17 
I 4  

28  998 
34 147a 
2 5  1309 
3 1  8335 
3 1  1 2 2 4  
20 872 
14 6 2 0  
14 56 7 
17 742 
1 4  6 8 9  
1 1  56 8 

-37 84 
-2905 
-2089 
-1450 

-996 - 162 
-156 
- 2 1 2  
-427 
4 0  1 
-348 

36 26 
2655  
1835 
9245 
781 
-1) 

-81  
-105  

-45  
-63 

- 1 8 0  

- 2 2 5  - 186 - 187 
- 1u9 - 150 - 150 
-150  
- 1 1 0  - 1 4 9  - 1 4 9  - 108 

-74 
3 5  

155 
- 2  

0 
8 

- 3 7  
0 

3 8  
3t? 

-78  

- 9600 - 1200 
-721 
-56 1 
-433 
-106  
- 1 2 1  - 196 
- 3 9 6  
- 3 6 6  
-3241 

3629 
2557 
%8?T 
1335 
1237 

6 2 0  
563 
7 4 2  
6 3  I 
57 0 

a n  

-3807 
- 2 9 2 5  
- 2 1  15 - 14-75 - 3035 

-566 
-797 
-960 

- 1 1 u 1  - 1028 
-840 

936 
9473 
1267 
1245  
"768 

-4 
-8 1 

-1107 
-Y5 
- 6 5  

- 1 8 2  
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Table A. 11 ( c o n t i n u e d )  

--_ 

A X I A L  F O R C E  E O A E I N G ,  F X C ,  ON C Y L I N D E R  (8000 LE) 

L-Q-N-B** 0 
I-O-N-C - 6 1  
I -Q-M-D - 4 1  
I - Q - N -  E - 3 0 
1-0 -N-E -6 
1-0-N-6 0 
I- 0- N- H - 3  
1-0 - N- J -9 
I - 0 - N - K  - 1 2  
I-Q-N-L** -23  

Q-0-8-A 1 0 5  
0-0-N-I3 74 
0-0 -N-C 50 
0 - Q - M - D  32 
Q-Q-N-E 17 
0-0 -N-F 0 
0 - 0 - N - G  -6 
0-0 -&- id  -3 
0-0 - N- J - 3  
0 - Q - M - K  - 1 2  

- 2 9  

-9  
- 9  
-3  
-6 
- 9  - 12 - 15 - 18 

37 
37 
38 
35 
32 
23 
14 
11 
14 
15 

l a  
- 3 8  - 1% 

-9 
-6  
- 5  

- 12 
-15  

- 17 
165 

37 
37 
35 
3 5  
35 
26 
17 
14 
1 4  
2 0  

- 1 8  

TRANS 
---e- 

-1296 
- 6 4 9  
-357 
-308  
- 194 - 393 
- 5  16 
- 6 4 1  
- 7 0 1  
3 2’33 

1 4 9 8  
1532 
1547 
1500  
1453 
1087 
7 05 
570  
637 
7 7 9  

LONG -- -0 

-3 a9 - 2039 
- 1337 

-979 
-2830 
-628 
-2 51 
-466 
- 5 6 9  
289 

3599 
2669 
1951 
1411 

358  
3 19 

29 
75 
97 

-026 

S I G H X  ----- 
-389 
-647 
- 3 5 4  
-306  
- 0 7 1  - 108 
-230 
-437 
-562 
14668 

3599 
2669 
1955 
1500 
1456 
1089  
707 
573  
637 
786 

S I G U R  
----e 

- 1296 
-2040 - 1337 

-982 
-263 
-4’14 
-537 
-67 1 
-708 - 1086 

1U98 
1532 
15Q3 
141 1 
9 5 5  
317 

2 6  
7 2  
97  

-133 
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T a b l e  A . l l  (continued) 

A X I A L  P O K E  L O A C I N G ,  F X C ,  ON C Y L I N D E R  (8000 LE)  

L27 OC-A 
I27 QC-B 
227 oc-c 
I27 oc-a 
X27 QC-E 
127 GC- f 
X27CC-H 
I27 OC-d 
X 2  7 GC- K 
127 oc-L 
I27 QC-&l 

027 oc-8 
027 cc-8 
027 CC-C 
027 OC- D 
027GC-E: 
6327 OC-i? 
027 oc-G 
0 2 7  CC-ki 
027 CC-J 
027 QC-K 
0 2 7  OC-L 
027 OC- 

- 1 3 2  
-135  - 126 
- 1  23 
- 4  15 - 80 - 52 
-49 - 54 
- 5 2  
-49 

- 1  14 - 97 
-80 
-66 
-63 
-46 
-32 
-17 

0 
14 
22 
14 

409 
3 28 
278 
245 
211 
128 
68 
48 
34  
22 
20 

54 
33 
E5 
94 
96 

IC2 
91 
77 

54 
40 
40 

6 8  

342 
292 
226 
189 
162 

9 0  
54 
t l  
40 
28 
28 

-63 
-40 
-12  

0 
25 
62 
71 
71 
57 
45 
34 
37 

TRANS 
-e--- 

16668 
13780 
11214 
9674 
6324 
4656 
2743 
2224 

1171 
I107 

-80 
838 
1699 
2299 
2736 
3671 
3594 
3266 
2 743 
2170 
1590 
1666 

1680 

LO NG - - -- 
1047 

95 
-4 19 
-7 94 
-9 39 
-10 14 
-7 27 
-800 

-1131 
-1201 
-1132 

-3443 
-2666 
-1892 
-1291 
-1078 
-279 
126 
458 
8 12 
1072 
1150 
9 14 

SHEAR ---...- 

89 3 
483 
70 5 
73 9 
64.7 
6Y6 
190 
- 4 1  
-7 6 
-76 

- 1 1 4  

1554 
1513 
1288 
1142 
94 7 
532 
26 6 
7Q 
15 3 
116 
76 
3 8  

S I G M X  --...-... 

16719 
13797 
11256 
9726 

4729 
2754 
2224 
1682 
1173 
1113 

528 
I401 
2113 
263 1 
2959 
374 1 
3614  
3268 
2755 
2 182 
1603 
1668 

a369 

SHG M N 
----e 

997 
78 

-462 
-846 
-934 

-1087 
-737 
-801 

-1133 - 1284 
-1137 

-4055 
-3229 
-2307 - 1624 - 1300 
-349 

105 
456 
80 0 

11060 
1137 
9 1 2  
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Tab1.e A. 11 (continued) 

I21 O N - A  
1 2 7 Q N - B  
1270M-C 
127 Q ld- D 
127 CH-E 
r27 OH-F 
LZ7 0 N-G 
127 QW-H 
I27 Q N - J  

127Ct-4-H 

027  QN-A 
027 0 BJ-B 

0270P1-E 
027  ON-P 
021  ON-G 
027 0 H- fl 
027 O N - J  
027  O H - K  
027 0 N- L 

58 
84 
7 6  

I25 
166 
4-8 
59 
44 
129 
115 
1 0 0  
94 

- 1 7 0  
-239 
-311 
-368 
-4 2 8  
-431 
-267 
-106  

37 
60 
57 

494 
573 
637 
67 5 
6 e 3  
E 16 
645 
465 
241 
185 
118 

76 

75 
Y O  
0 

- 4 3  
-89 

- 2 8 2  

-377 
-257 
-179 
-98 

-380  

469 20923 
5 4 3  24U29 
€51  28092 
596 27785 
730 31012 
869 35986 
6Y8 28359 
409 19678 
28'9 11508 
194 8220 
130 5323 
74 3192 

e020 
9843  
10693 
12096 
14292 
12506 
10270 
14073 
7333 
5908 
4597 
3782 

-69 315 -4995 
-109 -1252 -7536 
-147 -2880 -10182 
-187 -4651 - 1 2 4 3 9  
-224 -6Q16 -14388 

-411 -17088 -13150 
-371 -16318 -8088 
-242 -11010 -2185 
-150 -7301 -382 
-72 -3810 5 3 8  

-394 -14382 -17258 

Q29 20934 8006 
3918 24439 9852 

- 2 9 5  28096 10695 
1C52 27856 12026 

-70'7 39006 12485 
-39 28359 1C278 

7 19224 7027 
-628 11600 3244 

- 3 5 4  5 3 5 6  4565 

-545 3 1 8 3 0  14274 

- i i a  8 2 2 5  59902 

39 3784  m o  
I915 934 -5614 
1933 -673 -81116 
1954 - 2 3 9 0  -IC672 
1916 -42Q5 -12885 
le02 -60QA -15152 
1495 - 3 3 7 4 6  -17894 
422 -13105 -17132 
-77 -8087 -1631 

-192 -2182 -11014 
-384 -361 -7323 
- 346 606 -3837  

- ?  1433 - 9 5 2  
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T a b l e  A.  11 (cont inued)  

B X X A l  FOBCE LOAIING, FXC,  ON CYLINDER (8000  LEI) 

STRESSES P R I N  STRESSES -- --- -- - ---------I--- 

I-0-c- * 
1-2 2C-B 
1-4 SC-A 
I- 6 7C- A 
I - 9 8 C - A  
11 1 &-A 
I13 5c-8 
I15 7c-A 
120 2C-B 
I 2 2 5 C - B  
124 762-A 
I29 2C-A 
13 1 %-A 
1337C-A 
1 1 8 Q C - L  

0-2 2C-A 
O-U)5C-A 
C-6 9C-A 
0-9 QC-A 
0 11 2C-A 
G 1 3 5 C - A  
0157C-A 
018CC-A 
C202C-A 
022%-A 
024 7C- A 
02926-8 
03 1 5C- A 
0 33 7C- B 
Q180C-L 

- 76 
-132 
-146 
- 2 8 4  
-141 
-227 - 106 
- 1  18 
-102 
- 1  16 
-295 
- 2 8  1 
-142 
- 1  13 
-40 

-34 
- 7 2  
-80 

-1121 
369 - 109 

-1C9 
-52 
-4 1 
-75 

-17 1 
-47 

-1 19 
-€4 
-3 

-40 
-63 - 1i3 
-60 
363 

- 1 1 2  
- 5 2  
- 4 0  
- 5 8  
-127 
-145 
-125 
-84 
-70 - 12 

136 17 39 
187 39 0 
410 357 33 

-134 -45 22 
309 290 1 1  
131 -6 22 
1 36 58 2$ 
1 1 1  5 5  58 
106 16 39 
145 14 -17 

3 93 40 347 
168 -6 42 
128 20 17 
-46 3 8 

398 2E4 a 

- 1534 
-2827 
-4314 
-3666 
16247 
- Q 6 1 2  
-3421 
-1899 
-2063 
-4324 
-66 13 
- 3 4 5 7  
-Q297 
-2806 

- 2 8 2  

1078 
6 4  1 

8118 - 355 
211 
1735 
2377 
1092 - 234 
5992 
8068 
6 17 
662 
29 1 

6268 

-2743 
-Q809 
-5684 
-96 16 
6 59 

-8181 
-42 15 
-4 1Q5 
-3665 
-4775 - 10833 - 94 5s 
-5546 
-4231 
-1280 

44 18 
57 $8 
14725 
-4 134 
1 1  160 
3986 
46 10 
40 SO 
34 93 
4274 
13745 
14205 
52 14 
4032 

-1289 

77 - I19 
57 3 

-80 1 
76 
36 

-76 1 - 152 
693 

-347 
1 OLlO 
-46 2 

77 
117 

228 

-299 
520 

431 1 

37 16 
-372 
409 
-38 

-297  
419 

3680 
-4097 
-644 

38 
-7 6 

- 8 9 1  

-6529 
-2820 
-4106 
-3560 
16248 
-11612 
-2960 - 6888 
-2031 
-382 1 
-6585 
-3282 
-414s 
-2802 

- 2 6 9  

16444 
5840 
16853 
-156 
13162 
40 22 
4667 
40s 1 
3530 
4312  
15213 
16255 
5302 
4032 
29 4 

-27U8 
-4816 
-5092 
-9722 

659 

-Mi76 
-4115 - 3697 

-10868 - 963 1 
-5598 
-4236 - 1293 

- a i 8 1  

-5278 

1052 
589  

5990 
-f.!334 
426 5 

175 
1678 
2376 
1056 
-272 
4524 
60 18 
528 
66 1 - 1292 
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T a b l e  A . 1 1  (continued) 

A X I A L  fr'OBCE Z6AEIEI@, P X C ,  OH C Y L I N D E R  ( B C Q Q  LB) 

1-0 -u-* 

I-30M-W 

Q-22H-A 

0 13 5W-A 

020 2231-B 

O-Q-I -L  

-90 
138 

-1 19 
-121 
-109 
- 1  59 
-104 
-103 
-1 27 
-88 - 85 

- 1 4 3  
- 8 8  - 96 
- 9 7  

-38 
49 

- 1 c 1  - 1 4 5  
4C1 

-248 - 165 
-65 
-9 
-30 

-1 14 
-222 
-239 
-155 
-67 

-35 -1501 
3 940 

-177 -5975 
-290 -9411 
428 18333 

-177 -9227 
- 7 7  - 5 2 1 4  

-6  -1459 
-33 -779 
-74 -2185 

- l a 6  -5619 
-269 -10620 
-140 -8241 
-91 -528% 
-50 -2468 

118 E a  5 
115 193 -6  
88 406 170 

- 2 1 7  -41 28 
40 148 3 6 4  
89  -12 178 
116 23 62 

5 2  E a  113 - J  

1 1 1  54 9 
7 3  142 -34  
54 4C1 162 
85 162 486 
78 -12 171 

101 -9 55 
-23 14 2 0  

175'4 
3982, 

1 2 5 4 9  
-213 
11193 
338 1 
19.38 
2545 
1251 
2276 
12303 
12822 
31615 
9 16 
757 

- 3 1 4 2  
44 33 

-53 58 
-6459 

22 16 
-6049 
-Y67U 
-3548 
-YO45 
-33 19 
-4232 
-3479 
-51105 
-laa480 
-3635 

4866 
4644 
6598 

-6563 
4549 
399 I 
40 10 
&I64 
3690 
30 60 
53 05 
6392 
33 73 
3298 
-4 57 

-37 
589 
1022 
1929 
-353 
-944 - 1180 
-785 
314 
588 
427 
822 

-1321 
-854 
-233 

999 
2650 
3 I50 
-807 

-288 1 
-2425 
-53Q 

-36  
600 

23169 
3 1182 

-2943 
-2434 
-855 

-136 

- 150Q 
4529 

-4538 
- 5 5 0 6  
1834 
-5790 
- 3 4 3  1 
- 1  189 
-7 49 - 1936 

- 4 9 1 1  
-7360 
-4623 
-3939 
-2423 

4438 
6983 
13923 

12268 
$138 
4128 
4 165 
383Q 
5056 
1353 
14000 
5828 
3574 

76  2 

-1ia 

-3143 
8U4 

-6734 - IO354 
2209 

-9484 
-6153 
-3803 
-4075 
-3569 
-5-740 

-16738 
-e724 
- 5 8 2 9  
-368 1 

164 1 
5324 

-6664 
3473 
1242 
1620 
2544 
1 1 1 1  
286 
407 4 
5214 
960 
640 

-462 



L51 

Table A.12. In-plane force loading, F, on cylinder 
fC' 

I N - E L A N &  h'OBCE LCADIhTG,  EPC, ON CYLINDEE ( 1 G O G  LE!) 

1-0-c- A 
1-0 -&- b 
1-0 -c-c 
I- 0-c- D 
I-0-&-E 
1-0 -C- F 
1-0-C-G 
E - 0  -C-H 
1-0 -C- J 
I -0 -C-K 
1-0 -c-L 

0 - 0 - C - A  
0-0 -c-€3 
0-0 -c-c 
0-0-c-0 
c-0 -C-E 
0-0 -c- E 
0 - 0 - C -  G 
0-0 -C-8 
0-0 -C- J 
O-0-C-K 
0-0 -c-i 

104 
7 3  
48 
31 
87 
0 

-2 
3 

14 
17 
26 

29 
b l r  
9 
6 
6 
9 

15 
20 
2 2  
23 
23 

12 76 3 
IC 5 5 8  
9 332  
6 233 
E 240 
9 39 1 
15 645 
20 86 8 
2 5  6031 
22 970 
20 906 

-103 -37 -46 
-66  -49 -43 
-43 -443 -37 
-29 -37 -37 
- 1 1  - 3 1  - 3 8  

6 -17 -2Q 
9 -114 - 1 1  
3 -17 -17 
9 -20 -17 

Ilr  -20 - 2 6  
28 - 1 1  - 1 1  

- 1  706 - 193s 
-11709 
-1599 - 1367 
-822 
-574 
- 7 5 6  
- 8 2 2  
-89  1 
- 5 3 1  

3361 
2372 
1547 
30 10 

5 92 
I 2 9  
126 
351 
733 
805 

1037 

-35 94 
- 2 5 5 0  
- 1797 
-1336 

-753 
-75 

85 
- 1 4 1  

9 
159 
6 94 

226 
- 2  
- 1  
- 1  
- 1  

1 
1 

- 0  
-37  

0 
3 4  

3380  
2372 
I547 
10 IO 
59 2 
39 1 
645 
8 6 8  

1036 
970 

1045 

1 1 4  -1699  
-76 - 1 9 2 5  
-76 -1665  

0 - 1 3 3 6  
c - 7 5 3  

38 -73 
-3 8 8 7  

c - 1 4 1  
- 3 e  1 1  

0 159 
0 69 4 

749 
5 5 8  
332 
23 3 
2 4 0  
129 
126 
35 9 
728 
805 
89 7 

-360 1 - 2559 - I84 1 - 1599 
- 1367 

-02 3 
-576 
-756 
-824 
-89 1 
- 5 3  I 



Ql- si- 
tl- ZL- 
Q- 9- 
6- 6- 
81- 59- 
E?- €Z- 
62- ZE- 
tE- SE- 
Ob- LE- 
th- OR- 

tbl- l.? 
02 Bl 
S1 Zl 
6 6 
E E 
0 0 
E- E- 
€- 8 
0 9 
21 Zl 

6 
E 
E: 
9 
9 
9- 
1 z- 
BE- 
6s- 
16- 

3-#-0-Q 



Tab le  A .  12 (cont inued)  

-I_ 

___ - 

I N - E L B N E  P O K E  L C B D I N G ,  FYC, ON CYLINDER (1000 LB) 

&PICRC -STRAIN STRESSES PRIN STRESSES 
-------_--*- ----c--- ---o_-------- 

12 7 QC- A 
X27 QC-B 
127 OC-C 
I27 oc- D 
127 OC-E 
L27 QC-P 
I27 QC- H 
I27 CC-3 
127 QC-K 
127 CC- L 
1270C-fl 

027OC-A 
027 QC-B 
027 OC-C 
0 2 7  OC-D 
027 OC-E 
027 DC-P 
027 GC- G 
027 OC-8 
027OC- J 
027ClC-K 
C27 8C-L 

7 3  
73  
6 5  
62  
46 
1 1  - 20 

-11 
0 

26 
3 1  

1 U8 
117 

9 7  

7 1  
48 
23 
0 

-37 .. 60 
-97 

a2 

O27QC-kl -117 

- -  
- : 2 2  
" L 9  
- 1 7 5  
-136 

-94  
- 1 1  

3 4  
5 1  
7 4  

1 1 4  
126 

256  
2 2 2  
185 
1E5 
13.9 
74 
57 
54 
7 4  
E6 
88 
83 

e -  

-376 -15633 -2501  
- 3 2 3  - 1 2 4 3 8  -1542  
- 2 5  1 
- 2 c 9  - 174 
-60 
37 

103 
1 2 0  
128 

a3 

-48 
-57 
-68 
-63 
- E 5  
- 4 0  
-14  

17 
46 
66 
7Q 
86 

-9439 
-7655 
-5943 
- 1 5 0 0  

1589 
2 9 5 9  

5 1  12 
5 5 4 5  

4 4 0 0  
3497 
2456 
2 160 
1547  
699 
9 1 s  
1567 
2 6 9 3  
3388 
3679 
3826 

3887 

-896 
-4 47 
-4 14 - 132 
-122 

545 
1166 
23 04 
2605 

57 57 
4548 
3 6  38 
3122 
2597 
1664 
9 59 
470 

-3  10 
-7 80 - 1805 

-2360  

SHEAR ---..* 
59 4 

1115  
1004  
969 

1 Q64 
046  

- 4 1 8  

-7 6 
-3 3 

4055 
3 7 1 4  
3 3 7 3  
3032 
2728 
1520 
950 

380 
26 6 
190 
-38  

-38  

- 380 

-24174 
- tQ29 
-779 
-3 19 
-216 

11s 
1590 
3029 
3939 
5115  
5 5 4 6  

9 198 
3773 
6471 
57 I 1  
485 1 
2 7 7 6  
1837 
1757 
272 1 
3405 
3686 
3827 

- 15659 
-12551 

-9555 
-9783 
-6141 - 1826 

-123 
475 

1114 
2302 
2605 

963 
2 7 2  

-377  
-429 
-7Q6 
-413 

- 1 3  
280 

-358 
-797 - 1812 

-2360 

........................................... _.. . ~I . 
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T a b l e  A. 12 (conti-nued) 

12 7 ON- A 
127 O N - 8  
X27 ON-C 
121 OH- D 
P27 CI-E 
X2? 0 N-F 
I27 ON- G 
127ON-8 
XI27 ON-J 
I 2 7 C N - K  
I27 CH-L 
127 O N - N  

027 0 N- A 
o27ct-i-W 
8 2 7 C H - C  

027 ON-P 
027 OM-G 
027 QU-8 
027 OH-J 
0270E1-M 
02708-L 
027 0 

-114 -456 
-134 -564 
-120 -581 
-155 -716 
-184 -759 
-53 -969 
-56 - E 9 9  
-35 -611 
-135 -291 
-129 -220 
-112 -132 
-106 -76 

209 267 
2 8 7  3C1 
347 336 
418 379 
Ub13 4 c 7  
428 497 
2 4 4  497 
80 434 

-52 259 
-8 4 178 - 7 2  9 2  
-75 14 

- 5 ? 1  -21115 
- 5 6 7  -25141 
-689 -27783 
-625 -29291 
-753 -330u3 
-840 -39679  
- 6 0 8  -31290 
- 3 9 9  -22154 
-29Q -12691 
-208 -9279 
-129 -5621 

- 7 1  -3912  

-9743 
- 11566 
- 11921 
- 13424 
- 1 S426 - 13493 
- 11064 
-7707 
-7861  
-666 1 
-50 35 
-4106 

-90  
- 5 2  
-4 1 
23 
74 

342 
45 1 
454 
333 
224 
106 
26 

3564 7337 
5155 1014 
6102 12244 
8361 15076 
10076 17052 
17954 18215 
20547 13477 
19406 8227 
13151 2388 
8945 136 
4441 -831 
964 -1960 

739 -9695 -21163  
311 -11559 -25049 
1443 -1179? -27433 

-1207 -13333 -25382 
-78  -15426 -33044 

-1721 -13380 -35791 
-2816 -10680 -31675 
-2815 -7178 -22684 

-156 -6652 -9289 
-39 -5033 -5624 
- 3 8  -3106 -4112 

39 -7861  -12691 

4749 
4709 
5016 
4747 
4438 
206 7 
611 

-267 
-1036 
-614 
-192 - ?54 

10619 
1298 1 
15054 
17533 
19209 
20 156 
20600 
19Q12 
13250 

444 8 
972 

$988 

Q22 
2322 
329 2 
5905 
791 9 
16014 
13rr25 
822 1 
2289 
133 

-838 - 1968 
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1- o-c- * 
I:-22C-A 
I-# 5 c- A 
1-6 7C- A 
1 - 9 Q C - A  
I1 t S C - B  
I l 3 5 C - A  
1157C-A 
I20 2c- B 
122 5C-B 
124 7c-8 
I29 2C-A 
I3 1 5C- A 
133 7c-A 
I18 OC-L 

0-2 2c-A 
0-4SC-A 
0-6 7C-A 
0-9 OC-A 
0 1 1  2C-A 
0 13 5C-A 
0157C-8 
0 18 OC- A 
0202C-A 
022 SC-a 
024 7C-A 
029263-A 
03 1 SC-A 
(333 7C- A 

1 
1 

$2 
06 
15 

326 
54 

298 
166 
126 
130 
211 
3 64 
329 
121 
110 
-35 

-106 
-1u5 
-404 
184 

-U10 
-184 
-159 
-11371 
-151 
-233 
-Ut36 
-407 
-142 
- 1 1 1  

9 
54 
69 

229 
-401 

23 
129  
123 
1; 1 
156 
156 
240 
lQ7 
52 

9 

-9 
1 1  

-254 
-54 

-348 
47 
33 
17 
0 

-60 
-36 1 

29 
17 

- 3 4  

26 666 
54 2274 
146 4593 
244 10148 

-315 -15788 
160 3700 
1 4 0  5732 
123 5272 
124 5253 
162 6751 
38 3853 

234 10048 
7s 4754 
52 2165 
3 292  

- 46 
0 

4u 
267 

-1 l a  
-39 

5 
3 3  
31 
37 

-105 
-244 

0 
- 1 1  

-950 
402 

-4 152 
4264 

-97 17 

1027 
1180 
833 

-235 
-9704 
-4 236 

540 
-870 

3132 

26 53 
3860 
48 13 

12836 
-3105 
10042 
6701 
5361 
5475 
835 1 
12074 
12893 
5066 
3942 
-952 

-3451 
-4229 - 13368 
67 92 

-15204 
-5405 
-4459 
-3577 
4 2 6 8  
-7057 - 17491 - 13487 
-4095 
-3581 

-22% 
0 

-267 
- 1  144 
-1831 - 153 

0 

-7 7 
1578 

77 
96 2 

0 
77 

418 
147 

-3972 
- 4 0 1 7  
-3118 

1150 
37 1 - 186 

-408 - 1.290 
-3410 
3637 
22 6 

- 3 0 3  

- 1030 

- 3 8  

2678 
3860 
5739 
12862 
-3003 
10533 
6724 
536 1 
5402 
8355 
12366 
12895 
5885 
3942 

297  

-882  
407 

-2637 
10122 
-8307  
60 2 
1052 
1188 
86 6 

1 
-8422  
-303 1 

55 1 
-a37  

64 1 
2274 
3667 

10122 - 15891 
32 09 
5708 
5272 
5246 
6747 
356 I 

1 C046 
3935 
2165 
-957 

-3519 - 423 3 - 14843 
93 4 

-16614 
-5625 
-4484 
-3585 
-U300 
-7292 - 1 e774 - 14752 
-4706 
-3614 

016OC-S -23 -6 -6 -218  -742 0 -218 -742 
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Tab1.e A. 12 (cont inued)  

IIV-PLANE EQBCE L O A D I N G .  FYC, 6% CYLINDER (I000 LB)  

1-0 -N-* 
1-22N-B 
x-u 5M-A 
1-6 7 N - A  
2 -9CN-B 
1 1 1  2M-A 
9 13 5N-b 
I15 7 ti- A 
X18CEl-A 
1202N-A 
1225N-a 
I24 7N-A 
I282N-A 
I 3 1  5N-A 
133 i N - A  

0-2LIM-lb 
a-Q5R-a 
0-6 78-8 
0-5) ON-A 
011 2N-A 

0 15 7N-A 
0 18 O H - B  
0 2 0  2N-A 
02251-A 
024 7 8-A 

03391-8 
0-0-HI-L 

90  1Y 14 536 
- 1 3 2  -50 -9 -1149 

1 1 1  117 16  
188 317 39 

5 4  -429 -37 
158 294 i o 0  
16Q 206 147 7565 
1 2 6  117 114 4959 
126 114 115 4893 
1 3 2  132 123 5 4 6 6  
154  165 2 2 1  8315 
1741 113 290 8677 
157 305 3 3 1  13801 

9 6  165 110 59541 
96. 64 35 2060 

- 1  01 
- 9 8  
- 4 9  
250  

-162  
-96 

- 1  1 0  
-139 
- 1 2 7  
-0 10 
- 1 6 5  - 36 

-75 
- 1 0 1  

17 

-58 - 144  
- 4  12 

- 9 2  
-20 I 

3 2  
63 
15 

- 7 6  
-238 
- 4 6 6  

- s o  
3 4  
- 5  

- 2 2  

-9 -1358 
3 4  -2302  

- 1 0 1  -11216 
279  3833 

-233 -4317 
-62 134 

2 1  928 
50 -443 
35 -4174 

- 2  16 -14802 
-414 -11052 
-146 -2363 

- 5 s  -1153 

2847 
-43  10 

5154 
10129 
-36 80 

7302 
3203 
5276 
5257 
5603 
9108 
774 I 

46 58 
3488 

8841 

-3u31 
-3632  

8660 
-90 18 
-4183 
-3275 - 39 85  
-3955 
-4563 
-9378 

-2969 
-3367 

1 83 

0 
- 5 4 7  
-626 
- 7 4 1  
- 6 6 5  
2584 

783 
40 
- 1  

116 
- 7 3 €  

-2360 
- 3 4 8  
735 
38 7 

- 6 5 2  
- 2 3 7 9  
-4 llr3 
-4949 

3 1147 
3524 
1666 
-79 

-1682 
-352Lq 
-3333  

4320 
2337’ 

6 2 7  
76 

28Q7 53 6 
-1057 -4402 
6391 4837 

15076 10018 
-3649  -17859 
1OS38 5239 
8188 4rjao 
5281  ww 
5257 4893 
5669 5400 
E663 6760 

10615 5803 
13826 e817 

6285 4326 
3586 1962 

-1162 -3619 
- 4 9 7  -5437 
-2797 -13255 
117552 740 
-7470  -15415 

-726  -7774 
81% -3954 
929 -3886 
233  -4630 

-839 -9898  
-7792 -16387 
-2278 -13179 
-256 -5082 
-987 -3532 

188 -1124 
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Table A. 13. Out-of-plane force loading, FZC, on cylinder 

OUT-OF-PLANE FOFCE L C A E I N G ,  FZC, ON CYLINEER (1200 L a )  

1-Q-C-A 
1-0 -C-  b 
1-0 -c- 6 
I- 0-c- D 
I-0-C-E; 
I-0-C- F 
I- 0-C- G 
1-0 -C-N 
X-0-C-  J 
I- 0-c- K 
I-0-c-L 

6-0 -c-A 
0-0 -c- B 
0- 0-c- c 
c-0 -c-I) 
0-0 - @ - E  
0 - 0 - C - E  
0-0 -c-6 
0-0 -c- BJ 
0-0-C- J 
0-0 -C-K 
0-0 -c- L 

3 
3 
3 
0 
3 
3 
0 
3 
3 
3 
3 

1 
- 2  
- 2  
-2 
-2 

1 
1 
1 
3 
3 
3 

-20 
-23 
-20 
-23 - 43 
-i3 - 17 
* 19 - 14 
- 1 4  
- 1 7  

23 
2 1  
2 1  
18 
718 
18 
15 
15 
20 
17 
20 

8 
2 5  
I 2  
22 
2 5  

22 
23 
20 
17 
17 

- 2 2  - 17 
- 1 9  
-20 - 17 
- 1 9  
- 1 9  - 19 
- 2 0  
-20 - 23 

C I  

L L  

TRANS ----- 
-254 

53 
56 
-5 
57 
-8 

1 1% 
68  

125 
6 5  
6 

16 

33 
-35 
30 

-35 
-95 - 100 
-3 

-66 
-66  

a a  

LO NG ---- 
6 
98 
99 
-4 
98 
79 
31 

110 
126 
111  
93 

25 - 37 
-53 - 76 - 53 

5 
-9 
- 2  
84 
66 
65 

SHEAR _---- 
-375 
-E36 
- 5 6 2  
-599 
- 6 3 7  
- 5 9 9  
-524 
-55E 
-446 
-408 
-4Q7 

607 
499 
529 
49 7 
460 
494 
457 
456 
53 1 
49 3 
569 

S I G t l X  
----e 

273 
712 
639 
595 
714 
637 
600 
647 
57 1 
497 
lr9 9 

627 
52 9 
520 
442 
451 
480 
407 
407 
57 3 
497 
573 

S I G R N  
...e-- 

-52 1 
-56 1 
-485 
-60 4 
-560 
-565 
-452 
-470 
-320 
-32 1 
-399 

-587  
-478 
-54 1 
-553 
-473 
-509 
- 5 1 1  
-509 
-492 
-49 7 
-57 3 
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Table A .  13 ( c o n t i n u e d )  

OUT-OF-PLANE f 0 6 C E  L C A C I N G ,  F Z C ,  O N  CYLINDER ( 1 2 0 0  LB) 

STRESSES PRIN SXRESSES -------- 
BOSETTE G A G E 1  G A G E 2  G A G E 3  TRANS LONG SBEAB SIGMX S I G M N  

1-0 - N- B 
I- 0-N-  6 

31-0-N-E 
I- 0- M- P 
A-0 -N-G 
X-0 -N-8 
I-0-N- J 
I-0-I-K 
1-0 -N-L 

0-0 - N- A 
0-0-M-B 
0-0-N-C 
0-0 -N-L) 
0-0-N-E 
0-Q-N-F 
0-0-N-G 
0 - 0 - N - B  
0-0-N-J 
0 - Q - N - K  

0 -26  i 3  - 8 3  
2 -26 23 -80 
0 -24 23 - 19 

- 1  -i4 23 - 2 1  
3 -23  26 51  
0 -26 26  - 1 1  
3 -29 26 -76  
0 -24 26 56 

-3 -24 2 9  125 
0 -24 - 2 1  - 9 7 1  

-3  
Q 

-6 
- 3  
- 3  
-3 
0 
0 
Q 
0 

23 - 2 0  
17 -17  
15 -15  
12  -IS 
15 - 1 5  
12 - 1 5  
1 1  - 1 5  
1 1  -12  
14 -18  
12 - 1 5  

60  
-6 

1 
-69  
-2 

-57 
-73 
-18 
-73 
-67 

- 2 5  -655 6 0 2  -710  

- 1 6  -622 605 -639 
-22 - 6 2 1  599  -642 
95 - 5 5 6  730 -583 

- 1 3  - 6 9 e  686  -709 
55 -735  727 -748 
6 -662 693 -632 

-58 -708 747 -681  
-288 -40 -286 -973 

48 -659 646 -578 

-72 
-7 

-182 
- 1  14 

-92 
- 1  14 - 30 - 19 - 26 - 28 

5 6 8  
455 
390 
35 I 
39 0 
35 1 
35 1 
314 
430 
35  1 

5 6 6  
1(48 
310 
260 
346 
26 1 
300 
29 6 
38 1 
304  

-578 
-Q61 
-49 I 
-443 
-440 
-442 
-403  
-333 
-480 
-4QQ 
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Table A . 1 3  (continued) 

-- 
OUT-OP-PLANE FORCE L C A C I N G ,  FZC, ON CYLINDER (1200  LB) 

t4.ICRC-SIRAZN STRESSES PRIN STRESSES 
-------*-__- -------- -----e------- 

ROSETTE G A G E 1  G A G E 2  G A G E 3  TRANS LONG SHEAR 
----e-- -..a*-- -9 -1 -  --e-- ----- ---- ----- 
I21 oc-A 
127 OC-B 
127 OC-C 
127 OC-D 
I 2 7 C C - E  
127 C C - R  
X27 OC-ki 
I27 OC- J 
I27 CC-K 
I27 OC-L 
I27 OC-8 

027 OC- A 
0270C-5 
027 OC-C 
027 OC-D 
027 OC-E 

027 OC-G 
0 2 7  OC-H 
027 OC-J 
027 DC-K 
0 2 7  CC-L 
a27 oc- tl 

a27 06- F 

8 1  -6C8 
90 - 5 3 5  
76 - 4 9 1  
6 2  - 4 2 2  
68  -400 
2 2  - 2 5 1  
-3 -114 
- 9  -15 
-6 -63 

8 - 4 6  
14 -I3 

28 - 2 3 3  
40 - 2 1 1  

46 -1511 
54 - 1 3 1  
66  - € 6  
7 1  -29  
68 - 1 4  
54 -20 
37 -17  
9 3 

46 - 1 8 2  

7 6  -11784  
1 0 1  -96&6 
1 0 1  -8655 
103 -7290 
82 -7050 
37  -4736 

-46 - 3 5 1 7  
- 6 3  -3024 
- 4 3  -2323 

8 -830  
40 348 

188 -1032  
139 -1607 

8 5  -2177  
46 -2427 
14 -262U 

-80  - 3 2 7 1  
- 1 2 0  -3340 
-126 -3149 
-44 - 2 5 6 8  
- 7 1  - 1 9 8 5  
- 4 6  -950 

-1102 
-208 
-3 30 
-340 
-74 

-751 
-1150  
-1176 

-8 77 
-6 
524 

5 44 
7 13 
7 13 
638  
835 
9 88 

1138 
11 10 
8 56 
5 19 
-28 

- 9  103 
-043 1 
-7037 
-7  132 
-6 424 
-3840 

- 9 1 2  
- 1 5 6  - 266 
- 7 2 2  - 836 

-5613 
-4664 
-3565 
- 2 6 5 5  
-1934 

196 
1213 
1483 

9 8 9  
723 
646 - 17 26 -26 19 -508 684 

4111  -16997  
4770 -14624 
4416  - 1 3 4 0 1  
4119 -11749 
3747 -1G871 
1582 - 7 0 7 0  

- 8 3 9  -3828  
-1163 -3037 

-829 -2370 
411  -1256 

1277 -405 

5424 
4359 
3115 
2171  
1700 
996 

1448 
1576 
11211 
9 1  1 
305 
489 

-591  1 
-5254  
-4578 
-3960 
-3489  
-3279 
-3649 
-3614 
-2833 
-2179  - 1283 

-97 8 
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T a b l e  A .  13  (cont inued)  

OUT-QF-PLANE FORCE L C A C I N G ,  FZC. CN CYLINDER (1200 LB) 

127 ON-B 
I27Qli-€3 
I 2 7  OW- C 
127 0 M-D 
127CN-E 
I27  QN-F 
I 2 7 Q N - C  
l27CH-€i  
129 ON-J 
I27 0 N - K  
I29 CEJi-L 

0 2 7  OM- B 
027 0 N-B 
Q270N-C 
0 2 7  ON-D 
027061-E 
0270M-E 

027 0 N-@ 
027 ON- J 
Q 29 QM- 
027OM-L 
021 ON- 8 

Q ~ ~ Q N - G  

5 5  
64 
41) 
26 
-3 
- 9  

-38  
-62 

- 1 2 4  
-88 
- 7 1  - 59 

-506 
-5Q9 
-507 
-567  
-5S8 
-557  
-3 15 
-136  
-62 
-44 - 26 
-29  

0 -11181 
-70 -13691 

-129 -15346 
- 2 4 6  -17889 
-205 -16769 
-386 -20724 
- 3 3 7  -15183 
-283 -9130  
-206  -5629  
-118 - 3 4 6 3  

- 9 7  -2642 
-62  -1941 

- 1’460 
-2 189 
-3298 
- 4 5 8 8  
-5 129 
-6480 - 57 02 
-4592 
-5402 
-3690 
-29 13 
-2350 

-69334 
-6383 
- 5 8 4 2  
- 4 2 %  1 
-47 10 
-2239 

825 
1964 
1847 

98 2 
943 
43 2 

1794 
652  

-93  1 
-3329  
-3462  
-61211 
-563  1 
-3 86 1 
-3665 
-2588 
-1925  - 1668 

- 1 Q675 
-16532 
-17913 
-19148 
- 1  8436 
-21080 
-15254 
-986 1 
-7366 
-4565 
-3730 
-2623 

2 0  -299  2 2 4  -1230 230 - 6 7 0 2  6242  - 7 3 4 1  
334 -399 2 9 9  - 4 6  1014 -79367 8469 -9501  
7 5  -316 379 1302 2627 -9269 11257 -7328 
6 3  -322 4 1 7  2010 2495 -9844 12100 -9534 
9 5  -319 450 2986 3735 -10382 13749 -7028 

26 -3 4 1 1  8938 3453 -5517 12356 35  - 29 9 5  270 $ 1 7 8  i s m  -2413  8967 8Q 0 - 69 112 115 5076 -556 -39 5076 -557 - 64 E 9  52 3165 -956 499 3225 -1016 
-38  49 9 1303 -738  538 1436 -871  - 20 6 3 206 -549 38 208 -551 

roo - 1 5 5  51-1 7848 s x 9  -8964 i 5 f j s a  -2440 
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OUT-BF-PLAHE F O E C E  L C A C I N G ,  FZC, O N  C Y L I H D E F  (1200 LB) 

H-O-C- ;f 

1-2 2c-8 
1-4 5C-A 
1-6 7c- A 
I - 9 O C - A  
I1 12C-A 
113 %-A 
1115 7c-A 
X20  2C- A 
122 5C- A 
I24 7C-A 
I29 2C- A 
x3 II SC-A 
I33 7C-A 
Ilf3QC-L 

10-2 2c- B 
0-4 SC-8 
0-6 7c-A 
Q-9 DC- A 
0 1 1 2 C - A  
0135c-A 
QIS7C-A 
0 18 OC-A 
6202C-A 
022 SC-A 
0 2 U  7C-A 
029 2C-A 
03 1 5C- A 
033 7C- A 
G18OC-L 

0 
6 
9 

117 
-109 
-326 

-43  - I7 
2 
81  

445 
- 7 2  

3 
0 
0 

-9 
-22 

- 1 2 5  
-8 

3 99 
76 
3 1  - 16 

-53 
- 1  14 
-495 

74 
6 
6 
0 

- 3  
- 3  
60 

2c3  
-1E3 
- 4 4 9  
- 1 8 0  
-66 

Id6 
136 
45 1 

-240 
-38  
-20 - 29 

25 
29  
7 9  

3 C3 
512  

- 4  27 
-106  
-23 

90 
199 
428 - 150 
-43 

9 
20 

26 -9 
75 0 

134 - 1 9  
-178 243 

7 12 11 
- 8 1  - 9 5  

20 - 6 1  
5 0  -u2  
62 .. 
7 4  74 

- 1 5 5  -17  
17 -159  
- 6  - 6 3  
11 -20 
4 5  - 4 0  

- 7  

492 
560 

2948 
11007 
74495 

-6245 
-1932 
2952 
7275 

18809 
-8 Q90 
-1781  

- 2 5 4  - 190 

-1a894 

386 
1683 
2659  
1427 
2267 

-3934 
- 9 4 2  

213 
1357 
3 372 

- 3 2 1 1  
-1512  

-198 
122 

-2589 

146 
3 4 0  

1 I42 
68 24 
-9 25 - 1%60 
-3162 - 1095 

1752 
46 09 

18988 
-4714  
-448 - 76 - 57 

- 141 
-157 

-2958 
186 

12648 
1085 
6 46 

-431 
-1173 
-2409 - 15636 

1250 - 298 
107 

34 

-373 
- 4 2 0  
- 1 9 1  

-1335  
-9003 
-305 
-99 2 
- 5 7 2  - 577 
-847 

3 0 8  
- 1 1 9 3  

7 7  
-385 
-654 

456 
1006 
2043 

- 5 6 1 0  
1338 

186 
1078 
1226 

85 4 
1 

-1448 
235 1 
759 
417 

1137 

730 
884 

11397 
13438 

* 15433 
-2870 
-804 
3 184- 
7 5 2  I 

19 2 19 
-4368  

-443  
2 30 
5 3 4  

2968 

6tr9 
2 126 
3324 
645 1 

12818 
1092 
1190 
1159 
16 19 
3372 

-24.32 
2267 

75 
39 9 
I216 

- 9 3  
16 

11122 
6U34 

- l e 9 2 1  
-6536 
-2222  

151 9 
436 3 

18578 - e836 - I785 
-560 
-789 

-6568  

-405 
-60 0 

-3622 - 483 8 
269 7 

-394 1 - 1487 - 1377 - 1434 
-2409 - 15793 
- 4 2 2 0  .. 1875 

-489 - 1060 
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T a b l e  h.13 (continued) 

I-Q - M-* 
I-22N-A 
1-4 5 N - A  
I-67N-A 
1-9 C N - B  
IlIZN-A 
I135Fil-A 
I15 ?pi-h 
118Ghl-8 
X d O  L M - B  
122 5N-A 
I24 7 N - A  
xi9 2 N-A 

133 ? & - A  

0-2 214-A 
C-U5N-A 
0-6 7 N - A  
0-90M-A 
01 12N-8 
0 13 5N-A 
O157N-A 
Ol8QN-A 
0202N-A 
Q22 SN- 
024 7 N-A 
029 2 N - A  
0315N-B 
a33 7 N- B 
0-0-ZJ-L 

3 -6 
- 1  18 -53 

39 56 
151 269 
-5c -145 
-310 -3€7 
-80 -112 
- 1 s  -41 
15 3 
39 74 

1 0 5  193 
3 3 8  YE13 
-96 -146 - 17 3 

6 -12 

9 
-29 
12 

2 10 
538 

-490 - 
- 1 5 9  
-26 

3 3  
6 8  
114 
438 

-2 10 
-20 

6 

- 20 1 1  3 
-23 1 1  49 

-121 -118 49 
- 4 1  -265 265 
1 1 1  E5 449 
37 -1C8 6 5  
Le8 -14 -29 - 18 42 -32 

-63 14 24 
-49 - e 6  1C2 

116 -89 53 
14 -37 -20 
8 3 -12 
0 1Q -19 

60 105 
-3686 -4Obl 
1454 1620 
10357 7629 
8691 1 1  13 
18927 -14977 
- 5 8 7 6  -4150 
-1471 -881 

770 6 76 
3085 2034 
6620 5141 
19965 15882 
-7915 - 5 1 9 9  
-362 -632 
-131 140 

332 
1348 - I a97 
1366 
11171 
-99 1 
-1001 

244 
903 
413 

-12351  
-907 

- 1  256 - 204 
- 6 3  

-5 10 
-294 

-4654 
-807 
66-73 
7 99 
1137 
-455 - 1622 
-7341 
-7727 
3204 
41 

188 - 22 

- 192 
-314 
590 
98 1 

-9089 
1377 - 

6 3 6  - 198 
-39 2 

8 3  
1050 
66 0 
855 
310 

-233 

276 
-1640 

2 133 
1Q565 
14349 
-14545 
-3945 
-820 
1118 
3892 
7 165 

20069 
- 4 9 3 6  
-158 
27 Y 

11s 3u-7 
-500 1988 

-222 ’7  -133 
-6258 6631 
-5116 14510 
-2311 2382 

190 1154 
988 9182 - 137 9 1  1 

-2499 %18Q 
-5227 -4326 

-225 79 
19 1 25 6 
41 1 3 5 9  

- 1 a w  39 

- 1 1 1  
-4082 

94 1 
742 1 

-49Q5 
-19359 
-608 6 
-1531 

328 
2077 
0596 

15778 
-7978 
-835 
-265 

-525 
-434 

-5319 
-6072 
3334 

-253u 
-1018 - 1153 
- 1629 
-3143 
1 5 4 6 2  
- 1647 
- 1294 
-28 1 
-as4  
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Table A. 14. Out-of'-plane moment loading, ? J $ ~ ~ ,  on nozzle 

O U T - O H - P L A B E  MOdEBT LQAEING, HXN, CN NOZZLE llO000 I N - L B )  U/R 

1-0-C-A 
I-0-c-B 
I- c-c-c 
I- 0-c -D 
1-C-C-E 
1-0-C-F 
I-6-C-G 
7;-0-c-8 
I -0-C-J  
I-0-C-R 
I- c-c-1. 

a- c-@- A 
C- C-C- E 
0-0-@-C 
0- C-C-D 
c-0-c-fs 
0- C-C-F 
0-0-C-@ 
0-C-C-H 
6- 0-C-J 
0- c-c-1?( 
0- 0-c-%. 

-6  -3 
L -3 
4 -1 
€ -3 
6 -3 
4 -6 
1 -6 
5 0 

0 
L -3 
I 0 

T 7 
-3 2 
-6  - 3  
-5  -6 
-6  -6 
- 3  -8 
-1 -10 
-1  -8 
- 1  -9 
- 2  -8  
-4 -8 

r 

E 
4 
c 

1 6  
I €  
14 
If ,  
16 
11 
13 
7; 

7 
1; 
14 

7 
4 
4 
L 

d 

e 
r 

- 1  
c 
L 

L 
a 

1 
- 3  
L - -  - 

!I €?A NS ----- 
288 
328 
2 84 
270 
2 87 
109 
'160 
245 
7 45 
198 
3 00 

301 
a 39 
30 

-71 
-75  

-189  
-131 
-166 
-2 47 
-2 42 

- 7  a4 

L O N G  - e- 
-a4  
145 
202 
233 
275 
152 
86 

209 
780 
116 
147 

143 
-s4  

-Y61  
-186 
- 1 5 1  
-143 
-76 
-66 
- 5 1  

- 1 5 1  - 178 

SHEAR 
e-- -- 
-262 
-2 €9  
-153 
-259 
- 2  59 
-229  
- 2 6 2  
-1 63 
-48 

-157 
- 1 4 4  

2 - Z? - 45 
-1421 
-1 co - 57 
- 1 6 4  
-1  29 
- 1  28 

- 6 3  
-65 

SIGHX 
*-I..- 

423 
541: 
44Q 
530 
54 1 
3 6 1  
387 
39 1 
262  
358 
432 

3 C 1  
1 4 6  

7 0  
- 3 5 .  
-17 
- 6 4  
40 
3 5  

5 
-95 

-138 

SlGiili 
----e 

- 2 2 c  
-67 
45 
13 
22 

-99 
-142 

6 3  
6 3  

-44 
1 5  

1 4 3  
- 6 1  
-208 
-244 
-248 
-263 
-306  
-232 
-262 
-274 
-282 
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Table A .  14 (cont inued)  

I - C - N - € 3  
I- 6-11-c 
I-0-N-rl 
1- C-N-E 
I - 0 - N - P  
'I- C-B-G 
I-0-N-W 
I-0-N-J 
I - 0 - N - R  
I- c-11-L 

@ - 0 - N - A  
Q-0-N-E 
Q- C - N - C  
O-O-N-D 
0- 6-N-E 
0-0-N-P 
0- C-N-G 
0- 0-EI-R 
Q- 6-8-d 
0-0-M-K 

0 -8  1: 106 
1 -8  14 121 
2 -9 7 1  5 1  
1 -11 9 -62 
I -8 3 - 28 

- 1  -8  4 - 8 3  
- 1  -10 4 -117 
-3  -8 4 -?4 
- 6  -9 2 -130  
- 7  -13 - 7 1  - 1 8 3 4  

32 -2E7 3 5 8  -220  
68 -256  3 9 1  - 2 0 3  
6 1  - 2 6 9  325 -213 
11 -2E6 243 -294 
4 4  -152 203  --A87 

-52 - 8 6 6  108 -235 
-66 -154 98 -295 

- 1 2 6  - 1 6 2  64 -264 
-298 -744 .- 4 9 . 3 7 8  
-77% 777 - 3 6 3  -2245 

- 2  
-4 
- 6  
- E  
- 6  

- 1  
-4 
- 3  
-4 

- -., 
~ 

Eo 4 26a 35 63 284 1 9  
1 213 - 5 7  S S  2163 -87 

28 -167 49 7 8  - 2 0 8  
8 
4 
4 - - E  - 3 3  - 1 8 2  130 42 -258 
4 -6  -26 - 9 7 3  1 2 1  5 1  -250  
4 - 6  - 3 8  -3'12 130 65 -207 

- 
- 4  

4 - E  - 96 - 5 3  162 a 4  -243 
4 - c  -197 - 1 5 8  7-70 3 3  -308 
6 2 2  6 22 88 - 2 c 2  69C 2 1  
7 - E  -17 -116 1 4 4  136 -270 
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T a b l e  A . 1 4  (continued) 

OUT-OP-PLANE HOHENT L Q A C I N G ,  MXN, CN N O Z 2 L E  B l O O O Q  IN-LB)  U/E 

I270C-A 
1 2 7 0 6 - 8  
127oc-c 
1270C-D 
I270C-E 
I 2 ” r C - F  
I270C-H 
12’IOG-J 
f278C-R 
I 2 ’ i O C - L  
I 27QC-M 

0276C-A 
0270C-B 
023oc-c 
0278C-D 
0270C-E 
02 70C-P 
02 70C-G 
0290C-1y 
02 7OC- J 
025OC-K 
C27OC-I,  
o270c-H 

-84 - 1 5 3  
- 1 l €  - 1 8 0  
-178  - 1 5 5  
-195  -134 
-I04 - 1 2 1  
- 2 1 7  - 5 2  
-162 16 

- 7 5  54 
-23 53 

1 4  28 
7 -1  

-18  62 
35 76 

9 6  94 
17 i  703 

137 130 
I c e  103 

- 4  SO 
- 7 c  I d  11 
- 7  1 -6 

7 2  a7 

149 i i a  

40  a i  

- e ;  
- 8 7  
-6 S 
-57 
- 5 ;  
- 2 7  

s 
31 
2 6  
24 
- 1  

1 S . C  
15i 
15; 
142 
1 4 :  
1 4 c  
ll€ 
10 E 

’is 
57 
I€ 
- 1  

1 BA NS ----- 
- 5 0 6 8  - 57 47 
-4743 
-3971 
-3585 
-1509 
9 57 

1943 
19 e6 
1126 
- 4 3  

46 74 

5174 
50 72 
5326 
5495 
5083 
4533 
3478 
2374 
6 8 1  

-134 

49 a8 

L O N G  
-e-- 

-3976 
-5216 
-6359 
-7040 
-720tl 
-6952 
-45E3 
-1654 

- 8 9  
745 
183 

853 
2543  
3 7 0 2  
439 1 
4 9 7 1  
6122  
5637 
4604 
2243 

5 4 1  
-856 
-377 

S H E A R  ----- 
-950  

- 1 2 4 6  
-1148 
-1020 

-912  
-327 
228 
3 14 
2 59 

05 
0 

-11C8 
-1613 

- 8 5 6  
-656 
- 5 5 2  
-250  

34 
-E9 

36 
-92 
- 47 
-€4 

S I C N X  
*e--- 

-3427 
-4207 
-4223 
- 3 6 6 3  

-11490 
967 

1 9 7 0  
2011 
6133 

I 8 3  

-3368 

5003 
5353 
5 5 8 2  
5453 
5729  
6236 
5639  
4646 
3479 
2379 

6 8 7  
- 1 4 9  

SIGMN 
--e-- 

- 5 6 ~  
- 6 7 5 2  
-7279 
-7349 
- 7 4 2 1  
-6972 
-4592 
-1687 

-1 1 4  
734 
-43 

524 

3294 
4010 
4568 
5381 
5081 
4491 
2242 
537 

-862 
- 3 9 3  

2178 
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T a b l e  A. 14 (cont inued)  

T27CIN-A 
I 2 7 0 N - B  
127BN-c  
I230M-E) 

12708-P 
f270W-G 
I276N-8 
1 2 9 Q N - J  
X230N-K 
T270N-k 
T"27ON-N 

6270N-A 
Q27QN-E 
O ~ S O Z J - C  
0270N-E 
0 2 7 U N - E  
0270N-P 
8270N-6 
Q23QW-H 
02 70N-3 
0290N-K 
0270N-E 
027ow-N 

- 8 1  -242 -164  -8840 
-47 -274 - 2 0 1  - 1 0 3 6 9  
- 1 5  -265  -245 -19175 
- 9 1  - 3 1 3  - 2  
- 9 4  -328 -3  

1 1  -443 - 4 3 f  - 1 9 3 4 0  
- 1 2 4  - 3 3 7  -367 - 1 6 2 2 5  
-178 - 1 6 2  - 2 l C  -10168 
-153  -114 - 7 2 s  - 5 1  
-12he -62 - 7 9  -2926 - 

- e 9  -35  -2: -1389 
-55 -25 - 2 5  -1050 

- 1 1 5  2 1  1 2 6  3351  - 189 6 95E 3759 
- 2 3 c  - 7 1  123 2729 
- 2 8 1  - 1 5  115 2575 
-313 -23  11c 2397 
-325  6 0  1 5 2  20Q8 
-289 118 187 7027 
- 2 5 9  116 1 E C  7279 
-224 89 104 4491 
- 1 9 5  50 3E 2147 
-12C 41 -3 313 

- 8 0  - -.. - 5 9  - 3  u 

-509s -1057 -4e27 -9988 
-4525 - 9 7 3  -4368 -10527 
-3F15 -2E8 - 3 8 0 5  - 1 1 1 8 5  
-4063 -9ca  - 3 9 6 3  -12333 
-4493 -243  -11483 - " o w 6  
- 5 9 6 1  - 1 c o  -5460 -19341  
-8513 -13-1 - 8 5 1 1  -le227 
-8395  -6E5 - 9 1 6 2  -10402 
-674 157 -5122  - 6 1 8 6  
-4592 196 -2904 - 4 6 1 5  
-3.096 -32 -13118 -3097 
- 3 9 6 2  - 1  - 1 0 5 0  -1962  

-2459 - 1 3 4 1  
- 4 3 1 8  -16.24 
-6085  -17E2  
-7566  -17E5 

- 8 2 3 5  -1234  
-6543 -913  
-5602  -5E2 
-5382 -156 
-5213 1 6 2  
-3508 454 
-1803  -2 

3657 - 2 7 7 5  
34-79 -5039  
3076 -66432 
2 8 3 8  -9969 
270C -8980 

7C88  -6608 
7246 -5628 
19494 -5386 
2 1 5 1  -5216 
323 - 3 5 1 8  
-80 -1503 

5 1 6 2  -a349 
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ROSETTE G A G E 1  G A G E 2  GAGE3 TRANS LONG 
--e- _------ ----* ----- ----- ---...- 

I- c-c-* 
I- 22C-A 
I - 4 5 C - A  
I - 6 7 C - B  
f -90C-A 
I1 12C-A 

I1 57c-A 
I 2 0 2 C - A  
322SC-A 
1247C-B 
I242C-A 

I337C-A 
1.1 a m - L  

0- 22c-A 
0-45C-A 
C-67C-A 
0-90C-A 
0 1 12C-A 
01 35C-A 
0 157C-A 
0 180C-A 
0202c-a 
0225C-A 
C2 47C-A 
0292C-A 
03 15C-A 
0337C-A 

II 3sc-n 

13 1 5 ~ - a  

- e  7 
-le -9 
-33 -39 

-172 -252 
9 7  92 

-213 -256 
C -E6 

- 3 1  -18 
14 18 
53 63  

f7E 342 
197  IC6 
41 6 6  

9 2 1  
.d 7 

1 3  -4 
45 -15 

1 9 1  46 
3 3  -130 

2 6 3  38 

I6 9 
-3 4 

- 2 8  16 
-8C 31 

-236 -40 
- 9 5 6  -28 
-6C 26 
- 1 6  6 

6a -23 

c iaac-L 1 2 

1C 513 
-15 -5 04 
- 5 5  - 2 3 2 5  

- 1 1 6  -7897 
175 5749 

-,1? -11567 
-6C -3206 
- 1 6  -705 

2 7  1071 
9 5  3 4 7 2  

2 2 3  12778 
256 7741 

4 f  24C6 
15 825 

- 1 5  -134 

-86 
-690 

- 7 7 6 0  
-7531 
4637 

- 9 6 2  
-1129 

727 
2655 

8237 
7941 
514 
53 

-9871 

i i w a  

c 
-4 

-3 C 
4 

-79 
4 E  

-3  c 
-E 
4 

-4 
2 E  

-5C 
-6 4 

E 
14 
- E  

-144 354  

8 8 3  6023 
-4629 -395 

1611 8374 
- 1 2 3 5  1656 

41 790 
183 -46 
304 - 7 5 3  
1374 -1981 

-1739 -8211 
820 -7557  
455 -344 

-147 - 5  

-1048 i o w  

-1iiz6 -ism 

S H E A R  ----- 
-124 

E 4  
2 63 

- 7 8 2 0  
-11c7 

11 5 1  
-3 52 - 32 
- 1 7 2  
-4 57 
1532  

-1918  
262 

66 
266 

- 20 
1 5 4  
553 

-a EO 
-133 

s 5  
1 5 4  

-3  
2 6 1  
41 

133 
4€9 
2 33 
-49 
a 29 

537 
-472 

-1622 
- 5 E 8 5  
6432 

-9304 
- 9 0 8  
-702 
1 I 4 2  
3672 
13614 
9993 
2523 
838 
242 

354 
lC68 
6082 

8 3 3 6  
1659  

8 3 8  
183 
365 

1335 
-1624 
- 1 i C 3  

842 
467 
7 1  

-288 

- 1 1 1  
-723 

-2263 
-9543 
3954 

-12128 
-3260 
-1133 

6 5 6  
2420 

10544 
5986 
1823 

5 0 1  
-323 

-145 - 1066 
824 

-4736 
16 09 - 1238 
-7 

-46 
-814 

-10559 

-1579 
-356 
-2 24 

- 1 9 8 1  

- 8 2 4 8  
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X - - C - N - *  
f -52N-a  
I -45N-A 
I -67N-A 
I-90H-W 
11 12N-A 
I9 3sw-A 
19 57N-A 
I1 gON-A 
I2 C Z N - w  
I 2  25N-A 
1247iV-A 
E2 92R-W 
I3 15N-A 
E337W-W 

8-22N-W 
0-045N-A 
0-67N-B 
Q-9QN-A 
01 1 2 N - A  
Q135N-W 
01 5 7 M - A  
0 1  @ON-A 
02 ozw-a 
02258-A 
6 2  47N-A 
0292N-A 
83  15N-W 
Q337N-14 
0- c-N-z 

-8 u 
- 5 c  -30 

- 50 
- 1 5 3  -128  

27  104 
-419 -197 

-ti& -75 
-26 -?6 
-1 4 13 
15  24 
5 c  07 

2 7 8  237 
1 Q 4  710 
31 5 1  

8 13 

s 11 
4 Y O  

3 3  137 
115 - 9 3 3  

9 8  28 
3E - 4 6  
27 -1  
-1  4 

- 2 6  - 1  
- 2 8  -50 

- 1 0 6  -272 
-60 -23 
- 7  1 28 
- 1 6  16 

- 3  14 

,e-- ,* 
1 C  4 5% 

- 3 c  -1279 
- 4 c  -19361 
- 9 6  -4758 
2 6 2  6692 

-214  -8995 
- 3 ;  - 3 7 6 0  

- 5  -511  
-4 2 10 
2 1  964 
64 3196 

2 C C  5 3 8 2  
125 1694% 
5 E  2340 
2 9  7 46 

- 6  108 
- 2 E  273 

2 1  3431 
- 5 c  - 3 6 9 9  
2Q7 5936 

6 E  5 2 0  
s I65 
t 2 19 
4 98 

4E -4 
--4@ -6745 

- 1 8 7  -4565 
-53  -528 

- d  3 26 
- E  190 
c 

- 9 E  
- 1 8 8 1  
-2  12s 
-6016 

2 8 1 7  
-9205 
-2975 

-924  
-. 3 6 
75% 

2460 
9354 
5795 
1850 
449 

298 
1 5  

2823  
2357 
4707 
11364 
685 

32  
-739 
-841 
-5203 
- 3 1 4 1  
-489 
- 3 7 9  

-63  

-959 
0 

-1330 
-427 

- 1 2 5 9  
2 2 8  
- 3 3  
-E9 
2 2 1  
46 

356 
454 

- 1 6 5  
- 56 

- l C O  

226 
9 c 4  
1554 

- 8 U B  
- 2 9 c e  
- 1YC3 
-4 59 

- 2 8  
-64 

-13C3 
-3659 

2 1  €Q 
10E1 
2 46 
2 5 2  

S O 8  
-4279 
-IS69 

4686 
- 8 6 9 3  
-2969 
-492 
340 
974 

3 3 4 1  
9862 
5826 
2 3 5 8  

9 7 8  

44E 
1 7 3 9  
4 4 3 3  
2465 
829% 
2 3 6 9  

7 15 
223  
103 
94.6 

-278 1 
-1576 

5 7 2  
404 
3 4  

- 1 8 8 1  
-2494 
- 6 1 4 7  

2423  
-9307 
-3165 

- 9 4 3  
-166 
742 
2316 
8873 
u9a7 
4832 

4 3 6  

- 4 2  
- 6 3 1  
1024 

2 3 4 9  

1 3 4  
28 

-744 
- 1 7 9 1  
- 9 3 6 8  
- 6 l B O  
- 1 5 8 9  
-454 
- 2 7 7  

- 3 8  1 4  
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Table A.15. In-plane moment loading, MZN, on nozz1.e 

IP-PLANE MCMENT L O A C I N G ,  MZE;, @ N  N O Z Z L E  (1SSCO I N - L E )  P/R 

I -0-C-A 
I- Q-C- E 
I-c-c-c 
I- 0-c- rl 
1-C-C-E 
I-0-C-F 
I - C - C - G  
I-Q-C-H 
I- C-c-3 
I-0-c-R 
I-c-c-L 

0- e-C- B 
0-0-C-E 
0- c-c-c 
0- 0-C-D 
0- C-C-E 
0- 0-C- F 
0-C-C-G 
0- 0-c-8 
0- c-c-J 
0- 0-C- K 
0- G-C - L 

-232 
- 1 5 4  
-8 e 
-44 
-15 
25 
24 

6 
- I  

- 7  

22E 
13 2 
7 1  
35 
12 

-14 

(1 

c 
' A  

,E 
4 

E .* 
a -. 4 

- 9  

-42 
- 1 2  

3 
10 
11 

2 
-16 
- 14 
-11 
-9 
-6 

104 
115 
91 

6 1  
20 
12 
13 
14 
8 
6 

a 3  

- 2  
-lC 

5 
5 

1 3  
c 

- I C  
-14 
-1 1 
- 1 1  

- a  

1 2 1  
1 O f  
81 
& 2  
54 

7 5  
E 
4: 

11 
E 

-.e 
:d 

'I K A  NS 
_e--- 

-7 09 
-3 25 
277 
4 69 
535 
12 

-595 
-623 
-478 
-435 
-290 

4685 
4658 
3741 
5 5 9 1  
26 30 
13 74 
599 
4 47 
5 l e  
418 
323 

STRESSES PRIN STRESSES ------- ----I e------- 

LCMG 
---e 

-7168  
- 4 7  113 
-2551  
-1 137 

-285 
740 
536 
- 1 0  

- 1 8 2  - 195 
-240 

8231 
5353 
32UO 
2114 
1 1 5 7  

-6 
39 

257 
294 

3% 
-186 

-556  -667 
-Z& -325 - 27 277 

4 469 - 50 E 3 €  
29 741 

-69 540 
5 -10  
1 - l e 2  

32 - 1 9 1  
11 -28i 

- 2 2 1  8145 
347 5 3 8 3  
1c9 3 7 6 4  

2 2  3 5 9 1  
A 2  2 6 3 0  

- 3 1  1375 
-35  60  1 
69 469  
€ 8  537  

-i9 4 2 1  
-32 325 

e -  

SIGMN 
----.e 

-7211 
-4713 
-2561 
-1177 
-287 

1 1  
-599 
-623 
- U 7 8  
-439 
- 3 0 5  

4671 
4628 
32 18 
21 13 
1 1 5 1  
-7 
37 

234 
275 
30 

- 1 0 8  
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f a b l e  A .  15 (continued) 

__....-_ ..... - 

%$I-PLANE MCMENT X C B C I N G ,  H Z b ,  C N  N O Z Z L E  (15OCO I N - L E )  W/B 

x - O - N - E * *  0 
9- 0-N-C 
I- C-N-D 
I-O-!?-E 
I- C-N-F 
I- O-N-G 
I - C - W - H  
I- 0- N- J 
I - C - N - X  
I -O-N-L 

0- 0-N-A 
0- C-N-E 
O-O-N-C 
0- 4;-N-D 
0- O-N- E 
0- C-N-P 
Q- 0-W-G 
0- O-N-W 
0- 0-N-J 
Q- C - N - R  

-84 
- 4 1  
-IC 

35 
4 c  
3 c  
2 7  
28 
3 4  

584 
128 

9Y 
42 
1 E  
-3 
7 

15 
2 5  
27 

-9 
3 
9 
9 
1 

- 14 
-18 
-21 - 42 

-9 

112 
98 
89 
74 
59 
32 
17 
13 
17 
18 

-73 
1 1  
15 
1; 
3 

-15 
-4 e 
- l E  
-12 

7 6  

1 1 s  
10 5 

74 
6 ;  
35 
1 5  
1; 

-45 
1 6  

a 4  

“IABS 
e*--- 

-4 87 
3 8? 
579 

56 
-644 
-838 
-887 

132  

478 

-778 

4858 
4341 
2723 
3195 
2647 
1470 
682 
S S ?  

-6 37 
7 25 

LONG ---- 
-146 

-2389 
-1058  - 165 
1076 
998 
647 
549 
598 
1070 

9 5 8 2  
5152 
3328 
2218 
1333 
360 
Y Q  1 
620 
5 5 1  
849 

SBEEB 
-_-P- 

45 
-1 c4 
- E l  
-44 - 26 
-7 
3 

- 2 1  
-133 
-331 

- IC2 
-70  

E6 
- 2  

- 5 3  
-37 

20 
16 

8 27 
32 

- 1 4 0  - 4 9 3  
390 -2393 
583 -1062 
481 -168 
1077 66 

9 9 e  -644 
647 - 8 3 8  

611 -790 
4135 28 

sso  -898 

7 5 E 6  4854 
5158 335 
3733 3317 

2648 1333 
1477 359 
655 398 
623 547 
9 7 5  -1062 
E 5 3  7 17 

3 1 9 5  2218  
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Table A. 15 (cont inued)  

-I 

TI-PLLANE HCNENT ZCACING, l!!J1i, CN N C Z Z L E  (150CO I N - f E )  U/E 

127QC-a 
I27OC-B 
127oc-c 
I27OC-0 
1270C-E 
1270C-F 
12 70c-a 
127oc-J 
I 2 3 O C - K  
I 2 7 O C - L  
I27OC-fl  

0270C-A 
0270C-E 
027oc-c 
0270C-D 
02 70C-E 
027OC-F 
027OC-G 
027OC-H 
O27OC-J 
027OC-K 
0270C-I  
0270C-M 

7 
10 
12 
1 8  

E, 
7 

- 2  

- 2  

-4 

-17 
- a c  

-3c  
- 2 1  
-24 

li 
2 
I .  
2 
1 

- 1  
4 

- L  

L 

- r !  

v -  

70 -56 
128 - 1 1 4  
151 -134 
160 - 1 5 1  
172 -164 
151  - 1 5 6  
62 -72 

3 -IC 
-9 1 7  
-4 E 

3 3 

442 - 4 3 c  
3 4 7  -41C 
361 -370 
-.I ; : 5  -514 
i78 -29E 
151  -165  

63  - 7 3  
12 -74 

-17 1 s  
-11 l'i 

0 5 
3 c - 

1 F B N S  
-a*-- 

296 
296 
3 58 
174 
171 

- 1  19 
-2 18 
-1 48 

50 
77 

146 

-1  53 
- 2 4 9  
-2 82 

359  
-432 
-323 
- 2  10 
-40 
45 

143 
102 

L O N G  

311 
3 7 9  
475 
590 
197  
177 

-179  
-116 

-3 5 
-46 
-8 1 

-560 
-1 129 

-978 
-518 
-845  
-40 

-2  
63 
76 
5 1  
1 4  

SHEAR 
---*I. 

1677 
32 16 

41153 
4454 
U 0 5 8  
1455 
174 

-259 
-164 

-1  

11354 
1c752 
9823 
8711 
7674 
4 2  12 
18 16 
347 

-439  

- € 5  

38a3  

-358 

1980 
3533 
4220 
4535 
4658 
4 1 1 0  
1627 

42 
i70 
1 9 1  
I 4 6  

- 1373  
-2879 
-3387  
- 3 7 8 0  
-4290 
-4052 
-1964 

-307 
- 2 5 5  
-159  

- 8 1  

10999 -11712 
10G72 -1 1450 

9 1 9 5  -10459 
8643 - 8 8 0 2  
7038 - 8 3 1 5  
4033  -4395 
1 7 1 4  -1925  

3 6 2  -339 
539 - 4 1 9  
482 -278 
137 - 2 0  

1 2 1  1 5 2  1 152  126 



1 7 2  

Table  A . 1 5  (continued) 

1 2 7 O N - A  2: 94 - : e  1 2 4 5  1046 
' I 2 7 O N - B  23 53 1 1  1370 1093 
I 2 i O N - C  20 5 5 s  1386 1 0 2 6  
I270N-E1 3 c  -23 5 @  549 10611 
I230N-E 35 - 7 5  1 3 7  1327 3 4 3 9  
1270FB-F -27 -216 2 9 t  1794  - 2 7 0  
%270N-G - 1 7  - 2 2 1  f . 6 C  1017 -212  
I278N-N 219 - i a  72C -1426 3 0 5  
127ON-J 4C -36 5 ;  311  1 2 8 4  
123ON-K 18 - 1 4  P C  1 os 5 6 1  
1270EI-TJ I C  6 1 8  5 14 464 
1270N-MI 7 2  18 € 5 5 9  551 

17 29 
5 57 

- 7 3 1  
-973 

- 2 8 j 2  
- 6 8 2 7  
-6QS5 
-4059 
- 1 1 E l  
-u 60 
- 1 6 1  

129 

2878  
1805 
1959 
16211 
4216 
7 6 6 7  
6 9 2 6  
3 5 9 0  
2 0 3 5  
847 
6 5 2  
6)35 

-587 
658 
453 

- 2 0 1  
-1449 
-6142 
-6127 
- 4 7 1 0  
-4 80 
- 7 8 1  

326  
Y26 

02iQ16-A - 7 2  510 - 5 2 5  - 3  25 
0290N-E3 - 7 3  512 - 5 3 5  -497 
027OW-C** -35 500 - 5 E 7  -1420 
02 7011-D 14 478 - 5 1 7  -873 
0240M-E 1 4 5 1  -473 -&79 
0270N-P c 237 - 2 5 3  -334  
B 2 7 6 fY - G 1 C  60 - 6 2  - 6 6  
02 70M-R I C  - 4 3  47 7 8  
ci 2 7 Q 8- J I C  -107 10E 38 

- 5  - 45 9 c  -137 
-98  

6270M-R 
0278N-%, e. * - 5 3  4s 
02SQN-M - 5  - 17 1 5  - 5 3  

* 

-473 13755 13396 -14194 
-546 13944 1 3 4 2 8  - 1 4 4 7 4  

-2468 141213 12770 -15657 
167 73260 7 2 9 1 5  - 1 3 6 2 6  

- 1 0 8  123C4 12012 -12599 
- 1 0 2  6 5 5 1  6 3 4 4  - 6 3 5 0  
266 1646 135 
3 3 5  -1156 1 4 0 6  -1081  
2 9 8  - 2 8 5 7  3018 -2702 

- 3 8 6  -2462 2 3 1 1  - 2 6 1 3  
-118 -1363 1259 -7467 
- 1 9 7  -456  3 4 6  -545 
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T a b l e  A. 15 ( c o n t i n u e d )  

I H - P L A N E  M C H E N T  L C A D I N G ,  B Z ~ ,  CN YazzLE ( 1 5 0 ~ 0  IN-LE) W / R  

I- 0-c-* 
I-22C-A 
I - 4 5 C - A  
I- 67C- a 
I - 9 O C - A  
1 1  12C-A 
I1 3 % - A  
I157C-B 
I2 C2C-A 
1245C-A 
12 47e-B 
22 92C-A 
I 3  15C-A 
r3 37c-A 
1 1 I O C - L  

0-22C-A 
0-45C-A 
0 - € 7 C - i i  
0- 9oc- B 
01 12c-8 
C13SC-A 
0 157C-A 
078OC-8 
0 2  C2C-A 
02  25C-A 
0 2  47C-A 
0292C-A 
03 15C-A 

0 1 BOC-L 
cm7c-a  

-195 
- 2 5 7  
- 2 1 7  
-85 

2s 
75 

C 
2 3 2  
233 
2 5 1  

-110 
-244 
-234 

- 5  

a e  

22e 
2 5 9  
222 
-13 

-2C8 
-530 
-24s 
-;a& 
-214 
-T67 
-223 
24 1 
263 
434 

1 c  

4 -37 -515 
- 5 2  -Sf - z o 9 1  
-42  - 1 1  -933 
152 f E 2  5537 
- 5 8  9 E  - 2 1  

-157 -12f -E506 
3 5 1  1205 
57 3 7  1809 
39 5 C  1714 
70 I S  A681 

- 1 6 1  - 2 3 7  -8850 
4 2 8  l 4 E  €534 
-25 -5C -1391 
- 5 0  -45 -183? 
9 e 3 97 

c -  

94 
140 
230 

-483 
-203 - 147 
-125 - 125 - IO8 
-131 - 2C6 
269 
164 
107 
-9 

7 1 s  4440 
1 S C  6074 
308 11584 
43: -1044 

-285 -10502 
-12-2 -5754 
-IO& -4839 
- 1 7 s  -5138 
- 1 1 1  -4577  
- 1 5 ;  - 5 9 4 1  
-284  -10626 
244 71022 
1 4 t  6517  

- 9  -420 
l a c  4309 

-5999 
-7431 
-6785 

327 
836 - 793 
362 

7507 
7510 
8022 
-7 

-731 
-7747 
-7583  
-147 

5 27 
38 

-4 18 
-1743 
-26C9 
-1741 
-6 29 

263  
- 1 4 4  

6 €5 
1071 
1241 

32% 
- 64 

10 

8173  -329 
9444 -153 
10135 -1045 
-698  -12238 

-9376 ?IC0 
-8618 -267 
-8792 -252 
-7782 -73 
-7789 33 
-9804 278 
-9880 1712 
10542 328 
9834 241 
8 304 55 
164 -1 

-463 
-2091 
-903 
9946 
305; 

153 
1549 
7 5 1 9  
7514 
8095 
107 

8696 
-1374 
-1836 

3 9 7  

850i 
9449 

1 2 1 3 1  
1 1 3 6 8  
-8704 
-5729 
-4625 
-5136  
-4577  
- 5 9 2 1  
- 9 o s c  

9 8 5 1  
8307 

1 6 4  

m e 9  

-6051 
-7431 
-6814 

19 
- 2 2 3 7  
-8855  

18 
1797 
1717 
1608 

-8964 
-895 

-7754  
-7584 
-147 

4 4 1 2  
6069 
‘3588 

-13110 
-11175 
-8643 
-8806 

- 7 7 9 0  

-1 1426 
10376 
6500 
4307 
-420 

-7784 

-9824 



1 7 4  

Table A . 1 5  (continued) 

- __. 

IM-PLANE HCMENT ICAEKNE, M25, ON NOZZLE (lS0CO IN-EE) V/R 

I - O - N - *  - 2 1 2  
E- 22N-A 28  
I - 4 5 N - B  -145 
I-67N-A 5 9  
I- 9QN-A 2 5  
El12N-A -34 
I 135W-A 174 
I157N-A 191 
IleON-A 26E 
X262N-A 195 
I225N-A 12C 
I247N-A -42 
T292W-A 5€ 
1315N-A -103  
13378-8 -195 

0- 22N-A 
0- 45N-A 
(3-678-8 
0- 1;88-A 
6 1  12N-A 
01 35W-A 
01 57M-A 
6 1  80N-A 
0202N-A 
0225N-A 
0207N-W 
825219- 
03 15N-A 
03 3 7 N - A  
C- 0-la-% 

402 
223 
316 
- 3 3  

- 3 4 4  
-2.34 
- 2 0 5  
- 3 3 3  
-208 
- 2 1 3  
-143 

3 3 5  
209 
202 

4 9  

-4 
2 5  
la4 

327 
-73 
138 
2 4 8  
138 
216 

-12 
- 2 9  

- 3 c 3  - 110 
- 2 0 1  
-116 

158 
238 
142 - 526 

- 181 
-119 
-85 

-139 
-153 
-530 
-188 

2 1 5  
105 
79 
16 

- a  8 
- f t  -935 

- 2 1 1  -3490 
-3E 4997 

8 5  192 
-25s -3498 
-56 3367 
- 3 c  2171 
62 1588 

1 4 5  2798 
;YE 02 

$ €  -Q7U5 
Z C i  4048 

5 2  -3172 
1 E  -2181  

-6348  1-9 
5 5 1  12'15 

-5384 3358 
2320 5 6 6 8  

-2c57  5812 
6227 3656 
6 3 9 9  2235 
8518  -5t2 
67633 - 2 1 5 5  
4990 - 3 6 5 0  

- 1 7 7 6  -5411 
2908  -56EO 

-4041 - 3 3 i 5  
- 5 9 1 5  -19c7  

76 4840 7 5 G 6  1121 
187 9 3 2 6  8885 1743 
764 639.3 11683 -252 
496 -1066 -1303 -13344 

-18C -7562 -12583  - 13 
-266 -e212 -9433 1 
-146 -4844 -7611 819 
- 1 4 c  -5892 -8753 10 

-1cc: -9113 -8527 - 1 6 6 1  
- 7 6 €  -7443 -12646 -264 
203 8889 12694 1 FQ 
23f 7 3 1 7  8457 - 1 7 5 5  
1 4 s  4793  7 4 8 8  - 9 4 1  
1 1  4 4 0  1012 -8 

-9: -5235 - 7 8 2 2  - x o  

8 -6348 
7 2 3 2  -1616  
- 9 1 0  - 7 9 6 4  
9 4 9 2  - 2 1 6 5  
2 6 0 3  -1597  
3079 -8634 
723 871 

7 3 5 8  1208 
8554 7552 
765e 1843 
8451 1 1 4 ?  
2129 -8650 
9 1 8 6  -2231 
-204 -7009 

-1.379 -6716 

7 9 2 1  442s 
1 0 0 3 4  6196 
11699 6357 
12160 -14529 
-7562 -12583 
-6743 -108'91 
- 4 6 1 9  -7834 
- 5 8 9 2  - 8 7 5 3  
-54347 -8009  
-6015 - 9 6 2 6  
-7429 -12659 
1 Z i C c B  88Q2 

9 7 5 1  6022 
77%4 4497 
7012  440 



1.75 

Table A.16. Axial force loading, Fm., on nozzle 

A X I A L  FCIiCE L O A D I N G ,  F Y N ,  C b  N O Z Z L E  (4000 LB) W/E 

I - @ - C - 8  
I - O - C - E  
I- c-c-c 
T-C-C-D 
I -G-C-E 
I- 0-C- F 
I- C-C-G 
r-O-C-R 
I- (3-C- J 
I- c-C-K 
I-c-C-L 

0-O-C-A 
o-c-c-e 
C- G-C-C 
Q-0-C-D 
O-O-C-E 
0-C-C-P 
G- 0-c-G 
O-O-C-H 
0-0-C-J 
0-c-c-K 
e- a-c -1 

- 2 2 7  
-171 
- 1 2 0  
-8 1 
- 5  1 

0 
1 5  

3 
0 

E 
4 

w 

;2 t ;  
153 
100 
6 1  
3?  
- 2  

- 1 C  
-2 

C 
C . 4 

- 90 
- E l  
-39 
- 2 2  
-17 
- 10 - 37 - 17 
-15 - 10 
0 

44 
74 
69 
64 
54 
32 
15 
7 
3 
0 

-7 

' IEAHS 
e---- 

-3294 
-2333 
-7477 
-874 
-586 
-317 
- 6 5 5  
-a61 
-543 
-3 23 

55 

22 26 
3009 
2 8 5 2  
29 47 
2497 
1566 
7 6 8  
490 
2 73 
110 

-268 

L C N G  ---- 
-7810 
-5834 
-4036 

-7713  
-92  
248 
- 7 8  

-94 
93 

7497 
5457 

2722  
3 8 5 2  
399 
-60 

73 
86 
37 
-4 

-2681  

-87  

3 w a  

SHEER ----- 
- 2 6 1  

- 5 8  
-65  

0 
- € 5  - 65 
- € 5  

0 
-66 
-66 
- 33 

- 3 2 6  
33 
32 

-150 - 97 

-65 
- 5 8  
- 5 8  - €5 - 33 

- w 

S I G L Y X  
--e-- 

-3279 
- 2 3 3 1  
- 1 4 7 6  

-8?4  
- 5 E %  
-75 
253 
-78 

-76 
113 

7 5 1 7  
5457 
3869 
3080 
2 5 0 5  
75-74 
773 
512 
3 1 5  
748 

0 

- 7 8  

S IGlVlM 
*I--.," 

- 7 8 2 5  

- la0 37 
-2681  
-7717 
-335 
- 6 6 0  
-76 1 
-552 
-340 

36 

2206 
3009 
2851 
2 6 6 3  
7 837 

3 9 1  
-65  

5 6  
CSY 
- 1  

-272 

-sa37 
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X - - C - N - E * *  D 
f-C-B-@ -12c 
I -6 -N-C -83  
1 - C - N - E  -56  
I-0-Er-P - I C  
I - C - N - G  e 
I - O - N - 8  0 
I-C-N-J - ? a  
I-0-w-K - 1 9  
I - Q - N - t * *  - 3 1  

0-6-%-A 296 
0 - C - N - B  147  
a-9-N-c 101 
0- c - w - D  6rr 
Q-O-N-E 3 3  
O-Q-N-P  4 

O-O-N-6 - ? E  
0 - C - N - A  -lQ 
0-0-N-J+* - 7 2  
O - C - N -  -2 2 

,e. 

-64 
-39 
- 2 2  - 18 - 10 
-19 
- 27 
- 3 2  
-34 - 27 

61  
66 
7 2  
67 
57 
42 
27 
22 
22 
22 

- 6 6  
-34  
- 2 9  
-24 
- 1 5  
- 2 s  
- 2 7  
-41 
-37  
15; 

7 c  
? E  
9 ;  
7 1  
64 
47 

2 7  
- 3  1 

3c 

- e  
24" 

- 2 9 8 2  
-1579 

-916 
- 8 9 1  
-6  26 

-1075 
- I 3 9 1  
- l § 8 4  - 14-75 
27 a5 

2 7 8 3  
29 58 
30 35 
296% 
2618 
19 68 
1319 
1982 
-187 
9164 

-835 
-4060 
-2763 
-1945 
-475 
-95 

-409 
- 9 8 0  

- 1 0 2 2  
-264 

7442 
5290  
3946 
2846 
4 E97 
4133 

30  
4 1  

- 4 2 3  
-312  

64 
1 

24 
c7 

138  
931 
130 
130 

7 Q  
- 2 3 7 6  

- 1  55 
-118 

0 
-66  
-S9  - 66 
--E6 - 66 
7 16 - 59 

-832  
-11598 
-916 
-887 
-400 
-78 

-393  
- 9 5 3  

-1012 
4084 

74150 
529'3 
39166 
2993 
2631 
1 9 6 2  
1 3 2 2  
3 106 
420 

1174 

-2984 
- 4 0 6 0  
-2763 
-1949 

- 7 8 1  
- 1 0 9 2  
- 1 4 0 7  
- 1 6 1 1  
- 1 4 8 6  
- 1 5 6 2  

2 7 7 2  
2951 
3035 
2792 
1884 
441 

27 
35 

- 1 0 3 1  
-318  



1 7 7  

T a b l e  A .  16 ( c o n t i n u e d )  

_. lll---------ll_-~ 

A X I A L  PORCE L O A D I N G ,  FIE, C6 N C Z Z L E  i 4000  LB) i ? / %  

!!fCRG-STR A I N  STZESSES P R l N  STRESSES 
----e -------- ----e- --- --- -------- 

Z27OC-A 
Z230C-3 
I2SOC-C 
127oc-I9 
I 2  3OC-B 
I290C-F 
1270c-f~ 
127oc-9 
I2 7OC-K 
I2 ’I oc-L 
I. 2 7oc- H 

CD270C-B 
027oc-B 
02 7OC-C 
027oc-n 
0270C-E 
02 70C-F  
027OC-6 
027oc-Fi 
027OC-J 
0270C-K 
02 30C-L 
02’7oc-PI 

21C 276 2 1 i  
I61 213 215 
355 264 153 
377 223 1 1 1  

3€! 1 E l  1 c  
253 -06 - 5 1  

8 9  -99 -65 
-59 - 9 5  - E €  

- 1 6 1  -61 -!5€ 
-203 -53 - 4 t  

3 8 3  102 a u  

105 00 
113 12 

E7 68 
7 0  11 
58 56 
1542 - 28 47 

-3720 
-3541  
-2385 
- 1966 

9440 
11237  
13280 
13421 
13252 
74901  
6736 
1 5 5 1  

-1937 
-5551 
-6680 

- 1 8 0  -63 -425 -1C523 -8572  
-232 -73 -43; -1CP42 -10203 
- 2 5 9  - 9 5  -425 -11qf5 -1109E 
-273 -110 -39C -10688 - 3 1 4 0 1  
- 5 8 e  -141 - 2 9 5  -17423 - 1 2 0 6 1  
- 5 9 9  -185  -345 - 7 1 3 2 1  - 1 2 0 6 9  
- 2 3 6  -2C2 - 5 7 5  -10312 -40162  

-39 - 1 3 1  - 1 Y t  - € 0 4 1  - 2 9 7 6  
54 -58  -8C -3100 696 

16 1 29 1 5  790 S O 5 2  
185 sa 56 2 3 1 1  6238 

- 1 3 5  -180 - 2 3 6  -e937 -xm 

SHElR 
e*--- 

854  
13’14 
I U S 8  
1 5 4 4  
1567 
948 

- 1 5 6  
- 4 5 1  
- 3 c o  
-65 
-58 

4 8  12 
4 7 E 1  
4 3  40 
37z.8 
3349 
2 1  37 
1036 

7 4 5  
194  
2 4 1  
7 54 
32 

SIGMX SIGMN 
e---- 

8965 
9960 
8327 
6 6 5 8  
5 5 3 7  
1505 

-3759 
- 3 6 3 8  
- 5 5 5 3  
-6682  

-2851 

-14637 -14458 
-5731 - 1 5 3 1 4  
-6727 -15506 
-3290  - 1 4 8 0 0  
-8378 -15106 
-9555 -13864 
-9198 -17270 
- 7 5 3 5  - 9 3 3 2  
-2963 - 6 0 5 3  

69E - 3 1 2 2  
5 0 6 1  781  
6 2 3 8  2 3 1 0  
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Tab1 e A .  16 ( c o n t i n u e d )  

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

X270N-A 

127OW-C 
1270s-D 
12'90N-E 
P 2 7 0 N - P  
I 2 3 0 N - G  
I2?0?7-B 
I 2 7 0 N - J  
1270N-R 
J 2 9 0 N - t  
P270NI-M 

Q290W-A 
0270N-E 
02 7QN-C 
027ON-8 
0290W-B 
0270N-P 
0270R-G 
0270N-8 
0230N-J 
0270N-K 
Q 2 9 O N - L  
0270N-N 

I 2 7 8 rq - E 
267 
2 1 F  
164 
16 
1 6 2  

2 2  
157 
i34 
2 7 1  
2 2  1 
79 
753 

-88 
-34 
- 1 2  

4 5  
64 

115 
117 1 
2 2 2  
2-70 
25 3 
1 9 C  

29 -42: - e 5 8 9  
44 - 4 3 2  -8487 
54 - 4 3 4  - -E351 
34  - 4 2 5  -8633 
I2 - 4 2 c  -E816 

-795 -449 -14233 
-349 -442 -17565 
-398  -395 -19576 
- I 9 9  - 2 9 2  -12219 
-389 -12; -7557 
-188 -3; -3693  

13696 
'I3179 
12294 
42€32 
13704 
32584 
116902 
13686 
"1935 

9 1 8 2  
7064 
"643 

- 5 2 1 0  
-3567 
-2868 
-1122 
-735 
- 8 2 5  
-940 
136.3 
4&40 
5620 
4770 

1OC8 
6E3 

-1040 
6 5 0  - 1 3 2 4  

-2553 
-37C6 

1 4 5  
- 8 2 3  
- 3 6 7  

0 
53 

6049 
6342 
6565 
6 1  15 
58P8 
3 3 5 0  
1236 - 33 
-746 
-a167 

-9C8 

19178 73511  
22216 13127 
24405 12125 
257441 12599 
2 9 t 3 7  13592 
3 9 9 9 2  1 2 3 3 3  
3 3 Q 2 1  14546  
2 7 9 8 1  "13602 
114340 1 1 4 8 2  

9 3 3 2  8312 
7064 5 0 9 s  

- 5 1 9  -13181 
775 -12830 

1449 -12668 
2 2 9 3  -412053 
23613 -111912 

-35  - 1 5 0 2 3  
- 5 3  -17852 

1 3 c 3  -17636 
74 -12252 

§723 -7659 
48715 -3196 

146 - 3  - 7 2  -851 4729 -47 4 1 3 6  -853 



1 7 9  

I- 0-c-* 
I - 2 2 G - A  
I - 4 S C - A  
I- 67C-A 
1- 90C-A 
11 l 2 C - A  
I1 35C-A 
11 57C-A 
f2C2C-8 

I2 47C-B 
22 92C-A 
I3 15C-A 
1337C-B 
Id EOC-II 

Q- 22c-a 
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Table A . 1 6  (continued) 

AXIAL F O R C E  E O A E I N G ,  F98, Ch; N O Z Z L E  ( 4 0 0 0  LB) W / R  

I- O-N-* 
1-222N-B 
1- 45N-A 
I-67N-R 
I-90N-A 
IC1 12N-A 
1135N-A 
T157N-A 
1 1  6ON-A 
I202N-A 
1225N-A 
I 2  47W-A 
I2 52N-A 
I 3  15N-A 
I3 37N-B 

0-22N-A 
0- 45N-A 
0- E7N-A 
0-90N-A 
01 12N-A 
01 35N-A 
0 157N-A 
81 80N- 
02 C 2 N -  
0225N-A 
02 478-A 
0292N-A 
03 1 5 N - B  

- 1 8 1  -76 - 7 t  -3132 
15C 34 -45 -390  

-245 -100 -27C -IC069 
167  343 40C 76140 

- 2 9 s  -387 -40s -17176 
- 1 4 5  -228  -7 f  -6518 
- 1 6 4  -88 91 2 36 
- 2 5 2  96 25 2488 
- 1 5 9  9 1  - 5 C  -360 
- 9 0 1  -106 -205 -6720 
- 3 1 1  -422 - Z 9 j  -13645 
- 2 1 5  -350 -12E -1C274 
-165 - 2 2 9  - 1 O C  - 7 1 9 2  
- 1 7 e  -1111 - 7 4  -4525  

- 7 9 6  -118  - 2 5 c  - 7 ~ 6 4  

1 9 5  158 - 
17E 285 - 
304 516 20C 

- 1 7 5  - 4 2 1  C 
1 2 3  05 49: 
1 7 4  -67 2 0 1  
I99 128 1 1 E  
197 199 204 
192  113 7 1 1  
1 4 3  162 - 2 i  
745 498 96 

136 -5  264 
18C -7 1 3 %  
- 4 2  17 27 

305 204 5 5 c  

33 21 
6120 

15395 
-5050 
12593 

3861 
5180 
€6al 
47 20 
5 8 2 1  

12945 
16229 

5 5 4 4  
25 19 
7024 

-6378 
4385 

-8226  
- 1 0 3 7 3  

9846  
- 1 4 1 2 4  

-6293 
-4855 
-6927 
-4886 
-5056 

- 1 4 6 1 3  
- 9 5 2 1  
- 7 1 1 6  
-6588 

6 8 4 0  
7770  

13748 
- 7 9 6 8  

9 4 6 0  
6394 
7 5 2 2  
8490 
7167 
5 1 2 5  
8 2 3 2  
14005 
5734 
6157 
-946 

- 1  -3132 - 6 3 7 8  
1 0 5 0  4 6 0 6  -610 
7 3 6 4  - 6 2 9 2  - 9 8 1 8  
3551 -6627 -13835 
-7551 16228 9 7 5 8  

2 5 4  -74096 -17204 
- 5 0 ; 5  -437e - 8 4 3 4  
-23t35 1179 -5797  

666 2 5 3 9  - 6 8 7 7  
22 E2 548 -5794 
1312 - 4 3 3 4  -7442 
-318 -14578 - m a o  

-2955 - 6 9 1 9  - 4 2 8 7 6  
- 1 6 4 1  - 5 5 1 2  -8795 

-8&6  -4209 - 7 0 0 5  

2075 
3761 
4215 

- 5 6 7 0  
-5420  
-29C7 

150 
- 6 9  

5 5  
25 15 
5 3 2 5  

-46C5 
- 3 5 5 9  
- 1 8 Q l  

- 1 5 1  

7 8 0 7  2360  
1 0 4 4 3  2847 
18866 102'17 
- 2 8 7 5  -14147 
1 6 0 2 Q  4029  

8296  1956 
7524 5173 
8666 8464 
7167  4 7 2 0  
6 9 3 9  1207  

16411  4766 
19855 70380 
9220 2059  
6926 1750 
1023  - 9 5 5  



181 

INTERNAL D ISTRBUT ION 

1. 
2. 
3.  

4-6. 
7. 

8-11. 
12. 
13 
14. 
15. 
16. 

17-18. 
1.9 - 
20.  
21.. 
22.. 
23 
24." 
25. 
26. 
27.  
28 * 

29-30" 
31-3 5 - 

35 * 
37. 
38. 
39 * 
4 0  . 

R. L. Batt iste 41. 
M. Bender 42. 
J. J. Blass 43. 
s. E. Bolt 44. 
I?,. I i ,  Bryar i  45 a 
J. W. Bryson 46. 
J. 13. But le r  47-41. 
J. P. Callahan 62. 
C. J. Claffey 63.  
J.  A. Clinard 64. 

65 C. W. Col l ins  
J. M .  Corm 66. 
W. B.  C o t t r e l l  67. 
J. S. Crowell 58. 

69. F. L. Culler 
R .  W. Derby 70. 
W. G. Dodge 71. 
G. G.  Fee 72. 
M. H. Fontaaa 73 * 
W .  R .  G a l l  74. 
R . H. Gallagher (consultant ) 75. 
14. J. Goglia 7 6 .  
W. L .  Greenstreet 77. 
R. C .  Gwaltney 78. 

R. F. Hibbs 82. 
H. X .  I-Ioffman 83-88. 

89. 

W. 0. Harms 79-81. 

P. R. Kasten 
K. C. Liu 

R .  N. Lyon 
R. E .  MacFberson 
W. J. McAfee 
W .  J .  McCarthy, Jr. 
IC. C. McCurdy 
J. G. Plerkle 
S. E. Moore 
F. M. O ' H a r a  (consul tant)  
T. W .  Pickel 
I € .  Postma 
C. E .  Pugh 
M. Mehardson 
D, N. Robinson 
R. A. Schmidt 
M. R. Sheldon 
S .  E.  Smith 
I. Spiewak 
W. C. T. Stoddart 
J. J. Taylor 
D. B. TL-auger 
G.  D. Whitman 
Ti?. J ,  Wilcox 
G .  T. Yak 
ORl'TL Patent Office 
Central  Re search Library 
Document Reference Section 
Laboratory Records Department 
Laboratory Records ~ ORYL RC 

Subcontractors 

90-91. E. C .  Rodabaugh, Eattelle-Columbus Laboratories, Columbus, OH 4-3201 

EXTERNAL DISTRIBUTION 

92-93. 

94-101. 

Director, Division of Reactor Research and Development, JBDA, 

Director, Office of Nuclear Regulatory Research, NHC, Washington, 
Washington, DC 20545 

DC 20555 
102. Director, Keactor Division, ERDA, OR0 
1.03. Research and Technical Support Division, EKDA, OR0 

104-184. 
185-444. 

Design C r i t e r i a  f o r  Piping and Nozzles Program Dis t r ibu t ion  
Given d i s t r i b u t i o n  as shown under categories  NRC-1  and PTBC-5 

(25 copies - NTLS) 

id U S  GOVERNMENT PRINTING OFFICE 1975 748-189/108 


