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THEORETICAL AND EXFERIM!ZNTAL STRXSS ANALYSES OF 0RIL 
THIN-SKELL CYLINDER-TO-CYLINDER MODEL I} 

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

ABSTRACT 

The las t  i n  a s e r i e s  of Pour t h in - she l l  cylinder-to-cylin- 
der  models was tes ted ,  and t h e  experimentally determined e las -  
t i c  s t r e s s  d i s t r ibu t ions  were compared with theoret ical .  predi-e- 
Lions obtained from a t h i n - s h e l l  f inite-element analysis .  Il"ne 
models i n  t h e  s e r i e s  a re  idea l ized  th in - she l l  s t ruc tu res  consis- 
t i n g  of two c i r cu la r  cy l ind r i ca l  s h e l l s  t h a t  i n t e r sec t  a t  r i g h t  
angles.  There a re  no t r ans i t i ons ,  reinforcements, or f i l l e t s  i n  
t h e  junction region. Tnis s e r i e s  of model t e s t s  serves two bas ic  
purposes: (1) t he  experimental data provide design information 
d i r e c t l y  appl icable  t o  nozzles i n  cy l ind r i ca l  vessels ,  ,and (2)  
t h e  idea l ized  models provide t e s t  r e s u l t s  for use i n  developing 
and evaluating t h e o r e t i c a l  analyses applicable t o  nozzles in  
cy l ind r i ca l  vesse ls  and t o  t h i n  piping tees. 

The cylinder of model 4 had an outs ide diameter of 10 in . ,  

The OD/thickness r a t i o s  were 50 and 20.2 
and t h e  nozzle had an outs ide diameter of 1.29 in . ,  giving a 
do/Do r a t i o  of 0.1213. 
f o r  t he  cyl inder  and nozzle respect ively.  Thirteen separate 
loading cases were analyzed. For each loading condition one end 
of  t h e  cyl inder  w a s  r i g i d l y  held.  
pressure loading, t h ree  mutually perpendicular force components 
and t h r e e  mutually perpendicular moment components were individ- 
ua l ly  applied a t  the  free end of the cylinder and a t  t h e  end of 
t h e  nozzle. The experimental s t r e s s  d i s t r ibu t ions  f o r  each of 
t he  1.3 loadings were obtained using 157 three-gage s t r a i n  ro- 
s e t t e s  located on t h e  inner and outer  surfaces .  

I n  addi t ion t o  an in.r,er.nal 

Each of t h e  13 loading cases w a s  also analyzed theo re t i ca l ly  
using a f inite-element s h e l l  ana lys i s  developed izt  t h e  University 
of California,  Berkeley. The analysis  used f l a t - p l a t e  elements 
and considered f i v e  degrees of  freedom per node i n  the  f i n a l  
assembled equations. The comparisons between t h e o q  and experi.- 
ment show reasonably good agreement f o r  t h i s  model. 

1. INTRODUCTION 

In te rsec t ing  cy l ind r i ca l  s h e l l s  are cormaon conf igurat ions i n  s t ruc-  

t u r a l  components for 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 ic  examples. However, despi te  t h e i r  common 
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occurrence, proven e l a s t i c  s t r e s s  ana lys i s  methods for such configurations 

have not been gene?-ally avai lable ,  and only recent ly  have p o t e n t i a l  anal-y- 

s e s  been developed. This i s  t r u e  even f o r  t h e  case of an idea l ized  con- 

figura-Lion consisting of two th in - she l l  normally in t e r sec t ing  cylinders 

with no t r a n s i t i o n s ,  reinforcements, o r  f i l l e t s  i n  t'ne junct ion region. 

To meet t h e  need f o r  experimental da ta  obtained from caref'ully ma- 

chined models, Oak Ridge National Laboratory (ORNL) has t e s t e d  a s e r i e s  

of f o w  t h i n - s h e l l  cylinder-to-cy]-inder models. In  addi-tion t o  pi-oviding 

t e s t  resu1i;s f o r  use i n  developing and. evaluating potent ia l .  a n a l y t i c a l  

'techniques, t h e  models w i l l  provide design information d i r e c t l y  appl icable  

t o  nozzl.es i n  cy l ind r i ca l  vessels and t o  a class o f  t h i n  pipi.ng t e e s  as 

wel l .  The t e s t  r e s u l t s  w i l l  be p a r t i c u l a r l y  applicable t o  liquid-metal-. 

cooled fas t  breeder reac tor  components i n  which relative3.y lord 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  Lhe use o f  thin-walled s t ruc-  

t u r e s .  

The Pour  mode1.s have been t e s t ed ,  and the  experimentally determined 

s t r e s s  d i s t r i b u t i o n s  haxe been compared with the  preiii.cti.ons o f  a th in -  

shell. f inite-element ana lys i s .  This repor t  describes the  t e s t s  and anal- 

yses o f  model L and presents coIi1pai.i sons o f  theory and experiment. The 

t e s t s  and analyses f o r  models 1 and 3 are descri-bed i n  Refs. 1 t o  3. 

Model l+ i s  shown i n  Fig .  1 al-ong wi.th a l i s t i n g  of t h e  s ign i f i can t  

dimensions of a l l  four  models i n  t h e  s e r i e s ,  A s  indicated by t h e  figure, 

t hese  models a r e  t r u l y  idea l ized  s h e l l  s t ruc tu res .  There a re  no t r a n s i -  

t i ons ,  f i l l e t s ,  or re inforcing i n  t h e  junckion region. The outside disme- 

t e r  Do of t h e  cylinder o f  t h e  foimth model. w a s  10 in . ,  and t h e  outside 

diameter d., of t h e  nozzle w a s  1.29 i n . ,  giving a do/D, rak io  o f  0.129. 

The cy-linder thickness 'I' was 0.2 in . ,  and t h e  nozzle thickness -t w a s  0.064 

in .  

20.2 respec t ive ly .  %?le fou r th  model w a s  obtained from t h e  t h i r d  by boring 

out t h e  nozzle t o  provide a thinner  w a l l  thickness,  

Thus t h e  OD/thickness r a t i o s  of t'ne cylinder and nozzle were 50 and 

Model 4 i s  shown schemstical.ly i n  Fig,  2, together wi.th t h e  applied 

forces and moments t o  which i.t w a s  subjected .and t h e  major dimensions. 

O m  enil. of  t h e  model was r i g i d l y  fixed, or "bui l t - in , "  as shown, while 

ex terna l  loads were applied t o  the  f r e e  end o f  t h e  cylinder and t o  t h e  

end of khe nozzle, Three mutual.3y perpendicular force  components and th ree  



mutually perpendicular mcanent components were applied individually a t  each 

location. Thus, including internal preasw,  there was 61 to ta l  of 13 load- 
ing cases. These loading cases were examined both experimentally and ana- 

lytically, and %be results were compared for each loading caBe. 
Chapter 2 of %his: repofi describes the testing aspects of the experi- 

mental analysis and also the straincgltage data-acquisition and reducbion 

techniques used. Reprscrentative expsrimenta results, i n  m e  form of max- 
imum measured stress distribzrtions around the nozzle-cylinder junction, are  
presented for each loading. 

Chap. 3, includes a brief descripbion of the formulation used and the spe- 
cific element -out for the model. Complete campsrirsons of tbeory and 

expriment for  011 13 loading cases are presented &nd discusoed in Chap, 

4, and Chap. 5 contains a concise stxrwwy of the conclusions drawn frmntfae 

The finite-elemen% analysis, discussed i n  
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NOZZLE -ilk- i.29 OD 

,\ 

Fig. 2. Schematic of model 4 showing applied ex te rna l  loadings.  

study of model 4. 
perimental  da ta  for comparisons with h i s  own analyses, an  appendix i s  in- 

cluded t h a t  gives a complete s e t  of experimental data for each of the  13 

loading cases.  

For t h e  benef i t  o f  t h e  reader who wishes t o  use t h e  ex- 

2. EXPERIMENTAL ANflLYSIS 

In  experimental inves t iga t ions  of t h i n - s h e l l  cylinder-to-cylinder 

pressure vessel configurations,  both strain-gage metal models and photo- 

e l a s t i c  models have been used. 

and f o r  ex te rna l  nozzle loadings have been ca r r i ed  out by Hardenbergh, 

Zamrik, and Edm~ndson ;~  by Hardenbergh and Zamrik;' and by Riley. Con- 

toured and reinforced o u t l e t s  were used i n  the  first two s tudies ;  i n  t he  

t h i r d ,  t he  model w a s  f ab r i ca t ed  from hot r o l l e d  sheet s t e e l  by welding. 

I n  photoelast ic  s tud ies  ca r r i ed  out by Taylor and Lind7 and by Leven,' re- 

inforced openings were examined. Thus, of t h e  previous studies,  only t h a t  

of Riley' used a th in -  s h e l l  idea l ized  cylinder-to-cylinder metal  model, and 

it was of welded construct ion r a t h e r  than being ca re fu l ly  machined. 

Strain-gage s tudies  f o r  i n t e r n a l  pressure 

f 
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There w e r e  two pr.inci.pa1 reasons for  gaging two opposi.te quadrants. 

Fiiast, f o r  the majority- of  the l3 loadings the behavior i n  the  two quad- 

railts was expected t o  he d i f f e ren t .  Second, f o r  loadings such a s  in t e r -  

nal pressure, where t h z  behavior should be identical.> experLmen.ta1 data  

from t w o  si~.pp~sed-l-y ident ical .  quadran-ts a l low a check of t h e  daka and pro- 

vide s o ~ ~  ind-ication o f  the effects of geometrical imperfections i n  t h e  

i7lode.l. 

The Lhree-gage roset tes  used were Micro-Measuremznts type FA-06-030~~- 
120, opti.on SE, which is a. 'v2-q- cornpacl three-gage f o i l  ro se t t e .  T'ne three  

indivi.dual gages %re arranged i n  a, "Y" paktern and have an individual. gage 

length of' 0.030 i n .  

corner of Fig.  3 ,  f ive  compl.e-te ro se t t e s  were 1ocal;ed along each gage l i n e  

w i t h - i n  the  first, 5 / 8  -fn. fmm the junctton. 

suppli.ed rnc~ur~ted on a, cormfim backing by the gage manufactu.rer . 
b l i e s  have t h e  same desi-gnation as the  s ingle  rose t t e s  except t h a t  the op- 

.i;ion i~ecanes W'l. 

As can be seen 5.n the i n se t  i n  t h e  upper right-hand 

These f irst  f i v e  rose t t e s  were 

These assem- 

One of the f ive- rose t te  asseni'ulies i.s shown i n  FigS, 5. 

The rose t t e s  w e r e  appl.ied with a n  epliy adhesive, BR-610, which i s  

avai lable  from W. T .  Bean, Inc. Curing tirirni;~ and temnpemtures ranged from 

10 h r  a t  250'F t o  24 hr a.S, 200'F. Uiniusul~xted 4-mi l -d im w i r e  was used t o  

connect the gages .to terminal. t abs  to which larger  lead wires were con- 

nected., 

Data-Rcqui-sit ion System (Sect. 2.4). 

The niod.el is shom i n  Fig.  6 with Lhe strair! gages appli.ed but not 

The strain-gage data were recorded by a Daburn Computer-Godxolled 

completely wi.rer3. 

c leaz ly  seen, They aye i.n t h e  longi.tudina1 plane a t  O o ,  45' f r o m  t'ne lon- 

gitudin.al  plane, and i n  t h e  %ransverse plane at 90' from the longi tudinal  

plane. A cl.aseup of t'le rose t t e s  i n  the  junct ion region i s  shown i n  Fig. 

7. 

'The t h m e  l i n e s  of gages i n  t h e  fourth quadrant can be 

* a 3  II____._ Test Description 

Figure 8 shows the instrumented mock1 in a loading frame b e b g  sub- 

jected t o  an tn-plane rno~~ient loading on the  nozzle.  

cyl inder  w a s  ~ i g i d l y  clampeii. t o  t h e  liemy f l a t  p l a t e  using a s p l i t  r i n g  

The r i g h t  end o f  t h e  
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arrangement ac t ing  over t h e  f lange on t h e  end of t h e  cyl inder .  The load- 

ing f i x t u r e s  on the  other  end of t h e  cyl inder  and on t h e  end of t h e  nozzle 

were at tached i n  a s imi la r  manner, 

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 ,  

f i x t u r e s  were counterbalanced by weights attached t o  t h e  cables (Fig. 8) .  

These heavy fixtures i n  e f f e c t  con- 

The end 

The ex terna l  loads were applied by hydraulic rams ac t ing  through load 

c e l l s ,  and t h e  loads were cont ro l led  by t h e  load c e l l  indicat ions.  The 

pressure loading w a s  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 the  weight of 

t h e  pressur iz ing  f lu id  i n  t h e  model. 

To avoid undue 

For a l l  1.3 loading cases, da ta  were taken i n  e ight  s teps .  In  most 

cases t h e  data  were taken a t  0, 25, 5 0 ,  75, 100, 100, 50, 0% of f u l l  load.  

The procedure was then repeated, so t h a t  two complete s e t s  of data  were 

taken for each gage every loading. 

2 .4  Data Acquisit ion and Reduction 

The strain-gage data  were recorded by a D a t u m  Computer-Controlled 

Data-Acquisition System. The system cons is t s  of a data-acquis i t ion u n i t  

composed of a data-acquis i t ion cont ro l  module control led by a PDP-8/1 corn- 

puter  with t h e  following capab i l i t i e s :  

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 

(1) magnetic tape input/output 

output. 

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

tape.  

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

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

i s  sent t o  the  ORNL 360-91 computer, and s t r e s s e s  a r e  calculated f o r  each 

r o s e t t e  by s t r ipp ing  t h e  s t r a i n s  o f f  t h e  second tape.  

The PDP-8/1 computer converts t h e  mi l l i vo l t  reading on t he  tape i n t o  

This second tape  

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 a re  general ly  based on t h e  strain-gage readings a t  maximum 

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 i rs t  s e t  of da ta  was questionable f o r  some reason, t h e  

second s e t  w a s  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 he  gages. In  cases 



where nonl inear i ty  o r  d r i f t  was excessive or where an individual  gage o r  

c i r c u i t  w a s  otherwise obviously malfunctioning, t h e  r o s e t t e  of which t h e  

gage w a s  a pa r t  w a s  not used i n  t h e  f i n a l  r e s u l t s  f o r  t h e  spec i f i c  loading 

case under consideration. In  some instances,  a gage t h a t  behaved e r r a t i -  

ca l ly  during one loading behaved normally during others .  Thus, i n  t h e  f i -  

n a l  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 f o r  others .  

Stresses  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 .  

2.5 Variat ions o f  Maximum Measured St resses  
Around Nozzle-Qlinder Junction 

In  a l l  cases, t h e  maximum measured s t r e s ses  occurred a t  the  nozzle- 

to-cyl inder  junction. Consequently, i n  t h i s  sec t ion  representat ive experi- 

mental r e su l t s ,  i n  t h e  form of maximum measured s t r e s s  d i s t r ibu t ions  around 

t h e  nozzle-cylinder junction, a r e  presented and discussed f o r  each loading. 

P lo t s  of a l l  t h e  experimental po in ts  along each gage l i n e  a re  presented i n  

Chap, 4 f o r  each loading and compared with t h e o r e t i c a l  predict ions.  

To examine t h e  maximum s t r e s ses ,  s t r e s s  r a t i o s  were considered. These 

r a t i o s  were determined by dividing t h e  maximum absolute p r inc ipa l  s t r e s s  

value a t  a point  by a nominal membrane s t r e s s  value. The membrane hoop 

s t r e s s  i n  t h e  cylinder and i n  t h e  nozzle was used a s  t h e  nominal s t r e s s  

l eve l  f o r  t h e  pressure loading. For t h e  moment loadings on t h e  nozzle o r  

cylinder,  t h e  maximum membrane bending s t r e s s e s  (computed by M c / I )  or t h e  

membrane shear s t r e s s  (computed by T c / J  and equal t o  t he  maximum normal 

s t r e s s )  i n  t h e  nozzle or cylinder were used a s  t h e  nominal s t r e s ses .  

t h e  a x i a l  forces  on t h e  nozzle and cylinder, t h e  a x i a l  membrane s t r e s s  ( ca l -  

culated by P/A) was used. 

nozzle, t h e  nominal s t r e s s  w a s  somewhat a r b i t r a r i l y  chosen a s  t h e  maximum 

bending s t r e s s  i n  t h e  nozzle (calculated by Mc/I) a t  t he  l e v e l  of t h e  t o p  

of t h e  cylinder.  For t h e  in-plane and out-of-plane forces  on t h e  cylinder,  

t h e  nominal s t r e s s  w a s  a r b i t r a r i l y  chosen a s  the  maximum bending s t r e s s  i n  

t h e  cylinder a t  i t s  midlength ( a t  t h e  center  l i n e  of t he  nozzle).  

For 

For t h e  in-plane and out-of-plane forces  on t h e  

. 
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The appl ied loads 

Table 1, toge ther  w i t h  

t he  above procedures. 

used i n  t he  experimental analyses a r e  given i n  

the  nominal membrane s t r e s s  leve ls  ca lcu la ted  by 

Table 1. Applied loads and nominal s t r e s s  levels 

Nominal 
Loading case Load l e v e l  membrane s t r e s s  

(ps i )  

In t e rna l  p re s sme  

Out-of-plane moment, 

Torsional moment, MyN 
In-plane moment , 
In-plane force, 

Axial  force, 

Out-of-plane force, FZTJ 

T’orsional moment, MXc 
Out-of-plane moment, 

In-plane moment, Mzc 

Axial force, FXC 

In-plane force, 

Out -of -plane force, 

% 

MzN 

*m 
FYN 

MYC 

FY c 
FZC 

300 p s i  

400 in . - lb  

1600 in . - lb  

400 i n .  -1b 

80 lb 

400 lb 

60 l b  

30,000 in .  -1b 

80, ooo in .  -1b 

80, 000 in .  -1b 

10,000 l b  

3000 lb 

3000 ib 

7,350 

5,300 
10,590 

5,300 
10,060 

1,620 

7 9 5 40 

990 
5,300 

5,300 

1,620 

3 ,  a@ 
3,880 

The va r i a t ions  i n  t he  experimentally determined maximum s t r e s s e s  

around the  nozzle-cylinder junct ion a re  shown i n  Figs.  9 through 2 1  fo r  

each of t h e  13 individual  loading cases.  In  each case, t he  s t r e s ses  shown 

were determined from t h e  strain-gage r o s e t t e s  immediately adjacent t o  the  

junction, and of t h e  four  possible  maximum s t r e s s  d i s t r ibu t ions  - cyl inder  

ins ide  and outs ide and nozzle ins ide  and outs ide - those shown produced 

t h e  l a r g e s t  s t r e s s e s  i n  each case. 

The poin ts  labe led  “extrapolated maximum” i n  t h e  f igures  a re  estimated 

maximum s t r e s s  ratios a t  t h e  junc t ion  obtained by extrapolat ing the  ex- 

perimentally determined p r inc ipa l  s t r e s s  d i s t r i b u t i o n s  along each gage l i n e  
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Y 35 >7- F P R E C u 2 E . Y  

Fie. 9. Variation of rn~sxhum pr inc ipa l  stress ra t ios  arcound the 
nozzle-cyliadw j u n c t i o i z  for i n t e r n a l  pressuie ~ 

ORNI--DWG 73-2695 

c 
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1, 

\ 
/- 

M ~ N ,  / b 
CD \ 1 MODEL 4 

OUTSIDE 
NOLLL E 

INSIDE , NOZZILF 

Fig. 11. V a r k % i o n  of rnaxhm p?*.1:.nciptt1 s-t~--ess ratios arowld the  
nozzle-cylinder junction f o r  t o r s i o n a l  moment, MyN, on nozzle ~ 

Ftg. 12. Vari..a;t,Loar of rna.ximim priacripsl. stress r a t io s  aro-il-ritl thc 
MZ,, 011 noz2l.e. nozzl-e-cylinder junction for in-plane moment,, 
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Fig. 13. Variation of maximum pr inc ipa l  s t r e s s  r a t i o s  around the 
nozzle-cylinder junct ion fo r  in-plane force,  Fm, on nozzle. 

. 

Fig. 14. Variat ion of maximum pr inc ipa l  s t r e s s  r a t i o s  around the 
nozzle-cylinder junct ion fo r  a x i a l  force, Fm, on nozzle. 



Fig. 15. Variat ion of maximun p r inc ipa l  s t r e s s  r a t i o s  around t h e  
nozzle-cyl inder  juictiori  for  out-of-plane force, FZN9 on nozz le ,  

Fig,  16. Variation of' n~.aximwn pr.incipa1 stress ratios a~o~nnd  the  

nozzle-cyli-nder junct ion for t o r s i o n a l  moment, MXc,  on cyl inder .  
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ORNL-DWG 73-2702 

Fig .  17. Variat ion of maxirnum pr inc ipa l  stress r a t i o s  around t h e  
nozzle-cylinder junct ion f o r  out-of-plane moment Myc, on cylinder.  

ORNL- DWG 73-  2703 

. 

F t g .  18. Variat ion of maximum p r inc ipa l  stress r a t i o s  around the 
nozzle-cylinder junct ion f o r  in-plane moment, MZCJ on cyl inder .  
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ORNL- DWG 73-2'704 

Fig. 19. Variation of maximum pr inc ipa l  s t r e s s  r a t i o s  around the 
nozzle-cylinder junct ion fo r  a x i a l  force,  FXC, on cyl inder .  

ORNL-DWG 73-2705 

Fig. 20. Variat ion of maximum pr inc ipa l  s t r e s s  r a t i o s  around t h e  
nozzle-cylinder junct ion f o r  in-plane force,  Fyc, on cyl inder .  
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ORNL-DWG 73-2706  

Fig.  21. Variation of m3xirm.m p r inc ipa l  s t r e s s  r a t i o s  around t h e  
nozzle-cylinder junct ion f o r  out-of -plane force, FZC, on cyl inder .  

t o  t h e  peak s t r e s s e s  a t  t h e  junction. 

maximum s t r e s s  estimates a re  based on a consideration of  t h e  s t r e s ses  along 

g;a,ge l i n e s  only; t h i s  does not precliude t h e  existence of s l i g h t l y  higher 

s t r e s ses  a t  locat ions between gage l i nes .  The maxirrnm s t r e s s  r a t i o s  and 

t h e  locat ions of t h e  rnaxiniim s t r e s ses  based on both the experimental and 

t h e  finite-element analyses a re  tabulated and compared i n  Chap. 5. 

It should be emphasized %hat t h e  

Figures 9 through 2 1  ind ica te  tha t ,  i n  general, t h e  maximum measured 

s t r e s ses  var ied i n  a reasonably smookh and consis tent  manner around t h e  

nozzle-cylinder junct ion,  It i s  pa.r t icular ly  s ign i f  icaiit t o  note t h a t  t h e  

maximum s t r e s s  occurred i n  t h e  longi tudinal  plane of symmetry only for the 

i n t e r n a l  pressure case, in-plane force  and moment, and t o r s i o n a l  moment on 

t h e  nozzle .  

plane of  symmetry or at  an intermediate pos i t ion  between %he 'two planes of 

syrrrmet ry . 

For a l l  other  loadings, t h e  maximum occurred i.n the t ransverse 
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3.1- Background 

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

years,  been a f avor i t e  w i t h  t he  s t r e s s  sxislyst. Their popular i ty  stems 

not only from t h e  cornrnon occurrence of such configurations i n  p r a c t i c a l  de- 

sign, but a l so  from the challenge that  they present as complex s h e l l  analy- 

s is  problems. 

f i g w a t i o n s ,  t h i n - s h e l l  cylinder-to-cyli-nder i n t e r sec t ions  occur i n  the  

petroleum industry, which uses tubular  s t m c t u r a l  members extensively i n  

off-shore o i l - d r i l l i n g  tmrers.  

t i o n  research, both experimental 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 icat ion.  

Tn addi t ion t o  t h e i r  use i n  piping and pressure vessel can- 

Much of t h e  cylinder-to-cylinder in te rsec-  

Both ana ly t i ca l  and numerical analyses have been developed and. applied 

t o  t h i n - s h e l l  cylinder-to-cylinder i n t e r sec t ion  problem. I n  1961, Reidel- 

ba,chl* developed t h e  first analy tka l  so lu t ion  folc tw i j .  perpendicularly i.n- 

t e r s e c t i r g  cy l ind r l ca l  shel .1~ subjected t o  in te rna l  press~we ~ E r i r ~ g e n l l - ' ~  

and his  co-workers corrected. some e r ro r s  and approximations i n  Re%delba,ch' s 

solut ions and formulated a solut ion i n  which the in t e r sec t ion  culwe WELS 

approximated by a c i r c l e .  

f'unctions and IIankel funct ions of the first kind-. A coll.oca,-Lion method w a s  

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  selected boundary poi-nts, 

These solut ions consisted o f  prod-ucts of' Kxylov 

In  1969, Hansberry and JOIES'" used Yne method devd-aped- by Reidel- 

bach and Eringeri et a l .  t o  develop a sol.ii.tion f o r  an in-plane bending 1 0 -  

ment applied t o  %he nozzle of a nozzle-to-cylinder configurat ion,  

Maye and Eringen'' developed 8 solut ion us t t i g  Fourier series j.nvolvi.ng 

Bessel functiions i n  place of t h e  Krylsv functions.  

Jones17 expanded t h e i r  so lu t ion  t o  include t he  case of an axial force  ap- 

plied. t o  the nozzle. A s  i n  the case of e a r l i e r  solutioiis, however, t he  

nozzle diameter was  1-imited r e l a t i v e  t o  the cyl inder  dicmeter .  

In 1970, 

I n  19'73, Hansbemy and 

I n  1967, Bijlaard, Dohrmann, arid Wangl' fomula t ed  t h e  problem t o  i n -  

clude t h e  case where the  nozzle  and cylinder' a r e  of equal. diameter. 

indicated a, solution i n  Yne fomi given by Fl-ugge f o r  closed cylindrical .  

'They 
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she l l s .  

equations of Flugge and Donne11 t h a t  i s  applicable t o  the  equal-diameter 

case. 

by Riley' f o r  a nozzle-diameter/cylinder-diameter r a t i o  of 1/2. By ca re fu l  

choice of s a l e  of t h e  f ac to r s  used i n  the  solution, he obtained predict ions 

t h a t  agreed reasonably wel l  with experiment. 

In 1968, Hermann and Campbell2' presented a finite-element s h e l l  

I n  1969, Pan'' developed a numerical so lu t ion  t o  the  d i f f e r e n t i a l  

He compared h i s  predict ions with the  experimental r e s u l t s  obtained 

ana lys i s  formulation using f l a t - p l a t e  elements, and as a sample problem 

they used t h e  1/2 diameter r a t i o  model t e s t e d  by Mley." 

parisons shown were f o r  i n t e r n a l  pressure and indicated reasonably good 

agreement between theory and experiment. I n  1969, Prince and Rashid21 a l so  

presented a f l a t - p l a t e  finite-element s h e l l  ana lys i s  and used the  cylinder- 

to-cyl inder  i n t e r sec t ion  a s  a sample problem. Their s h e l l  ana lys i s  program 

was developed under subcontract t o  ORNL as a p a r t  of  t he  ORNL Prestr-essed 

Concrete Reactor Vessel Program. 

The l imi ted  com- 

3.2 Finite-Element Method 

The finite-element program used f o r  t he  analysis  of t h i s  model was 

chosen as being 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 a t  t he  

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

Clough. 

Johnson22923 and was l a t e r  modified and adopted by G r e ~ t e ' j ~ ~  for t r e a t i n g  

t h e  "K" 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  tow- 

e r s .  

The o r i g i n a l  program w a s  wr i t t en  f o r  general  s h e l l  analysis  by 

The bas ic  elements used i n  t h e  program, shown i n  Fig. 22, a re  non- 

p1ana.r quadr i l a t e ra l s  t h a t  are  b u i l t  up of a n  assemblage of four component 

t r i a n g l e s  a s  shown. Within each component t r i ang le ,  t h e  in-plane displace- 

ments u and v a re  assumed t o  vary quadra t ica l ly  over the  plane of t he  tri- 

angle, except t h a t  they a re  constrained t o  vary l i n e a r l y  along the  one ex- 

t e r i o r  edge. The r e su l t i ng  membrane element, re fe r red  t o  as a constrai-ned 

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  freedom ( u  and v) a t  

each of the  f i v e  nodes. 



CONSTRAINED LINEAR STRAIN 
TRIANGULAR MEMBRANE ELEMENT. 
u,v ASSUMED TO VARY QUADRATICALLY 
WITH x,y: 

HSIEH, CLOUGh, TOCHER P L A T E  BENDING 
E L  E M E NT. 
w ASSUMED TO VARY CUBICALLY WITH 
X,Y WITHIN EACH SUB-TRIANGLE: 

w =  r,x.y,x ' ,xY,Y2,X3,xY2,Y3j  L , .  

ORNL-DWG 70-422R 

( REPRESENTED 

X 

COMPONENT TRIANGULAR ELEMENT 
DIVIDED INTO THREE SUB-TRIANGLES] 

Fig. 22. Quadri la t  e r a1  element and component triangles. 



The p l a t e  bending port ion of .the coinponent t r i a n g l e  elemefi-ts has th ree  

degrees of freedom a t  each of t h e  t h r e e  corner nodes - two ro t a t ions  about 

axes j-12 the. plane of tile elemeni and the  t ransverse,  or normal, displace- 

ment w. The displacement e q a n s i o n  f o r  t h i s  element i s  due t o  Hsieh, 

Clough, and Tocher,2" and the  element i s  re fer red  t o  a s  Yne ItCT t r i a n g l e .  

Full compatibility- o f  displacements and slopes between tri.angular element 

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

assuning an independent cubic va r i a t ion  f o r  w wi'dnin each subtr iangle  + 

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  Yne f i n a l  assembled component t r i a n g l e  t h e  normal slope var i e s  

1i.nearly along each ex te r io r  edge, It i s  .this feature  t h a t  enswes  slope 

compatibil i ty i n  the  result-ing element system for p l a t e  bending problems. 

The 27 constants i n  t h e  th ree  cubic expressions f o r  w wit'nin t'ne t r iangu-  

l a r  element a re  rediiced t o  9 (and r e l a t ed  Lo t'ne 9 nodal degrees of  Tree- 

dom) by i n t e r n a l  compatibil i ty consid-era-bions * With w va-rying as a cubic 

polynomial within each subtriangle,  t h e  th ree  components of curvature, and 

hence the bending and. twis t ing  moments, va-ry Linearly. 

The to ta l .  s t i f f n e s s  (mmbrnae plus  bending) of t he  t r i angu la r  elements 

t h a t  form t h e  components of t h e  quad.rilatera1 i s  obtained by superposit ion 

of t h e  p l a t e  bending element and- t h e  membrane element, 

bending s t r e s s e s  vary piecewise l i nea r ly  over t'ne surface of t h e  r e su l t i ng  

t r i angu la r  element ., 

One 

The membrane p lus  

The quadr i l a t e ra l  element s t i f f n e s s  i s  obta,ined from tha t  of t h e  four  

component t r i a n g l e s .  i n  general, clue t o  t h e  curvature of t h e  s h e l l  t h a t  

i s  being d iscre t ized ,  an a r b i t r a r y  quadr i l a t e ra l  w i l l  be nonplansr. This 

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

s t i f f n e s s ,  because an t h e  element l e v e l  only two bending ro t a t ions  per  node 

are defined. When transformed from the  element coordinates t o  some o the r  

coordinate systm, a t h i r d  bending r o t a t i o n  quant i ty  i s  introduced, and 

i n  the  transformed system t h e e  rotational.  degrees of freedom should be 

considered a t  each node. This consideration regarding Yne t h i r d  r o t a t i o n a l  

d-egree of freedom a l so  a r i s e s  i n  the  subsequent assmbly  of t h e  q u a b l l a t -  

era1 elements i n t o  Yne t o t a l  structlu-a1 s t i f fnes s ,  since adjacent elements 

are gene ra lw  not coplanar. In h i s  fomiulalion, Johnson22 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 
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t h a t  s ince t'ne element plane i n  a s u f f i c i e n t l y  f ine  meah l i e s  c lose  t o  the  

s h e l l  'cangent plane a t  each node, t h e  ro t a t ions  could be transformed fx-oia 

t h e  element coordtnates ( i n  t h e  plane of the element) t o  coordinates i n  

t h e  s h e l l  tangent plane and t h e  small transformed component of  bending ro- 

t a t i o n  about the normal t o  the shell. could be neglected. This ts  perhaps 

a reasonable assumptton everywhere except a t  the  junct ion o f  in te rsec t ing  

s h e l l s  

The s t i f f n e s s  formulation for  the quadr i l a t e ra l  el.ernent, as well its 

fo r  tine CLST membrane eleme.nt and t h e  IICT plate bendtng elemer).k, i s  sum- 

marized by G.reste.' 

a t  each node: u, v, w, and the two ro t a t ions ,  In the final assembled 

s t ruc ture ,  t h e  fi.ve degreea of freedom per node are I L ,  v, w, and the two 

yotat ions etbou.1; t he  sh.el.1 tangent coordinates a t  each node. 

The qua,d?ilateral. element has f ive  degrees of freedan 

Yne task of t h e  f inite-element method j-s -to detexmi.ne t h e  unkno~m 

coe f f i c i en t s  of Vne assumed element d.isp1acemeri-b fimctions for u, v, and. 

w. This is done by connecting the quadr i l a t e ra l  elements a t  d i sc re t e  

poiiits, the corner nodes, and requir-ing e o r q a t i b i l i t y  of displacements and 

ro t a t ions  and equilibrium of forces and moments a t  these nodes. Usn-fortu- 

nately,  when t h e  elements are assembled i n t o  a curved-shell stru.cture, com- 

pat i b i l i t y  and. equilibrium are not coinpleteliy achieved- along the element 

iiiterfaces . Thus there are inherent small e r ro r s  involved. However, 

stixiies by Johnsonz2 have shown Ynat these errors are  not too significant,  

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 m o r  i n  in te rsec t ing  s h e l l  problems which is riot dimin- 

ished by mesh refinement ~ This  error arises from the aforementioned ne- 

gl.ec-t of t h e  ro t a t ion  about the shell nonnal. A t  t he  junct ion nodes i n  -tile 

cgl ind-er- to-~yl inder  i n t e r sec t ion  problem, there  are t h r e e  nonzero rota-  

tional components, but  only two of -t;inese can be re ta tned  8.s n c d d  degrees 

of freedan. Greste' chose -to define t h e  tangent plane, and heme the  two 

:mta t ions l  degyees of fyeedom, a t  the junc t ion  nodes a s  the cy1i.ndz.r t an-  

gent plane. 

skrained t h e  noma1 r o t a t i o n  about t h e  cy l ind r i ca l  s h e l l  ncmmal t o  be zero 

a t  the junct ion.  

the bending defomation of t h e  adjacent; nozzle elements. 

The xnanner i n  wh.i.ch he t r e a t e d  the  junct ion nod-es thus  con- 

This r o t a t i o n a l  constraint u n r e a l i s t i c a l l y  constrains  



28 

This cons t ra in t  did not g rea t ly  a f f e c t  t he  ana lys i s  of model 1, but 

i t s  e f f e c t  was s ign i f i can t  i n  the  analysis  of model 4. 
t h e  analysis  of model 4, w i t h  i t s  s m a l l  s lender  nozzle, that  was not en- 

countered i n  t h e  ana lys i s  of  model 1 o r  i n  similar models w i t h  r e l a t i v e l y  

large nozzles. 

moments applied t o  the end of  t h e  nozzle, it was found t h a t  t h e  membrane- 

type a x i a l  bending s t resses ,  which should have been constant along t h e  noz- 

zle,  were d iss ipa ted  with dis tance from t h e  end of t h e  nozzle. 

s ipa t ion  was t raced  t o  t h e  neglect of t h e  r o t a t i o n a l  degree of freedom 

about normals t o  t h e  nozzle surface and occurred i n  model 4 because of t h e  

r e l a t i v e l y  la rge  deformations of t h e  s m a l l  s lender nozzle, This problem 

was overcome by redefining t h e  neglected sixth degree of freedom f o r  these  

loading cases.  

problem arose i n  

I n  t h e  cases of t h e  in-plane and out-of-plane forces  and 

This dis-  

The d i f f i c u l t y  i s  i l l u s t r a t e d  by the  example problem shown i n  Fig. 

23, i n  which the nozzle of  model 3 was analyzed by f ix ing  a TOW of nodes 

near Yne junction.”? 

and t h e  nozzle w a s  subjected t o  a bending moment a t  t h e  f r e e  end. The 

d i s t r i b u t i o n  of normalized bending s t r e s s  i n  t h e  outer  wall of t h e  nozzle 

i s  shown for  th ree  d i f f e ren t  analyses. Also shown i s  the  predicted stress 

based on simple beam Yneory with I -= 7ra3‘n and c =: a, where a i s  t h e  radius  

of t h e  midsurface and h i s  t h e  nozzle thickness.  

The mesh shown i n  Fig.  24 f o r  t he  nozzle was used, 

The middle curve i n  Fig. 23 w a s  obtained with t h e  component of bend- 

ing  ro t a t ion  about normals t o  the  nozzle surface neglected. These ne- 

glected ro t a t ions  a re  small and a re  i n  e f f e c t  s e t  t o  zero i n  t h e  assembled 

s e t  of equations. Overall  equilibrium implicitly requires  t h a t  small mo- 

ments be imposed a t  each node t o  maintain zero bending ro ta t ion .  These 

small cons t ra in ts  combine t o  counteract a por t ion  of t h e  applied moment 

and r e s u l t  i n  t h e  decrease i n  membrane bending s t r e s s  depicted i n  Fig.  23. 

To i l l u s t r a t e  t h a t  these  nodal cons t ra in ts  depend on t h e  def lec t ion  

of t h e  nozzle, t h e  problem w a s  reexamined using a reduced e l a s t i c  modulus 

for a sec t ion  near t h e  f ixed  end. The nozzle def lec t ion  produced by t h e  

applied moment w a s  thus increased, and t h e  bending moment was d iss ipa ted  

more rap id ly  as shown by t h e  left-hand cwve i n  Fig. 23. 

The problem was overcome by redefining t h e  neglected degree of f ree-  

dom i n  t h e  nozzle.2 Rather than s e t t i n g  the ro t a t ions  about normals equal 

. 
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NORMALIZED MEMBRANE 
BENDING smas 

Fig. 23. Example problem demonstrating e f f e c t s  of neglecting .the 
component of bending r o t a t i o n  about normals to the  surface of a, small 
s lender  nozzle. 

t o  zero, t h e  ro t a t ions  about l i n e s  parallel to the  I I Q Z Z ~ ~  axis were s e t  

equal t o  zero i n  the f i n a l  assembled s e t  of equations. The assumption of 

zero bending r o t a t i o n  about l i n e s  parsllel .  t o  t h e  nozzle ax i s  i s  a reason- 

ab le  one and i s  equivalent t o  the assutngbion, o f t en  made i.n analyzing the  

l o c a l  bending i n  cy l ind r i ca l  she l l s ,  t h a t  changes i n  curvature i n  the hoop 

direct iof i  a r e  negl ig ib le  compared with those i n  -&ne axial direct ion.  

Bailey and Hicks,'" for  example, made the l a t t e r  asswaption i n  examining 



the  e f f e c t s  of a bending moment applied t o  t h e  nozzle of a nozzle-to-spher- 

i c a l - s h e l l  attachment. With t h i s  modification, t h e  membrane bending moment 

remained constant, a s  shown by the right-hand curve i n  Fig.  23.  This mod- 

i f i c a t i o n  was used i n  t h e  ana lys i s  of t h e  in-plane and out-of-plane forces  

and moments on t h e  nozzle. 

In  conclusion, two s ign i f i can t  po in ts  should be made. F i r s t ,  even 

though a computer program may be checked f o r  some geometries and condi- 

t ions ,  t he re  can be other  cases f o r  which it does not funct ion properly. 

Thus, s t r u c t u r a l  ana lys i s  programs must be thoroughly va l ida ted  for the  

range of parameters over which they axe expected t o  apply. Second, t h e  

problems introduced by considering only f i v e  degrees of freedom per  node 

could be eliminated by re ta in ing  s i x  degrees of freedom i n  t h e  f i n a l  assem- 

bled equations. However, f o r  la rge  systems, t h e  f i v e  degrees of freedom 

per node has a d i s t i n c t  advantage f r o m  t h e  standpoint of economy of com- 

puter  time. 

3.3 Finite-Element Idea l iza t ion  of Model 

The finite-element representat ion chosen f o r  model 4 i s  depicted i n  

Fig. 24, which shows developed views of one-half of t h e  nozzle, cylinder,  

and end p l a t e s .  It w a s  necessary t o  consider only one-half of t h e  s t ruc-  

t u r e  because of symmetry considerations.  

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

of s t r a i n  gages i n  t h e  experimental model. There were 993 nodes, r e s u l t -  

ing i n  approximately 4500 l i n e a r  a lgebraic  simultaneous equations t o  be 

solved f o r  t h e  unknown displacement parameters. 

t h e  (ha l f )  junct ion l i n e  between t h e  nozzle and cyl inder .  

cases considered experimentally were analyzed using t h i s  mesh, and t h e  theo- 

r e t i c a l  predict ions were compared with the  experimentally determined 

stresses (Chap. k ) .  

This mesh layout was developed 

There were 25 nodes along 

A l l  13 loading 

Seven of t h e  1-3 loadings - pressure, a x i a l  forces on cyl inder  and noz- 

z le ,  and in-plane moments and forces  on cyl inder  and nozzle - produce be- 

havior that  i s  t h e o r e t i c a l l y  symmetric about t h e  longi tudina l  plane of sym- 

metry of t h e  model. For these  symmetric loadings, it i s  cor rec t  t o  con- 

s ide r  j u s t  one-half of t h e  model i n  the finite-element representat ion.  The 
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t h e  X-Y plane. 

and t h e  ro t a t ion  about t h e  Z a x i s  were assumed t o  be zero for  the nodes 

along t h e  boundary i n  t h e  X-Y plane, 

ously iiot s t r i c l l y  correct ,  they nonetheless seem t o  be reasonable assump- 

t i o n s  t h a t  a r e  use fu l  f o r  reducing t h e  s i z e  of t h e  problem t o  be solved. 

In  o ther  words, t h e  displacements i n  t h e  X and Y d i rec t ions  

Although these  conditions a r e  obvi- 

4. COMPARISON OF THElORY AND EXPERLMEm 

T'ne t h e o r e t i c a l  predict ions,  based on t h e  finite-element layout shown 

i n  Fig. 24, a r e  compared i n  th i s  chapter with experimentally determined 

d i s t r ibu t ions  for  a l l  1.3 loading cases. For each loading, t h e  t h e o r e t i c a l  

and experimental s t r e s s  d i s t r ibu t ions  along t h e  f i v e  gage l i n e s  on t h e  

cyl inder  and nozzle ( see  Figs.  3 and 4) a re  presented. 

are always those p a r a l l e l  ( longi tudinal)  t o  t h e  gage l i n e s  and those per- 

pendicular ( t ransverse)  t o  t h e  gage l i n e s ,  

The stresses shown 

lc .I In te rna l  Pre s sure 

The measured and predicted s t r e s s  d i s t r ibu t ions  determined f o r  an in- 

t e r n a l  pressure of 300 p s i  applied t o  t h e  model a re  shown i n  Figs .  25 

through 29. 

t i o n s  on t h e  outside and ins ide  surfaces of t h e  cylinder and on t h e  outs ide 

and ins ide  surfaces  of t h e  nozzle along t h e  0' gage l i ne ,  which i s  the  

longi tudinal  plane of symmetry ( see  Figs.  3 and 4). 
as a function of dis tance from t h e  junct ion of nozzle and cylinder midsur- 

faces. T'ne heavy l i n e s  a re  t h e  predicted s t resses ,  while t h e  f i n e  l i n e s  

through t h e  experimental po in ts  show t h e  measured d i s t r ibu t ions .  The s o l i d  

l i n e s  i n  each case represent t h e  t ransverse s t resses ,  which a re  perpendicu- 

l a r  t o  t h e  gage l ines .  The dashed l i n e s  represent  t h e  longi tudina l  s t resses ,  

which a re  p a r a l l e l  t o  t h e  gage l i nes .  Thus, we can compare the so l id  l i n e s  

with each other  and t h e  dashed l i n e s  with each o ther .  

Figure 25 shows t h e  measured and predicted s t r e s s  d i s t r ibu -  

The s t r e s ses  are shown 

The agreement between theory and experiment i s  good i n  Fig. 25, ex- 

cept t h a t  t h e  s t r e s s e s  a t  t h e  junction, which i s  where the maximum occurs, 

a r e  a t  times underestimated somewhat by the  finite-element predict ions.  

. 
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However, t h e  general  shape and d i s t r i b u t i o n s  of the  s t r e s s e s  are well. pre- 

dicted. by the  theory.  

Figures 26 through 29 are arranged t o  f a c i l 5 t a t e  ready cornpayison of 

comparable results. 

w k c h  i s  opposite t h e  0" gage l i n e  i n  t h e  longitudinal plane of  symmetry. 

Because of synmetry, t h e  s t r e s s e s  along the  180' gage l i n e  are almost, the 

same as  those along the 0" gage l i n e  shown i n  Fig. 25. Comparison of  the 

two f igu res  shows excel lent  agreement between r e s u l t s  for opposite sides 

of t h e  nozzle i n  the  longi tudina l  plane of symmetry. 

Figure 26 shows t h e  s t r e s s e s  along t h e  180' gage l ine,  

The r e s u l t s  f o r  a gage l i n e  45" frm t h e  longi tudina l  plane of sgrm- 

Figure 27 shows t h e  re- metry (see Figs. 3 and 4) are shown i n  Fig. 27. 

s u l t s  f o r  t he  315" gage l ine ,  whfch is  i n  %he four th  quadrant. Agreement 

between theory and experiment i s  not as  good here as f o r  t h e  previous two 

figures. 

measured and predicted stresses on the  inner. surface of the cyl inder .  

Note i n  p a r t i c u l a r  t he  la rge  disagreement i n  -the shape of the  

The i n t e r n a l  pressure r e s u l t s  f o r  the  2'70 and 90" gage l ines ,  i.n the 

t ransverse  plane of symrnetry, a re  shown i n  F igs ,  28 and 29 respective]-y. 

Here the  agreement between theory and experiment i s  not a s  good on the  

t ransverse  plane a s  along t h e  longi tudina l  plane; however, s ince t h e  

stl-esses a r e  low, the  disagreement i s  perhaps not too s ign i f i can t .  The 

o v e r a l l  agreement between theory and experiment i s  general ly  good. 

The method used to determine t h e  estimated maximum experimental 

stresses and s t r e s s  r a t i o s  w a s  described i n  Sect. 2.5. 

r e t i c a l l y  predicted s t r e s s e s  were obtained i n  t h e  same manner; that is, 

they were taken as the  l a r g e s t  absolute values of t he  p r inc ipa l  s t r e s ses .  

To match the  elrperimental maximums, t h e  search for  the  t h e o r e t i c a l  maxi- 

m u s  was l imi ted  t o  gage l i n e s  only. 

%'he maximumtheo- 

The maximum experimentally determined s t r e s s  occurred on t h e  ins ide  

surface of t h e  cyl inder  at 180", and tine maximum stress r a t i o  was 3.5. 

The t h e o r e t i c a l  maximum s t r e s s  w a s  on t h e  outer  surf'a,ce of the nozzle st 

0" ; t h e  maximum stress r a t i o  was 3 .I-. 
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4.2 Out-of-Plane Momerr-t Iloadi:ng, %, on Nozzle 
1 - - . 1  

The measured and predicted stress dis%ribuSions f o r  an out-of-plane 

moment loading of )+OO i n . - lb  applied t o  the  nozzle of t h e  mode1 a re  shown 

i n  Figs .  30 through 34. Results f a r  t h e  five gage  l i n e s  a re  arranged i n  
J 1  m e  same manner  3.8 for t h e  iu te rna l  pressure case, although the fourth and 

second quadrant r e s u l t s  are  not, i n  t h i s  case, theoretical1.y t h e  same. 

The r e s a l t s  i.n Figs. 30 and 31 m e  f o r  0 and l80", respect ively,  i.n 

t h e  longi tudina l  plane of  symmetry. A s  expected, t h e  s t r e s s e s  a re  sma. l l :  

s ince these  locattoris a r e  scxnewhat analogous t o  the neu t r a l  axis of a beam 

i n  bending;. 

1ongTtudinal plane of symmetry, a re  shown i n  Figa 32. A t  this Location 

t h e  s-tresses a r e  la rger ,  and t h e  agrement  between theory and expe.rimen-t 

i s  very good. 

The results f o r  t h e  31-5O gage l i ne ,  vinich i s  "t5" from t h e  

The r e s u l t s  for  t h e  270 and. 90' gage lir?.es, which a r e  Located. i.n the  

t ransverse plane o f  symnetrgr, are shown i n  Figs.  33 and 34 respect ively.  

Here, t ine s t r e s ses  a r e  a maximum on t h e  t ransverse plane, and- t h e  agree- 

ment between theory and experiment i s  very good. 

s t ress  i s  on t h e  inner surface of t h e  nozzle and i s  c lose ly  predj-cted by- 

t h e  a n a Q s i s .  

The maximim expevi.menta1 

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

8.5, wrth t h e  maxicrtim sti-ess occurring on the inner  surface of t'ne noz- 

z l e  a t  the junctLon on the  270" gage l i n e .  Tne t h e o r e t i c a l  rflaximim was on 

t h e  outer surface of t h e  nozzle a t  t h e  junct ion on t h e  270' gage l ine ,  and 

.t;'ne :maximuxi s t r e s s  s a t i n  was '7.6. 

4.3 Torsional Morrierit Loading, G, 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 1600 in.-lb appli-ed t o  t h e  nozzle of t he  model a re  shown 

i n  Figs. 35 through 39. A s  i n  .tile previous case, t h e  fou r th  and second- 

quadraxt r e s u l t s  a r e  not theoyet lca l ly  t h e  same. Here t h e  stresses i.n t h e  

longi tudinal  arid t ransverse  planes o f  symmetry a re  low and. r i s e  t o  their .  

maximuni levels on t h e  intermetifate gage line. The d i s t r t b u t i o n  of stresses 

along t h e  intermediazte gage l i ne  i s  shown i n  Fig. 37, which i s  45" fr-om 



the  longi tudina l  plane of symmetry. 

general, t he  s t r e s ses  a re  vesry low, and therefore  the d l s t r ibu t ions  show 

very poor quant i ta t ive  agi-eement between %i.leory and experimental results 

Here t h e  agreement i s  vexy poor. In  

The maximum experimentally determined s t r e  s 6 ra t  io was 1 . 5 ,  w i t h  t h e  

maximum s t r e s s  located on t h e  outer  surface of t h e  nozzle at t he  junct ion 

on t h e  0' gage l i n e .  

surface of t h e  nozzle a t  t h e  same loca t ion .  The maximum t h e o r e t i c a l  s t r e s s  

rat 7.0 was 1 . 0 .  

The maxrirnum tlieoi*el;ical s t r e s s  w a s  a l so  on t h e  outer  

on Nozzle MZN9 
4.4 In-Plane Momexlt Loading, 

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

ment loading of 400 in.-lb applied t o  t h e  riozzle a re  shown i n  Figs. 40 

through 44. 
metry, as shown i n  Figs.  and 41. The agreement between t1ieor.y and ex- 

periment i.s very good for the gage l i n e s  i n  t h e  longi tudinal  plane of sym- 

met.ry. 

Here t h e  stresses a r e  large i n  t he  Longitudinal plane of sym- 

The stresses are  lower along t h e  gage l i n e  45' fro111 the  longi tudinal  

plane of synnnetry; i n  t h e  t ransverse plane of syrilmet:ry, t h e  s t r e s ses  a re  

very low (Figs .  43 and 4-4). 
somewhat sii-fiilar t o  the  neut ra l  ax i s  of a beam. 

For t h i s  loading, t h e  t ransverse  pl.arie i s  

The maximum experimentally determined s t r e s s  r a t i o  w a s  6.1, wi-t'n 

t h e  maxinwn s t r e s s  occurring on t h e  outer  surface of t h e  nozzle a t  the  

junct ion along t h e  0' gage l i n e .  

curred on t h e  outer surface of t h e  nozzle a t  the  junction along t h e  0" 

gage l i ne .  The s';ress r a t i o  w a s  7 .2 .  

The maximum t h e o r e t i c a l  s t r e s s  nl-so oc- 

4.5 In-Plane Force, Fm, on Nozzle 

The in-plane force applied t o  the nozzle had a value of 80 lb.  The 

comparisons of theory and experiment f o r  Yne e ight  gage l i n e s  a r e  showri 

i n  F igs .  45 through 49. 
case of t'ne in-plane bending moment on the  nozzle, and t h e  ove ra l l  agree- 

ment i s  very good. 

The i x s u l t s  here are very similar t o  t h e  previous 
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The rnaximum experimentally determined s t r e s s  occurred on t h e  inner 

surface of t h e  nozzle a t  t he  junct ion along t h e  0' gage l i n e ;  t h e  r a t i o  

w a s  7.2. 
of t h e  nozzle a t  the  junct ion along the  O o  gage l i n e ;  t h e  maximum theo- 

r e t i c a l  s t r e s s  r a t i o  w a s  8.1. 

The maximum t h e o r e t i c a l  s t r e s s  occurred on t h e  outer  surface 

J-l-6 Axial Force, FyN, on Nozzle 

The comparisons of theory and experiment f o r  an a x i a l  force of 400 

1-b appli-ed t o  t h e  nozzle a re  presented- i n  Figs.  50 through 54. 
ment between theory and experiment i s  very good, except f o r  t h e  inside 

surface of t h e  cylinder on the  315' gage l ine ,  whi.ch i s  45' from t h e  lon- 

g i tud ina l  plane of syrmetrsy. The agreem-ent i s  ve-ly good, pa r t i cu la r ly  as 

t h e  lairger s t r e s s  leve ls  a r e  agproached on the  t ransverse plane of sym- 

metry (F igs .  53 and 54).  

The agree- 

T'ne experimentally detemined. maximum s t r e s s  occurred on t h e  inner 

surface of %he nozzle on t h e  270' plane a t  t h e  junct ion;  t he  r a t i o  was 

21.6. 

surface of t h e  nozzle on t h e  270° gage l i n e  a t  t h e  junction; t h e  m t i o  was 

Th.e theo re t i ca l ly  determined maximum s t r e s s  occurred on t h e  outer  

13.9. 

4 .'7 Out-of-Plane Force, FzN, 011 Nozzle 

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

force of 60 lb applied t o  t h e  nozzle a re  presented i n  Figs. 55 through 

59. 
t h e  nozzle, and t h e  ove ra l l  agreement between t h e o w  and experiment i s  

again veiy good, except on t h e  inside surface of t h e  cyl inder  along t h e  

31.5' gage l i n e  (Fig,  57). Since the s t r e s ses  a re  very s m a l l  on t'ne 0 and 

180' gage l i nes ,  t h e  agreanen* does not look as good a s  along obher gage 

lilies. 

These r e s u l t s  are very simi7-ar t o  the case of  out-of-plane moment on 

The e-xperirnenta1l.y determined maximurn s t r e s s  ( r a t i o  of 8.6) oc- 

curred on 'che inner  surface of t h e  nozzle along t h e  270" gage l i n e  a t  t h e  

junction. 

occurred on 'che outev surface a t  t h e  same locat ion.  

The theo:c*etically determined maximum stress ( r a t i o  of 8.5) 



4.8 Torsional Moment Loading, MXc, on Cylinder 

The comparisons of theory and experiment for  a t o r s iona l  moment of 

30,000 i n . - lb  applted t o  t h e  cyl inder  a re  presented i n  F igs .  60 through 64. 

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

planes of symmetq and r i s e  t o  t h e i r  maximum leve l s  on t h e  i.ntermedi.ate 

gage l i n e .  The agreement between theory and experiment i.s sa t i s f ac to ry  

on t h e  intermediate l i n e .  However, t h e  maxirmm t h e o r e t i c a l  stress i s  lo-  

cated on t h e  Oo plane on t h e  nozzle. 

T'ne experimentally determined maximum s t r e s s  occurred on Yne inner 

surface of t h e  cyl inder  along the  315" gage l i n e  a t  t he  junction, and the  

maximurn s t r e s s  r a t i o  was  5.0. 

s t r e s s  occurred on t h e  outer surface of the  nozzle along t h e  0" gage l i n e  

at t h e  junction, and t h e  maximum s t r e s s  r a t i o  was 5 .1 .  

The t h e o r e t i c a l l y  determined maxitnuni 

h.9 Out-of-Plane Moment Loading, Myc, on Cylinder 

The out-of-plane moment loading applied t o  t h e  cyl inder  had a value 

of 80,000 in.- lb .  

i n  F igs .  65 %hrough 69. 

plane of symmetry a r e  analogous t o  t h e  neu t r a l  ax i s  of a beam i n  bending, 

and t h e  s t r e s s e s  are thus  low.  

anywhere i n  t h e  model. 

cu la tes  a la rge  s t r e s s  a t  t h e  junct ion on t h e  0 and 180" planes of syn- 

metry which i s  obviously not co r rec t .  The rnax imum s t r e s s  r a t i o s  for t h i s  

case were t h e  lowest of a l l 1 3  loading cases.  A s  a r e s u l t  of t h e  re la -  

t i v e l y  low s t r e s s  leve ls ,  t h e  s t r e s s  d i s t r ibu t ions  are not too  we l l  de- 

f ined on t h e  0, 180, and 315" gage l ines ,  and t h e  agreement between theory 

and experiment appears t o  be r e l a t i v e l y  poor. However, on t h e  gage l i n e s  

of maximum s t r e s s  (270 and go"),  Vine agreement between theory and experi- 

ment i s  fa i r .  

Both t h e  experimentally determined and t h e  t h e o r e t i c s 1  niaximum stre..- ,,es 

The comparisons of t'neory and- experiment a rc  presented 

The 0 and 180" gage l i n e s  on t h e  longi tudinal  

However, t h e  s t r e s ses  a r e  not very la rge  

A pecu l i a r i t y  of t h e  finite-element ana lys i s  cal-  

occurred on t h e  outside surface of t h e  cyl inder  on the  90" gage l i n e .  

experimental maximum s t r e s s  r a t i o  w a s  1.3, and t h e  t h e o r e t i c a l  w a s  1,O. 

The 



lt.10 In-PI-ane Moment LoadFng, MZC, on Cylinder 
-I 

T'ne comparisons of theory and experiment f o r  t h e  in-plane moment load- 

ing of 80,000 in . - lb  applied t o  t h e  cylinder a re  presented i.n Figs ,  70 

through 74. 
sylxmetry, as shown i n  Figs. 73 and '(4, and. agreement between experimental 

and ana ly t i ca l  r e s u l t s  i s  reasonably good. Wlere t h e  s t r e s s  l eve l s  a r e  

lower along other  gage l ines ,  t h e  apparent agreement between theory and 

experiment i s  poorer. 

The s t r e s s  l eve l s  a r e  a maximum is t h e  t ransverse plane o f  

Tjne experimentally deterrained and the  t h e o r e t i c a l  maximum s t r e s ses  

occurred. on t h e  iiisj.de surface of t h e  cylinder a t  t he  junction. The ex- 

perimental maximuir was on t h e  90' gage l ine ,  while t h e  t h e o r e t i c a l  maxi- 

mum occu:med both on the  30 and 270° gage l i n e s ,  

s t r e s s  r a t i o  was 4.0, a,ild. t h e  maximum t h e o r e t i c a l  r a t i o  was 3.1. 

The maximum experimental 

. 

4.11 Axial Force, FXC, on Cylinder 
.-- 

The a x i a l  fol-ee applied t o  t h e  cylinder had. a value of 10,000 l b .  

The comparisons of theory and experiment f o r  t h e  f i v e  gage l i n e s  a re  pre- 

seIited i n  Figs,  75 through 79. 
t h e  agreement between theory and experiment i s  reasonably good throughout 

The agreement between t h e o r y  and. ex3erirnen-t i s  good for t h e  270 and 90' 
gage l i n e s  on t h e  nozzle, as shown i n  Figs. 78 and '(9. 

Considering the  r e l a t i v e l y  l o w  s t resses ,  

The experimentally d.etemiined and the  theo re t i ca l ly  predicted maxi.- 

mum s t r e s ses  occurred on t h e  inner surface of -LIE cylinder a t  t h e  junction 

The experimental maximixn was on the  90' gage li.ne, while t he  theo re t i ca l  

value was on both the  270 and 90' gage l i n e s ,  

s t ress  r a t i o  w&s 3.7; t h e  thcoreti.ca.1 s t r e s s  r a t i o  was 3 . O .  

The experimental maximim 

4.12 In-Plane Force, F on C'ylinder 
- YC3 

.. 

The comparisons of theory and exye rhen t  for t h e  in-plane force of 

3000 l b  applied t o  'che cylinder a re  shown i n  Fi-gs. 80 through 84. The 

agreement betweerl theoiry and experiment i s  very good f o r  t h i s  loading case.  



39 

Both the  experTimentally rl.etemined arid the  tkeoret i c a l  maxiinmi 

s t r e s ses  occurred on t h e  inside surface of the cyl inder  a t  the junct ion.  

Tile experimental maximum was on the 90' gage l ine ,  w h i l e  t he  t h e o r e t i c a l  

maxirnwn was on both tlne 2'70 and 90" gage lines. 

s t r e s s  r a t i o  was 1.1.1, and t h e  maxLnmi Vneow-Lical r a t i o  was 3.2. 
Tlle maximum e x p e r b e n t a l  

4.13 Out-of-Planr, ~ o r c e ,  FZC, on Cylinder 
-.- 

The comparisons of  theory and experrinient Tor t h e  out-of-plane force 

of 3000 Zb applied t o  t h e  cyl inder  are sho-m i n  Figs. 85 -Lhrough 89. 
0 and 1.80" gage lrines, i n  the longi tudinal  pl.aae of spinetry,  are anal-o- 

~ O U S  t o  t h e  t ~ ~ ~ b r d  axi.s of a beam, SO t h a t  t h e  StreFjses BTF) low along 

these  gage l i n e s .  However, -the s t r e s ses  build up f o r  t h e  other* gage l tnes ,  

and. t h e  agreement bt?-tween "ceory- and excperiaefit i s  very good. 

i t y  of the finite-element analys is  ca lcu la tes  a large s t r e s s  a t  the junc- 

t i o n  on th.e 0 and 180" planes o f  sy~.rn.etr.y on t h e  nozzle which i s  obviously 

not correct. These po in t s  w w e  neglected. 

The 

A pecul iar-  

Both the eqerimenta1I.y clete,mined rnaxirnm and t h e  t h e o r e t i c a l  maxi- 

mutn s t r e s ses  occurred on t h e  inner surface o f  the  cyl inder  at t h e  junct ion 

along the 315' g i g e  l i n e .  

while t'ne maximum t h e o r e t i c a l  r a t i o  was 1 .2 .  

The maximum experimental s t r e s s  ratio was 1.3, 

5. CONCLUSL(1NS 

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

f tntl ings of  this study i n  terms of nlaximuin p r inc ipa l  s t r e s s  ratios, I-oca- 

t i o n s  of maximum pr inc ipa l  s t r e s ses ,  and th.e r e l a t i v e  ovrral.1 agrement; 

between .theory and experin1erl-b f o r  each laadirig case. 

r a t i o s  are based 0x1 t he  s t r e s ses ,  e i t h e r  measured. o r  predicted,  along %he 

five lines of s t r a i n  gages onl-y and wer-e d.e'cemined by dtviding t h e  max-i- 

mum absolute p r inc ipa l  stress vaAue by a nominal membrane s t r e s s  value. 

The maxl~nmi experimental principal s t r e s ses  weye determined by extrapola- 

t i n g  the experimentally determined stress di.s.1;ributions t o  peak s t ~ e s s e s  

at the junct ion i n  a l l  biA one case. 

The maxrimum stress 



T & l e  2 .  S m a r y  of rzaxirriwn s t r e s s  r a t i o s  and maximm s t r e s s  locat ions 

Experimentally determinPd Theoret ical  m a x i n u n  Overall  agree- 
maximum stress"  s t r e s s  ment between 

b theory and 
Locat ionC experiment 

Loading case 

S t ress  r a t i o  D C Stress r a t i o  Locat ion 

Internal  pressure 

Mm, out-of-plane 
moment on nozzle 

MyN, to rs iona l  rno- 
ment on nozzle 

VI,, in-plane moment 
on nozzle 

Fm, in-plane force 
on nozzle 

Fm, s x i a l  force on 
nozzle 

F out-of-plane 
? E k e  on nozzle 

NxC, t o r s  iona 1 moment 
on cylinder 

Myc, out-of-plane 
moment on cylinder 

%c, in-plane moment 
on cylinder 

Fxc, a x i a l  force on 
cylinder 

FYC, in-plane force 
on cylinder 

Fzc, out-of-plane 
force on cylinder 

3.5 

8.5 

1.5 

6.1 

7.2 

21.6 

8.6 

5.0 

1.3 

4.0 

3.7 

4.1 

1.3 

Inside cylinder,  160" 
Inside nozzle, 270" 

Outside nozzle, Oo 

Outside nozzle, 0' 

Inside nozzle, O0 

Inside nozzle, 270" 

Inside nozzle, 27C" 

Inside cylinder,  315O 

Gutsi.de cylinder,  90° 

Inside cylinder, 90O 

Inside cylinder,  90' 

Inside cylinder,  90' 

Inside cylinder,  315" 

d 

3.1 
7.6 

1.0 

7.2 

8.1 

13.9 

8.5 

5.1 

1.0 

3.1 

3 .0 

3.2 

1 . 2  

Outside nozzle, 0" 

Outside nozzle, 270" 

Outside nozzle, 0" 

Outside nozzle, 0" 

Outside nozzle, 0" 

Outside nozzle, 270' 

Outside nozzle, 273" 

Gutside nozzle, 0' 

d Outside cylinder,  90" 

inside cylinder, 90' 

Inside cylinder,  90' 

Inside cylinder,  90" 

Inside cylinder,  315" 

Good, poor 

Excellent 

Poor 

Excellent 

Excellent 

Good 

Good 

Good 

F a i r  

F a i r  

Good, poor 

Excellent 

Fa i r  

F- 
0 

&Based on extrapolat ion of experimental d i s t r i b u t i o n s  t o  a m a x i m  a t  t h e  junction. 

bRatio of maximum absolute pr inc ipa l  s t r e s s  value t o  nominal s t r e s s  value. 

%ximum not a t  junction, at  approximately 900 around on t h e  t ransverse plane. 

C Maximums a i l  occurred a t  t h e  junction. 
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The r e l a t i v e  ove ra l l  agreement between t h e  f ini te-element  predict ions 

and t h e  experimental r e s u l t s  i s  r a t ed  i n  the  t a b l e  a s  excel lent ,  good, 

fair ,  or poor. These r a t ings  are, of course, a matter ~f opinion, but  an 

attempt was made t o  make an unbiased evaluation by basing then on both 

t h e  o v e r a l l  q u a l i t a t i v e  agreement along t h e  gage l i n e s  and on t h e  quanti- 

t a t i v e  agreement i n  areas  where t h e  s t r e s s e s  were r e l a t i v e l y  high. For 

t h e  i n t e r n a l  pi-essure case and the  case of an a x i a l  loading on the  cyl in-  

der, the  r e l a t t v e  r a t i n g  is  l i s t e d  as good, poor; t h a t  is ,  the  agreement 

was good i n  regions where t h e  stress l e v e l s  were relatTvely high but poor 

i n  regions where they were r e l a t i v e l y  low. 

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

mum s t r e s s  r a t i o s  and those based on f ini te-element  predict ions a re  i n  

good agreement. Furthermore, t h e  degree of agreement between the  s t r e s s  

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

agreanent between theory and experiment. Generally, t he  agreement was 

best  f o r  cases involving loadings on t h e  nozzle. However, the  t o r s i o n a l  

m o m e n t  on t h e  nozzle was an exception; t he re  the  agreement was poor qual i -  

t a t  ive ly  and quan t i t a t ive ly  . 
In  every loading case except one, t he  rnaxiinunl s t r e s s  occurred a t  t h e  

junct ion of t h e  nozzle and cyl inder .  I n  t h e  one exception, which was t h e  

case of an out-of-plane moment, Myc, on the  cylinder, t he  m a x i m u m  occurred 

on t h e  outs ide surface of t he  cyl inder  a t  approximately 90" around on t h e  

t ransverse  plane (around a t  t h e  s ide  of the  cy l inder ) .  

t h e  ins ide  surface of t he  cyl inder  were, however, almost as high as those 

on the  outer  surface.  

The s t r e s ses  on 

I n  r( of the  1-3 cases, t h e  maximum values occurred i n  t he  t ransverse 

The t o r s i o n a l  moment on t h e  cyl inder  and the  out-of- plane of symmetry. 

plane force on t h e  cyl inder  produced maximum s t r e s s e s  a t  po in t s  intermedi- 

a t e  t o  t h e  two planes of symmetry. 

s t r e s ses  i n  the  longi tudina l  plane of symmetzy. 

The o ther  four  cases produced maximum 

Final ly ,  it should be pointed out "cat, as would be expected, the  

out-of-plane moment and force loadings on t h e  nozzle produced qu i t e  simi- 

lar  r e su l t s ,  and the  in-plane m o m e n t  and force loadings on t'ne nozzle pro- 

duced s imi l a r  r e s u l t s .  The s t r e s s  d i s t r i b u t i o n s  were very s imi la r  f o r  

each pair ,  and t h e  maximum s t r e s s  r a t i o s  were very close.  



In conclusion, t h e  comparison of t’nese p a r t i c u l a r  f inite-element pre- 

d i c t  ions with t h e  experimental L-esults shows reasonably good agreement. 

1.t i s  f e l t  t h a t  th i s  ana lys i s  would be sabisfactory fo r  inost engineering 

puqoses  

However, there  i s  room f o r  iniprovement, pa r t i cu la r ly  i n  t h e  out-of- 

plane m e n t  and force loaciings on the cyl inder .  

y s i s  f o r  these  cases calculated a l a rge  s t r e s s  a t  Yne jumction on Vfle 
longi tudina l  plane of symmetry which obviously i s  not correct. 

clusion of t he  s ix th  degree of freedom, a t  l e a s t  i n  t h e  junct ion region, 

m i g h t  improve t h e  predict ions.  

The finite-element anal-  

The in-  

The planning and execution of t h e  analy-Lical and experimental stuw 

i-eported here would not have been possible  .without -the ass i s tance  and 

cooperation of many individuals,  born within ORNL and outside.  

t ho r s  a r e  deeply indebted .Lo these  people f o r  t h e i r  contr ibut ions.  

The au- 

Special  thanks aye due J. P. Rudd f o r  t he  instrumentation of the 

model, which was a veiy painstaking task .  The fini.te-elcment computer 

p%Ogi*W- used i n  the  ana lys i s  was developed a t  thhe University of Cal i for-  

nia,  Berkeley, by C .  P. Johnson under t h e  d i rec t ion  of  Professor H. W. 

C1 ough 
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Fig. 26. Measured and predicted stress distributions at 180" for 
i n t e r n a l  pressure of 300 ps i .  
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Fig. 27. Meamred a,nd predicted s%rcss d i s t r ibu t ions  a t  31.5" fo r  
internal pressure of 300 psi. 
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Fig.  28. Measured and predicted 
i n t e r n a l  pressure of 300 p s i .  
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20 

s t r e s s  d i s t r ibu t ions  at 270" for  
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Fig. 23. Measured and predicted stress distribl-i t ions a t  Po f o r  i n -  
ternal.  pressme of 300 psi .  
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Fig. 30. Measure6 and predicted s t r e s s  d i s t r ibu t ions  a t  0' f o r  out- 
of-plane moment, %, on nozzle. 
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Fig. 31. Measured and predicted s t r e s s  d i s t r ibu t ions  at 180" f o r  
out-of-plane moment, %J on nozzle. 
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Fig. 33. Measured and predicted s t r e s s  d i s t r ibu t ions  a t  270" f o r  

out -of-plane moment, %, on nozzle. 



Fig .  34. Measured and predic'bed stress d is t r ibu t ions  a t  90° for out- 
of-plane moment, Y h ,  on nozzle. 
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Fig. 35. Measured and predicted s t r e s s  d i s t r ibu t ions  a t  0" f o r  
t o r s iona l  moment, I%, on nozzle. 
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torsional moment, %, on nozzle.  
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Fig. 37. Measwed and predicted stress dis t r ibu t ions  at 335" f o r  
torsional moment, s, on nozzle. 
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Fig. 39. Measured and predicted stress d is t r ibu t ions  a t  90" f o r  
to r s iona l  moment, s, on nozzle. 
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Appendix 

TAJ3UTIOIT OF EXPERIMENTAL DATA 

For t h e  bene f i t  of t h e  reader who would l i k e  t o  use these  experimen- 

t a l  data  t o  prepare comparisons with h i s  own analys is  techniques, t he  ex- 

perimental  da ta  on which t h e  var ious p l o t s  i n  t h i s  repor t  were based a re  

given i n  Tables A . 1 t o  A.13. For each loading case, a s e t  of da ta  i s  

tabula ted  for each operable r o s e t t e .  These data were obtained f r o m t h e  

severa l  s e t s  of' data  taken i n  each case by t h e  procedures described i n  

Sect.  2.4. 
The r o s e t t e  l i s t i n g s  a r e  grouped according t o  gage l i n e s .  For each 

rose t t e ,  t he  t h r e e  s t r a i n  readings a r e  l i s t e d  f irst ,  followed by the  nor- 

m a l  s t r e s s  t ransverse  (perpendicular) t o  t h e  gage l ine ,  t h e  normal s t r e s s  

p a r a l l e l  t o  t he  gage l i ne ,  t h e  shear s t r e s s  ( r e f e r r e d  t o  t h e  gage l i n e  a s  

a coordinate axis), and t h e  maxirnum and minimum pr inc ipa l  s t r e s ses .  

s t r a i n s  a r e  given i n  microinches per  inch, and the  s t r e s s e s  s r e  i n  pounds 

per  square inch. 

The 

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

plained by considering t h e  following sample designation: 

I 180 PJ-E . - - - -  
T%e l e t t e r  J designates t h a t  t h e  r o s e t t e  i s  located on t h e  inner  surface 

of nozzle or cyl inder ,  an 0 i n  t h i s  pos i t i on  denotes an outs ide r o s e t t e .  

The number 180 indica tes  that  t h e  r o s e t t e  i s  located on t h e  180" gage 

l i n e  ( see  Fig. 3 f o r  t h e  gage l i n e  designat ions) .  

t h a t  t he  r o s e t t e  i s  on t h e  nozzle; a C i n  t h i s  pos i t i on  designates a ro- 

s e t t e  on the  cyl inder;  and E designates 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 to the following convention: 

The l e t t e r  N ind ica tes  

D i  s t  ,me e f r o m  nozzle - cyl inder  
Rosette i n t e r sec t ion  (see ~ i g .  3) 

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

designation ( i n .  ) 

F 
G 
H 
J 
K 
L 
M 
N 
P 
R 
S 
T 

518 
7/8 
1 

2 

3 
11 
5 
6 
7.85 
10 
1-5.7 

1 112 

i n  every case, t h e  r o s e t t e s  were posit ioned on t h e  gage l i n e s  so t h a t  

t h e  l eg  of t h e  Y lay along t h e  gage l i n e  and pointed away from t h e  nozzle- 

cyl inder  junction. 

Fig. 7. The l e g  of t h e  Y i s  designated as gage 1 i n  the  tabulat ions,  with 

gages 2 and 3 being numbered from 1 i n  the  counterclockwise d i rec t ion .  

The convention used can be understood by re fe r r ing  t o  

Finally,  i n  those cases where nonl inear i ty  or d r i f t  was excessive o r  

where an individual  gage or  c i r c u i t  was otherwise obviously malfunction- 

ing, t h e  r o s e t t e  of which t h e  gage was a pa r t  w a s  not used i n  t h e  f i n a l  

r e s u l t s  p lo t t ed  i n  t h i s  report  f o r  t h e  spec i f i c  loading under consideration. 

Nonetheless, these  data  a re  l i s t ed  i n  t h e  tabulat ions,  but  they a r e  marked 

by an a s t e r i s k  beside t h e  r o s e t t e  num’oer. 
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Table A. 1. Internal  pressure 

INTERNAL PRESSURE (300 P S I )  

M I C R O - S 1 F A I  N STRESSES PRIN STRESSES 
-------I---- -- -- - --- ---------I--- 

ROSETTE GAGE1 G A G E 2  GAGE3 TRANS L O N G  SHEAR SIGPIX STGMN -_---_ ----- ----- ----- ----- ---- ----- ----- ---e- 

r-0-c-c -33 3 5 1  360 1565% 3 6 9 6  -127 15659 369s  
I-0-C-D 45 236 305 12950 5245 -254 12959 5 2 3 7  
I - @ @ - E  7 6  260 260 11344 5693 0 11344 5693 
I -0 -C-F  105 26C 243 10945 6433 222 10956 6422 
I -O-C-H 107 2 C S  210 9056 5937 -32 9056 5 9 3 7  
I -0 -C-J  8 8  186 1 8 4  8028 5056 32 8029 5056 
I- 0-C- K 62 172 184 7743 4184 -159 7 7 5 0  4176 
I-O-C-L* -100 165 184 7767 - 6 7 2  -254 7775 -680  
I-C-c-M 50 174  177 7655 3800 -32 7 6 5 5  3800 
I-0-c-P 62 179 179 7799 4202 0 7 7 9 9  4202 
I - 0-c - s 57 189 165 7704 4030 315 7731 4003  

0-0-C-B 
0-0-c-c 
0-0-c-0 
0-0-C-E 
0-0-C - P 
0-0-c-B 
0-0-c-J 
0-0-C-K 
0-0-c-L 
0-0-c-a 
0-0-c-P 
0- 0-c- s 

52 403 434 18336 
45 2 9 5  310 13284 
40 247 261 11103 
19 2 2 8  2 2 3  9872 

2 1  1 6 1  175 7369 
4 0  161 154 6879 
57 1 5 6  159 6860 
6 1  166 168 7274 
54 16€! 161 7177 
54 16E 155 7126 
59  159 1 6 8  7120 

21 206 194 a777 

7062 - 4 1 0  18351 7047 
5334 -190 13289 5 3 2 9  
4535  - 7 8 9  31108 4 5 3 0  
3525 65 9873 3524 
3 2 6 7  158 8782 3 2 6 3  
2845 -189  7377 2837 
3265 97 6882 3262 
3759 -31 6861 3758 
4024 -32 7274 UO23 
3703 94 7180 3781 
3768 327 7130 3763 
3906 -1126 7125 3901 

I - 0 - N - B  -352 3 9 &  412 18176 -5108 - 1 9 1  1817% -5110 
f-Q-N-C 159 304 297  13037 8654 96 13039  8651 
I -0 - I? -D 184 184 201 8271 8014 -223 8400  7885 
E-0-N-E 117 105 1 2 0  4819 4 9 6 6  -197 5098 4687 
I -0 -N-F  69 7 3  9 1  3508 3166 -191 36‘79 3095 
I - 0 - N - N  22 72 77  3240 1619 - 6 4  3242 1616 

0-0-N-E -67 315 287 13305 
0-0-N-C -67 61? 6 4  2980 
0 - 0 - N - D  19 14 12 545 
0 - 0 - N - E  69 1 9  24 0 57 
0-0-N-F 78 35 42 1626 
0- 0- ??- H 64 59 62 2582 
0 - 0 - N - K  35 71 71 3083 
O - O - N - N s  21 59  1616 36795 

1995 379 13318 
- 1  105 6 3  2 9 8 1  - 

726 30 73 1 
2314 -64  2317 
2829 -94 2836 
2690 - 3 1  2699 
1984  - 1  3 0 8 3  

11675 -207Q9 48489 

1982 
1106 
540 
854 

1619 
2574 
1984 
-19 
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Table A.1 (cont lnued)  

I - 9 0 C - E  -31 
1- BOC --c* 5 
I - 9 8 C - D  5 5  
I - 9 0 C - E  9 1  
E-9BC-F 105 
I - 9 0 C - R  199 

0 - 9 0 C - B  35 
0-90c-@ 7 8  
0-90c-u 1 1 2  
0-90C-E 135  
0-90C-F 157 
0-90C-R 193 

I - 9 Q N - B  - 2 9 1  
I - 9 0 N - C  -5  
I-90N-0 33 
I -90N-E 7 
I - 9 0 N - F *  134 
I-90N-N* 148  

0 - 9 0 N - B  -47 
0-90M-c -121  
0-90NI-D - 8 1  
0-90N-E - 1 2  
0-90N-P -a  
O-90N-Ed 3 8  

1 l a  
48 
7 7  
6@ 
3 6  
7 7  

1 8 7  
2 1 8  
2 2 1  
1 9 0  
183 

e 3  

9 5  
114 

7 0  
5 5  

1-72 
Y c , S  

22 1 
123 

8 5  
e.3 
5 %  
62 

7 
0 

53 
5 7  
5-7 
84 

2 1 3  
235  
2161 
197  
183  

9 3  

3 %  
8 6  

5 7  
6 2  

225 

2 2 e  
1 1 9  

7 6  
79 
7 1  
6 2  

a i  

5 08 
1047 
2359 
2478 
9948 
33  06 

e757 
9879 
BY25  
3355 
7862 
3678  

32 57 
44 09 
34 21 
24 54 
49 36 

14799 

9912 
5Q 54 
3636 
3403 
2720 
2670 

- 7 8 1  
1158 

2 3 6 0  
34-72 
3 7 4  
6 9 5 3  

3 6 8 6  
5 3 1 4  
6 1 7 5  
6566  
7 0 5 9  
6 3 6 0  

-7748 
1180  
2023 
946 

6 9 9 9  
8 8 8 3  

1 5 5 0  
-1996 
-1 3 3 0  

6 6 5  
502 

1 9 4 6  

96 
6 3 8  
44 
3 2  

- 9 6  

-349 
- 2 2 4  

95 
-95 

0 
- 1  27 

7 6 3  
3 8 1  
-65 
- 3 2  
1462 
3087  

- 95 
63 

127 
158 

- 2 5 3  
Q 

-280 

7 1 5  - 7 8 8  
1435  5 8  
2423 2 2 9 6  
3 u 7 3  2 4 7 7  
3787  1905 
6 9 5 s  3384 

8 7 8 1  3 6 6 2  
9889 5383  
9 4 2 7  6 1 7 2  
8 3 6 0  6 5 6 1  
7862 7 8 5 9  
6 3 0 6  3 6 4 4  

33410 - 7 8 1 2  
445.3 1 1 3 5  
3424 2020  
2 4 5 5  945 
7350 4176 

1 6 1 1 5  7 5 6 5  

9913 1 5 u 9  

3 6 3 9  - 1 3 3 4  
3 4 1 2  656 
2750 573  
2670 1 9 4 0  



Table A.l (continued) 

-I__ 
__._ 

INTERNAT., PRESSUBE (300 PSI) 

I1 80C-B 
T 18OC-C 
I1 80C-D 
1 1 8 O C - E  
I18OC-F 
I18OC-S 

0 1  80C-B 
0 18OC-C 
0180C-D 
01 8OC-E 
01 80C-P 
0 18OC-S 

T180N-3 
I1 808-C 
Z 180N-D 
I180N-E 
'11 80N-E' 
1 1  8 0 N - N  

0180N-B 
0 180N-C 
0180R-0 
01 80N-E 
0180N-F 
0180N-N 

-85 465 
2 344 

57 302 
71 2 7 1  
99 250 
26 17C 

29 374 
38 293 
31 24C 
21 205 
14 193 
10 1 7 1  

-399 2 9 8  
9 0  1 4 5  

186  - 1 8 2  
1 1 4  117 
a3 92 
7 153 

-78 230 
-64 52 

3 3  10 
76 29  
16 50 
19 64 

495 
361 
292 
262 
238 
1 6 3  

3 7 0  
288 
245 
2 0 5  
1 8 3  
1 6 2  

5 2 7  
386  
2 0 3  
9E 
99 
8 3  

27 1 
5 2  
5 

2 1  
3 8  
6 4  

STRESSES 

TRANS LONG 
----e ---- 
21188 3810 
15Q95 Q 7 2 0  
12999 5 5 9 8  
11636 5614 
10620 6 1 5 8  
7280 2962 

16439 5789  
12716 4957 
IC632 4118 

8970 3334 
9240 2900 
7304 2477 

18563 -6389 
11580 6187 
257 5652 

4582  4 8 0 2  
4108 3709 
5274 1790 

11100 977 
2369 -1215 
277 1 0 8 2  

1014 2587  
1850 2837 
2801 1411 

P RIB STRESSES 

-409 21198 3800 
-220 15499 4715 

5 2 5  13001 5596 
126 11639 5611 
157 10626 6153 
94 7282  2960 

- 3 2  161r39 5789 
63 12717 Q957 

-63 10633 4 1 1 7  
0 8970  3 3 3 4  

127  7308  2474 
127 8243 2897 

-3053 18931 -6757 
-3210 13076 4691 
-5117 8739 -2830 

253 4968  4 4 4 6  
-94 4129  3688 
984 5 5 3 3  1537 

-545 11130 947 
0 2369 -1215 

63 1087 272 
95 2592 11008 
158 2862 1825 
0 2 8 0 1  1 4 1 1  
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Table A.1 (continued) 
.-II___ ___I... _._..___I I-..- 

INTERNAL PRESSURE (380  P S T )  

I 2 7 W - C  4 
1270C-D 59 
1270C-E 97 
I 2 7 O C - P  133 
I270C-H 176 
r27oc-9 207 
1270~-K* 203 
I 2 7 G C - E  212 
I270C-M 217 
I 2 7 O C - P  201 
X270C-R 797 

’127OC-T 1 5 3  

O27OC-B 
027GC-C 
8270C-D 
027OC-E 
027OC-P 
0270C-H 
0270C-J 
0 27OC -K 
027OC-I ,  
027OC-@l 
027oc-P 
0210C-R 
0 27 QC - T* 

79 
105 
133 
1 4 7  
157 
169  
190 
188 
2 0 2  
190 
1 9 0  
1 9 5  
183  

I27ON-B -385 
I290N-@ -5 
I270N-D 36 
1 2 3 O N - E  17 
I27OW-P -7 

027QW-B 
0270N-C 
0270N-D 
0290N-E 
O270N-F 
0 2 7 0 N - G  
0270N-W 
0270W-R 
0270N- 

- 4 3  
- 1 2 3  

- 9 3  
- 5 5  
-36 
- 2 6  
-24 

2 
19 

47 
54 
5 9  
6 Q  
7 1  

1 4 e  
1 0 7  
1 0 0  

9 3  
105 

1 9  

247 
2 2 e  
2 1 9  

190 
1 5 9  
1 2 1  
100 
1 o c  

9C 
8 1  

1 c 2  

6 0  
103  
1 0 s  
1 1 s  

u 3  

237 
1 1 1  
7 1  
5 9  
6 4  
62 
57 
4 3  

a 3  

2 9 5  

a @  

c c  - -  

5 2  
6 2  
6 4  
64 
6 1  
9 3  
9 5  
9 0  
93  
9 5  
8 9  
5 5  

2 3 8  
2 1 6  
212 
1 9 5  
1 7 6  
1 5 2  
117  
100  

8 8  
8 3  
9 0  
90 

0 

36  
9 8  
8 %  
4 2  
41 

2 8 6  
114 

8 1  
67  
67  
6 2  
57 
4 8  
57 

TRANS ----- 
2197 
24 83 
2597 
2664 
27 99 
36 36 
51 11 
14097 
33  87 
3913 
4051 
1473 

10578 
96 57 
93 12 
8721 
7875 
6660 
50 17 
4183 
3906 
36 08 
3 5 5 6  
36 55 
20 167 

24 33 
l l 4 1 1  
4052 
3496 
1849 

97 87 
5082 
3 4 4 8  
2831  
29 74 
27 47 
2535 
1984 

LONG ---- 
78Q 

2 5 2 1  
3700 
4-194 
6097 
7304  
7 6 0 9  
7 590 
7 6 9  
7 1 9 2  
7115 
5042  

5529 
6036 
6789 
7 8 3 9  
7 0 7 1  
7063  
7212 
6890  
7 2 3 5  
4 3 9 3  
6777 
6 9 5 0  
6 110 

-8435  
1180  
2290 
1 5 5 0  

333 

1648  
-2778  
-7749 
-792  
-196 

39 
47 

667 
2436 1 3 0 2  

SHElkR 

-64  
-97 
- 64 

0 
1 2 8  

-728  
698  
218  

9 4  
-’ 29 
222  

-&79 

127  
1 5 8  

95 
190 
190 
95 
63 

0 
158 

95 
- 6 2 3  
-53 

1363  

318 
6 4  

3 18 
859 

3 2  

410 
- 3 1  

-127 
-95  
- 3 2  

0 
Q 

- 6 3  
-32 

S I G M X  ----- 
2180  
260 1 
3704 
4’994 
5 1 0 2  

779 B 
7603  
4696  
7193 
7 1 3 1  
5405  

10581 
9 6 6 4  
9315 
8743 
7 9 1 8  
7 0 8 4  
7214 
6890  
7 2 4 3  
6795 
6782  
6 9 5 1  
€525 

2 4 4 3  
4 4 1 2  
4107 
3820 
18513 

9807 
5082 
3 4 5 1  
2833 
2915 
2747 
2535 
1987 

7308 

SIGHN 
-e....-- 

781 
21103 
2 5 9 3  
2 6 6 4  
2715 
3631  
4929 
40wrr 
3985  
3992 
4035  
1410  

5526 
6029 
6785  
7 0 1 8  
7828 
6639  
5 0 1 5  
& I 8 3  

3605  
3 5 5 1  
3654 
1632  

- 8 4 4 4  
3 9 1 9  
2 2 3 4  
1 2 2 5  

3 3 2  

1 6 2 8  
-2’178 - 1752 

- 7 9 5  
- 1 9 6  

3 9  
49 

664  

3 8 9 9  

2 4 3 7  1304 



Table A . l  (continued) 

INTERNAL PRESSURE (300 P S I )  

I315C-B 
I315C-C 
I315C-D 
P315C-P 
I3 15C-H 
I315G-J 
I315C-K 
1 3  1SC-L 
I315C-M 
I315C-P 

0315C-B 
0315C-C 
0 3 1 5 C - D  
0315C-E 
0315C-P 
0315C-H 
0315C-K 
0315C-L 
O315C-M 
0315C-P 

1315W-B 
I315N-C 
I315N-D 

I315N-F 
T315N-N 

0315N-E 
0315N-C 
0315N-D 
0315N-E 
0315N-F 
0 3 1 5 N - G  
0315N-H 
0315N-K 
0315N-N 

I M ~ N - E  

-74 
-12 

55 
174 
179 
184 
174 
132  
108 
1 2 4  

64  

78 
59 
83 
8 8  

1 0 9  
116 
126  
126 

- 277 
69  

103  
48 
1 9  
2 4  

- 3 3  
- 1 1 2  

-52  
- 3  

2 1  
18 
16 

-43 

78 

18 

167 
100  

7 5  
1 3 9  
734 
1 4 3  
1 4 3  

7 2  
83 
6 5  

3 1 1  
2 9 7  
320  
30 1 
27e  
245 
20€ 
199 
199 
187 

194 
201 
132 

6 2  
4 1  
35  

3 2 5  
104 

23 
s 

19  
33 
35 
49 
6 1  

3 7 5  
325 
282 

210 
198  
1 9 3  
1 9 1  
2 0 3  
194  

1-71 
1 4 2  
1 2 3  
1 0 2  

7 4  
57  
50 
57 
62  
55 

2 1 3  
225  
1 4 4  
7 2  
7 2  
87  

2 1 1  
9 7  
58 
6 3  
7 3  
7 5  
73 
6 1  

18s 

5 8  

TRANS 
--I-- 

1C685 
9357 
77 90 
7000 
7362 
7304 
72 10 
56 40 
61 67 
5541 

105 17 
95 63 
9667 
5 8 0 1  
76 28 
66 32 
55 13 
5453 
5599 
5182 

9240 
9280 
5932 
2891 
24 49 
2669 

11823 
4556 
1854 
1599 

2 3  38 
2345 
23 95 
26 66 

1982 

LONG ---- 
984 

2449 
3987 
7 331 
7 5 8 3  
7709 
7394 
5639 
5079 
5394 

5078  
5219 
5250 
4421 
4780 
4624 
4929 
5125  
5 4 5 3  
5328 

-5551 
4865 
4865 
2303 
1309 
1508  

2551 
-1979 
-1001 

404 

1326 
1259 
1204 
-478 

1148  

SHEAR SIGMX 

-1973 11071 
-2992 10472 
-2751 9233 

-668 7854 
-1018 8497 

-732 8 2 6 6  
-668  7977 

-1592 7231 
-1607 7320 
-1720 7490 

1866 
20 55 
2625 
26 56 
27 19 
25 61 
2087 
1866 
1834 
1771 

1 1 0 9 s  
10381 

10054 
9274  
8379 
7328  
7162 
7362 
7027 

i o a m  

-255 9245 
-319 9303 
-159 5955 
-127 2917 
-414 2584 
-691 2992 

1518  
9 5  

-467 
-7 17 
-721 
-565 
-500 
-155 

3 1  

12065 
4557 
1929 
1 9 3 5  
2397 
2590 
2541 
2415 
2 6 6 6  

S I G M N  ----- 
598 

1 3 3 4  
2 5 4 4  
6477  
6U48 
6 7 4 7  
6 6 2 7  

3927 
3746 

4499 
4400 

3168  
3135 
2 877 
3114  
3416  
3691 
3483 

-5556  

4842 
2276 
1174  
1186 

2308  
-1981  
-1075  

6 8  
732  

1074  
1 0 6 3  
1184  - 479 

4048 

4028  

4842 
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Table 14.2, Out-of-plane moment, %, on nozzle 

OUT-OF-PLWNE MONENT L O A D I N G ,  MXN, ON N O Z Z L E  (400 I 

r-0-e-@ 12 -190  1 7 9  -260 
1.- 0-c - D 0 -169 168  -197 
I-0-e-e 7 - 1 Q O  1 2 9  -257 
S-0-C-P T - 1 1 4  1 0 8  -156 
I- 0-c - Ej 0 4 2  - 6 4  - 39 
1 - Q - C - J  0 39  -163 - 88 
I-0-C-K 3 -28  29 - 90 
4: - 0- c - x, * 0 -87  1 4  - 5 2  
I- 8- e - FH 2 -60 10 -3 
IC-0-C-E 2 - 5  5 -3  
T-0-(7-5 2 - 2  5 50 

6-0-c-';"I 
0-8-c-r= 
0-0-c-8 
0-0-c-E 
8- 0-c - F 
0-0-c-IS 
0-0-@-J 
8-0-c-K 
0-0-c-H, 
0-0-C-M 
0-0-c-P 
0- 0-c- s 

5 - 8 8  
2 - 9 7  
3 -00 
3 - 4 6  

- 2  -50 
3 -28  
2 - l Q  
0 - 9  
0 -7 
0 - 5  
Q -2 
2 0 

7 1  
88 
'71 
6 0  
5 2  
2 9  
1 9  
1 4  

7 
7 
2 
0 

-366 
-203 
-2 04 
- 1 4  

6 2  
7 

102 
1 0 4  

0 
52 
0 

-3  

288 -14925 4 9 4 7  -4919  
-51  -4395 4 2 6 2  -Q550 
1 4 3  -3591  3540  -3650 
1'76 -2956 2974 -2951 

1 158Q 1665 - 1 7 0 0  
-15 1088 1 0 2 9  -1132  

5% -70.3 690 -723  

71 - 2 5 4  291 - 2 2 3  
71 -127 166 -98 
87 - 9% 165  -29  

- 1 6  -413 380 -w.w 

37 -2118 1963 
14 -2sa64 237% 
17 -2023  1932  
34 -1677 1622 

- Y 4  -1358 1368 
80 -759 803 

102 -4Y2 54 4 

(3 -190 190 
16 -158 133 
Q - 63  6 3  

70 0 70 

31 - 3 1 6  38 6 

- 2 2 9 2  
-2561  
- 2 1 2 0  
-1336  
-1351  

-716 
-341 
-250  
-190  
-125  

- 6 3  
- 3  

-I- 0-N- R 79 -199  1 7 2  -666 2 1 7 1  -49145 5897 -4392 
I - 0 - N - C  -10 -3Y -2 -779 -521 - 4 1 5  -216 -1084  
I - 0 - N - D  -26  7 - 3 4  -550 -955 5 4 2  -174 -1332 
I - 0 - N - E  - 2 a  12 - 6 7  -79 -742 3 83 96 -967 
I - 0 - 8 - F  -22 5 - 2  76 -42Q 96 89 -636 
SC-O-N-N* - 1 5 3  -5 0 63  -4539 -6U 6 4  -4579 

0-8-E-3 
0-8-w-c 
Q-Q-N-D+ 
0 - 0 - N - E  
0-8-N-P 
0- 0-W--H 
Q- 0 - N -  R 
0 - 0 - N - R *  

-2 64 -88 -5119 
2 Q O  - 4 5  -107 
2 449 -9 96252 
0 2 0 52 
5 0 Q - 5  
2 0 - 2  - 55 

-5 8 -5 - 99 
0 0 0 0 

-227 2 0 2 2  1655 -24QO 
39 1138 1106  -1174 

4947 18188 22181 -981 
16 32 70 -3  

141  0 1 4 1  -5 
5 5  32 6 3  - 6 3  

- 1 7 2  6 3  - 6 3  -208  
0 0 0 0 



1.19 

Table A. ;? (coriti nurd)  

OUT-OF-PLANE MOMENT L O A D I N G ,  MXN, ON NOZZLE: (400 I N - L B )  

I -95C-B -17 -247  - 2 2 7  -10402 - 3 6 3 5  -256 -3625 -10411  
I-9OC-C* -46  -192 0 -4163 -26213 - 2 5 5 4  -726 - 6 0 6 1  
I - 9 Q C - D  - 3 4  - 1 3 7  -132 -5866 -277Q - 6 3  -2772 -5867 
T-90C-E -31 - 9 8  - 2 1  -4136  -2’186 -96 -21181 - 4 1 4  
I -9QC-F -22 -100  - 6 3  -3652 -1754 - 4 3 6  - 1 6 5 8  -3748 
I -9QC-R a 2 2 81 226 1 2‘26 8 1  

0 - 9 0 C - B  76 223 258  18493  51121b -U74 10537 5 3 8 0  
0-9oc-c 88 199 2 1 3  8973 5 3 1 7  -191  8 9 8 1  5307 
O-90C-D* 8 5  168 0 3604 3 6 3 6  2242  5862 1378 
0-9OC-  E 8 123 130 5484  4058 -96 S a 9 1  4051 
0-9QC-P a 102 1 8 2  4400 36150 - 1  4489 3 4 5 0  
0-90c-R -3 - 5  1 -78 -104 - 86 

I - 9 0 N - B  -594 7 2  -74 600 -17645 1939 804 -17849 
I-SON-C 127 122 122 5214 5364 0 5 3 6 Q  5214 
I - 9 o N - D  246 62 100 3 2 9 ~  8358 - 5 0 8  a 4 0 9  3 2 ~ 4  
I-908-E 215 - 5  45 655 6635 -663 6709 582  

55s  -415 690  -723  I-9QN-F* 2 4  - 2 8  3 -588 
I - 9 0 N - N  170 84 4 8  2700 5895  U T 7  5965 2 6 3 0  

0 - 9 0 N - B  258 403 17388 12968 - 3 1  67398 1 2 9 6 7  
0-90N-C 5 9  111 118 4983 3268 -9Y  4 9 8 8  3263  
0 - 9 0 N - D  9 5  14  1 4  510  2991 1 2991 5 1 0  
0-9ON-E 107 - 7  -2 -326 310s - 6 3  3106 -327 
0 - 9 O N - F  130 38  5 795 4153 443 4210 738 
0 - 9 0 N - N  130 0 7 13 3918 -95  3921 1 1  
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Table  A. 2 (continued) 

O U T - O F - P L A N E  HOMENT L O A D I N G ,  MXN,  ON NOZZLE (400 I N - L B )  

I180C-B 
I: 180C-c 
I 1  8 0 C - D  
I180C-E 
I180C-F 
I 1  8OC-S 

01 8 0 C - B  
018OC-c 
01 8 0 C - D  
O18OC-E 
6180C-F 
0180C-S 

1 1  % O N - 8  
I1 8ON-C 
I1 8 Q N - D  
1180N-E 
I180N-F 
1180N-N 

0180N-8 
0180N-C 
0 1 8 O N - D  
0180N-E 
0180N-F 
01  80N-N 

-19 
-12  
- 1 0  

- 3  
-3 

2 

9 
2 
4 
4 
5 

22 

-33 
2 
5 
0 
0 

1 0  

7 
7 
2 
2 
0 
2 

1 6 2  -130 
212 -165 
167 -142 
141 -123  
1 1 5  -97 

4 - 1  

85 -100  
90  -110 
7 3  -86 
61  - 6 5  
53 -53 

5 0 

2Y6 - 1 7 2  
6 0  - 1 4  
2 4  17  

- 2 4  1 2  
-7 4 

2 - 2  

-77 33  
-36  3 1  

-5  1 2  
5 0 
7 - 2  
2 2 

TRANS LONG 
---a- ---- 
730 -357 

1031 -55 
562 -631 
3 97 3% 
4 01 41 

7 1  66 

-340 167  
- 4 4 1  -81  

- 7 2  1 0 4  
-5 1 u2 
91 670 

-278 3a 

1662 -503 
9 93 370 
8 %6 409 

-2 62 -79 
-65  -30 
- 10 2 83 

- 975 -77 

155  118  
102 102 
105 32 

-1 13 1 a i  

SHEAR ----- 
38 93 
50 24  
41 1 5  
3519 
2827 

6 3  

2471 
26 64 
2122 
16  79 
1402 

64  

5 5 6 1  
9 85 

95 
- 4  77 
-1 59 

64 

-1478  

-2  23  
64 

127 

-892 

102 102 0 

411a  -3744 
5541 -4565 
4305 - 3 9 1 4  
3 7 4 1  -3306 
3 0 5 4  - 2 6 1 1  

131 6 

2397  -2570 
2409 -2931 
2008 - 2 2 4 8  
1698 -1666  
1472 -1336  

67 7 75  

6245 -5086 
1 7 1 5  -352  
904 391 
315 -656 
112 -207  
296 -24  

1019 -2071 
938 -870  
360 - 8 7  
166 39 
20 1 -64 
102 102 
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Table A. 2 (cont inued)  

OUT-OF-PLANE MOMENT L O A D I N G ,  MXW,  ON NOZZLE (400 I N - L B )  

Pl ICRO-ST RA I N STRESSES PRIN STRESSES ------------ -------- _-------I---- 

I27OC-C 
I270C-D 
I270C-E 
I270C-F 
I 2  7 OC - H 
I27OC-J 
1270C-K 

I 2 7 O C - P I  
I 2  70C - P 
I 2 7  OC - R* 
I27OC-T 

127oc-L 

0270C-B 
S27OC-C 
0270C-D 
0270C-E 
027OC-E' 
027 oc -N 
027OC-J  
0270C-K 
027OC-L 
0270C-l"I 
027OC-P 
02  7 OC -R 
0270C-T 

6 0  179  1 7 9  7797 
4 5  129 1 2 4  5506 
33 93  9 5  4105 
21  69  69 3017 

5 31 2 9  1305 
-10 5 2 168 
-17 -2 -7  -191 
-17 -10 - 1 0  -401 
-12 - 5  - 7  -249 

- 5  2 0 58 
1 0 1  5 0 -5 

2 7 2 2 08 

-124  -281  
-112  -196 
-100 -155  

-84 -127  
-69 - 1 0 3  
- 4 3  -62 
-20  - 2 5  

-3 - 5  
9 6 

11 9 
6 4 
4 4 
1 -3 

-300 -12630 
-193  -8416 
-158  -6757 
-124 -5417 

- 9 8  -4337 
-62  -2696 
- 2 7  -1108 
- 1 0  -3 32 

7 275 
9 384 
7 2 29 
4 185  
2 - 27 

4128 
30 12 
2233  - 
1549 

535 
-236 
-558 
-621 
-433 
-126 
3016 

134 

0 7797 
64 5508 

-32  4105 
0 3017 

3 2  1307 
32 170 
64 -181 

0 -401 
32 -244  
32 6 3  
64 3017 
64 245 

-7 5 09 
-5894 
-5039 
-4 138  

-2112 
-922  
-188 

3 52 
454 
261 

35 

-3386 

1 ao 

2 55 - 33 
35 

-31 
-64 

1 
30 
64 
-1 

2 
-33  

0 - 64 

-7496 - 
-5894 
-50.39 
-4.137 
-3381 
-2112 

-918 
- 1 6 3  

352 
Q54 
282 
18 5 
7 5  

4128 
3010 
2 2 3 3  
1549  

533 
-238  
-569 
-621 
- 4 3 8  
-131  

-7 
97  

-1 2642 
-8416 
-6757  
- 5 4 1 8  
-4341  
-2696 
- 1 1 1 3  

-356 
275  
334 

180 
-67  

2013 

I270N-B 6 3 7  1 2  4 3  507 19268 -413  19277 498 
I27ON-C -67 -126  -107 -5066 -3525 -254 -3484 -5107 
I270N-D -222 -88 - 9 5  -3795 -7797 95 -3792 -7799 
I270N-E - 2 0 3  -26 -48  -1403 -6507 286 -1387 -6523  
1270N-F -170  10 -12  131 -5051 2 87 146 -5067 

0270N-B 
0270N-C 
0270N-D 
0270W-E 
0270M-F 
0270N-G 
0270N-H 
0270N-K 
0270N-N 

-284 -344  
-62 -109 
-83 -14  

-136 7 
-153  2 
-162 0 
-164  0 
- 1 6 Q  -10  
-164  0 

-322  -14324 - 
-114  -4825 

- 1 7  -597 
5 rt 02 
7 362 

-7 16 
- 1 2  -91 

7 116  
-10  -43  

.12825 
-3293 
-2684 
-3953 
-4468 
-4851 
-4959 
-4899 
-4948 

-283 -12773  
6 3  -3290 
32 -596 
31 402 

-62  36 2 
95 1 8  

158  -86 
- 2 2 3  126 

127 - 4 0  

-14375 
- 4 8 2 8  
-2684 
- 39 53 
- 4 4 6 9  
- 4 8 5 3  
- 4 9 6 4  
-Q909 
-4951  



T a b l e  A.2 (continued) 

1315C-B 
x315c-@ 
I 3  15C-D 
1315C-F 
IC: 3 1 5c - 13 
131sc-J 
I 3  1%-a 
1315c-L 
I315C-M 
I3 15c-’p 

0315c-8 
0 3  15c-c 
83 15C-84 
031Si“-E 
0 3 1 T C - P  
0315e-H 
0315c-K 
03 15c-& 
8 3  15c - 
0 3  95c-P 

1315%-B 
T315N-C 
P315N-D 
I3 1SN-E 
E3 1519-P 
1 3 r l T ; N - N  

0 3  15W-B 
03 15N-C 
0315N-D 
031I5W-E 
03 1SN-F 
0315N-G 
0315N-8 
031SN-K 

4 1  41 
33 1 2  
3 1  5 
549 Y 1  
6 2  4 1  
60 45 
5 3  Q8 

0 2 
- 5  8 
-5  0 

- 5 5  -228  
-56 - 7 9 9  
- 3 8  -209 
-26  -176 
-28 -1Q5 
-14 -109 

- a  -45 
-7 - 2 %  
- 7  - 3  
-2 2 

4 4 6  -136  
-62 - 9 6  

- 9 6 5  - 5 1  
- 1 4 9  - 1 2  
- 9 2 5  8 
-125  Y 

-209 -2418 
- 3 6  - 5 4  
- 5 6  5 
-9 1 16 

-112  10 
- 1 2 2  3 
-117 3 
-117 3 

0315W-NY* -618  1 0  

2 8 4  
2 7 5  
999 

8 6  
1 0 0  

6 6  
76 
3 6  
21 

2 

- 6 Y  
-Q7 
-47 
-165 
- 3 3  
- 3 1  
- 2 1  
- 3 7 
-F2 

- 2  

7 9  
-108 

- 9 4  
- 4 3  
-17 

1 1  

-368 
-928 
- 2 6  

3 
5 

- 4  
-7  

- 1 1  
-11  

7094 3 3 4 5  
6260 2 8 8 1  
4272 2 2 1 3  
2726 2322 
3028 27‘71 
2820 2637 
2671 2377 

836 2 51 
6 57 45  
47 - 1 4 3  

-5353 
-5367 
-5589 
-4820 
- 3 8 9 9  
-31960 
- 1 Q 5 2  
-848 
-461 

3 

-3543 
-3105 
-2816 
-2 2 29 
-2018 
-13Y5 

- 6 4 9  
-477 
- 3 5 2  
-7Q 

- 1 9 4 9  1 2 6 6 4  
-4408 -3195 
-2984 -5851 
-1059 -4774 

-2Y5 -3842  
rr88 -3591  

- 1 2 6 4 9  
-4027 

-3 93 
516 
4 44 

96 
34 

-45 
6 4 8  

- 10058 
-2276 
-180’5 
-2586  
-3237 
-3623 
-3502 
-3533  

-38353 

- 3 2 4 5  
- 3 4 9 9  
- 2 4 7 9  

-5  04 
-795 
-5Ql  

- Q Y l  
-174 

- 2 5  

-21 81 
-2023 
-2149 
-1738 
- 1 4 8 6  
- l o b 3  

- 3 1 6  
-95 

32 
63 

-2865  
160 
55-73 
Y 12 
2 22 
- 9 5  

1991 
9 4 8  
4 04 
1 8 5  

53 
95 

125  
186  
218i 

- 3 8 2  

8965 
8 4 5 6  
5927  
3161  
3795 
3277 
2933 
1 0 7 2  
703 

51 

-2353 
-1918 
- 1 5 4 4  
-1356 
-1195 

-852 
-540  
-456 
- 3 Q 3  

3 9  

13213  
-3175 
- 2 8 7 4  
-1014 

- 2 3 1  
482 

-8977 
- 1 8 6 1  
- 286 
527 
94 5 

98  
38 

- 5 5  
6 Y 4  

1 u72  
6 8 4  
558 

188’7 
2093 

2115 
14 
-1  

-150  

- 7 5 4 2  
- 6 5 5 4  
- 6 7 6 0  
-5693 
- 4 7 0 1  
- 3 5 5 3  
- 1 5 6 1  
-900 
- 4-70 
-103 

- 2 2 9 7  
- 4 4 2 8  
- 5 9 6 1  
-YE319 
- 3 8 2 6  
-3593 

-1 3728 
- 4 4 4 2  
- a 9 0 9  
- 2 5 9 7  
-3238 
- 3 4 2 6  
-3506  
-35ik3 

-1 8357 

2180 
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Table A . 3 .  Torsional raornen-t loading, s, on nozzle  

I-0-c-c 
I-0-C-D 
IC-0-C-E 
I-0-C-F 
I-0-C-H 
I - 0 - C - J  
I- 0-C - K 
I-O-C-L* 
I- 0-C- M 
I-0-C-P 
'I-0-c-s 

0-0-C-B 
0-0-c-c 
0-0-c-D 
0-0-C-E 
0- 0-C- F 
0-0-C-H 
0 - 0 - C - J  
0-0-C-K 
0-0-c-L 
0-0-C-R 
0 - 0 - c - P  
0-0-c-s 

T-0-N-B 
I -C-N-C 
I-0-W-D 
1 - 0 - N - E  
I-0-ET- F 
I-0-W-N 

0-0 -N-B 
0-0-N-c 
0-0-W-D 
O-0-N-F 
0-0-N-F 
0 - 0 - N - R  
0 - 0 - N - K  
0 - 0 - N - N  

7 
2 
2 
0 

- 3  
0 
2 

-112 
2 
2 
2 

-9 
- 2  
-2  
- 2  

1 
- 2  
-2  
-2  
-2  
- 2  
-2 
-2  

57 
-22  
-3 1 
-39  
- 3 4  

2 u  

5 
20 

8 
la3 
75 

- 1 6  
-9  

- 5 2  

- 2 4  4 7  
-27 47 
- 2 2  3 5  - 17 28  

a9 -10  
If! -10  
d 11 

- 5  9 
I 9 

- 1  Q 
- 1  3 

- 4  

1 9 2  - 2 3 0  
50 - 8 5  
3 1  - 5 5  
17 - 4 0  

8 - 3 0  
4 4 - 1 6  

0 -6  
-2 -4 
- 2  - 4  

1 -4 
' L  - 2  
- 2  - 2  

.. 

n 

- 2 1 3  2 2 0  
- 3 1 9  306 
- 3 3 5  309  
- 3 2 6  3 3 7  
- 3 2 6  3 Q C  
-3QS 335 

4 0 3  - 4 9 3  
394 - 4 1 7  
3 7 3  - Q 3 ?  
3 7 5  - 4 1 4  
3 8 7  -474 
41:  -395 
403 - 3 9 8  
4 0 1  -370  

MYN, ON NOZZLE 

TRANS 

4 99 
4 54 
2 97 
251 
197 
137 
1 3 4  
2 07 
138 

76 
40 

-8 13 
-759 
-554 
-494 
-504 
-288 
-129 
- 1 2 4  
-132 
- 80 
- 82 - 80 

84 
- 2 4 6  
-54s  

3 00 
3 4 4  

- 3 0 4  

-1965 
-5  1 1  

- 13 43 
-552  
-6 23 

3 95 
724 
7 34 

LONG ---- 
3 54 
198 
154 

6 6  
- 27 

28 
98  

-3300 
99 
7 9  
6 1  

- 5 1 7  
- 290 
-222 
- 2 0 3  
- 1 3 3  
- 1 4 2  
- 86 
- 9 0  
-88  - 77 
-77 
- 7 0  

a 7466 
-732  

- 1  108 
-1069 

- 9 0 9  
6 1 9  

-43Q 
4 3 2  

-173 
35 

2 5 6  
- 3 6 7  
- 2 2 5  

(1600 

S H E A R  

-9  54 
-9 86 
-763  
-6 03 

3 8 1  
3 50 

- 2 1 9  
-190 
-160 

- 6 1  
- 42 

5 6 1 9  
'1801 
1 1 6 6  

753  
5 0 5  
2 52 

9 0  
31 
32 
6 Q  
- 2  

a 

- 5775 
-8329 
- 95 83 
- 8 8 3 6  
- 8 8 7 2  
-9094  

7 11941 
10805 
10738 
10517 
30670 
10766 
10674  

- 7 3 3 1  9 0 2 7 4  

IN-LB) 

PRIN STRESSES 

1 3 8 3  - 5 3 0  
1320 - 6 6 8  

9 9 2  - 5 4 0  
7 6 8  -457 
4 8 3  - 3 1 2  
Q37 -272 
3 3 5  - 1 0 4  
217 - 3 3 1 %  
2 8 0  - 4 2  
1 3 8  1 6  

9 4  7 

4 9 5 6  - 6 2 8 6  
1292 - 2 3 4  

790 - 1 4 6 6  
4 1 9  - 1 1 1 6  
220 -857 
47 - 4 7 8  

- 1 5  - 2 0 0  
- 7 3  - 1 4 6  
-71 -15 
- 7 4  - I Q J  

-7  0 - 8 0  
-75  - 8 2  

6 7 % 6  -Q923 
7844 -8821 
7759 -9416 
8 4 7 9  - 9 2 4 7  
8 6 1 2  -9177  
9 2 6 3  - 8 9 4 8  

10765  -13165 
30776 -108S5 

9c3'36 -11512  
10103  -10950  
1 0 4 9 6  - 1 8 9 6 2  
10-787 -1  0 7 5 8  



Table A. 3 (continued) 

1-9 oc - R 
I- 9 oc- c * 
I-90c-0 
I - 9 0 C - E  
I-Q0C-F 
'I-90C-R 

0-9oc-PI 
0-9oc-c 
0-90C-D 
0 - 9 0 C - E  
0-90C-F 
0-9OC-X 

I-901s-B 
1-90N-C 
I - q O N - D  
I-90N-E 
I - 9 0 N - F  
I-90N-N* 

0-90N-B 
0-90N-C 
0-90N-D 
6-90N-E+ 
0 - 9 0 N - P  

-7 
-10 

-7 
-2  
- 2  

2 

-1 a 
- 4  
- 2  
- 4  
- 2  
- 2  

-9 2 
-48 
-62 
-66 

1 1  
86 

5 
2 2  
2 4  
8 9  
9 1  

- 6 9  
-115  

- 9 6  
-74 
- 2 9  

0 

138  
94  
57 
5 C  
48 
- 4  

- 2 7 0  
-310  
-326 
-338  

-176  

437 
3-72 
385  
3 9 4  
212 

,E 
1 

4 5  -518 
0 -2513 

91 - 97 
7 2  - 50 
55  587 

0 -3 

-85 1193 
- 5 2  4 8 4  
- 4 0  3 8 3  
-38  276 
-38  2 20 

- 4  -172 

3 0 3  8 43 
408  2194 
412 1957 
4 0 0  1439 

2 - 8 3  
117 - 1 3 8 6  

- 4 2 0  378 
-398  -584 
-396 -273 
- 2 0 8  3992 
-242 -753 

-371 
-1041 

- 2 4 5  
-%7 
1 0 3  
71  

-189 
13 
54 

- 4 9  
2 

-112  

-2521 
-782 

-7259 
-1 559 

314 
2176 

26 5 
474 
641 

2 499 
3860  

-1530 
-1530 
-2487 
-1945 
-1116 

0 

2972 
1677 
1294  
1171  

-10  

-7631 
-9566 
-9846 
-9843 

- 9 4  
-39 13 

11473 
10274 
10400 

8029 
6039 

11 38 

1088 -1976  
-79 - 3 4 7 5  

2317 - 2 6 5 8  
1875 - 2 0 1 3  
1483  -739  

7 1  - 3  

3 5 5 3  - 2 5 4 9  
1942 -1445 
1523  - 1 0 8 6  
1296 - 1 0 6 8  
1255 - 1 0 3 3  
-110 -174  

6975 - 8 t i S 4  
10389 - 8 9 7 5  
10325 - 9 6 2 7  

9897  -10017 
3 3 5  - 1 0 4  

4 6 9 4  -3904 

11730 -11095 
10232 -10342 
10594 -10225 
11955  -14103 

7128  -5381  
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Table A. 3 (continued) 

T O R S I O N A L  MOMENT L C A D I N G ,  NYN, O N  N O Z Z L E  (a600  I N - L R )  

I1 80C-R 0 - 1 7  -24 -881 - 2 6 4  9Y - 2 5 0  - 8 9 5  
T180C-C 0 -45 7 -829 -249  -691 211 - 1 2 8 8  
I1 80C-D 5 - 3 5  9 - 4 2 3  -16 -565 350 -889 
1180C-E 5 - 2 8  7 -471 0 - 4 7 1  291  - 7 6 2  
1180C-F 2 - 2 1  5 -365 - 3 9  -34s  180 -584 
L18OC-S 0 - 2  2 0 0 - 6 3  6 3  -63  

0 1 8 0 C  - B 1 2  214 -202 2 50 434 5548 4890 -5206 
0180C-C 2 9 3  -57  7 8 U  308 1997 2557 -1465 
0180C-D 2 62 - 3 6  574 2a6 1300 1720  -900  
01 80C-E 0 4 3  - 2 4  4 20 128 887 1173 -625 
O1AOC-F  2 33 - 1 c  5 03 210 571 946 -232 
Q18OC-S* -8 2 2 97 -197 -2 97 - 1 9 7  

I180N-B -21 -154 1 6 4  267 -546 - 4 2 5 2  4135 - 4 4 0 8  

I180N-D 1 0 1  -281 2 4 6  -868  2764 -7019 8198 - 6 3 0 3  
I 1 8 0 N - E  9 8  - 3 9 7  3 0 6  -2123 2313  - 9 3 6 9  9 7 2 2  - 9 5 3 3  
I18ON-F 104 - U l C :  3 2 5  -2082 2487 -9862 1 0 3 2 5  - 9 9 2 1  
I 7 8 0 N - N *  2 0 3  - 4 3 E  2 1 8  -5061 4579 - 8 7 3 3  9 7 3 4  -10216 

T 180N-C 9 1  -355 2 6 e  -2012 2132 - 9 2 8 9  8604 -8484 

8180W-B - 2 9  45e - 2 9 3  3662  234 9997 12092 - 8 1 9 5  
O180N-C -22 4 6 3  -336 1946 - 6 6  11682 12167 -10287 
0 1 8 0 N - D  - 4  4 3 5  -369 1458 285 10706 11593 -9851  
0 1  8ON-E -7 4 5 2  - 4 0 2  1099 105 11371 11984  - 3 0 7 7 9  
0180N-F -17 4 3 7  -397 903 -233 11620 11470 -10799 
0180N-N 16 ~109 - 3 8 8  4 37 619 10613 11141 -10085 
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Table A. 3 (continued) 

T O R S I O N A L  NBM’ENT E C A D I N G ,  

MICRO-STFATN ------------ 

T 2 9 oe -@ 
I 2 7 0 C - D  
127OC-E 
3C27OC-P 
127OC-H 
T27OC-J 
T29OC-K 
1230C-E 
T27OC-f i  
f 2 9 oc- I? 
1230C-R* 
I 2 7 0 C - T  

0270C-B 
8290C-C 
0 2 7 O C - D  
0270C-E 
027OC-P 
0270C-H 
029oc-9 
0270c-E( 
027OC-% 
0 2  70C-  H 
027OC-Ed 
027oc-Ta 
0 2  7 OC -T* 

T 2 7 0 N - B 
1270N-C 
1270N-D 
I270N-F 
I2700N-F 

0270N-B 
0270N-C 
0270N-D 
Q27ON-E 
B270N-F 
027ow-G 
0270N-a 
0270N-R* 
02’4 ON-I’J 

1 
1 

-1 
- 1  
-1 
-1  
- 2  
-2  
-1 
- 3  

- 6 2  
2 

- 2  
1 

-7 
- u  
- M  
- Y  
-2  
-2 
- 2  
- 2  
- 2  
-2 
0 

7 
-17 
- 2 7  
-29 
-35 

-16 
3 

-9 
- 3 6  
-12 

5 
3 

-31 
97 

G A G E 2  G A G E 3  

-75  8 2  
- 6 1  6 6  
- 4 6  4 9  
- 3 4  3 7  
- I t?  18 

- E  3 
1 - 4  

- L  -6  
4 -4  
0 1 
5 5 
0 3 

n 

156 -209 
7 9  -95  
6 2  - 7 3  
5 3  -61  
46  - 5 2  
31  -40 
2 0  -26  
1 5  -16  

5 -7 
0 - 2  
0 0 

- 2  0 
- A  C c 

-213 226 
- 3 1 3  3 3 9  
- 3 2 2  3 4 6  
-375  3 4 4  
-304  354 

3 5 8  - 3 6 0  
3 5 1  -3Y1 
3 6 2  - 3 6 1  
3 6 9  -352 
35-7 -3514 
359 - 3 7 3  

39E - 3 5 9  
155 - 3 9 2  

3 6 7  -385 

M Y N ,  O M  NOZZLE 

T R 9 N S  
---I- 

160 
109 

62 
61 
13 

- 58 - 63 
-183 

7 
27 

2 82 
5a 

-1188 
-345 
-232 
-182 
-129 
-478 
-723 
- 29 
- 23 
- 48 

5 
- 48 
-51 

2 95 
5 88 
5 48 
6 55 

1143 

- 19 
2 I9 

19 
4 a3 

79 
-3  14 
-4  I 1  

881  
- 8 4 1  

L O N G  ---- 
8 5  
69 

-17 
-16 
-26  
- 52 
-69 

- 1 0 1  
- 2 7  
- 7 2  

- 7  779 
90 

- 4 1 9  
-87 

- 267  
-181 
- 1 6 5  
-177 

-89  
-63  
- 6 2  

-67  
- 8 4  
- 1 3  

2911 
- 3 3 4  
-633 
-673 
-717 

- 484 
146  

- 272 
-9413 
- 3 2 3  

52 
-44 

- 6 5 3  
258  

- 8 4  

(1600 

S H E A R  

- 20 96 
-1679  
-1270  

-9 52 
-437 
-125  

67 
56 

-6 
-1 

-32  

98 

4 a w  
2314 
1803 
1520 
1299 
9 50 
6 64 
4 12 
159  

31 
0 

- 3 2  
-31  

- 5 8 5 2  
- 8 6 8 0  
- 8 9 0 5  
-877€ 
-9767  

9573 
9221  
9635 
9604  
9476 
9762 

10016 
10081 

9952 

I N - L S )  

2219 -1994  
1768 -1591 
1 2 9 3  - 1 2 4 8  
935 - 9 3 1  
4 7 1  - 4 8 4  

70 -180  
1 -133 

-72  - 2 1 1  
90  -110  
27  - 7 2  

189 3 8  
282 - 1 9 7 9  

4 0 6 0  -5666 
2102 -2534  
1 5 5 3  -2053 
1339  - 1 7 0 2  
1152 -1446  
7 7 2  - 1 1 2 7  
499 -7118 

’118 - 2 0 3  
-30 - 1 0 2  

5 -67 
-29  -103 

3 6 6  -u5a  

4 -6a 

6 1 4 5  -5559 
8899  - 8 5 6 5  

8792 -9810 
9029  -8603  

8 8 8 2  - 8 9 6 6  

9324  
9 4 0 4  
9 5 0 9  
9 3 6 4  
9356  
9 6 3 3  
9790  

10224 
(3676 

- 9 8 2 9  
- 9 0 3 9  
- 9 7 6 2  
- 9 8 9 2  
-9600 
- 9 8 9 7  

-10205 
-9996 

-10259  



 abl le A.  3 (cont inued)  

T O R S I O N A L  MOnENT L C A U I N G ,  MYN, OM NOZZLE (l6oO IN-LB) 

13 15C-B 
T 3  15C-C 
I315C-D 
1315C-F 
I315C-H 
I315C-J 
I 3 1 5 C - K  
T 3 1 5 C - L  
1315c-fl 
I315C-P 

Q315C-8 
8315C-c 
031SC-D 
0315C-E 
0315c-P 
0 3 4 5 C - H  
O315C-K 
0345c-L 
0 3  1 x 3 -  
Q3345C-P 

1315W-C 
I3 15N-D 
I 3 1 5 N - E  
I315W-F 

0 3 1  
5 5 
7 2 

a3  2 9  
27 2 0  
22 20 
17 17 
-5 -2 
-5 0 
- 2  0 

5 3  1 5 5  
48 98 
55 17 

-2 1 3 
-21 3 
- 1 8  - 1 1  
- 1 4  - 1 4  
-1  1 -6  

- a  
-2 - 2  

8Q - 2 2  
0 - 3 1 5  

-17 -335 

- 2 4  - 3 3 9  

52 3er 
6 8  3 5  
8% 3 5 7  
5 9  380 
35 3 7 6  

031s~-s 21, 3 7 3  
0315w-ra 2 4  38  
031SN-K 218 37 

3lSdJ-N -5  3 6 2  

1 8 1  
113  

7 4  
4 1  
3 9  
3 1  
2u 
12 
5 
0 

-47 
- u  

-78 
-66  
-6 1 
-47 
-23 
- I 4  
-9 
-7 

26-30 

316 
3 3  
29 

-Q79 
- 3 8 9  
-394  
-373  
-380 
- 3 6 6  
- 3 6 6  
-375 

2909 
25 82 
1679 
1491 
2 53 
1098 
890 
2 15 
110 

3 

23 12 
20ou 

-1399 
-6366 
-1251  
-1261  

-800 

-2 87 
-1  81 

1 2 2 2  

-4 2a 

- 3 5 5  
-184 

a 12 

-31 1-7 
-885 
- 9  18 

u42 
- 9  22 

876  
926 
718 

1-748 
I 1 7 7  

783 
-79 

-110 
-71 

2279 
2044 
2 32 

-1042 
-1002 
-927 
- 6 5 0  
- 4 6 4  
- 2 8 6  
-19  

2877  
-32 

- 6 2 3  
-455 
-772  
1982 

6 2  
1 5 2  
2 3 3 3  

9 a7 

817 
84 
6 0  

-925 
-1431 

- 9 5 8  
-159 
-256 
-159 
- 95 

-191 
- 64 

0 

2687 
1356 
1265 

9 37 
8 6 3  
4 7 4  
I24 

94 
6 5  
46 

-6657 
-8345 
- 8 6 6 4  
-86  32 
-8919  

9946 
99-77 

STGMX 
-I.--- 

3 2 6 0  
3 4 0 8  
2270  
1'820 
1473 
3 2 1 1  
946 
3 0 9  
127 

3 

4983 
33754 
11742 
- 2 7 3  
-255 
-591 
- 5 8 0  
- 3 5 0  
- 2 2 1  
-7 

8-758 
82-77 
8152  
8223 

4 4 s  
8 8 8 8  

S I G M N  
---e- 

517  
1 Q 1  
127 

14'114 
9S6 

727 
-173 
- 1 2 7  

- 7 1  

- 3 9 2  
666 

- 1908 
-2135 
- 1 9 9 8  
-1597 

- 8 7 0  
- 5 4 2  
- 3 5 2  
- 2 2 1  

-4659 
-8414 
-9177 
-9842 
- 9 4 8 2  
- 6 1 8 6  

874 



Table A.4. In-plane mment loading, MZN9 on nozzle 

I-0-C-C 
I-0-13-D 

I-0-C-H 
I-0-C-;8 

I-O-C-E* 
I-0-c-M 
a-6-C-P 
I-0-C-S 

6-0 -C-B 

0-0-C-E 
0-0-@-F 
a-0-c-a 
0-0-c-J 
0-0-C-X 
0-0-c-L 
0-0-c-PI 

E-0-W-D 
I - 0-w - E 
1 - 0- N-F 

0-0-N-B 

0-0-M-H 
0 - 0 - N - K  

-38 -110 
-7 - 8 1  
10 -62 
22 - 5 6  
34 -36  
26 - 2 6  
17 -17 

-162 - 1 2  
0 -7 
8 -7 

-3  -3 

66  256 
40 1 7 1  
19 130 
-2 109  
-7 88 

- 1 4  4 5  
-1 2 1  

12 
0 5 
0 5 

- 2  0 
-2 0 

-498 50 
70 1 1 0  

20% 8 1  
192 24 
158 0 
-19 -5 

197 287 
64 83 
10 5 
14 - 17 
1 5  - 37 
164 5 
169 5 

- 

-1 29 

-79 
-64  
- 3 1  
- 19 
- 2 1  - 17 - 10 
-5 
-4 

2 6 1  
1 7 6  
133 
1 0 2  

7 8  
45 
17 
10 
s 
5 
0 
0 

89 
117 
84 
3 1  
10 
6 

285 
8 1  
5 

-7 
-5  
Q 

-2 

-5 194 
-4023 
-3098 
-2536 
-1 499 
-1018 - 850 - 462 - 376 - 276 - 146 

11 289 
7 56 
5 76 
4 645 
3 659 
2080 

6 5  
479 
212 
212 

6 
7 

-27 00 
-1419 

-641 
-1 14 

5 57 
4 86 
251  

-5002 
-126 - 91 
-127 

53 81  
3 4 8 1  
2302 
432s 
888 
176  

-166 
5 

68 
67 

-66 
-65 

3602 -13857 
4925 3565 
3 4 1 1  7 0 6 1  
1002 6050 

40 4955 
-79 -595 

12349 9613 
3532 2984 

102 3 0 2 1  
-672 3997 
-635 4435 

-123 4803 
-73 4 

SHEWR 
-I--- 

254 
286 
222 
199 
-6  
-9  
62 
64 
31  

- 3 1  
18  

-64 
-63 
-32 

9 4  
126 

0 
6 2  
32 

0 
0 
0 
8 

- 5 1 1  
-96 
-32  
-96 

-127 
-64  

32 
32 

1 - 126 
-15 

6 3  
95 

S I G M X  S I G  

-2674 
-1388 

- 6 2 1  
-99 
559 
492 
254 

-461 
-116 - 86 
-1 16 

-5219  
-4054 
- 3 1 1 8  
-2 55 1 
- 1 5 0 1  
-1 024 
- 853 

-5 00 3 - 379 
- 2 8 1  - 157 

11290 5380 
7568 3480 
5767 2 3 6 2  
4648 1 3 2 3  
3664 88 2 
2000 17 6 

858 - 1 7 9  
481  3 
212 68 
212 6 7  

6 -6 6 
7 -6 5 

3617 -113872 
4932 3558 
7 0 6 1  31911 
6052 1000 
4759 37 
-71 -603  

1234 8 6 1 3  
3533 2 9 8 2  
3021 10 2 
4001 - 6 7 6  
4440 -640 
4888 -7 4 
4805 - 1 2 5  

1 4  -1761 -38572 -6521  23655 6026 - 5 1 1 1 9  



Table A .  4 (continued) 

IN-PLANE HQBENT L O A D I N G ,  HZN, ON NOZZLE (400 PN-LE1 

I - 9 0 C - B  
I -90C-C* 
I - 9 0 C - D  
I-SOC-E 
I-9oc-P 
1-90C-B 

0-9 OC - B 
0-9oc-c 
0 -90C -I) 

0 -90C-E 
0-90C-P 
0-30C-R 

I-9ON-B 
I-908-c 
I - 9 O N - D  
I - 9 Q N - E  
1-90N-F 
I - S O N - N  

0-90N-B 
0-90N-C 
0 - 9 0 N - D  
0 - 9 0 N - E  
0-90N-P 
Q - 9 0 N - N  

12 
12 
10 
2 
5 

- 2  

-19 
-12  

-7 
-7 
-7  

0 

117 
-31  
-50  
-38 
-21  

21  

-3 
-5  
- 5  

0 
-3  
-3 

112 - 7 9  
165 0 
136 -134 
112 -117 

96 -98  
0 0 

2 4  -66 
104 - 9 3  

76 - 6 9  
5 0  - 5 0  
33 -40 
0 -3 

122 -146 
- 2 1  -19 
-36 24 
- 1 4  12 
-17 17 

12  12 

- 5 5  52 
-38  35 
- 1 2  9 

0 -3 
2 - 3  
0 -3 

TRANS ----- 
723 

3615 
42 - 108 - 58 
3 

-912 
266 
152 
0 - 156 

-81 

-655 
-855 - 207 

-10 
29 

484 

- 58 
-58 
-58 - 62 
-8 

LOSG 

576 
1443 

36 
39 

126 
-71 

-839 
-285 
-1  77 
- 2 2 2  
-266 
-33 

3303 
-1184 
-1562 
-1146 
-629 

779 

-98 
-167 
-169 
-32 - 83 

SHEAR ----- 
2550 
2200 

3060 

0 

1201 
2623 
1930 
1327 
979 
40 

3561 - 32 
- 7 9 4  
-349 
-446  

0 

-1422 
-979 
-283 

31 
62 

2582 

-61 - 97 31  

SXGHX ...---_ 
3201 
4982 
3775 
3027 
2618 

3 

326 
2628 
1925 
1221 

7 7 0  - 10 

5398 
-852 

160 
89 

254 
7 7 9  

1345 
868 
175 - 12 

27 
- 4 3  

SXGflk? 
e- - 
-1  982 

7 6  
- 3 4 3 4  
-3 095 
- 2  55 
-7 1 

-2077 
- 2 6 4 7  
- 1  950 
- 1  4 4 2  
-1 192 - 1Q4 

- 2 7 5 0  
- 1  187 
-1  929 
- 1  244 
-853 

ua 4 

-1  500 
-1093 - 403 

-0 1 - 118 
- 1 1 5  
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14 8W-B 33 408 1 4 4  5587 2642 
2 1  94 130 4898 2186 

IIrpOC-D -2 68  9& 3577 1002 
$1$(%C-B - 2 1  5 2  73 2969 3 98% 
E 4 8 Q C - B  -28 313 5 7  2103 - 2 1 8  
I ’ 3 8 Q C - S  0 2 2 184 34 

IlBOW-’Ls 448 -62. -131  -&732 12939 
I1880N-C -26 - 5 7  - ? 5 0  -YS27 -2142  
I 1 8 B W - - D  -1’9% 60 - 6 0  214 -5657 
X l 8 O N - 8  -263 - 5 5  -2 -1038 -63863 
I18QN.-F -172 - 3 1  5 -388 -5277  
ICI8ON-N -129 -17  26 357 -3755g 

6’38089-B -143  -209 -207 -8986 -6971 
B18QN-C -62 -711 -62 -28W -2708  
618QN-D -119 0 10 
e%l%POas-E -162 7 10 

- 5  T 
-9 -7 -165 -5395 

SHEAR 
-. .“* - - - 
-19’1 
-471 
-3Q5 
-283 
- 2 5 1  

0 

126 - 158 
-128  
-927 
-127 

1 

922 
4 2cbo 
4 589 
-699 
-49 1 
- 5 7 1  

-28  
-926 
-126 

-3 4 - 159 
-32 

5582  256’7 
4975 2 0 2 9  
3622 95 7 
2799 78 4 
2’1130 - B Y  

104 3 1  

-4624 -18631  
-32Ql - 7 4 6 1  
-2159 - 5 9 5 0  
-7325  -Q4Q8 
-874 -3666  
-185 - 5 7 1  

-6971 - 8 9 8 1  
-2635 - 2 9 2 7  

5u5 - 4 6 8 3  
238 -4855 

-165 -5395 
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Table A. 14 (cont inued)  

I N - P L A N E  MQHENT L C B D I N G ,  MZN, ON NOZZLE ( 4  

I 2 3 W - c  
1 2 7 0 ~ - D  

I27Oc-F 
127oe-8 
I27oc-J 
I27OC-K 
127oc-L 
1270C-PI 
I27oc-P 
I27oc-B* 
I27OC-T 

027OC-3 
027OC-C 
027W-D 
0270C-E 
0270C-F 
027oc-I3 
0270c-J  
027%-K 
027W-L 
027OC-M 
027W-P 
0270C-R 
0270C-T 

1270N-B 
T2fON-C 
1270N-D 
I276N-E 
X270N-P 

0270N-€3 
0270N-C 
02701Q-D 
0 2 7 O N - E  
0270W-F 
0270N-G 
0270N-H 
0270WI-R 
027QN-E1 

- 2  -172 
-5 -143 
-5 -124  
-5 - 1 Q O  
- 2  -67 

-2 -19  
0 -4 

-2 *3 
-2 -2 
158 - 2  
-2  -7 

2 -77  
-1 -79 

7 -68 
4 -43 
4 - 2 9  
2 -8 
2 6 

-1 11 
-1  11 

0 5 
0 0 
0 0 
0 0 

-26 -162 
-3 -12 
0 19 

-3 1Q 
- 1  2 

14 74 
2 52  
4 2 1  
4 7 
7 4 
7 5 
7 7 
11 4 

-1 2 

- 2  - 3 9  

153 
127 
1 0 8  

99 
6 5  
36 
17 
0 

-5  
-2  

-2 

109  
99 
73 
54 
38 
14 
-3 - 10 - 10 
-5  

0 
0 
0 

1 6 5  
12 - 26 

- 1 9  
-7 

-43 - 40 
-17 

-5  
-3 

0 
-3  
-3 
-1  

TP ANS 
----.A. 

- 407 - 351 
-351 - 194 
-38 - 42 
-43 - 88 
-39 
-98 - 223 - 198 

708 
449 
285 
23 4 

128 
71 
31 
25 

-12 
-13 
-11 
-14 

75 
-1 

-160 
-210 - 104 

665 
260 
84 
33 
19 
90 
79 
27 
27 

181 

STRESSES !?BIN STB ES SE S -------- --------I---- 

LONG 
--I- 

-187 
-242 
-242 
-794 - 75 
-77 
-80 - 22 
-7s  
-98 

4682 
-1 30 

267 
118 
2 83 
197  
181 

91 
73 
-7 
-9 - 14 - 16 - 13 

-18 

-771 
-76 - 53 

-140 
-74 

6 30 
151 
155 
141 

2 35 
2 23 
132 
-14 

S R E A R  --...-- 
-4322 
-3590 
-3083 
-2542 
-1748 

- 9 8 5  - 476 
-57 
96 
- 1  

-33 
-64 

-2476 
-2379 
-1772 
-1299 
-388 
-284 

1 2 5  
286 
284 
128 
- 1  
0 
0 

-4356 
-317 
604 
382 
128 

1549 
1232 

508 
157 
97 
64 

127  
93 
32 

S I G M X  
-e--- 

4027 
3294 
2787 
2348 
1691 
925 
415 

11 
40 

-97 
4 6 8 3  

-92 

2968 
2668 
2056 
1515 
10169 
3B94 
197 
298 
292 
11s 
-13 
-11 
- 1 4  

4029 

500 
209 
39 

2196 
7439 

629 
253 
244 
2 59 
2 97 
186 
45 

281 

S I G H  N -- -- ... 
-4620  

-3 37 9 
-2737 
-1 885 
-1044 - 538 

-121  - 155 
-9 9 - 223 

-236  

-1993 
-2101 

-1  083 - 707 
- 175 

-5 2 
- 2 7 5  - 277 - 140 

-16 
-1 3 
- 4  9 

4 7 2 5  
- 3 5 8  
-713  - 559 
-217 

- 902 
-1028 - 390 

-9 9 
-23 

66  
5 

-27 
-3 1 

-3887 

-1488 
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Table A. 4 (cont inued)  

1315C-B 
I 3  15c-c 
I315C- 
I315C- 
I315C-8 
I315C- 
I315C- 
E315C- 
I315C- 
I315C- 

133 15C-B 
0315C-C 
03 1%-D 
03 15C-2 
03 15c-P 
0315C-8 
0319C-K 
0315C-I, 
0315c- 
031SC- 

I315N-8 
I315N-C 
I315N-D 
13 1 SEJ-E 
I315N-F 
I315N- 

0315N-B 
0 3  15N-C 
0315 
0 3 1 5  
0315N-8 

- Y l  - 1 8  
-19 -160  

0 -115  
27 - 2 2  
26 8 
28 9 
26 12 

7 Q 
0 0 
6 -a  

40 8 5  
46 64 
2% s9 
14 43 
9 38 

-3  16 
-7 -10  
0 - 1 5  

-3 -10 
- 3  - 5  

- 3 0 8  -10 
6 0  5 5  

139 60 
124 19 
185 0 

97 -9 

201 2 6 8  
52 1 1 e  
6Q 26 
92 - 2  

1 9 1  - B  
1 23 3 
118 3 
123 3 
-30 3 

-3  
31 
38 

2 
2 1  
T I  
19 

7 
10 

5 

140 
f 16 
111 

$3 
62 
23 
-7 
-7 
-7 
-5 

1 2 2  
86  
4 3  
14 
7 

- 5  

197 
4 
-4 
- 3  
-6 

1 
3 
6 
6 

-4068 -2440 
-2825 -1Y29 
-1695 -504 - 457 4 98 

42 9 04 
63la 1039 
638 967 
150 260 
2169 63 

53 16 

4897 26’70 
3904 2375 
3715 1962 
2843 1277 
2 1’74 830 
879 183 

-366 -331 

-370 -188 
-217 - 1 Q 3  

811 -9008 
3034 2703 
2107 a792 

599 3909 
42 3468 

-917 2774 

9990 9014 

421 2849 
-348 2659 
-344 3237 

-2 3547 
58 3763 

226 -821 

SHEAR ----- 
- 2 4 1 5  
-2545 
-2038 
-348 
-285 
- 1 5 9  

-96 
-96 

-127 
-96 

-727 
-694 
-696 
- 4’pQ 
-317 

-95 
-311 
-94 - 33 

- 3  

-2962 
-414 
223 

6 4  
-96 
- 6 3  

1042 
398 
$6 
34 
36 
- 1  

-35 
- 3 2  

SIGH 
--e-- 

-702 
512 

162 
59 

1037 
109Q 
993 
31 
28 
13 

51  13 
43-74 
39 57 
2976 
2248  

892  
-373 
-128 
-182  
-143 

9 4 3 6  
3315 

39 1 
3171 
2776 

10567 
4132 
2 1 4 1  
2661  
3237 
36-76 
3547 
3403 
227 

-- -- - 
-5799  
-4765 
-3222 

- 5 5 3  
29 1 
57 9 
61 4 
95 

-1  1 
-6 3 

2454 
2 187 
1719 
11Q4 

99 1 
-383 
- 5 0 7  
-376 
- 2 1 7  

a5 3 

2088 
5 

-418 

8437 

32 9 
- 3 5 1  

-4 4 
-2 
58 

- 822 
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Table A . 5 .  In-plane force, Fm, on nozzle 

I N - P L A N E  FORCE L O A C I N G ,  F X N ,  ON NOZZZE ( 8 0  LB) 

ROSETTE GAGE1 G A G E 2  G A G E 3  TRANS L O N G  SHEAR S f G M X  S I G N & ?  

I -0-C-C 86 265 2 8 6  12018 
I-0-C-D 17 196 2 2 9  9316 
I-0-C-E - 3 3  1 5 0  174 7169 
I-0-C-F -57 1 2 4  1 4 1  5884 
I-0-C-H -88 76 74 3402 
I - 0 - C - J  -71 57 5 0  2 4 4 2  
I-0-C-K -45  41 4 &  1994 
I-0-C-L* -134 26 3 4  1462 
I-0-C-M -7 19 22 9 03 
I - 0 - C - P  -5 1 2  10  4 83 
r- o-e - s 0 7 5 2 62 

0-0-C-B 
0-0-C-C 
0- 0-c -D 
0-0-C-E 
0- 0-C - F 
Q-0-C-H 
0-0-C-3 
0-0-C-K 
0-0-c-L 
0-0-C-B 
0-0-c-P 
0-0-c-s 

-168 -611  
- 1 0 2  -400 

-52  -308 
-2 - 2 5 8  

8 -211 
29 -111  
20 -59 

3 -35  
-9  - 2 1  
-7 - 1 6  
- 4  -9 
-2  -7 

-640 -27317 - 
-422 -17945 
-324  -13832, 
-255  -11277 
-196 -8950 
-119 - 5 0 6 3  

-51  -2445 
- 3 3  -1488 
- 2 1  -906 
-16  -700 

-9  -392 
-7  -280 

5184 
3 297 
1151 

50 
-1 624  
-1411 

-759 
-3474 

59 
5 

a 4  

132 32 
-8433 
-5700 
-3438 
-2454 

-650 
- 1 4 1  
-356  - 534 
- 405 
-241 
- 1 3 2  

-2 86 
-445 
-317  
-222 

31 
95 - 96 

- 95 
-32  

3 2  
35 

376 - 
285 
2 19 
-36 

- 1 8 9  
94 

-100 
- 32 

1 
1 

-2 
0 

1 2 0 3 2  6170 
9349 3 2 6 5  
7186 1134 
5 8 9 2  42 
3403  -1624 
2444 - 1 4 1 4  
1997 - 7 6 2  
1464 -3576  

904 58  
485 3 
269 77  

13222 -27321 
-5424  -17954 
- 5 6 9 5  -13841 
-3438 -11277 
-2448 -8956 

- 6 4 8  - 5 0 6 5  
-136 - 2 4 4 9  
-355 -1489 
- 5 3 4  -906  
-405  -700 
- 2 4 1  -392  
-112 -288 

I-0-N-B 1188 -115  -206 -8346 33146 1212 33151 -8381 
I-0-N-C -143 -273  -268 -11720 -8103 -63 -5102 -11721 
I - 0 - N - D  -462 - 2 0 6  -189  -8174 -16309 -224 -8168 -16315 
I-0-N-E -431 -67 - 6 4  -2522 -13680 30 -2521 -13681 
I-0-N-F -352 - 9  -17  -183 -10611 98 -182 -10611 
T-0-N-N 19 - 2 4  2 2  - 58 5 6 6  -607 937 -U28 

0 - 0 - N - B  -455  -678  - 6 7 8  -29283 
O-0-N-C -139 -196 -196 -8464 
0 - 0 - N - D  -215 - 1 1  - 2 1  -473 
0-0-N-E -303 3€! 5 1285 
0-0 -N-F  -341 3 E  - 2  1122  
0-0-N-H -346 -9 -9 - 2u 
0-0-N-K -300 -7 - 9  - 25 
O-O-W-Ns -196 -16 1147 25060 

-22429 1 -22429 -29283 
-6718 2 -6718 -846U 
-6595 1 3 0  - 4 7 0  -6597 
-8699 444 1304 -8719 
-9 8 84 503  1145 - 9 9 0 7  

-10375 -1 -24 -10375 
- 9 0 1 4  33 -25  -9015 

1631  -15492 32768 -6077 



T - 9 OC __. B 
I - 9 0 C - C *  
f-90c-D 
I-9oc-E 
I-9OC-P 
T-qOC-R* 

0-96C-8  
0-9oc-c 
0-90C-D 
0-9oc --E 
0-9oc-P 
0 - 9 oc _- R 

I-9QN-’13 
I-90N-c 
I-90N-D 
P - 9 O N -  E 
E-9BN-P 
I-90N-W 

8-90N-8 
0-9ow-c 
0-90N-D 
8-90N-E 
0 - 9 O N - P  

- 2 6  -242 
- 2 Q  - 3 6 4  
-17 - 3 0 4  

- 5  - 2 5 6  
- 4 2  -188 

8 0 

3 Q  - 8 7  
22 - 2 5 9  
1 5  -192 
10 -132 

5 - 8 5  
1 1 

- 2 2 4  - 2 6 7  
6 4  57 
96 9’1 
40  rc8 
48 Irl 

-54 - 2 1  

-16 7 9 
3 62 
1 5 

-6 - 2 1  
-6 - 1 3  

2 0 1  

3 2 3  
2 7 5  
2 3 8  

0 

4 2 4  
207  
1 5 C  
307 

83  
6 

3 3 2  
io 

- 6 0  
- 6 0  
-rs5 
- 3 3  

-137 
-75 
-2 
1 5  
2 8  

a 
-86fi  

-7970 
4 4 2  
Y 28 

1110 
3 

‘79 9 
-1156 

-928 
- 5 5 3  
- 43 
I56 

I 6  68 
1399  
5 80 

-” 3 34 
-154 

-1116 

- 1 2 9 0  
-296  

72  
-1  22 

1 4 2  

-1848 
-3107 

- 3 6 9  
-12 - 2 (F 

3 

1 2 U 8  
309  
165 
129 
140 

5 3  

-6214 
2 7 5 4  
3 0 4 9  
1986  
1389 

-1961 

- 8 6 2  
-5  
39 

- 2 1 2  
-144 

- 5 9 0 1  49186 - 6 8 5 8  
-Y8%B8 - 6 1 5  -10962 
- 8 3 5 7  8ftO4 - 8 3 3 9  
- 7 0 8 1  7293  -6873  
- 5 4 6 1  6 0 3 3  -49U7 

0 4 3 

-2806 3826 -1807 
-5195 5815 - 6 6 5 2  
- 4 5 5 8  4218 -4972 
-3192 2991 - 3 0 3 1  
-2244 2294 -2197 
-788 200  1 8  

- 7 9 8 1  6627 -14174 
635 2671 1082 

2008 4 3 6 8  - § 3 9  
143% 2668  -1017 
114Q 1997 -762 
159 -1099 -1992 

287-1 1818 -3950 
18.32 i m a  - 1 9 8 8  

93 150 - 3 3  
-4 74 309 - 6 4 2  
- 4 3 9  4 6 1  -463 

0-90M-8 - 2  -- 1 8 1 3  -122 -84 -410 3 0 4  - 5 4 5  
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Tab3.e A. 5 ( con t inued)  

IN-PLANE FORCE L O B E I N G ,  FXW, ON NOZZLE ( 8 0  L B )  

X 1 8 Q C - B  -75 - 2 5 2  - 3 1 6  -12409 -5987 849 -5877 -12519 
11806-C -52 -231 - 2 8 3  -71242 - 4 9 2 9  6 9 2  - 4 8 5 U  - 1 1 3 1 7  

9 -170 -2 9 -8302 - 2 2  5 0 3  -2165  - 8 3 4 4  
5 0  - 1 2 3  - 1  3 -6429  - u  4 7 1  -4165 - 6 4 6 6  
6 6  - 9 9  -127 -4945 rr98 4 4 0  5 3 3  - 4 9 8 0  

I780C-S 2 - 5  - 5  -297 I f  8 1 - 2 0 7  

0180C-B 115 540 5 2 6  23297 
01 80C-c 811 4 0 s  3 8 6  17275 7702 251 '83282 7695 
01 80C-D 4 4  309 300 1 3 3 3 9  s311  1 2 9  1 3 3 b O  5309 
0 1  80C-E 8 241 224 10196 3293 222 10203 3 2 8 5  
8180C-F -37 1 9 5  1 7 6  8173  1955 2 5 3  8 1 8 4  1945  
0180C-S -32 Q 0 38 - 9 5 1  1 38 - 9 7 1  

I188N-B -1039 1 2 8  3 1 1  10607 -27'382 - 2 5 3 7  10773 -2814.8 

TISON-D 432 - 1 5 2  I29 -970 12676 -3747 13637 - 1 9 3 1  
I I B O N - E  451 1 8 3  -4 I 890  1U105 1559 6 4 3 0 1  1 6 9 4  
I I ~ Q N - F  3 8 0  5 7  - 9  620 11578 880 11649 750 
1180N-N 1 4 4  20 - 3 3  -438  4779 7 0 2  4 2 8 3  - 5 4 2  

-I t 80N-C 5 1  120 344 10137 4561  -2985 1 1 4 3 4  3 2 6 5  

O188N-B 328 500 468 20925 16124 422  2 0 9 6 1  16087 
018QN-C 128 177 1 3 8  6 6 4 5  5850 Q44 6 8 5 1  5653 
8180N-D 250 5 -31 -1447 7239  475 7267 -875 
Ol80N-E 345 -12 -31 -1318 9 9 5 1  2 5 4  9956 - 1 3 2 4  
0180NI-P 347 1 4  - 2 6  -642  10223 539 10250 -669 
O180W-N 202 5 0 -115 6 0 3 2  63 6 0 3 2  - 1 1 5  
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Table A. 5 ( cont inued)  

I N - P L A N E  FORCE L O A C I N G ,  FXN, ON NOZZLE ( 8 0  LB) 

1270e-c 
P270C-D 
127 OC - E 
I278C-P 
T270C-H 
1270C-9  
I 2 9 8 C - K  
I 2 7 O C - L  
T27OC-f l  
I 2 7 O C - P  
127oc-8 
11270C-T 

-4 3 9 8  
- 1  310 

6 2 7 6  
4 223 

- 3  1 4 9  
1 8 8  

- 4  39 
-4 5 
- 1  I 

- 3  - 2  
71 2 

0 -3  

- -. 

0 2  4GC-B 1 2 0 5  
02706:-C 5 195  
029BC-D -9 1 5 0  
027oc-E -4 112 
027oc-P -2 79 
8270C-H 1 27 
0240c-9 3 -9 
0270C-K 5 -18 
0270c-L 3 - 2 1  
027Ot‘-PI 3 - 9  
0270c-P 1 3 
0270C-R 1 1 
0 2  7 OC-T* 1 - 2  

-361 
-302  
-256 
- 2 2 0  
-151 

-83  
- 4 5  

- 4  
6 
6 
2 
2 

- 2 4 6  
-223 
-166 
- 1 2 0  

-85  
-30  

70 
2 4  
2 4  
1 3  

3 
1 
0 

374 
321 
r) 23 

56 
- 36 

-166 
-1 13 

30 
6 0  
79 
82 

- 3 2  

-905 
-606 
-331 
-177 
-1 27 - 75 

3ro 
125 

83 
7 4  

133 
23 

- 39 

5 
61 

306  
1 2 6  

- 1 1 3  
- 1 3  

-155 
- 109 

-10 
-56  
3 6 1  
- 1 4  

9849  I Q O Y O  
8233 84216 
7085 7 4 4 9  
5910 6001 

2 2 2 6  2138  
1115 98 1 

120  9 9  
- 1 2 3  153  
-102 1 3 3  

3 36 1 
-64 4 2  

4 0 0 2  3928 

- 2 4 3  6012 
- 1 9  5542 

-365 4206 
-1’96 3101 

-90 2184 
0 7 59 

105 -251 
200 -570 
116 -600  
115  - 2 8 8  

66 1 
29 0 
2 0  - 23 

5 4 4 7  
5267 
3 8 5 8  
2 9 2 4  
2075 

722 
32 2 
734 
699 
3 8 3  
1 3 3  

29 
28 

-9661 
-8043  
- 6 7 2 2  
- 5 8 4 9  
-4077  
-2317 
- 1 2 5 0  

-178  
- 1 Q 3  
-111 

82  
- 87 

-6535  
- 5 8 9 2  
-4554 

-2293  
-797 
- 1 8 4  
- 4 0 9  
-501 
-194 

66 
2 3  

-46 

- 3 2 7 8  

I270N-18 31 3 5 8  -370 -294 8 4 5  9 7 0 0  9 9 9 3  -9441 
1270N-C 0 2 2 106 33 0 106 33 
1270N-r) 2 -74  9 1  366 183 -2134 2471 -1922  
I2’90N-E 7 - 5 2  7 6  5 18 372 -1718  2964  - 1 2 7 4  
T270N-F 1 1  - 3 4  5 0  356 441 -1117 1516 -319 

0270N-8 
0230N-C 
0270N-D 
0 2 7 o v - E  
0270N-F 
02400N-6 
0270N-8 
0270N-K 
0270N-N 

-2% - 1 3 2  74 
- 7  - 9 5  6 9  
- 4  -18 1 3  
-9 15  - 1 6  
-6 2 2  - 2 3  
- 7  19 - 2 3  
-9 1 9  -23  
-1  2 5  - 1 8  

1 2 2  - 2 3  

-1256 
-553 
-126 
- 17 

-2 
-84  

-1 18 
139  - 10 

-1210 - 2 7 4 5  1511 - 3 9 7 8  

-159 -414 271 -556  
- 272 4 1 3  288 -577 
-186  599 512 -701  
- 2 2 9  570 418 - 7 3 1  
-297 539 3 3 9  -75a 

1 5 74 6 4 8  - 5 0 8  
31 601 611 -590  

- 3 6 9  -2180 1721  - 2 6 4 3  
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Table A. 5 ( cont inued ) 

ROSETTE ------- 
I315C-8 
1315C-C 
I 3  15C-D 
I315C-E' 
I315C-H 
I 3 15C-J 
I315C-K 
1315C-L 
I315C-M 
I315C-P 

0315C-8 
031%-c 
0315C-D 
031%-E 
0315C-F 
0 3  15C-H 
0315C-K 
0315C-L 
0315C-M 
0315C-P 

I315N-B 
I315N-C 
I 3 1 5 N - D  
1315rJ-E 
I315N-F 
I 3  15N-N 

O31SN-B 
0315N-C 
03 15N-D 
O315N-E 
0 3  1SN-F 
0315N-G 
0315M-H 
03 1qN-K 
03 15N-N 

M I C R O - S T R A I N  ----------- STRESSES -------- 
IN-PLANE FORCE L O A C I N G ,  F X N ,  ON NOZZLE (80 LB) 

9 3  4 2 5  
4 3  373 
-3 266 

-54 4e 
-6 4 1 
-73 -26  
-59 -30 
-79 2 

- 5  -1 
0 0 

-94 -196 
-89 - 1 4 2  
-63 - 1 2 5  
-33 -97 
-18 - 7 7  

1 2  -38 
15 26 
3 19  
0 1 9  
5 8 

7 1 5  227 
-134 -155  
-313 -167 
-273 - 7 2  
-225 - 2 4  
-106 -7 

-456 -612 
-106 - 2 5 e  
-130 - 4 2  
-188 28 
-23 1 28 
- 2 q o  1 3  
-240 14 
-219 18 
-53 :fi 

GAGE3 TRANS LONG ----- -a_-- ---- 
- 4  9154 

-83 6326 
-97 3717 

- 9  9 25 
-56 -1155 
-57 -1726 
-47 -1641 
-24  -453 
- 2 1  -488  
- 1 2  -262 

5548 
3200 
1036 

-1353 
-2261 
-2718 
-2260 

-711 
-289 

-75  

-334 
- 2 7 4  
-258 
-189 
-1 4 0  
-54 

1 7  
1 7  
1 2  

5 

-11544 
-9047 
-0355 
-6249 
-4743 
-2029 

9 30 
801 
6 93 
2 75 

-6286 
-5399 
-4409 
-2861 
-1 9 7 5  

-236 
722 
3 29 
2 1 8  
2 38 

-273 -1784 20923 
-175  -7106 -6150 

-69  -4958 -10858 
-7 -1433 -8609 
10  -67 -6764 
2 8  584 -3003 

-486 
-116 

-8 
2 

-10 
-22  
- 2 6  
-29  
-26 

-23623 
-8108 

-960 
870 
6 4 3  

91  
-11 

7 
-175 

-20766 
-5624 
-4176 
-5385 
-6731 
-7458 
-7205 
-6564 
-1634 

5722 13350 
6076 11037 
4843 7405 

763 1157 
762 -767 
414 -1576 
223 -1569 
348  -211 
274 -98 
157 1 4  

1352 
-7511 
-2652 
-1585  
- 2 6 4 9  
-2868 
-2332 

-953  
- 680 
- 3 5 1  

1834 -5709 -12121 
1766 -4684 -9762  
1771 -3731 -9033 
1233 -2460 - 6 6 5 0  
831 - 1 7 4 4  -4974 
221 -209  - 2 0 5 5  
1 2 5  995 665  

31 803 327 
97 712  1 9 9  
3 4  295 2 1 8  

6661 22733 -3594 
255 -5086 -7170 

-1307 -4586 - 1 1 1 3 0  
-860 -1332 -8711 
-446 -37 -6395 
-471 645 -3064 

-1672 
-1894 

-463 
3 4 9  
4 99 
466  
5 33 
6 28 
563 

-19996 - 2 4 3 9 3  
- 4 6 0 1  -9131 

- 8 9 4  -4247 
890 -5Q04 
677 -6764 
120 -7487  

2 8  -7244 
6 7  - 6 6 2 3  
17 - 1 0 2 6  
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Table A . 6 .  Axial force, F on nozzle 
Y N 3  

A X T A k  FCRCE L O A D I N G ,  FYN, C B  Pi Z Z L E  (400 LB) 

I-0-c-c -15 
I-O-C-D 2 4  
I-O-C-E 43 
I-O-C-F 50 
I-0-43-EB 54 
1-0-0-9 40 
I -0-c-K 28 
I-O-C-L* 69 
r-0-c-a 9 
I-0-C-P 2 
I-0-c-s 2 

O-O-C-B 
C9-0-C-@ 
8 - 0 - C - D  
6-0-C-E 
0-0-61-P 
6-0-C-M 
S-0-C-S 
0-0 -C-K 
0-0-c-% 
Q-O-C-PI 
0 - O - a s - P  
0-0--C-S 

5 2  
26 
14 
- 3  
- 1  
-3 

2 
7 
7 
4 
0 

-5  

I - O - N - B  -386 
I-Q-M-C 7 
I-O-N-D 9 8  
I-0-w -E 811 

53 
62 

O-O-M-B 
0-Q-Pl -c 
O-O-N-D 
Q-O-N-E 
0-0-IT-P 
s-o- 
0-0- 
O-O- 

26 
-60 
-24  

14 
3'8 
42  
5 4  
57 

-50  
-58 
-eo  
-47 
- 9 3  
- 8 1  
-53  
- 4 1  
- 3 6  
- 27 
- 1 5  

2 c 9  
1 6 3  
1 3 7  
1 2 5  
1 1 3  

7 8  
66 
5 2  
42 
35 
2 6  
14 

1 8 3  
f 17 

77  
3 3  
17 

T 

1 6 8  
26 
-26 
-29 
-2Q - I7 
-14 

0 

- a  15 
-1 1 7  
-1  10 
-1 10 

-72  
- 6 2  
- 3 4  
- 5 8  
- 4 6  
-29 
-94 

1 9 4  
142  
1 2 3  
186  

92  
7 5  
54 
ea7 
38  
3 5 
2 3  
14 

3 1  
1 QS 

8 1  
36 
17 
- 3  

1 8 7  
Ye; 

- 1 4  
- 2 1  - 1 4  
- 1 8  - 7 

- 3 6 1 6  -7523  
-3865 -452  
-3782 1 4 8  
-3943 3 1 1  
-3698 526 
-3206 243 
-2827 - 2  
-2245 1 4 0 9  
-1808 -268  
-1232 - 3 1 1  

-632 - 1 3 8  

8 792 
6 676 
5702 
5 086 
4598 
3 370 
2 644 
2 170 
1955 
1 Q4Q 
1086 

6 2 1  

4 1  93 
2778 
26 24 
1 4 4 1  
1339 
9 26 
8 54  
8 56 
'7 30 
567 
3 1'7 

33 

3360 -10564 
4879 1676 
3362 394% 
1432 2 8 6 4  
665 9918 

24 1867 

7785 29-71 
1685 -1302  
- 8 6 8  -979 

- a  116 85 - 875 6 54 
-625 1887 
-532 1466  

SHEAR 

$58 
794 
€67  
573 

-286  
-253 

289 
2 2 3  
124  

34 
-14 

192 
284 
99% 
2 57 
28Y 

3 2  
160 

6 3  
6 3  
s3 
32  

0 

957 
159 
- 6 3  
- 3 0  

- 2  
128 

- 2 5 3  
-254  
- 1 5 9  
-96 

-125 
-' 9 4 
-95  

77  1632 2 1 9 1  - 1 0 3 3  

- 1 2 1 6  - 3 9 2 3  
-276 - 4 0 4 1  

387  -4019  
5 4 6  - 3 7 1 0  
261 - 3 2 2 5  

28 - 2 8 5 7  
1423 - 2 2 5 8  
-258  - 1 8 1 8  
- 3 1 0  -1233 
-137 - 6 3 3  

258  - 3 ~ 2  

8808 4 1 8 5  
6495 2 7 5 3  
5712 2114  
T I 8 4  14213 
4543  1 3 7 4  
3371 92 6 
2654 8Y 0 
21-73 853  
1759 72 6 
1449 56 3 
i o a 7  31 6 

6 2 1  3 3  

3425  - 1 0 6 2 9  
4887 1 6 6 2  
3954 3 3 5 5  
2064  1 4 3 2  
5918 56 6 
1876 1 5  

7799 2 9 5 7  
7637 -1324 
-7555 - 1 0 9 2  

9 3  - 6 1 2 3  
6 6 5  -885 

1092 -631 
I471  -537 
2982 84 4 



'I'able A. 6 ( eontiriued) 

A X I A L  FORCE L O A D I N G ,  FYN, CN N O Z Z L E  (400 LB) 

I-9QC-B -17 
1-9oc-c* -10 
I-9OC-D 10 
I - 9 Q C - E  24 
I-90C-F 33 
I - 9 0 C - R  12 

0-9oc-3 35 
0-9oc-c 33 
0 - 9 0 C - D  29 
0-9OC-E 14 
0-90C-F 5 
Q-90C-R -9 

I-9ON-3 -296 
I-9ON-C 59 
f - 9 Q N - D  189 
1 - 9 0 N - E  83 
1 - 9 0 N - F *  -74 
I-90W-N -43 

0 - 9 0 N - B  8 1  
0-9QN-C -12 
0 - 9 0 N - D  19 
0 - 9 0 N - E  31 
0-9ON-P 45 
0-90N-N 29 

-50 
- 4 1  
-24 - 12 

1 4  
- 2  

1 5 1  
1 1 9  

$7 
6 2  
48  

- l Y  

76 
79 
33 - 12 

- 5 3  
- 3 1  

188 
43 
-2 
- 2  
17 
- 5  

-50 -2790 -1159 0 
0 -883 - 5 5 2  -542 

-33 -1272 - 95 127 
- 1 9  -710 505 96 - 10 68 1025 3 19 
- 1 0  -276 2 76 96 

1 4 2  5731  2777 - 2 8 6  
116 5129 2539 3 2  

88  4 0 4 1  2070  126 
57 2595  1209 64 
4 3  1979 7 38 6 3  

- 1 4  -604 -462 - 3  

-10  1791 -8343  1 
6 9  3178 2735 128 
45  1608 3767 - 1 6 0  
5 -250  2423 - 2 2 3  

28 -458 -2372  -1079 
-36 -1432 -1725 64  

206 8570 4995 -253 
64 2364 356 -285 
62 192 631 -190  
10 126 968 - 1 5 8  
12 580 1530 64 
7 25 865 - 1 5 8  

- 1 1 5 9  
-151  

- 8 1  
512 

1122 
292  

51759 
5 1  29 
4049 
2597 
1982 
-462  

1919 
3212 
3779 
2442 

28 
-1419  

8588 
2403 
7 02 
997 

1534  
8 9 3  

-2 190 
-1 284 
- 1  286 

-71 7 
-2 8 

- 2 9 2  

2749 
2 5 3 8  
2 0 6 2  
1 2 0 6  

73 5 - 60Q 
-8470 

2 7 0 1  
1 5 9 6  - 26 8 

- 2 8 5 7  
- 1 7 3 8  

4 977 
31 6 
12 1 

9 8  
57 6 
- 3  
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Table A . 6  (cont inued)  

AXIAL FORCE L O A D I N G ,  FYN, CN NOZZLE (400  LB)  

MICRO-STRAIN STRESSES PRIN STRES SE S ------------ -o------ ---------- --- 
ROSETTE G A G E 1  GAGE2 GAGE3 TRANS LONG ------- ----- ----- ----- ----- --I- 

I 1  80C-B -7 
I l 8 O C - C  7 
I180C-D 33 
I 1  806"-E 52 
I18OC-F 52 
I18OC-S -1 

018OC-I3 35 
0 1  80C-c 2 1  
0180C-D 9 
O18OC-E - a  
0180C-F -7 
0180C-S* 33 

I180N-I3 -287 
I180N-C -31  
I 1  8 0 N - B  64 
I180N-E 62 
I1aoN-F 37 
I180N-N 36 

0180N-B -26 
0180N-C -71 

0 18 OM-E 7 
018OW-P 1 9  
O18ON-W 50 

oiaoN-D - 2 6  

-76 
-104 
-102 
-102 

-90 
- 2 2  

142 
119 
1 c9 

9 2  
E6 
17 

0 
38 

- 4 1  
4 3  
2 8  
1 2  

115 
5 1  

- 3 1  
-31 
- 2 4  

-5  

-31  
-50 
- 6 2  
-69  
- 7 3  - 24 

190  
154  
1 3 3  
112 

9 5  
19 

1 1 7  
126  

6 2  
26 

9 
-12  

124  
21 

- 1 7  
- 19 
- 14 

-2335 

-3 E24 
-3801 
-3643 
-1008 

7 268 
5973 
5 262 
4485 
3979 

7 47 

2 867 
3638 

1439 
970 
-55 

5 273 
1079 

-1016 
-1053 
- 857 

-3388 

3139 

-9 20 
-812 
-1 10 

4 07 
4 56 

-322 

32 37 
2417 
1846 
1330 

9 80 
1223 

-77 35 
154 

20 39 
22  84 
1357 
1 0 4 9  

7 98 
-1834 
-1 089 

314 

S H E A H  ----- 
-598 
-724 
-53Q 
-439 
-220 

31  

-636 
-4.73 
-350 
- 2 5 4  
-127 

-32  

-1559 
- 1  376 
-1367 

2 2 1  
250 
316 

-115  
0 

-190 
-190 
-127 

2 -107 1 4 6 6  - 9 5  

S Z G Y X  
---e- 

-901 
-622 

-30 
452 
468 

-320 

7 3 6 6  
6035 
5298 
4505 
3984 
1225 

3091 
3998 
2811 
2338 
1450 
1133 

5276 
1019 
-859 
-55 
327 

1 4 7 1  

S I G H N  -- ...I - 
- 2 5 5 4  
-3577 
-3703  
-38eb6 
-3654 
-1  009 

3 139 
2355 
1810  
1310  
97 4 
74 5 

- 7 9 6 0  - 206 
-383 
1 3 8 5  

68 5 - 139 

79 5 
-1 834 
- 1  246  
-1 089 

- 1 1 3  
- a7 o 
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Table A . 6  (cont inued)  

A X I A L  FORCE L O A D I N G ,  F Y N ,  C N  NOZZLE (400 LB) 

I27OC-c 
I270C-D 
I270C-E 
I270C-F 
1270C-€3 
I27QC-J 
I270C-K 
I 2 7 0 C - L  
I 2 7 0 C - M  
127OC-P 
I27OC -R 
I270C-T 

0278C-B 
027OC-C 
0270C-D 
8270C-E 
O27OC-F 
027OC-fl[ 
0270C-J 
0270C-K 
027OC-L 
027w-M 
027OC-P 
0270C-R 
0270C-T 

1 2 7 Q N - B  
I27QW-C 
I270N-D 
12701-E 
I27QW-F 

0270N-B 
O27QH-C 
0270N-B 
02'7ON-E 
(6270N-F 

-34 
-10 

7 
21 
42 
57  
52 
43 
2 8  
15 
8 

- 1 2  

104  
85 
71 
5 2  
38  
9 

- 1 2  
-26 
- 2 9  
-27  
- 1 3  
-10 

4 

-528 
5'8 

174 
1 4 8  
106 

I a 4  
7 

3 3  
81  
93  
9 5  
88 
71 

0270N-N 57 

-1 10 - 77 
-53 - 34 - 10 

9 
7 

1 4  
-1 
- 7  
-7 
- 2  

2 4 5  
166  
1 3 1  
104 

8 1  
38  
2 

-1 
- 2  
-24 
-17 
- 1 2  

I 

24 
1 2 6  

79 
12 - 17 

2 9  1 
8 §  
9 

- 5  
2 
9 
9 
9 

- 7  

-89 -4338 
-58 -2950 
-39 -2027 
-22 -1256 

2 -233 
16 494 
19 50 1 
9 451 

-1  -58 
-7  -341 
-7 -316 

3 37 

276 11329 
1 7 3  7372 
140 5872 
l o r )  4533 

83 3555 
40 1704 

51 
-1 -712 
- 2 9  -1184 
-27 -1089 
- 2 2  --a45 
-17 -634  

9 443 

7 1250 - 
105 5018 
74 3160 
2 1  S6-l 

-12 -748 

1Q 4 79 
2 -147 
7 95 

2 %  57 3 
24 628 

2 3 83 
4 -126  

-2320 
-1 188 

-410 
2 5 0  

11 99 
1849 
1715 
1412 

822  
3 34 
1 4 5  

-345 

6533 
4774 
3895 
2923 
2201 

788 
-350 

-1006 
-1219 
-1128 

-6 30 
-492 

251 

- 1 5 4 5 6  
32 16 
6167 
4600 
2967 

91 70 
1356 
1638  
2378 
2805 
3025 
2823  
2 2 4 8  
1666 

SHEAR 
---e- 

-286 
-256 
-191 
-159 
-159 

-97 
-161  

5 8  
-1  

3 
-3 

- 6 4  

-411  
-96  

-125  

-32 
-3 1 

31 
54 
3 1  
34 
62 
6 4  
3 2  

222  
288 

6 3  
-126  
-64 

2 8 1  
- 6 3  
-53 
-96 
-63 

-33 
-158 

-2280 - 4 3 7 8  
-11151 -2987 

-388 - 2 0 4 9  
267 -1272 

1216 - 2 5 0  

1736 48 0 
1415 44 8 

334 -341  
145 - 3 1 6  

4 8  -355 

1855 4s 7 

822 -5 a 

11363  6 4 9 3  
7376 4 7 7 0  
5880 3 8 8 7  
4533 2 9 2 3  
3556 2201 
1704 78 7 
53 -353  

-699 -1019 
-1165 -1237 
-10169 -1147 

-613 - 8 6 2  
-468 - 6 5 9  

448  24 6 

1253 -15459 
5063 
6168 
4604 
2968 

12158 
3839 
1144 
2352 
2807 
3035 
2840 
2249 
1680 

3 1 7 1  
3 159 

56 3 
- 3 4 9  

9 343  
1355 

47 4 - 151 
9 4  
56 2 
6 1  1 
38 3 

- 140 
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Table A . 6  (continued) 
~ - 

AXIAL FORCE L O A D I N G ,  F Y N ,  CN N O Z Z L E  (400 ZB) 

I315C-B 
1315C-C 
1315C-D 
I315C-F 
I315C-PI 
I315C-J 
I315C-K 
I 3 1 5 C - L  
I315C-M 
I315C-P 

- 4 3  
-12 

7 
-10 
-17  
- 79 
-19  

29 
21 
16 

03 15C-B 57 
8 3  15c-@ 52 
03154:-D 36 
0315C-E 24 
Q ~ I S C - F  2 4  
0315C-W 5 
031SC-K 2 
631SC-a, 12 
6315C-EI 2 
0315c-P -10 

1315N-c 57 
I 3 1 5 N - D  148 
I315N-E 119 
IC3 15R-P 91 
T 3 15N-N 4 8  

0315N-%1 154 
6315N-C - 2 4  
0315N-D 8 

4 2  
68  
73 

83PSW-H 71 

- 4 3  
-36 
-21 
- 3 1  
- 2 7  
-3 1 
- 34 

- 4  
-1 
-5 

2 1 4  
183 
187 
1 6 1  
138 

e 5  
12 
5 - 12 

- 2 2  

93  
1 15 
69 
16 
- 5  
Q 

2 3 5  
9 5  

9 
- 9  
-5  
2 
2 

- 5  
-7 

-1 74  
-1 79 
-1 31 
-65 
- 79 
- 67 - 55 
- 1 5  

7 
19 

107 
96 
90 

62 
38 
19 
9 
5 

-7 

7 
124 

8 1  
26 

5 
-10 

2 87 
81 

-12 - 23 
- 19 
-5 
Q 
5 
7 

7a 

TRANS LONG 

-4734 -2712 
-4716 -1'977 

-2096 -921 

-2140 - 1 2 2 1  
-1928 -1159 

- 4 5  726 
102 668  
29 1 5 7 Q  

-3569 -849 

-2301 -1198 

m 7 9  3805 
5942 3 3 5 1  
6053 2889 
5242 2286 
4396 2021 
2 699 943 

670 268 
293 438 

- 164 19 
-422 -475  

2686 -12396 
5182 3269 
3136 53811 

8633 3819 
-111 2685 
-274 1357 

12181 $240 
3880 449 
-48 - 12 

-767 1048 
-586 1870 
-126 2149 
-23 2109 
-67 1955 

SHEAR ---...- 

1751 
1908 
1344 

4 4 5  
700 
477 
286 
136 

-112 
-311 

1422 
1232 
1 2 9 6  
1106 
1012 
632  
-94  
-63 

- 2 2 2  
-991 

1148  
-126  
-159 
- 9 2 9  

125 

- 5 5 9  
189 
280 
183 
188 

BQ 
31 

-126 
-188 

-128 

STGMX S I G M N  

- 1701 
-838 
-298 
-771 
-858 

-1019 
- 1064 

7 4 1  
689  
7774 

7523 
6434 
6525 
5610 
Y733 
2903 

691 
Y 62 
167 

-5745 
-5655 
-4921 
-2246 
-2641 
-2 34 3 
- 2 0 2 3  

- 4 6 5  
80 
9 1  

3 26 1 
2 859 
2 427 
1918 
1 6 4 4  

743  
247 
26 9 - 39 2 

-753 

27v3 -12483 
5990 3261 
5393 3 1 2 5  
3824 79 8 
2691 -117 
1367 -283 

12188 
3890 

251 
105 
188 
2153 
2110 

8 2 5 4  
439 

- 3 1  1 
-786 - 66 1 - 130 
-2 3 
-7 5 

- 5y.9 



OUT-OF-PLANE FORCE L O A D I N G ,  FZN, ON N O Z Z L E  ( 6 0  

12 - 3 2 3  
2 -289  

1 - O-C-E 7 -234 

8 1 8 2  
0 64 

I-O-C-R 4 -43 
T-O-C-L* -136 - 2 7  
I-O-C-M - 1 7  
I-0-c-P 0 -8 
I -0-c -s - 1  - 5  

1-0-C-F 9 -189  

O-O-C-D 
8-0-C-E 
O-O-C-F 
Q-0-C-W 
0-0-C-J 
Q-O-C-K 

S-0-C-S 

5 

5 
5 

-5 
2 

-2 
0 

- - 1 6 4  
- 6 7 4  
- 1 4 2  
-1  l a  
-943 
- 5 5  
-26 
-89  

- 9  
-9 
- 5  
- 2  

I -Q-N-€3  

X-0-N-P -36  
I - Q - N - N *  -134  - 5  

GAGE3 ----- 
2 9 3  
2 6 5  
2 1 4  
179 

-1  08 
-6 
4 
2 
15 

9 
s 

d l 6  
97 
8 3  
Q7 

I2 
-7 
5 
2 

275 
- 2  
- a  
- 5  - 26 

2 

- 1 3 5  - 52 
-5 

17 
O-O- - 19 ad6 

TBANS ----- 
-654 
- 531 
- 937 - 228 
- 1 1 5  - 118 

-72 
.3 cs 

-11 
35 
-1  

- 995 
-622 - 578 - 3-70 - 151 - 159 

55 

52 - 52 
0 

- 1  112 

STRESSES ---...-..---- 

LONG ---- 
155 
- 9 4  

79 
212 
- 4 4  - Q4 
1 12 

-4065 
-12 

- 1  

- 1  56 
-2 58 

- 3 %  

- 1  
23 

-5 

16 
- 1  

3971 

- 24 

SWEAR 
e---- 

-8199 
-7377 
-4975 

2797 
6780 

-11141 
-636  
-446  
- 2 2 1  

-4.1493 

-6358 
-326  
-505  
-28 
- 2 2  
- 1 2  

-63 

8rr3 
4 2 1  

6 5  

- 8 6 1  

7960 -8459 
7068 -7693 
5002 - 6 1 5 9  
4890 - 4 9 0 6  
2718 -2877  
1700 - 1 8 6 2  
1334 - 1 0 9 3  

127 - 4 1 6 1  
3 4  -457 

- 204 
- 146 

3148 - 3 7 5 7  
2648 -2987 
2136 -2475 

188 -256 
126 - 1 2 6  

6 3  -63  

-6 88 2 
-718 -8484 

919 -2.1428 

P7 -4005 

4 4 6  - 5 6 8  

6276, -495 
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Table A. 7 (continued) 

BUT-OP-PLANE FORCE L O A D I N G ,  FZN, ON NOZZLE (60 LB) 

El ICRO-ST E A 1  N STRESSES PRIN STRESSES ----------- -9------ --...------- --- 
RQSETTE G A G E 1  G A G E 2  G A G E 3  TRANS LONG SMEAR S I G M X  S I G M N  ------- ----- ----- ----- ----- -e-- e---- e^--- 

E-90C-EI -36 
1[-9oc-c* -79 
IC-9oc-I) -60 
I-906-E - 4 8  
I-9OC-P -36  
I-9oc-w 5 

0-9OC-5 126  
O-90c-e: 147  
0-9OC-I) 142 
0 - 9 0 C - E  128 
0 - 9 0 C - F  116  
0-90C-R -7 

I-908-B -1062 

I-90N-D 4 1 3  
I-90M-E 348 
X-90N-F* 40  
I-90N-N 217 

0-90N-8 432 
O-9ON-C 97 
0 - 9 0 N - D  152  
0 - 9 0 N - E  179 
O-90M-F 204 
0 - 3 Q N - N  114 

-416 -380 
-3 28  0 
-232 -218 
-167  -158 
-100 -117 

0 - 2  

358 4 2 2  
3 3 8  3 6 1  
280 270 
199 214  
166 1 7 1  

-7 -5 

1 1 7  -819 
1 9 3  203 
1 c 7  167 
-7 71, 

-43 4 
117  79  

669 6 7 2  
1E5 202 

19 24  
-14 0 

57 5 
- 2  7 

-17469 
-7 117 
-9819 
-7098 
-4 745 - 58 

17006 
15012 
11 941 
8 932 
7 277 - 253 

1048 
8 474 
5 573 
1086 
-895 
4 064 

28907 
8 393 

772 
- 500 
1131 
-21 

-6318 
-4504 
-4740 
-3565 
-2500 

1 26 

8880 
8918 
78 54 
6524 
5671 
-289 

-29749 
8619 

14051 
10770 

936 
77 37 

21652 
5437 
4 7  87 
4974 
6459 
3410 

-438 
-4367 

-191 
-128 

223  
32 

-851  
-411 

126 
-190 

- 6 3  
-32 

3147 
-1127 
-793  

-1079  
-634 

509 

-32 
-221 

-63 
-190 

695 
-126 

-6298 -17490  
-1252 -18369 
-4733 -9826 
-3561 -7103 
-2478 -4767 

132 -6 3 

17094 8 7 9 2  
15040 $890 
11945 7 8 5 0  

8947 6 5 0 9  
7279 5 6 6 9  
- 2 3 5  -308  

1366 -30067 
8692  8 4 0 1  

14125  5500  
10889 96 7 

1134 -1093  
7806 3994  

28987 21652 
8409 5 4 2 0  
4788 77 1 

6549 1 0 4 2  
3414 -2 5 

4980 -507 



Table A . 7  (cont inued)  

OUT-OF-PLANE FORCE L O A D I N G ,  F Z N l  ON N O Z Z L E  (6 

MICRC-STRAIN STRESSES PAIN STRESSES 
-I-------- 9------- 1-1--1---- 

I180C-B -33 
118OC-C -23 
I l 8 O C - D  -18 
11806-E -12 
I180C-F -9 
11 8OC-S 1 

0180C-B 17 
0180C-C 8 
0 180C-D 10  
0180C-E 5 
0180C-F 2 
018OC-S* -20 

1180N-3 -54 
I 1  80N-6 70 
I 1  8 O N - D  12 
I180N-E 3 
I1 80N-F - 2  
I l B O W - N  22 

0 180N-B 5 
0180N-C 7 
0180N-D 0 
0180N-E 0 
0 180N-F 0 

2 7 1  -212  
352 -278 
2 7 1  -238 
238 -202 
1 8 9  -162 

1 -2 

150 -173 
157 -183 
1 2 9  -145 
1 0 3  - 1 1 4  

83 - 9 1  
0 -7 

403 -279 
€6 -14 
29 41 

-54 38  
-35 2 1  
- 16 5 

-1 13 40 
-48 36 

5 7 
24 -74 
24 -19 

TRANS 

1343 
1645  
760 
804 
592 
-28 

- 528 - 567 - 368 
-256 - 170 - 1 4 5  

2 800 
1573 
1519 - 357 - 299 
- 270 

-3595 
- 276 

255 
205 
102 

LONG ---- 
-580 
- 2 0 6  
-325 
-104 
-99 
1 1  

354 
58 

191 
78 
12 

-643  

-7 95 
766 
822 - 28 

-153 
571 

-342 
126 

7 8  
55 
28 

SHEAR 
----a 

6440 
8388 
6785 
5873 
4680 

32 

4309 
4529 
3645 
2884 
2 3 1 3  

94 

9087 
1335 

-1238 
-753 
-284 

-2039 
-1 109 

-33 
505 
57 1 

- 1 5 8  

S I G M X  ----- 
6893 

158 
7023 
6241 
4939 

28 

4244 
4285 
3567 
2800 
2236 
-128 

10265 
2564 
1553  
4056 

53 1 
658 

1165  
1052 

260 
641 
637 

SI GM N - 
-6 130 
-7719 
-6589 
-5540 
-4446 

-4 6 

'4419 
-4795 
-3744 
-2977 
-2 394 

- 6 6 0  

- 5 2 6 0  - 22s 

- 1  44 1 
-982  - 357 

- 3  102 
- 1 2 0 2  

6 4  - 38 1 
- 507 

78 a 

O18ON-N 4 19 -17 37 146 475 570 - 3 8 7  
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'Table  A. '7 (cont imied)  

98 3C6 296 13120 
77 218 210  9320 
54 159 159 6 9 1 4  
32 158 113 5049 
4 5Q 0 9  2256 

-20 7 9  6 378 
- 3 0  -4 -9  -2Q5 
- 3 0  - 2 9  - 4 4  -64'7 - 20 -6  -3 .-I 28 1 
-13 8 1 32 

- 7  2 3 9 19 
2 .- La 0 -98 

6885 127 13123 6 8 8 3  
54 02 97 9322  5 0 9 9  
3 5 0 1  1 69lY 3681 
24 79 64 5054 2477 

787 6 3  2258 78 4 
- 4 %  66 383  -501 
-98Q 67 -239 -990 

- 1 l Q F  -52 -641 -1107  
-5  92 35 -283 - 6 9 5  
-290 -6 32 - 2 9 0  
- a  6 8  -2 119 - 1 5 9  

14 - 6 4 72 - 1 1 s  

- 2 1 1  
-183 
-166 
-137 
-1 16 

- 7 1  
-33  

-7 
I 5  
17 

8 
3 

-2 

- Y 6 8  
-332 
- 2 6 1  
- 2  36 
-17  1 
- a  04 
-47 
-lad 

18 
12 

5 
3 

- 2  

-513 -21328 -12733 6 0 0  -12691 
-320 -141Q4 -9721 -157 -9395 
-269: - 3 1 2 9 2  - 8 3 6 9  -2  -8367 
-2g.9 -9188 -687'7 - 9 6  -687.3  
- 3 4 6  -72'71 - 5 6 6 3  - 6 3  -5540 
- 1 0 4  --!$499 -3y.75 0 -3475 
-47 -2030 -8592 2 -7592 
-14 -602 -381 0 -386 

10 4 22 5 67 a 567 
12 5 20 6 67 -2 667 
8 27 1 372 -31 329 
5 I43 136 -32 188 
Q -31 -62 -31 - 1 3  

-21 3 7 0  
- 1 4 1 5 8  
- 1 1  292 

-9 1 8 4  
-7274 
- 4 Y 9 9  
-2 03 0 

- 6 0 2  
42 2 
52 0 
25 5 
11 7 
-9 7 

%278%9-B 1090 24 64 935 32933 - 5 Y I  329G2 72 6 
I2761-i," -105 - 2 0 5  - 1 8 6  - 8 Q 9 1  -5703 -253 - 5 6 8 8  - 8 5 1 3  
T 2 7 0 w - -368  - 1 Q 6  - 1 5 2  -6366 -62942 223 -6358 - 1 2 9 4 9  
JC278N-E - 3 3 2  -38 -779 -2289 -10622 542 * -2175 -10656 
I270N-F -269 1 2  -24 3 2  -8057 478 B O  -8085 

-49 1 
-94 

-1  3 8  
-211 
-2 4.0 
- 1 5 2  
-249 
- 2 2 5  
- a  47 

- 7 2 5  - -%E5 - 2 8 2 6 3  -23197 - 1 8 6 3  -22586 
- 1 9 2  -19s -9279 -5399 -32 - 5 3 9 9  
-728 - 2 3  -99Q -4261 -64 -993 

7 12 643 -6'839 -63 6 6 3  
5 12 648 -6995 -96 649 

,E a -9 -30 -7563  63 -28  
-7 -16 -234 -75QQ 127 -232 

-19 7 9 -6762 -3Qh 19 
- 2  - 3 9  -132 - U Q 4 7  126 -128 

- 2 8 8 7 5  
-8 27 9 
-u212 
-6 140 
-6997 
-756% 
-7 55 0 
-6 77 a 
-4LgSQ 



‘Table fl.7 (continued) 

OUT-OF-PLANE FORCE L O A D I N G ,  FZH,  ON ~~~~L~ ( 6 0  LB) 

I315C-B 
I315C-C 
1315C-I) 
I315C-F 
I 3  1%-R 
I315C-9 
131%-K 
I315C-L 
I315C-M 
I315C-P 

03 15C-B 
0315C-C 
03 1%-D 
031%-E 
03 15C-F 
0 3  1%-H 
0315C-K 
0315C-L 
031%-EJ. 
031X-P 

I3 1SN-B 
I31SN-C 
I315N-D 
I31SN-E 
1315N-F 
I3 1 5 N - N  

03 1 SN-8 
0315N-C 
03 1 5 N - D  
0315N-E 
0315N-E’ 
0 3  15N-G 
0 3  15N-H 
0315N-K 
0315N-R 

67 
5 5  
50 
8 1  

100 
93 
8 1  
-7 

- 1 2  
-14 

- 9 5  
-85  
- 5 9  
-40 
-43 - 19 

-9  
- 1 2  

-9 
-5 

7119 
-103 
-275 
-244 
-201 
-105 

-346 
-64 
- 9 1  
-145 
-1 80 

-178 
-159 
-33 

-1 a7 

E9 
2 6  
10 
67 
6 7  
3 4  
7 6  
4 
6 
0 

-384 
-312 
-3 4 6  
-292 
-244 
-176 

-76  
- 4 3  - 19 

0 

-220 
-150 

-76 
- 1 2  

10 
12 

-415  
-1 16 
-7 
14 
3 

-9 
-9 
-7 
-9 

430 11784 
4 5 6  10538 
315 7 0 8 3  
1 4 1  Q475 
167 5032 
141 4620 
1 2 2  4266 

58 1373 
29 781 

5 127 

- 1 0 7  -10686 
-81 -8977 
-78 -9266 
-71  -7931 
- 5 5  -6521 
-47 -4879 
-36 -2440 
-36 -1603 
-24  -928 
-12 -255 

5 5 4 1  
4 8  09 
3629 
37 78 
45 18 
4179  
37 15 

196 
- 1  17 
-376 

-5255 
-4559 
-3589 
-3237 
-2633 
-1017 
-837 
-563 
-219 

120  -3025 2 1 5 4 8  
-201  -7602 -5359 
- 1 7 4  -5204 -9804 

- 8 8  -1928 -7886 
-45 -557 -6185 

0 388 -3021 

-532 -21305 -16782 
-202  -6915 -3996 

-30  -716 -2955 
1 9  885 - 4 0 9 5  
19 673 -5211 

5 116 -5590 
5 101 -5314 
3 85 -4756 
5 -55 -992 

-5344 
-5726 
-4.070 
-986 

-1336 
-391 
-604 
-709 
- 3 0 2  

-7 1 

-3698 
-3358 
-3571 
-2939  
-2528 
-1707 
-537 
-158 

6 3  
158 

-4524  
6613 

1306 
1021 

733  
158 

2086 
1138 
310 
-65 

-218 
-1186 
-188 
-126 
-188 

1 4 8 5 1  2 4 7 4  
14076 27 1 

9777 93 5 
5173 3081 
6135  3 4 1 4  
5317 3 4 8 2  
4654 3326 
1706  -137  

8 7 4  -209  
137 -386 

-4006 -12733 
-3284 -10948 
-2635 -11189 
-2106 -9414  
-1865 -7894 
-1234 - 5 6 7 8  

-805 -1634 
- 5 5 2  - 9 3 9  

-78 - 3 9 6  

-a37 - 2 6 2 0  

22355 - 3 8 3 1  
-5175  -7786 
-4859  -10449 
-1758 -8056 
-453 - 6 2 7 9  

395 -3028 

-15967 
-3605 

-694  
8 86 
681 
1 2 2  
1137 

- 18 
a8 

-22 120 
-7306 
-2997 
-4096 
-5 21 9 
-5596 
- 5 3 2 0  
-4760 
-1 029 



E-0-@-C 
I-0-C-D 
I-0-C-E 
I-0-c-P 
I-Q-C-H 
E-0-C-9  
I-0-C-K 
I-O-C-LLS" 
IC- o-e- 
I-0-e-I? 
I-0-c-s 

a-0 -C-B 
0-0-C-@ 
0-0-C-D 
6 - 5 - @ - E  
6-0-c-P 
0-0-C-H 
0-0-c-J 
8-0-c -K 
O-Q-@-L 

1-0- N- M 
I-0-W-C 
I-O- 
I-0-M-E 
I-0-N-P 
I - 0 - W - N  

0-0-N-B 
0-0-N-c 
0 - 8 - N - B  
0 - 0 - N - E  
0-0-N-P 
0-Q-N-H 
0-0-N-K 

-3 
2 
5 
7 
2 
4 
7 
0 
B 

- 1  
-3 

- 5  
0 

-2 
- 2  

3 
- 2  
0 
0 
0 
0 
3 

-2 

7 
-10  

-7 
-§  

0 
2 

0 
- 2  
-4 
-2  
-2 
-2 
-2 

0- -N -2 

- 5 1  
-60 
-53 
-46 
43 
35  

- 3 4  
- 39 
-36  
-32 
-32 

5 5  
52 
5-7 
5 5  
50 
45 
40 
48 
36 
38 
33  
38 

- 1 7  
-7 
-5 
-7 
-7 
0 

77 
-2  
-7 
-9  
-7 
-7 
- 5  
0 

Y Q  
57 
52 
5 2  

- 3 9  - 39 
,755 
3 3  
35 
37 
36 

-6Q 
- 5 9  
- 54 - 57 
- 57 - Y7 - 47 
- -YS 
-38  
-35 
-40 
-35 

- 24 
- 2 2  - 12 

-2  
0 
2 

-2rb 
0 

12 
10 
10 
7 
3 

- 1  

....---- 

- 225 
-7.9 
-27 
138 
$7 

-78 
23 

- 127 
-2'8 
131 
102 

- 199 
-83 

61 - @a3 - 152 
- 4 1  - 147 

-147 
-44 

69 
-151 

63  

- 90Q - 622 - 362 
-206 - 459 

48 

- 149 
-38 
125 

14 
'76% 
14 

-42 
-1 

-149  -1208 
43 -1557 

1.30 -9398 
247 -9302  

83 1081 
106 986 
20-7 - 9 1 8  
-29  -954 
123 -955 
23 -920 

-64 -984 

-397  1578 
-25 1453 
--&7 l a 8 4  
-77 I 4 8 3  

32 TY22 
-78 1 2 3 1  
-35 1167  
-37 I905 

-5 980 
25 980 
3% 979 

3 79 

- 57 96 
-476 191 
-325 96 
-2 07 -63 
-49 -96 
85 -32  

- 48 537 
-76 - 3 1  
-91  - 2 5 0  
-5er -251  
-36  -223 
-57 -190  
-66  -93  
- 6 1  13 

----- 
9022 
1543 
IYSS 
IQ96 
1'366 
1005 
1037 
877 

1009 
988 
926 

1380 
1392 
1 4 9 1  
142Q 
I365 
1172 
1078 
1015 
935 
1623 
924 
9 9 1  

- 4 6  
-344 
-246 
-1  4 3  

7 
I O 4  

446 
-20 
268 
2 33 
2U6 
171 
40 

1 

SIGM 
...a- u- - 
- 1 3 9 4  
-1  573 
-4 3 4 6  
- 9  111 - 996 - 976 
- 807 

- 1 8 3 3  
- 903 
-895 - 8 8 %  

-1  7776 
- 1 5 1 5  
-1478 
-15khl 
-1  485 
- 1 2 9 1  
-1 259 
-1  198 
- 1  004 - 837 
- 1 0 4 2  
.- 97 0 

--" 9 1 5 
-754 
- CbQ1 
-270 
-23 5 

3 0  

-634 
-9 3 

- 2 5 5  - 2-73 
- 2 1  2 
- 2 1  5 - 648 

-6 4 
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Table A. 8 (continued) 

TORSIONAL H O H E N T  L O A D I N G ,  M X C I  ON C Y L I N D E R  (30000 IW-LB) 

MICRO-STRAIN STRESSES PRIN STBES S E S  
e---- ---u-- -------- ------------- 

I -90C-B 
I - 9 oc -c * 
I - 9 0 C - D  
I-9OC-E 
f -9K-F  
I-90C-R 

0 - 9 0 C - B  
0-9oc-c 
0 - 90c- D * 
0-9OC-E 
0-90C-F 
8- 9 oc -B 

1-9 0 N-B 
I -9ON-C 
I-90N-D 
1 - 9 0 N - E  
I - 9 0 N - F  
I-9ON-N 

Q-90N-8 
0-90N-c 
0 - 9 0 N - D  
0 - 9 0 N - E  
Q-90N-F 
0-90N-N 

3 
3 
3 
3 
3 
3 

8 
5 
2 
2 
0 
0 

3 
-17 
-9 
-4 
35 

-16 

-5  
-2 
0 
2 
2 
0 

36 
55 
55 
53 
57 
29 

-35 
- 5 5  
-57  - 57 
- 5 5  
- 3 8  

-29  - 26 - 12 
-5 

-34 - 12 
-24 

- 5  
2 
7 
5 
0 

-24 268 
0 1212 - 52 52 - 52 11 

-48 199 
- 3 1  - 4 1  

36 14 
50 -109 

9 -1045 
47 -211 
52  - 52 
33 -104 

- 2 4  -1153 
- 1 2  -828 

-5  -354 
-7 -254 

7 -633 
-7 -384 

28 109 
0 -102 

-9  -156 
-7 -3 
-7 - 55 
0 0 

161 798 
445 '837 

98 1 4 3 4  
86 1403 
142 1391 

71 796 

236 -944 
110 - 1 3 9 1  

-242 -885 
8 -1391 

-16 -1422 
-31 -948 

-266 -64 
-758 -190 
-380 -94 
-210  33 
864 -539 

-606 -64 

-110 - 5 9 5  
-102 -63 - 47 158 

70 190 
55 158 
0 0 

SXGPIX S I G M N  

1015 - 5 8 5  
1659 -2 
1514 - 1 3 5 5  
1452 - 1 3 5 5  
1562 - 1 2 2 1  
813 -783 

1075 -826  
1395 - 1 3 9 5  

328 -1616 
1293 -1497 
1389 -1456 

881 -1017 

- 2 6 2  -1158 
-599 -986 
-272 -462 
-192 -272  
1037 -807  
-367 -623 

704 -704 
-38 -165  

66 -269 
227 - 1 5 9  
167 -167 

0 0 



‘Table A. 8 (continued) 
--I___ 

T O B S I  ORAL T LOBDPWG, XCI ON CYLTIDEB (30000 I 

5 
5 
5 
3 
3 
3 

3 
1 
5 
5 
0 
Q 

3 
-2  
-2 

0 
0 

-2 

- l Q  
2 
2 
2 
2 

0 1  0 

27 
5 0  
5 5  
52 
49 
34 

- 57 - 57 - 59 
- 57 
- 57 
- Q 9  

-19  
- 16 
- 1 9  
-4 

5 
- 2  

-a  
0 
5 
9 
9 
0 

----- 
126 
111 
112 

12 
9 

125 

-1Y5 
-87 

- 10% 
-45 

- 1’PQ - 277 
- Q46 
- 31a2 
-289 
- 131a 

69 
-2% 

141 
- 1 4  

-114 
-8 
-6  

-15 

---a 

187 
182 
188 

83 
80  

I 28 

42 
-8 

1 3 9  
145 
-64 
.- 83 

-416 
- 1 6 0  
-142  

- 2 5  
25 

- 6 3  

-245 
60 
25 
58 
65  - 86 

S H E A R  
..“-u-- 

- 6 3 6  
-1255 
-1382 
- 1 3 8 2  
-1256 

-816 

f Y 2 9  
1457 
1524 
l Q 9 1  
1 4 2 6  
9 I7 

226 
224 
128 

34 
-93  

34  

28Q 
- 1  

-192  
-256 
-390 

8 

793 - 4 8 1  
1uo2 - 1 4 0 8  
1532 -72.312 
1430 -1336  
1361 - 1 2 1 3  

943 -69 

1470  - 1 5 0 5  
1544 -3513 
15YQ -19145 
1308 -1546  

“I1 -1102 

58 - 5 4 3  
-10 -493 
-67 -363 
-16 - 1 4 4  
138 -5 1 
-2 -8 2 

367 - 3 9 1  
60  -11 4 

159 - 2 5 1  
283 -233 
222 - 1 6 3  
- 9 s  -1 6 



Table A e 8 (continued) 

T O R S I O N A L  HOHENT LCADING, MXC, ON C Y L I N D E R  (30000 I N - L B )  

I27QC-@ 
I270C-D 
P 2 7 Q C - E  
r 2 7 w - P  
f27OC-B 
1 2 7 0 ~ - a  
I270C-K 
r27oc-L 
1270C-lY 

1270c-8 
1270C-T 

a 
0 

- 2  
1 
5 

-2 
- 2  
-2  

eB 
2 
5 

58 -54 
6 - 54 
58 -54 
E 3  - 5 0  
46 - 4 5  
3 6  -46 
3 1  - 3 5  
28 - 3 3  - 
34 - 3 1  

rr1 - 3 6  
17 - 1 9  

3 4  -38 

0278C-B -2 - 5 5  
027OC-C - 5  - 5 2  
0270C-0 0 - 5 7  
027W-E -57  
0270C-F 0 - 5 2  
Q27QC-H -4 - 5 0  
0270C-J 0 -u7 
0270C-K 3 -40 
027w-L 3 -43 

027W-P -4 - 4 0  
U27OC-R -2 -t10 
0 270C-T* 9 -42 

0270C-!! i - 3 8  

100 - 1 2  1493 
151 75 1528  
74. 35 1493 
76 -35 1366 
23 22 1207 

-94  629 1077 
-88 -90  89 1 

' 106 - 94 815 
7 6  -34 859 

-95 - 30 951 
100 96 1 0 2 2  
-66 '21 23 479 

6 0  107 
57 a19 
5 - 95 
5 3  -95 
53 40 
50 17 
4 8  I4 
43 59 
38 -95 
36 -33 
34 - 1 3 0  
3 4  -137 

0 -931  

- 39 
- 1 8 0  

- 2 1  
- 21 

10 
-129  

13 
96 
50 

6 
-162 - 96 
-2  55 

- 1522 
-1458 
-1460 
-145% 
-1395 
-1332 
- 1  267 
-1110 - 1077 
-985 
-982 

-564 
-984 

1642 -1416 
1548 -1439 
1388 - 1 3 4 7  
1229 - 1 1 8 4  
3 0 4 1  -7006 
802 -980 
715 - 9 1 5  
832 - 8 4 0  
889 - 1 0 1 4  

51120 - 9 2 4  
516 - 4 5 9  

1558 
44\71 
1402  
~~~~ 

1405 
1278 
1281 

1058 
972 
836 
867 

65 

7188 

-1490 
-1452 
- 1 5 1 8  
-1517 
-1 365 
- 1  390 
- 1 2 5 3  
-1032 
- 1  102 
-999 

- 1  12% 
-1 101 
- 1  250 

I270N-B 0 7 4 2 50 63 3 2  255 5 7  
I 2 7 0 N - C  4 - 2  12 198 593 - 1 8 9  385  6 
I270N-D 4 a 9 1 99 194 -127 324 6 9  
E270N-E 4 2 2 93 a 161 9 3  
I270N-F 3 5 - 2  51 105 95 177 -2 1 

0270W-3 
0270'N-C 
027QN-D 
0270N-E 
0 270N-F 
O 2 7 0 N - G  
02708-M 
0270N-R 
0270N-N 

-2 - 2 8  24 
- 2  -5 3 
-2  7 -7  
0 18 -14) 
0 7 - 1 0  

-2  9 - 4 0  
-2 7 -10 
-2 2 -2 
-2  - 2  -2 - 

-95 - 44 
3 
0 

-52 - 50 
-50 

3 
-182 - 

- 9 2  -694 680 -737 
-80  - 9 5  3 4  - 1 5 9  - a1 190 160 - 2 2 8  
0 254 254 -254 

- 16 222 l % 9  -257 - 86 222 155 - 2 9 1  - 36 222 1 5 5  - 2 9 1  
-71  6 3  3 9  -107 

,102 0 -102 - 1 0 2  
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Table A. 8 (continued) 

TORSIONAL BOMENT L O A D I N G ,  

M ICB 0-S T B AI N 
--I-- -- 

ROSETTE GAGE1 G A G E 2  G A G E 3  

I315C-B 
I3 15c-c 
I315C-B 
I3 15C-F 
13.1 5C-B 
1315C-J 
E 3 1 5C-K 
I315C-k 
I3 156-E9 
13 15C-P 

03 1 5C-B 
0315C-C 
0 3  15c-B 
0315C-2 
0315C-F 
0315@-H* 
0315C-R 
0315C-1, 
831SC-R 
Q315C-P 

I3 15N-B 
13151-C 
I315N-la 
1315N-E 
1315N-P 
1315N-N* 

6315N-B 

12 
12 
9 
8 

-2 
3 
8 

4 %  
43 
44 

5 
9 

14 
26 
28 
0 

38 
41 
45 
45 

5 
-36 
-28 - 19 
- 1 2  
-3 

13 
5 

-11 
-4 
-9 
-6 
-9 
-4 

-34 

- 9 1  
-62 
-49 
-26 
-21 
- 19 
- 2 1  
- 19 
- 2 8  
-22 

-33 
-41 
-21 - 19 
- 14 
- 1  
- 16 - 19 
-26 

-79 
-52 
-3% 
-19 
- 12 

0 

-31 
14 
14 
12 

8 
5 
3 

- 2  
- 2  

-28 

----... 

-78 
-52 
- 36 - 26 
- 2 8  - 26 - 2 4  
-24 - 14 
-21 

-26 - 17 
-19 - 14 
- 14 
- 16 
-19 
-21 
- 24 
-19 

-81 
-52 
-31 - 19 
-14 

-282 

-21 
19 
19 
12 
10 
5 
3 

-4 
-2 

MXC, ON C Y L I N D E R  (30000 IN-LB) 

STRESSES PRIIN STRESSES 

-3725 
-2517 
-18711 
-1 140 
-1 080 
-983 
-991 - 988 

-1035 
- 985 

- 1388 
- 84Q - 902 - 758 
-969 
- 667 
-8715 - 865 
- 979 

-1 028 

-755 
-390 
-278 
-3 33 
-384 
-212 
- 70 
923 
988 

1 Q 1 1  

-250 
31 

156 
555 
5 63 

-200 
902 
9 59 

1064 
1058 

-161 -747 -3734 

-181 -257 -1891 
0 -333 -1140 

94 -372 -1092 
96 -200 -994 
32 -69 -992 
58 924 -990 

-157 1000 -1047 
-7 1011 - 9 8 5  

-127 -383  - 2 5 2 s  

-95 -242 -1317 
-63 36 -849 
-32 157 -903 
-63 558 -761 

- 1  90 586 -993 
32 -198 -664 
30 902 -815 

64 1066 -981 
-93 1054 -1033 

6 3  9 6 2  -868 

-3521 -907 31 -906 -3522 
-2263 -1748 -1 -1748 - 2 2 6 3  
-1376 -1267 -32 -1259 -1385 
-808 -808 1 -807 - 8 0 9  
-5SQ -517 33 -498 -573 

-6190 -1953 3765 248 - 8 3 9 2  

-1 154 
73 9 
752 
531 
392 
238 
134 

- 124 
-34 

42 
369 

-112 
31 

-147 
-123 
-226 
-164 

-1187 

-124 
-62 
-66 

-2 
- 30 

2 
0 

0 
22, - 

55 -1167 
741 35 8 
757 -117 
531 31 
394 -149 
238 -123 
131 -226 

. IO9  -179 
-34 -1187 
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Table A.9 .  Out-of-plane moment loading, %c, on cylinder 

OUT-OF-PLANE HOMEH'L L O A D I N G ,  MYC, ON CYLINDER (80000 IN-LB) 

I-0-c-c 0 -19 -14 -734 -220 -64 -212 -742 
I-0-C-D 0 -17 -19 -786 -236 3 2  -234 -788 
I-0-C-E 5 -17 -19 -792 - 94 32 -93 -793 

I-0-C-H 7 - 2 1  -17 -847 - 39 -64 -34  -852  
I-0-C-J 10 -24 - 1 2  - 797 47 -159 76 -826 
I-0-C-K 12 -12 -24 -799 118 1 5 9  145 -826  

I-0-C-S 1 2  -9 -24 -733 150  192 190 -373 
I-0-c-P 12 - 9  -18 -020 185 125  204 -639 
I-0-c-s 1 5  -2 -12  - 330 350 741 378 -35% 

I-0-C-F 5 - 1 4  -21 -792 - 94 95 -82 - a04 

T-O-C-L* -122 -9 - 2 1  -529 -3821 158 -522 -3828 

0-0-C-B 
0-0-c-c 
0 - 0-c -D 
0-0-C-E 
0-0-C-F 
0-0-C-H 
0-0-C-J 
0-0-C-K 
0-0-c-L 
0-0-C-M 
0-0-c-P 
0-0-e-s 

9 
7 
9 
9 
9 
12 
1 1  
16 
14  
14 
16 
1 9  

12 1 2  505 430 1 
14 16 6 59 4 06 -32 
16 19 562 5 OS -30 
19 21 8 62 534 -29 
19 21 866 5 34 - 3 2  
16 23 861 605 -94 
16 23 860 600 -92 
1 6  2 1  8 02 728 -63 
16 2 1  807 6 57 -64 
16 21 806 6 59 - 6 4  
14 19 700 698 -62 
7 1 6  408 702 -127 

505 4 3 0  
6 6 3  40 2 
765 50 1 
805 53 2 
869 53 1 
892  57 4 
889 57 1 
838 69 I 
830 63 3 
830 63 5 
7 6 1  63 7 
761 43 0 

I - 0 - N - B  -29 - 7  -10 -337 -963 32 -335 - 9 6 5  
I-0-N-C -12 2 5 171 -308 -32 173 -310  
I-0-N-D -5  2 5 163 - 9s -32 I 6 7  -9 9 
I-0-N-E - 5  2 2 111 -111 0 '111 - 1 1 1  
I-0-N-F -5  2 2 111 -111 0 111 -111  
I-0-N-N 0 0 0 0 0 0 0 0 

0 - 0 - N - B  -10 
0-0-N-C - 1 5  
0-0 -N-D -12 
0 - 0 - N - E  -10 
0-0-N-F -7 
0 - 0 - N - H  - 5  
0 - 0 - N - K  2 
Q - Q - N - N *  2 

9 9 417 -167 
4 4 207 -375 
2 0 54 -349 
2 0 54 -277 
0 0 -3 -224 
c 0 -2 -150 
0 0 -8 56 
2 -41  -868 -197 

-1 
-1 
30 
31 

7 
1 

- 1  
580 

417 -167 
207 -375 

55  -351  
57 - 2 8 0  
-3 - 2 2 4  
-2 -150  
56 -8 

138 -1203  



Table A . 9  (continued) 

OUT-OF-PLANE H O f l E H 9  L O A D I N G ,  MPC, ON C Y L I N D E R  (80000 IN-L?3B) 

El PCWQ - S  9 Ii A I  N STRESSES PRIN STRESSES 
-o-------.""-- ------.-- -----------I- 

I -90C-B 
x - 9 0c: - c * 
1-9QC-D 
I - 9 0 C - E  
I-90c-F 
I-9OC-hi 

a-90C-B 
6-9OC-C 
8 - B Q C - D  
6-98C- 
8-90C-F 
0-9oc-w 

I-90N-a3 
1-988-c 

1 - 9 ow - N 

0-98W-8 

-5  - 3 0  -26 -1310 
-12 -34 0 -72.3 
-12  - 3 4  - 2 2  -1197 
- 1 4  -36 -22 -124'8 
- 1 4  - 5  -2Q -616 

77 - 1 2 2  - 1 2 8  - 5 3 9 7  

16 9 14 488 
22 5 Q 94 
26 -4 -9 -324 
29 - 9  -94 -543 
3 3  - 1 2  - 2 4  - a09 
19 - 1 5 1  - 1 5 8  -6817 

-60 0 - 1 4  -248  
5 5 5 2 04 

16  2 7 189 
14 - 2  2 -18 

- 2 4  - 1 2  12 26 
-19 -14 - 1 1  -536 

22 29 2 9  1239 
3 7 10 3144 
3 3 3 116 
5 0 3 59 
5 8 3 60 

- 4  - 2  0 -33 

-5 37 
-576 
-7'18 
-805 
-6 16 
679 

6 3 2  
6 78 
6 97 
7 02 
761  

-1465 

-1862 
2 84 
5 50 
re17 

-7 08 
-921 

1024 
1 9 3  
117  
1 7 6  
1 7 2  

-143 

-96 - 5 2 5  -1322 
-447 -197 -1102 
-159 - 6 3 0  -1245 
-1191 -734 - 1 3 9 8  

255 - 3 6 0  - 8 7 1  
- 3 2  679 -5397 

-66  5 5 8  U6 3 
6 4  685 84 
59 700 - 3 2 7  
6 4  705 -546 

15 777 - 8 2 5  
85 - 1 4 6 4  -6819  

997 -226 - 1 8 8 4  
0 284 20 Y 

-65 551 17 8 
-65 42s  -2 7 

-318 145 - 8 2 6  
- 3 2  -531 - 7 2 6  

0 1239 1 0 2 4  
-33 3 8 1  187 

-2 118  11 5 
- 3 1  184 52 
-30 179 5 2  
-31 - 2 5  - 1 5 1  
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Table A . 9  (continued) 

OUT-OF-PLANE P I O ~ E B I  LOADING, NYC, ON CYLINDER ( m o o 0  IN-LB)  

I180C-3 
I18OC-C 
I 1 8 O C - D  
I1 80C-E 
I 1 8 0 C - F  
I1 8OC-S 

0 18OC-€? 
0 18OC-C 
018QC-D 
0180C-E 
018QC-E' 
018QC-S 

I18OET-B 

I180N-D 
I1 80N-E 
1 1  80N-F 
I180N-N 

0180N-B 
0 4 80N-C 
0 1 8 O N - D  
0180N-E 
0180W-F 
0 180N-N 

xiam-e 

0 
-2 

0 
5 
2 

17 

5 
5 
5 
7 

10 
- 5  

-24 
-12 

-3  
-3 
-9 
2 

-14 
-17 
-14  - 12 

-7 
2 

- 17 
- 9  

- 1 2  - 14 - 17 
- 2 1  

3 
7 

10 
12 
14 
I 1  

-5 
2 
4 
4 
2 
2 

2 
s 
0 
2 
0 
2 

-3 1 
-28  - 26 
- 2 8  
-28 
-26 

19 
22 
22 
24 
24 
2 1  

-3 
9 
9 
3 
2 
2 

12 
5 
2 

-2  
- 2  

2 

TRANS - 
-1 037 

-827 - 829 - 938 - 987 
-1262 

472 
630 
679 
782 
826 
946 

- lt19 
26 0 
3 02 
302 
114 
83 

329 
2 27 
68 
13 - 44 

102 

L O N G  
--e- 

-311 
- 3  19 
-249 
-140 
-2 25 

117 

291 
3 39 
3 54 
455 
533 
1 4 1  

-773 
-290  

8 
8 

-249 
86 

-329 
-431 
- U O 8  
-3 53 
-227 

102 

189 -265 
251  -215 
189 -193 
1 a9 -98  
157 -194 
-63 119 

-221 620 
-191 724 
-158 743 
- 1 5 3  847 
-127 873 

0 5146 

-34 -1148 - 96 277 
-64 315 
-65 3' 1 6 

0 114 
-2  a7 

-127 352 
227 

-32 70 
63 24 
32 -39  
0 102 

S I G H N  
I- -e - 
- 1  083 

-930 

- 980 
-1 01 8 
-1 265 

14 2 
24 Q 
29 0 
39 1 
486 
14 1 

-775 - 306 
-6 
- 5  - 249 
82  

- 3 5 3  
-43 1 
-41 0 - 363 - 233 

10 2 

- 8 8 5  
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Table A . 9  (cont inued)  

OUT-OF-PLANE HOHEN'Z L O A D I N G ,  HYC, ON CYLINDER (a0000 I N - L B )  

I: 2 7 0C-C 
1270C-D 
1290C-E 
I27OC-P 
I27OC-H 
I27OC-J 
1240C-K 
1270C-E 
I270C-M 
I27OC-P 
1270C-R 
T2TOC-T 

0270C-B 
0 27 oc-c 
0 2 7 O C - D  

8270C-F 
0270C-H 
Q27OC-J 
0 2 7 O C - K  
0 27 OC-L 
a270c-a 
027OC-P 
0 2 7 0 C - R  

0 2 7 0 c - ~  

-20 
-22 
- 2 5  
- 2 5  
-25 
-25 
-22 
-24 
- 1 5  
-19 
-22 
-22 

12 
12  
10 

7 
3 

-5 
-14 
-21 
-38 - 52 
-66 
- 6 4  

0270C-T* 1 5  

1 2 7 O N - B  -59 
I27 ON-C 17 
I270N-D 27 
I 2 7 O N - E  17 
E270N-F 8 

02701-B 

02700N-a 
0270N-E 
0278W-F 
0270N-G 

O27ON-K 
027ON-W 

Q ~ O N - C  

0 2 7 0 ~ - ~  

9 
-3 

5 
12 

9 
10 
9 
2 

-2 

23 
28 
28 
3 3  
45  
61  
6 9  
f l  
57 

133 
122  

7 

5 5  
45 
48 
48 
45 

64 
69 
e3  
S 8  

114  
122 

1 4  

41 
33 
17 

7 
- 2  

50 
5 

- 5  
- 5  
- 2  

2 
2 
2 
0 

se; 
e.... 

30 
35 
35 
40  
42 
5 4  
6 6  

1 0 7  
1 2 1  
1 3 2  

2 

4 8  
36 
36 
38 
36 
4s 
55 
6 4  
91  
95 

107 
1 2 2  

0 

34 
31 
17 
7 
0 

3 8  
5 

- 5  
-5 
0 
2 
5 
2 
0 

a8 

IAWNS 
-..e--- 

1197 
1409 
7 409 
1620 
1932 
2571 
2991 
3 959 
4 492 
5517 
5813 

2 34 

2 233 
1772 
1826 
1882 
1782 
2 209 
2639 
2 958 
3 867 
4 301 
4945  
5412 

303 

1702 
1404 

718 
301 
-6 I 

1909 
204 

-215 
- 222 

-65  
9s 

146 
100 

LONG 
e--- 

-234 
-247 
-312 
-250  
-159 

35 
2 42 
458 
895 

1115  
1097 
-576 

1026 
894 
839 
7 8 5  
6 12 
527  
3 7 1  
2 52 

25 
-273 
-507 
-2 97 

529 

-1269 
9 3 0  

1008 
600 
215 

847 
-16 

77 
2 90 
26.5 
3 1 4  
328 
180 

1 -73 

SHEAR 
----e 

-96 
-98 
-96  
- 96 

32 
9 4  
3 0  
4 5  

-129 
162 

0 
64 

95  
123 
157 
126 
127 
126 

6 3  
-94 

31 
95 

0 
"13 

96 
30 

0 
-1 

- 3 2  

156 
0 
0 
0 

-31  
0 

- 3 2  
0 
0 

128 

S I G M X  ----- 
1203 
1414 
1415 
1625 
1932 
2575 
2991  
3960 
4497 
5623 
5813 

239 

2241 
1790 
1851 
1896 
1796 
2218  
2647 
2960 
3 8 6 9  
4301 
4946  
5412 
639 

1405 
1406 
1008 
600 
219 

1932 
204 

77 
290 
268 
314 
3 34 
300 

SIGFlN -- -- - 
- 240 
-247  
- 3 1 8  
- 255 
- 160 

3 2  
24 1 
45 8 
89 0 

1 109 
1 0 9 7  
- 5 8 1  

1 0 1 8  
87 6 
81 5 
77 0 
59 8 
51 7 
36 4 
25 0 

2 2  - 273 

- 297 
19 2 

-1 272 
92 8 
91 0 
30 1 
-6 5 

82 4 
-1  6 

- 2 6 5  
-222  

-6 8 
9 5  

14 0 
10 0 

- 50 8 

1 -7 3 
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Table A. 9 ( cont inued)  

OUT-OF-PLANE HOflEIiT L O A D I N G ,  MYC, ON C Y L I N D E R  (80000 IN-LB)  

I 3 1 sc-8 
131%-C 
I3 15C-D 
I3 1 SC-F 
I 3 1 5 C - H  
I3 15C-J 
T315C-K 
I 3 1 5 C - L  
I315C-H 
I3 7 5C-P 

03 1 w-B 
0315C-C 
0 3  15C-D 
0 3  15C-E 
0315C-F 
03 15C-H 
0315C-K 
0315C-L 
0315c-n 
0315C-P 

I315W-8 
I315N-C 
I3 15N-D 
I315N-E 
1315N-P 
I3 15N-N 

0 3  153- 
0315m3- 
0 3 1 5 N -  
03 15N- 
03 1 5H- 
03 1SN- 
0 3  15w- 
03 15N- 
Q315N- 

-9 
-7 
-5 
-9  
-7 
-4 
3 

31 
52 
62 

7 
12 
15 
14 
19 
2 
26 
26 
31 
33 

-43 
7 

12 
7 
2 
0 

-5  
-17 
-9 
-4 

1 
- 2  
-2 
- 2  

- 4 1  

2 6  
3 1  
3 4  
12 
15 
20 
2 9  
82 
94 

1 2 5  

15 
14 
12 
12 
3 
7 

- 2  - 26 
- 2 5  
-35 

2 1  
12 

5 
Q 
Q 

- 2  

19 
5 
3 
2 
1 
3 
3 
B 

- 2  

- 2 3  
- 3 3  
- 33  
-4 

- 1 4  
-14 
- 14 - 19 
-22 
- 1 5  

26 
29 
4 3  
45 
50 
52 
6 3  
8 

1 02 
123 

5 
14 

0 

3 3  
2 

-9 
-9 

- 9  
-7 
-2 
-4 

0 

TI? ANS 
.-.-a_- 

78 
- 28 

16 

30 
129 
3 29 

1334 
1539 
2343 

89 1 
938 

1192 
1245 
a 139 
1282 
1433 
1330 
1636 
1895 

622 
562 
2 39 
-19 
-14 - 52 
154 
17 

-12 
- 14 - 182 - 122 
-81 
- 2  
-8  

185 

LO NC ---- 
-258 
-215 
- 1 3 9  
-220  
-193 

- 9 1  
186 

1333 
20 33 
2553 

4 92 
6 46 
7 93 
885 
9 19 
0 27 

1214 
1184 
1418 
1566 

-1119 
378 
Q 2 5  
201 

61 
- 16 

2 09 
-444 
-302 
-170 

- 3  1 - 85 
-75 - 59 

-1252 

SHEAR 
1---- 

665  
859 
888 
223 

445 
572 

1346 
1545  
1856 

-158 
-191 
-411 
-443 
-629 
-601 
-949 

-1517  
-1707 
- 2 1  17 

224 
- 3 1  
- 3 2  

-1  
- 1  

-31  

3 8 0  

151 

29 
31 

SIGMX ----- 
596 
742 
830 
283 
315 
478 
834 

2680 
3351 
4307 

9 46 
1032 
1449 
1520 
1667 
9768 
2279 
2776 
3233 
3054 

6 50 
5167 
430 
202 

6 1  
3 

1191 

-4 
4 
57 
46 
-4 

-79 

SIGMN -- -- - 
- 776 - 986 
-953 
- 3 1 9  
- 4 7 8  
- 4 4 0  
- 3 1 9  
-13 
22 1 
58 9 

437 
55 2 
53 6 
53 1 
39 1 
54 0 
36 9 

-262 - 183 
- 3 9 3  

-1  140 
37 3 
23 4 
-1 9 
-1  4 
-7 0 

173 
-445 
-388 
-308  
- 2 5 4  - 2 6 4  - 202 

-a 4 
-1253 



Table A. 10. In-plane moment loading, Mzc, 011 cylinder 

I N - P L A N E  MOMENT L O A D I H G ,  MZC, ON C Y L I N D E R  (80000 I N - L B )  

T-O-C-C 
I -0 -C-R  
T-0-C- E 
1c - 0-C - F 
I - 0 - @ - H  
T-0-C-J  
I-0-c-K 
I- 0-c- L 
I-0-@-Pl 
T- 0-C -P 
I - 0-C - S 

0-0-C-B 
8-0-C-C 
0-0-C-D 
0-0-C-E 
0-0-C-F 
8-0-e-H 
0-0-c-J 
0- 0-@-K 
0-0-C-L 
0- 0-c- EI 
0-0-c-I! 
0-0-C-S 

1 
-21 
-Q-7 
-69  
-118 
-149  
-661 
-1U4 
-173 
-178 
- 180 

80 
4 4  
3 2  
22 

1 
3 
3 
1 
3 
18 
1 E  

5 8  
25 
15 
10 
1 5  

6 
e! 

1 8  
1 3  

4 
4 

-45 u r; -2 
-71 -17 - 2 6  
-97 -33 - 3 6  
-104 -36 -33 
-121 -31 - 3 0  
-1QO - 3 3  .-28 
-164 -19 - 3 1  
-668  - 2 4  - 1 9  
-183 -17 - 2 4  
-188 -19 -17 
- 1 5 3  -19 - 2 4  
-992 - 2 4  -14 

30 2s 
1523 
1079 
7 80 
4 77 
3 6 3  
431 
569  
5 39 
671 
6 77 

101 
-859 

- 1 4 0 4  
-1395 

-1200 
-913 
-752 
- 6 8 4  
- 5 8 2  
-7 37 
-6 22 

- 1378 

928 2 8 4  3063 889 
-169  255  1 5 6 0  -206 

-1  0 9 3  222 1102 -1116 
-1821 157 9 9 0  - 1 8 3 9  
- 3 4 0 5  -191 4 8 7  -3415 
-Q372 - 314 363 - 4 3 7 2  
- 4 7 0 8  -71 432  -UT09 
- 4 1 4 6  -224 5 8 0  - 4 1 5 7  
- 5 0 3 6  - 1 2 5  542 -5039  
-5137 1 a6 677 -5143 
- 5 1 9 1  189 683 -519’9 

- 6 3 2 1  94 
-2392 126 
-3337  32 
-3548 -32 
-4040 9 s  
-4s57  -63  
-5182 157 
-5276 -63  
-5682 95 
-5581 - 31 
- 5 6 9 9  63 
- 5 9 4 8  -126  

107 
- 8 4 9  

-1403 
-1394 
-1375  
-1199 
-98’8 
-754 
-683 
- 5 9 2  
- 4 3 6  
- 6 1 9  

-1327 
- 2 4 0 2  
-3338 
- 3 5 4 8  
- 4 0 4 4  
-4558 
-5188 
-5277 
- 5 6 8 4  
-5581 
- 5 6 9 9  
- 5 9 5 1  

I-0-N-5 74 1 3 4  122 5554 3897 159 5 5 6 9  3 8 8 2  

T: - 0- N - B 38 6 0  55 2485 1899 64 2 4 9 2  1892  
I-Q-N-E 29  50 50 2 4 8 1  1520 - 7  2151 1 5 2 0  
I-0-N-F 29 3 8  46 18113 lQ08 -95 1835 1387 
I - O - N - N *  0 3 3 110 36 0 110 3 6  

‘4-0-N-C 62 84 74 3407  2894 128 3 4 3 a  2 8 6 4  

8-0-N-I3 7 - 2 1  - 2 1  - 9 4 5  - 69 0 - 6 9  -g45 
0 - 0 - N - C  45 -52 -145 -21816. 6 98  -914. 7 0 1  - 2 1 8 8  
O-Ca-N-”D 52 - 4 3  - Y O  -1880 1002 -32 1002 -1880 
0-0-N-E 52 - 3 6  -31 -1546 1 1 1 1  - 6 3  1113 - 1 5 1 7  
6- 8- N- P U 7  -28 -26 -1250 1049 -32 1049  -1250 
0 - 0-11 - A 4 0  - 9  -12 -5’12 1056 32 1 0 5 7  - 5 1 3  
0 - 0 - N - K  21 7 9 341 744 -32 7 4 7  3 3 9  
0 - 0 - N - N *  2 2 2 4 4  5 4 2 2  1698 - 3 2 2 5  7 2 8 4  - 1 6 4  



 abl le A. 1.0 (cont inued)  

TIN-PLANE MOMENT L O A D I N G ,  MZC, ON C Y L I N D E R  ( 8 Q O O O  IN-LB) 

MT CR 0- S 'I FAT M STRESSES P R I N  STSFSSES 
---e- I------ -------- - -- ------- --- 

ROSETTE GAGE1 GAGE2 GAGE3 TRANS L O N G  S H E A R  S I G M X  SIGMN ------_ ----- ----- ----- ----- -I...- ----- ---*e --I-- 

T-SOC-I3 
I -90C-C* 
I -90C-D 
'E - 9oc - E 
I-90C-F 
I- 9OC - R 
0-90C-B 
0-9oc-c 
0 - 9 0 C - D  
0-90C-E 
0-90C-F 
0-9OC-R 

I-908-€3 
I -90N-C 

3-90N-E 
1-90N-F  
I- 914N- N 

0-908-% 
0-90N-C 
0-90N-D 

-90N-E 
O-9(%N-F 

9 8  - 3 8 3  -385  
58 -275 0 
5Q -232 - 2 0 3  
53 - 1 9 8  -174 
5 5  -159  -155  

-21  0 - 1 9  

-17 -244 - 2 4 2  
-38  - 2 1 3  - 2 0 6  

- 2 6  - 1 4 7  - 1 5 6  
-16 - 1 9 9  -152 

-35 - 1 8 2  -168 

22 -4 a 

168 - 3 3 4  -23E 
- 1 4 7  - 1 9 1  -212  

Q l  2% 2 4  

8 3  -178  - 1 6 3  
7 4  2 4  3 9  
-4 6 9  6 2  

- 2 1  5 0  u 5  
- 3 3  ?-a 3 3 

-17083 
-6105  
- 9 6  14 

-6976  
-387 

- 1 0 6 6 1  

-7660 - 66 35 
-6595 

6 3  

-12708 
-8682 
-4527 
-2283 
-3485  

1~~~ 

-7589 
1732 
2886 
23 21 
1 1 4  

- 8 2 ~ s  

-9178 

-2 175 
- 1 0 2  

- 1  372 

- 4 3 4  
- 7 5 3  

- 3  695 
- 3 8 8 2  
-3 355 
-2753  
-2470 

670  

1215  
-7024 
-5150  
- 2 7 5 9  

- 7 9 2  
IS54 

226 
Z S S 5  
745 

12 
- 6 4 6  

-887 

- 3 1  
- 3 6 6 3  

- 3 8 3  
- 3  19 

- 5 Q  
255  

-311 - 94 
- 1 9 3  

128  
3 2  

-168  

- 1 3 0 4  
2 85 
159 

96 

31 

- 1 9 0  - 96 
9 4  
6Q 

2 1  a9 

- 2 2  

-2175 -17083 
1 6 3 2  - 7 8 3 9  

- 1 3 5 4  - 9 6 3 2  
-873  - 8 2 6 2  
-43u -6977 
- 2 5 5  - 8 8 3  

- 3 6 9 5  - 1 0 6 5 1  
- 3 8 8 1  -9179  
-3343  - 7 6 6 9  
- 2 7 5 9  - 6 6 3 9  
-2Q7Q - 6 5 9 5  

71 tl 20 

1336  -12829 
-6977 -8730 
- 4 4 8 9  -5188  
- 2 2 6 4  -2777 

4 3 2  - 4 7 0 8  
14346 1075 

2 3 1  -7594 
2 5 6 1  1 1 2 5  
2990  7 3  1 
2123  18 
mi - 6 6 8  

5 212 3 57 0 357 272  0-90N-N e: 
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Table A. 10 (continued) 

IN-PLANE MOMENT L O A D I N G ,  M Z C ,  aN C Y L I N D E R  (80000 IN-LEI) 

MICRO-STRAIN STRESSES PRIN STRESSES ------------ --I----- ---e- -------- 
ROSETTE GAGE1 GAGE2 GAGE3 TRANS LONG ------- ----- ----- ----- ----- e.---- 

I l 8 0 C - E  -7 
I l 8 B C - c  - a g  
I18OC-5 - 2 8  
I180C-E -54 
I18OC-F -73 
I180C-S -150 

8 1 8 0 C - B  -Q3 
018OC-c -71 
0180C-D -95 
Q780C-E - 1 1 4  
8180C-P -130 
018OC-S -132 

E 180N-B 4 3  
T 18ON-C 6 7  
I18ON-D* 43 
I 1  80N-E 36 
I 1  80N-F 31 
1180N-N* 2 

01 8OW-B 2 4  
0180N-C 46 
0 18ON-D 51  
0180N-E 4 8  
01 80N-P 4 5  
0180N-N 1 

1414 
80 
5 2  
3 8  
26 
36 

0 
-31  
- 4 3  
-45 
-47 
-16 

1 3 1  
6 9  

7 
50  
43 

0 

-33 
- 5 9  
- 4 0  
- 3 3  
- 2 1  

3 

1 3 0  6028 
45 2763 
1 4  1494 
5 1006 
3 7 13 
5 1068 

1 0  262 
- 1 2  -855 
-28 -1460 
-36  -7647 
- 3 2  -1599 
- 1 6  -554 

1 5 5  6247 
9 5  3546 
6 s  1633 
7 2  2637 
50  1996 

0 0 

- 3 3  -1475 
- 5 9  - 2 6 3 9  
- 6 4  -2333 
-45  -1766 
-35  -1297 

3 135 

1603  
694 

-389  
-1317 
-1972 
-4 188 

-1 200 
-2391 

-3914 
-4379 
-4116 

3164 
3069 
1780 
1866  
1526 

73 

288 
579 

9 2 0  
975 

65 

-3285 

a 20 

SHEAR 
---I- 

7 90 
473 
5 03 
4 39 
3 1 4  
Q08 

-1 26 
- 2 5 4  
-990 
-127 
-191 

5 

-317 
-349 
-826 

- 93 
0 

3 
2 

3 20 
164 
189 

0 

-2 86 

6036 1 5 9 5  
2865 592 
1519  - 5 1 s  
1086 -1397 

"70  - 2 0 0 8  
1099 -4219  

273 -1218  
-874 -2432 

-1441 -3305  
-1639 -3921 
-1586 - 4 3 9 2  

-554 -4116 

6279 3132 
3730 2 8 8 4  
2536 577 
2731 1772 
2013 1508 

73  0 

288 - 1 4 7 5  
579 - 2 6 3 9  
852  -2365  
930 -1776 
991 - 1 3 1 3  
135 6 5  
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Table A.10 (continued) 

I N - P L A N E  MOHENT L O A D I N G ,  HZC, ON CYLINDER (80000  I N - L B )  

I27OC-c 
I270C-D 
I27QC-E 
I270C-F 
12706-H 
I 2 7 O C - 3  
1270C-K 
I27OC-L 
1270C-H 
I27OC-P 
I27QC-R* 
I270C-T 

48 
2 6  
26 
26 
24 
17 
12 
5 

-14 
-19 
168 
-22 

0270C-B - 4 3  
O27OC-C - 3 3  
0270C-D -21 
0270C-E -5 
0270C-F 10 
0270C-H 31 
0278C-J 45 
0270C-K 5 5  
0 2 7 O C - I .  6 0  
0270C-M 57 
02 7 OC- P 34 
0278C-R 12 
0270C-T* - 6 2  

- 2 6 5  
-217  
- 1 9 3  
- 1 8 1  
-164, 
- 1 4 8  
- 1 2 2  

- 9 6  
-67  
-17 

1 4  
77 

- 2 5 2  
- 1 8 5  
-154 
- 1 3 5  
-126 - 109 

-97 

- 6 9  
-50 

-7  
19  

1 2 2  

-88 

-236 
-193 
- 1 8 1  
-164 
- 1 3 1  
- 1 1 9  
- 1 1 2  

-9 1 
-713 
-26 

5 
6 0  

-264  
-1 9 2  
- 1 6 9  
- 1 4 7  
- 1 3 3  
-121 
-107  

- 9 7  
- 8 5  
- 5 2  

0 
2 4  
0 

-11055 
-9039 

-7624 
-6521  
-5886 
-5147 
-Y116 
-3072 

-9 21 
2 37 

30 24 

- a2 54 

-11288 
-8264 
-7075 
-6205 
-5697 
-5093 
-4532 
-4128  
-3452  
- 2 3 0 3  

-1 85 
9 3s 

27 39 

-1 8 8 2  
-1921 
-1686 
-1 496  
-1236  
-1 261 
-1184 
-1 089 
- 1 3 4 6  
-854 
5100  

261 

-4665 
-3472 

-1998 
-1418 
-593 

3 
4 0 8  
7 5 3  

1 8 2 9  
952  
644 

-1025 

-2758  

- 3 8 1  
-317 
- 1 5 9  
-222  
-4Q5 
- 3 8 1  
-127  

-79 
96 

a 26 
12% 
2 2 3  

157 
96 

189 
I58 
95 

1 5 8  
127 
1 2 7  
2 2 2  

3 1  
-95  
-64 

1620 

- 1 8 6 6  -13071  
-1907 - 9 0 5 3  
- 1 5 8 2  - 8 2 5 8  
-1Y88 - 7 6 3 3  

- 1 2 3 0  - 5 9 1 7  
- 1 1 8 0  - 5 1 5 1  
-1087  - 4 1 1 8  
-1341 - 3 0 7 7  

- 7 5 7  - 1 0 1 8  
5804 2 3 4  
3 0 4  1 2 4 3  

- 1 1 9 9  -6558 

-4666 
-3470 
- 2 7 5 0  
-1992 
-1416 

- 5 8 8  
6 

Q 1 2  
7 6 5  

1 0 2 9  
960  
94 8 

3340  

-1  1 2 9 2  
- 8 2 6 6  
-7084 
- 6 2 1  1 
-5700 
- 5 0 9 9  
- 4 5 3 6  
-4131 
- 3 4 6 4  
-2303 

-193  
6 3 1  

- 1 6 2 6  

I 2 7 0 N - B  1 6 8  - 3 3 8  - 2 8 3  -13847  882  -731  9 1 8  -13884 
1270N-C -140 -231 - 2 2 4  - 9 8 4 9  - 7 1 6 1  - 9 9  - 7 1 5 7  - 9 8 5 3  
1270W-D - 1 3 1  - 1 3 1  -131  -5614 -5604  0 - S 6 0 4  -5614 
I270N-E -71  - 1 0 7  - 7 1  - 3 8 4 3  - 3 2 8 1  - 4 7 9  - 3 0 0 6  - 4 1 1 8  
I270N-F -40  - 4 1  -45 -1846 -1755  6Cr -1723 - 1 8 7 9  

0270N-B 
02  70N-C 
0270N-D 
027ON-F, 
0270N-F 
0270N-G 
0270N-H 
0270N-K 
0270N-N 

97 - 1 5 2  - 1 3 8  -6464  
76 38 3 0  1585 

5 6 4  7 6  3085 
- 4 0  50  6 0  2 4 5 4  
- 5 0  38 43 1841  

-38  1 4  14  675 
- 1 6  -7  -5  -236 

3 0 - 2  - 4 5  

- 4 3  1 7  2 1  8 a7 

979 - 1 8 9  9 8 4  - 6 4 6 9  
2752  0 2752 1 5 8 5  
1 0 7 3  -1159 3097 1 0 6 1  
-472 -126 2YSO - 4 7 8  

-1016 - 63 8 8 9  - 7 0 1 8  - 934 0 675  - 9 3 4  
-564  - 3 1  - 2 3 3  - 5 6 6  

65 31 3 4  - 5 3  

- 9 4 0  -64 1 8 4 3  - 9 4 1  
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Table A.10 (continued) 

IN-PEAWE PIONENT L O A D I N G ,  MZC, ON C Y L I N D E R  ( 8 0 8 0 0  I N - L B )  

1 3 9 5 c - 8  37 - 2 8 3  
1 3 1 5 C - C  7 - 2 8 9  
I . 3 1 5 C - D  -lU, - 2 6 3  
I 3 1 5 C - F  3 -83  - 
T315C-H - 1 2  - 8 3  
T3TPjC-J -62  - 7 6  
I315C-K -26 -56 
I315C-L -72 -1223 
1315C--H -75  - 1 1 4  
f 3 3 5 C - P  -5% -79 

3 --Eb426 -33’3 
78 -3236 -766 
84 -2501 -1213 

- 1 s  - 2 2 Q 2  -590 
2 7  - 1 1 7 1  - 6 9 6  
2 4  -1122 -682 
2 2  -353 - 9 0 5 8  
2i.r -2236 -2822 
14 -2100 - 2 9 9 8  
-9 -188% -2131 

0 3 1 5 C - - - B  - 2 6  2 4  - ? 9 9  -3896 -1917 
0315c-c - Y e ;  2 9  - 1 9 Y  - 3 5 8 5  - 2 b 1 9  
(331SE-D -52 3 8  - 2 6 1  -18834 -3099 
0315C-E -7’1 3 3  -2Q9 -4655 - 3 5 2 7  
O315C-F* -73 -151 -247 -8662 -Y-896 
031SC-H -77 2 4  - 2 2 7  -4379 -3500 
8315C-K -5‘3 2 9  - 6 8 0  -3257 -2739 
0315c-L - 5 6  39 -149 - 2 3 S 9  -2395 
0314c-n - Y Z  4 3  -136 -1863 - 1 8 2 6  
O315C-P - 1 4  3 9  - 8 5  -7002  - 7 1 2  

-2-738 
-38Y8 
- 3 8 2 2  

-859  
-1433 - 13 36 
-117-7 
- 2 8 4 6  
- 1 7 0 9  

-930  - 
2 9 7 1  
2 9 6 3  
3982  
3763 
1 2 6 9  
3350  
2’779 
20 96 
2309 
l f Y 6  

9 9 2  - 5 8 4 0  
2020 - 6 0 8 2  
19-77 - 5 7 3 2  
- 2 2 4  - 2 6 0 7  
598 - 2 3 8 6  
Q52 - 2 2 5 5  
173 - 2 1 8 2  

- Q 6 2  - 4 3 9 5  
-75’8 - 9 2 6 7  
4 0 6 8  - 2 9 4 U  

2 5 3  - 5 9 8 6  
2 3  - 6 0 2 8  

1 6 5  - 8 0 0 6  
-289  -7894 

- U Y l ‘ i  -9041 
-569 - 7 3 7 8  
- 2 0 4  -5785 

119 -4873 
Q65 - 4 1 5 4  
796 - 2 5 1 0  

I315N-i3 108  - 1 0 0  -103 -Q580 1859 31 12359 -4580 
P315N-C - 5 0  - 5 5  - 1 6 0  - 3 3 5 3  -2507 6 0 4  - 2 1 9 2  - 3 6 6 7  
‘P315N-D - 5 8  -?I -43 - 1 5 7 2  -195s 4 9 1  - 1 4 4 1  -2026 
T315N-E -21 - ? 9  - 5  -492 -787 - 1 9 0  -399 -880 
T315W-F -- 9 - 1 9  10 -198 - 3 3 8  - 3 8 2  125 - 6 5 3  
I395W-w a 3 - 2  3 253 6 4  268 - 1 2  

0315N-B 50 - 3 3  
631558-C 57 -14 
03 15N-D 26  - 1 2  
831SN-E  5 - 1 9  
031’5w-P 0 - 2 1  
O315N-G 2 - 2 1  
0 3  15N-B 0 - 1 9  
03 7 5 N - K  0 - 7  

8 

-697 - 
- 2 8  

26 
3 1  
2 8  
79 
17 

9 
-7 

,5095 - 3 5  
-986 1425 

284 ‘962 
2 5Q 219 
158 5 1  
- 50 5 8  
-ha -12 
56 19 

- 4 3  - - 1 S Q ?  

21  8 5  
1 9 3  

-501 
-65’9 
-6 55 
-5 3 2  
- 0 6 9  
- 2 5 9  

53 

778 -5908 
lQ41 -9009 
1 1 5 1  - 5  

763 - 5 5 4  
5 3 9  - 5 3 0  
4 4 8  -500 
257 -182  
-90 -1544 

a 9 4  -w 



Table A.11. Axial force, Fxc) on cylinder 

A X f A L  FORCE L O A D I N G ,  FXC, OH CYLTNDEB [ I  

I-0-c-c 
I-0-C-D 
1- 0-c - E 
I-Q-C-F 
I-0-C-H 
I-0-C-J 
I-0-C-K 
I-0-@-Lt" 
I-0-C-1J 
I-0-C-P 
I-0-G-S 

0-0-C-B 
0-0-C-C 
0 - 0 - C - D  
8-0-C-E 
Q-0-C-F 
0-0-C-H 
0-0-6-J 
Q-0-C-K 
0-0-C-L 
0-0-C-M 
0-0-C-P 
0-0-e-s 

I -Q-N-B 
I-0-N-C 
I-0-N-D 
I-@-??-E 

I-0-N-w 
r-0-H-F 

0-0 -N-B 
0-0-N-C 
0- 0- N -D 
0-0-N-E 
0-0-N -F 
0-0-W-H 
0 - 0 - N - K  
Q - 0 - N - N *  

-5 
5 
9 

14 
26 
33 
33 

-79 
31 
33 
26 

-2 
5 

12 
118 
17 
21  
24 
26 
29 
26 
26 
17 

29 
3 

-2 
-2 
0 
0 

12 
12  

5 
0 
0 

-2  
-5  
-5 

GAGE2 G8GE3 

2 2 
1 4  2 1  
26 24 
3 1  26 
31 3 3  
33 36 
3 3  33 
3 1  33 
33 33 
3 3  33  
28 29 

-26 -24 
- 2 u  - 2 1  
- 2 1  - 2 1  
- 2 4  - 2 4  
-26 -21 
-26 -28 
- 3 1  - 2 8  
- 2 8  - 3 1  
- 3 1  - 3 1  
- 3 1  - 3 3  
- 3 1  - 3 1  
- 2 8  - 3 5  

- 3 1  - 2 1  
- 3 1  - 2 6  - 2 4  - 24 
-19 -19 
-14 - 1 9  

0 -2 

- 12 -7 
5 7 

12 12 
12 9 
9 9 
7 5 
0 0 

- 5  - 8 8  

TRANS 
---e- 

104 
776 

1239 
1381 
1477 
1424 
1495 
1429 
1 423 
1225 

- 1 a90 
-941 - 940 

-1 056 
-1057 
-1218 
-1325 
- 1  327 

-1432 - 1300 
-1 422 

-1 184 
-1 262 
-1048 - 837 
-732 
-45 

- 426 
2 54 
51 1 
466 
4 13 
26 1 
4 

-2043 

-1 382 

LO Ne -- -- 
- 3  15 
373 
6 09 
7 98 

4 197 
1440 
I424 

-1914 
1355 
1424 
1147 

-396 
- 7  53 

74 
184 
184 

3 19 
389 
4 4 3  
3 56 
372 

77 

512  
- 3 0 1  
-381 
-3  18 
-216 

-9 

230 
436  
291 
136 
12@ 
4 

-1Y7 
-758  

278 

SHEAR ----- 
0 

- 9 5  
32 
6 4  

-3  2 
-37 

1 
- 3 2  

- 
- 32 
-31 
-1  
-1  

-63  
3 2  

- 3 2  
3 2  

0 
3 

95 

-128  
-64 

0 
-1 
65 
32 

- 6 3  
-3 1 
- 1  
3 1  

4 
32  
0 

1113 

S I G M X  
-e--- 

9 04 
797 

1248 
1387 
14195 
6425 
1496 
1429 
9424 
1226 

-394  
-152 

74 
184 
108 
279 
319 
389 
443 
3 57 
372 
82 

522 
-297 
-381 
-318 
-208 

9 

236 
44 1 
5 1 1  
469 
413 
265 

4 
-116 

o a7 

SIGMN -- e... - 
- 115 
35 1 
QQ 7 
78 9 

1 1 9 1  
1 4 2 2  
1423 

-1944 
1355 
1422 
1 I&-? 

- 1 0 9 1  
- 9 9 2  - 948 

- 1  056 
- 1  0 6 0  
-1  219 
- 1  325 
-1 327 
- 1 3 8 2  
-1433 
-4380 
-1 428 

-1 193 
-1266 
-9048 - 837 
-740 

- 6 3  

- 432 
24 8 
29 1 
13 3 
12 0 
0 

- 141 
-2685 
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Table A.11 (cont inued)  

AXIAL FORCE L O A D I N G ,  PXC, O B  CYLINDER (1OSoo LB) 

%-9OC-B 
I-?JOC-C* 
E-BOC-D 
I-90@-E 
lC-98C-F* 
9 -9 oc- R 

0-9oc-B 
0-90C-@ 
0-9037-D 
0 - 9 8 C - E  
0-9BC-P 
0 - 9 0 C - R *  

I-98N-c 
I-90N-D 
I-90N-E 
I-90W-F* 
I-988-M 

8 - 9 0 N - B  
0-90N-@ 
0-90M-E) 
0 - 9 0 N - E  
0-90N-F 
6 - 9 0 N - N  

-la, 
12 
16 
1 9  
2 1  

- 5 6  

- 1 9  
- 2 6  
-31  - 36 
-38  

1 4  

45 
21 
2 

-5 
33 

9 

-55 
-21 
-7 
-7 
-7 
- 5  

112  
8 1  
64 
5 5  

116  
43 

31 
19 
47 
14 
17 
64 

62 
26 
17 
14 
33 
5 

- 1Q - 24 
-2 - 17 
-le( 
-5 

115 
0 

67 
59 
52 
40 

19 
17 
14 
17 
1-7 
66 

47 
34 
10 
10 
33 

5 

- 19 
- 29 
- 2 1  
-1-9 
- 17 

-5  

4989 1 2 8 1  
1769 8 78 
2860 1352 
2487 1309 
3674 1737 
1886 -8100 

1108 -242 

706 -717 
70Y -857 
969 - 9 1 1  

2841  3296 

2778 2182 
1232 1011 
5 75 247 
529 io3 

1 4 2 5  1423 
193 3 48 

-673 -1843 
-1128 -982 

-987 -51rs 

-674  -419  
-288 -208  

SHEAR 
---"I- 

- 3 3  
1080 
- 3 2  
- 6 4  
846 

33 

157 
31 
3 3  

- 3 2  
0 

-2% 

- 6 3  
- 6 3  

96 
6 3  

1 
0 

6 3  
64 

-34 
Q 

3 1  
0 

S I e n x  ----- 
4999 
2492 
2861 
2Y90 
3992 
1886 

1126 
808 
7 07 
715 
769 

2841 

2784 
1249 
6011 
5 37 

1 4 2 5  
340 

-670 
-958 
-512 
-4 37 
- 4 3 6  
-208 

S I G F B N  -- --- 
1 20 1 
15 5 

135 1 
1305  
1 b20 

-1 10Q 

- 260 
-545 
- 7 1  8 - 858 
- 9 1 1  
1 2 7 5  

2 1-96 
99 4 
22 1 

6 
1 4 2 3  

19 3 

- 1  846 
-1 4152 
-989 
-726 
- 678 - 208 



Table A.ll (continued) 

AXTBL FORCE L O A D I N G ,  FXC, 

IlBOC-B O -10 -10 
1180~-c 4 9 11 
f180C-D 4 18 21 
11806-E 1 1  21 23 
Id80C-F 16 26 28 
I1 8QC-S 35 16 13 

018OC-8 2 - 2 0  -24 
0 180C-c 9 -17 -17 
0180C-D 13 -15 -17 
Q 18OC-E 21 -17 -47  
iD 18OC-P 21 -22 -19  
Q180C-S 28 - 2 2  -17 

I18ON-B 29 -26 -38 
IlBQN-C 0 -21 -40 
I180N-D -7 0 - 3 1  
I180N-E -5  -19 -31 
I180P9-F 0 -1s -19 
I1aoM-N -5 -2 -2 

018ON-8 9 0 -10 
0 180N-C 1Q 17 9 
0180N-D 7 17 17 
0180N-E 2 14 14 
0180N-F 0 12 14 
0 180N-N -3  -2  - 2  

ON CYLINDER (1OSOO LB) 

-431 -139 -2 -139 -431 

858 383 -32 860 38 1 
953 6 29 -31 9 56 62 6 

1158 8 34 -31 1161 83 1 
604 1217 32 1219 60 2 

44 4 265 -33 Q 5 0  25 a 

-968 -243 61 -238 -973 
25 -772 - 772 26 3 

-712 185 29 186 -713 - 777 3 85 -1 385 -777 
-917 363 -32 363 -910 
- 863 328 -64 332 -866 

-1441 431 160 444 - 1 4 5 4  
-1358 -404 254 -340 -1421 
-668 -412 414 -107 -973 
-1090 -466 160 -428 -1129 
-739 -232 61 -225 -746 
-93 -167 1 -93 -167 

- 220 2 16 127 251 - 2 5 4  
55s 592 9 5  670 47 7 
720 Q 26 - 1  720 42 6 
623 2 54 -1 623 25 4 
574 171 -32 576 16 8 

-107 -107 0 -107 -107 
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Table A.ll (cont-inued) 

A X I A 5  FORCE L O A D I N G ,  FXC, Q N  C Y L f N D E B  (10000 EB) 

%29cE-C 
I 2 7 8 C - D  
1270OC-E 
12”IQC-IP 
I27 6C- €4 
‘1C27BC-J 
927oc-K 
127oc-% 
.I 2-7 oc - E 
127oc-P 

% 2 7 o c - T  

027oc-I3 
029oc-c 

027OC-E 
0230c-F 
0270C-E% 
027oc-J 
0270C-K 
827OoC-L 
0270c-M 
B27BC-P 
029OC-8 
027 061 -T* 

I270N-B 
E 270N-C 
I270N-D 
1240N-E 
I270N-F 

021-7 ON-B 
027ON-C 
0270N-D 
0 2 7 ow - E 
8 2 7 O N - P  
0270N-G 
O27ON-A 
027ON-K 
OZI’POM-W 

0 2 7 0 e - ~  

7 
15 
1 4  
14 
14 
7 
0 

-14  
-34  
.- 52 
- 5 8  

19 

- 1 5  -- 1 9 
-2Q 
-29 
-29 
- 3 9  
-29 
- 2 4  
- 1 5  

- 1  
13 
18  

-49 

38 
29 

9 
0 

-2 

- 59 
- 2 6  
-7 
Q 

-. 3 
0 
0 
0 

- 5  

77 
60 
54 
50 
45 
45 
40 
4 1  
3 3  
Y O  
33 
1 4  

2Q 
2 1  
19 
16 
19 
19 
211 
24 
3 1  
Qcs 
49 
49 
2 1  

7 6  
4 7  
24 
3 1  
17 

- 17 - 2s 
-22 - 17 
- 1 5  - 12 
- 1 2  

- 5  
- 3  

72 
57 
52 
Y7 
35 
33 
39 
28 
39 
24 
33 
2 1  

26 
2 4  
23 
24 
19 
2 1  
2’1 
2 4  
40 
42 
49 
47 
0 

69 
40 
24 
17 
1ul 

- 1 2  - 26 
- 2 2  
- 19 
-15 
- 12 
-82 

-7  

STRES SE s -------- 

3 252 
2 563 
2 326 
2117 
1749 
1710 
1562 
1546 
1434  
1067 
1528 
74.64 

1 I97 
1204 
113-7 
1054 

9 4 3  
7 38 
4 6 3  

-4995 
-532  

-1132  
-1283 

734 

11192 
108% 

9 56 

E456 
908 
9 55 

1112 
1568 
1800 
2 If47 
2 096 

a5 6 

586 - 

-908 
-279 
- 4  36 
-6Q9 
-609 
-666  
-583  
-389  

33 
57Q 

l 0Ol  
11-74 

.13 16 

3153 208% 

1037 5 9 4  
1 0U’;P 3 1 1  

683 130 

1750  1381 

- 5 5 9  -8942 
- 6 1 1 5  -1115  

-942 -5QQ 
-793 - 2 4 4  
- 639 -273 
-527 -962 
-533 - 1 6 0  
- 273 -92  

SHEAR ----- 
64 
3 3  
31  
3 2  

127 
158 
126 
168 

31 
22b 

2 
-96 

-30  
- 3 2  
--- 6 1 
- 6 3  

0 
-34 

- a  
-31 

-128 
-29 
-2 
3 2  

2’74 

9 5  
1 
0 

1 9 1  
3 2  

- 6 3  
0 
1 

3 1  
1 
6 
0 

31 

SiGiEtPX ----- 
3254 
2563 
2327 
21  lis 
1769 
1734 
1536 
1563 
14318 
1487 
1 528 

86 8 

1183 
1003 
950 
858 
8 5 6  
909 
955 

1113  
7 579 
1861 
21117 
2093 

546  

3162 
1750 
1837 
1094 

685 

-551% 
-1115 

-243 
-273 
-162  
-168 
-87 

S %  G 

1 195 
120Q 
1116 
1 Q5Q 

92 3 
69 3 
44 9 - 13% 

-54 3 
- a  15’8 
- 1  2 8 3  

67 0 

- 108 
- 280 
- 439 
- 6 1  9 
- 609 
- 4 6 6  
- 5 8 1  
- 3 9 8  

2 3  
51  3 

1 0 4 1  
1 1 7 3  

- 1  356  

2 0 7 9  
1 3 8  1 

59 4 
26 4 
129 

- a  ’345 
- 1  115 

-795 
- 639  - 527 
- 533 
- 2 7 8  

- 3  -114 - 1 8 8  0 - 1 1 4  - 1 8 8  



I31Fic-E) 
I3 15c-c 
I3 15c-la 
I315C-F 
I315C-H 
r3isc-a 
I315C-K 
I3 15C-L 
I315C-11 
x315c-P 

3156-B 
0315C-G 
0315C-D 
03 15C-E 
0 3  1SC-F* 
0315C-K 
031SC-K 
0315C-L 
0 3  1%-r! 
03 15C-P 

IC3 15N-B 
13158-C 
I31SN-D 
I315N-E 
I315N-F 
I315N-N 

0 3  IS#-B 
0 3  1515-c 
031519-D 
0315N-E 
0315R-F 
03 15N-G 
0315N-H 
Q315N-K 
831SN-N* 

-2  
9 

12 
14 
24 
26 
26 
2 
2 
19 

- 1  
-7 
-2  
0 - 
2 

11 
19 
31  

31 
1 4  
5 
0 
0 
0 

-25 
-7 
0 
0 

-2 
-2 
-2 
- 2  

-36  

45 
4 s  
47 
29 
31 
31 
31 
38 
41 
46 

-43 
-40 
-45 
-45 

- 1  19 

-33 
-31 
-19 

0 

5 
0 
0 
4 
9 
0 

- 3 3  
-15 

-a  
-2 
-2 
0 

-2 
0 
0 

6 3  
34 
2 
26 
21 
19 
17 

2 - 10 
-32 

38 
38 
52 
47 
47 
40 
38 
35 
38 
50 

36 
14 
0 

-3 
-3 

0 

19 

- 
- 2  
-2 
- 5  
-5  

0 

1939 
1715 
9 era2 
1186 
1120 
1066 
4015 

860 
650 
2 85 

-98  
-48 
156 
49 

-1 565 
-14 
142 
74 

385 
1045 

854 

-18 
39 
144 
-20 

- 242 - 262 - 158 - 105 - 105 
-54 

-155 - 106 
35 

2 a9 

798 
8 06 
7 82 

1048 
1103 

1046 
641 

- 3 1 8  
- 2 3 1  

-27 
13 

-543 - 17 
103 
365 
6 76 

1229 

1181 
5 10 
131 

2 
34 
7 

-830 
-300 
-50 - 34 

-1 06 
-91 

-121 
-105 
-1078 

3 3  
223  
34 

32 
128 
159 
194 
Q85 
6 7 2  

1028 

-1075 
-1042 
-1296 
-1233 
-2213 
-1075 
-915 
-885 
-760 
-666 

-413 - 190 
0 

9 4  
158 

-1  

-667 
-223 

-93 

31 
31 
63 

0 

S I G H X  ---.....- 
194 
1767 
1634 
1188 
1217 
1245 
1 2 4 5  
1492 
1549 
1506 

907 
1364  
1264 

1038 
1116 
1304 
1809 

1462 
619 
931 
316 
257 

a 

192 
-57  

3 - 34 
-105 
- 37 
-102 - 42 

35 

S I G R N  ----- 
58 8 
74 7 
66 4 
77 9 
95 1 
92 5 
85 7 
487  
147 - 580 

-1  288 
-1 186 
-1 235 
-1262 
-3326  
- 1  09 

-79 3 - 677 
- 24 3 
46 5 

57 4 
18 0 
-1 8 
-7 5 
-7 9 
-2 0 

-1 264 - 505 
-212 - 105 - 106 - 108 - 174 - 168 
-1078 
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Table A. 12. In-plane force, Fyc, on cylinder 

I N - P L A N E  FORCE L O A U N G ,  PYC, OW C Y L I N D E R  ( 3 0 0 0  L B )  

I - 0-c -c -2  
1-0-c-D -12  
I-0-@-E - 3 1  
I-0-C-F -05  
I -0-C-A -79  
1-0-@-9 -38  
T-0-C-R - 1 0 3  
I-O-C-E* -177  
‘I-0-C-14 -98  
I-0-c-P -99 
1-0-C-S -72 

0-0-C-B 
0-0-c-e 
0-0-C-D 
0- 0-c - R 
0-0-C-F 
0-0-C-A 
0 - 0 - C - J  
0-0-C-K 
0-0-C-E 
0- 0-c - M 
0-0-C-E) 
0-0-C-S 

- 2 6  
-45  
-6 2 
- 6 9  
-79  
-30  

-102  
- 102  
-107  
-100  

- 8 8  
-7 2 

I-0-V-B 3 1  
1-0-ri-c 38 
I-0-N-D 2 4  
I -0 -N-E  1 9  
I-0-N-F 1 7  
1-0-N-N 2 

0-0-N-B - 3  
0-6-N-C 1 9  
0- 0.- N- D 26 
0-0 -N-E  26 
0- 0-N - F 26 
0-0-N-H 26  
0 - 0 - N - K  1 6  
O-O-N-N* 2 

33 
10  

2 
- 5  

- 1 2  
- 1 2  
-17  
-14  
- 1 2  

- 2  
- 2  

1 4  
0 

-10  
-12  

-7  
-10  

2 
0 
4 
2 
2 
.o 

9 1  
6 5  
48 
4 1  
3 1  

0 

-5  
- 3 4  
-33  
- 2 9  
- 2 6  
- 1 0  

5 
4 

33 
1 0  

0 
- 5  

- 1 0  
- 1 4  
- 1 2  

- 5  
-7 

- 1 2  
- 7  

1 2  
- 5  

- 1 0  
- 1 0  
- 1 2  

- 5  
2 
2 
4 
0 
3 

8 6  
ss  
4 6  
3 8  
38 

0 

- 1 2  
-34 
-3 1 
- 2 4  
- 2 2  
- 1 2  

2 

- c  

TRANS LONG 
-e- -- ---- 

1470 3 7 0  
4 3 2  - 2 2 8  

86 -904  
-760 -1408  
-385 -24’77 
-469  - 3 0 7 5  
-416 -3232 
-226 -5367  
-312 -3030 
-215 -2786 
-139 -2188 

597 - 6 1 0  
-66 -1377 

-358  -1966  
-407 - 2 1 9 5  
-341  - 2 4 6 1  
-226 -2780 

46 -3059  
159 - 3 0 2 5  
262 -3136 
253 - 2 9 2 3  
137 -2603  
222 -2082  

3861 2 0 9 3  
2590 1927  
2027 1 3 2 7  
1715  1090  
1508 955 

-3  7 1  

-373 - 1 9 8  
-1497 1 1 0  
-1Q46 3 39 
-118.3 419 
- 10 81 4 U 9  

-505  6 2 4  
132 526 

SHEAR ----- 
0 
0 

32 
0 

- 32 
3 2  

- 6 Q  
-1 2’7 
- 64 
1 2 7  

64 

33 
6 3  

1 
- 29 

63  
-63 

97 
- 31 

31 
- 32 

33  
- 9 5  

64  
1 2 8  

3 2  
3 2  

- 96 
0 

94 
- 1  

- 33 
- 64 
- 6 2  

32 
31 

8 7  1998 663  -1091, 

SIGMX 
a_--- 

14’70 
432 

8 7  
- 1 6 0  
-385 - 46s) 
- 5 1 5  
- 2 2 3  
-31  1 
- 2 0 9  
- 1 2 9  

5 9 8  
- 6 3  

-358  
-407  
- 3 3 9  
-225  

49 
1 5 1  
2 6 2  
254 
133 
226 

3 8 6 3  
2614  
2028  
1718 
1 5 2 4  

7 1  

- 1 5 0  
1 1 0  
340 
4 2 1  
4 5  1 
6 2 5  
5 2 8  

2 6 1 2  

S I G M N  

3 7 0  
- 2 2 8  
- 9 0 5  

- 1408  
- 2 4 7 8  
- 3 0 7 5  
- 3234  
-5370 
- 3 0 3 1  
- 2 7 9 2  
- 2 1 9 0  

- 6 1 1  

-1966  
- 2 1 9 5  
- 2 4 6 3  
- 2 7 8 2  
- 3 0 6 2  
- 3 0 2 5  
- 3 1 3 6  
- 2 9 2 3  
- 2 4 0 3  
- 2 0 8 6  

2 0 9 0  
1 9 0 3  
1 3 2 5  
1 0 8 8  

9 3 9  
-3  

- 4 1 3  
- 1 4 9 7  
- 1 4 4 7  
- 1 1 8 6  
- 1 0 8 4  

-506  
1 3 0  

Y9 

- 1 3 8 0  
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Table A.1.2 (continued) 

I N - P L A N E  FORCE L O A C I N G ,  FYC,  ON CYLINDER (3000  L B )  

I - 9 0 C - B  6 5  - 2 8 7  - 2 9 1  - 1 2 9 0 1  - 1 9 3 3  128 - 1 9 3 1  - 1 2 9 0 2  
I -90C-C* 26 - 1 9 9  0 -4393 -529 - 2 6 4 6  816  - 5 7 3 7  
I-90C-D 17 - 1 6 3  - 1 6 7  -7275 - 1 6 8 0  6 4  - 1 6 7 9  - 7 2 7 5  
I - 9 0 C - E  1 4  - 1 3 9  - 1 4 6  -6273 - 1 4 5 1  -96 - 1 4 5 0  - 6 2 7 5  
I - 9 0 C - F  14  - 1 0 0  - 1 3 2  -5116 - 1 1 0 4  414  - 1 0 6 2  - 5 1 5 9  
I -90C-R 10 3 1  - 3 3  - 63 268  8 6 1  979 - 7 7 4  

0-9OC-B 2 - 1 7 1  -150 - 7 0 5 2  - 2 0 5 7  -286  -2040 - 7 0 6 8  
0 - 9 0 C - C  -5 - 1 4 2  - 1 2 3  -5835 - 1 8 9 3  - 2 5 3  -1877 - 5 8 5 1  
0-90C-D - 2  - 1 2 3  -112  -5160 -1619  - 1 5 8  - 1 6 1 2  - 5 1 6 7  
0-90C-E 7 - 1 0 2  - 9 3  - 4 2 8 4  - 1 0 7 2  - 1 2 6  - 1 8 6 7  - 4 2 8 9  
0-9OC-F 1 4  - 1 0 4  - 9 0  -4291  - 8 6 0  -190  - 8 5 0  - 4 3 0 2  
0 - G O C - R  - 5  -38  3 1  - 1 5 1  - 1 8 8  -917  748 - 1 0 8 7  

I - 9 0 N - B  7 4  - 2 3 4  - 1 8 4  - 9 2 5 6  - 5 5 8  - 6 6 8  - 5 0 7  - 9 3 0 7  
I -9ON-C -107 - 1 3 E  - 1 5 3  -6277 - 5 1 0 4  191 -5073 - 6 3 0 8  
I - 9 0 M - D  -79  - 6 9  - 7 9  -3166 - 3 3 2 0  126 -3Oq5 - 3 3 9 1  
1 - 9 0 N - E  - 3 8  - 4 1  - 4 3  -1795 -1690 3 1  - 1 6 8 2  - 1 8 0 4  
I - 9 O N - P  -12 -17 - 1 0 3  - 2 6 0 8  - 1 1 4 0  1 1 4 4  - 5 1 5  - 3 2 3 3  
I - S O N - N  24 17 1 u  6 56 9 1 3  32 917  6 5 2  

0 - 9 0 N - B  8 1  -97  - 7 8  -3947  1 2 3 6  - 2 5 3  1 2 4 8  - 3 9 6 0  
0-90N-C 57 2 8  3 1  1 2 4 1  2 0 8 1  - 3 2  2 0 8 2  1 2 4 8  
0 - 9 0 N - D  0 5 5  5 0  229U 688 63 2297 686  
0-90N-E -7  4 3  3 8  1780 3 2 1  63 1783  3 1 8  
0 - 9 0 N - F  - 1 4  2 1  2 8  1110 - 9 4  - 9 5  1 1 1 8  -701  
0 - 9 0 N - N  1 2  7 7 3 00 4 4 6  0 Y46 300 



Tab1.e A.12 (cont inued)  

I N - P L A N E  PORCE L O A E P N G ,  F Y C ,  OR CYLTNDER 

MTCRO-STRAIU S T R E S S E S  

I1 8 0 C - B  -5 92 68 3528 917 
?cl$O@-C - 2  4 2  26 1505 381 
118QC-I9 -21 19 2 4 9 0  -490 
riaoc-e - 4 2  5 - a  -5 - 1 2 7 5  
I18OC-P -59 -2 -12 - 2 4 5  - 1 8 4 2  
Tl8OC-s -151 - 2  - 1 2  - 1 4 5  -Q570 

0180C-B -26  12 2 2  7 6 8  -548 
OPXOC-c -50 -5 3 1 1  -1487  
0180C-D -69 -14 - 3  -390 -2178 
018QC-E -93  -16 -12 -530 -26SO 
8180C-F -105 - 2 U  -1‘7 -773 -3379 
8 1 snc-s * 0 1 2  -10 52 1 6  

m m N - i 3  12 9 7  114 4686 3751 

T 1 8 0 N - D *  28 2 59 1316 1243 
I1 80N- E 2fi 4 3  6 4  2317 1001 

142 1686 1114.3 T180N-F 21 3 5  
T l 8 O M - N  2 - 1  0 - 22 55 

x 9 80V-:: 4 0  54 87 2929 2 0 8 5  

0180N-B -5 -19 -1‘1 -779 - 3 7 5  
0 1 8 0 N - C  2 1  - 5 8  - 4 3  -2061 2 4  
0180N-D 26  - 3 8  - 5 0  -1962 196 
0180N-E 31 -31 - 3 3  -1445 49Y 
0 18OM-F 29 - 2 1  -31 - 7 1 8 1  502 
O 1 8 O N - N  0 2 2 185 3 1  

(3000  L R )  

PRIN STRESSES ------------- 

314 3566 m o  
220 1547 339 
220 537 - 5 3 4  
157  14 -1294 
1 2 6  -236  -1852 
1 2 6  -142 - 4 5 7 4  

- 1  26 7 8 0  - 5 6 0  
- 96 18 - 1 4 9 3  
- 9 4  -380s - 2 1 8 3  
- 6 3  - 5 2 8  -2452 
-9s  -370 -3374 
2 85  320  - 2 5 2  

- 2 5 7  4709 1729 
-350  3 0 5 6  1959 
.-;PS& 2 0 4 Q  515  

-94 1 7 0 2  1 1 2 7  
- 2  5 5  - 2 2  

-2.98 2uoo 1 3 1 8  

- 2 9  -373 -776 
-95 28 -2066 
158 208 -197a  

3 2  4 9 &  - 1 4 4 5  
127 571 -1190 

0 705 31 
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Table A.12 (continlied) 

I N - P L A N E  FORCE L O A E I N G ,  F Y C ,  O N  CPLTNDER 

M I C R O - S T E A I N  STRESSES 
I- ---- -a_- I - -- -... ---- 

ROSETTE GAGE1 GAGE2 ---- -- 
I27OC-c 
I270C-5 
I 2 7 0 C - E  
T270C-P  
f 2 7 Q C - H  
I27OC-J 
T270C-K 
I27OC-L 
I270C-M 
I27OC-P  
T270C-R 
‘I270C-T 

28 
1 1  
1 5  
15 
1 5  
1 8  
18 
28  
2 0  

1 2  
- 3 6  

1 0  

0 2 7 0 C - B  -19 
0270f:-C -12  
0 2 7 Q C - D  - 2  
0 2  7 0C- E 7 
0 2 7 0 c - ~  17 
0270C-H 3 1  
O 2 7 Q C - J  36 

02?0C-L 3 1  
0270C-M 26  
0 2 7 Q C - P  1 5  
0270C-R 8 
02?0C-T* -26  

027QC-K 38 

-20  1 
- 1 6 8  
-149 
- 1 4 2  
- 1 3 3  
- 1 2 3  
- 1 o e  
-96 
- 8 3  
- 5 5  
- 3 6  

5 7  

- 1 6 2  
-117  
-97 
-96 
-8 1 
-71 
-614 
-57 
- 3 e  
-28 

1 0  
36 

112 

I270N-B 88 -24E 
I270N-C -100 - 1 6 5  
I 2 7 0 N - D  - 8 8  - 9 3  
l t 2 7 Q N - E  - U S  - 8 8  
I270N-P -23 -33 

0 2 7 8 N - B  
0270N-C 
0 2 7 D N - D  
0270N-E 
0270N-f 
0 2 7 Q N - G  
0270N-€4 
Q27QN-K 
8270N-N 

$7 - a 3  
59 35 
10 52 

-21 40 
-29 31 
- 2 4  1 9  
- 2 4  1 2  
-1 4 0 

2 2 

GAGE3 ----- 
-177 
-1Q6 
-133 
- 1 2 1  

- 9 2  
- 9 2  
-70 
- 5 3  
-37 

1 1  
3 1  
4 6  

- 1 8 3  
- 1 3 0  
- 1 2 4  
- 1  12 
-100  

- 9 5  
-90 
-9 3 
- 9 s  
- 7 8  
- 5 5  
- 3 3  

0 

-212  
-160 

- 9 3  
- 5 3  
- 3 6  

- 8 3  
38  
57 
45 
3 6  
19 
1 6  

2 
2 

TRANS 
--111 

-8345 
- 6 9 1 2  
-6212 
-5792  
-4957 
-4521 
-3941 
-3308 
-2550 

-978 
-171 
2303 

- 7 5 6 0  
-5578 
-4857  
- 4 3 4 s  
- 39 98 
-3692 
-34 36 
-3334 
- 29 60 
-2373 

-999 
61 

24 92 

- 1 o i m  
-7024 
- 3 9 9 5  
-304s 
-1500 

- 3754 
1 5 4 a  
2395 
1906 
1495 
8 6 3  
6 01 

68 

L O N G  ---- 
- 1  665  
- 1 7 3 5  
-1399 
- 1  274 

- 8 2 2  
- 6 3 1  
- 4 5 9  
-194  

1 
3 0 8  

- 387 

-1 0 2 8  

- 2 8 3 9  
-20 30 
-1  529 
-1 090 - 698 

- 1 8 0  
39 

1 4 1  
39  
8 1  

139 
27 

-25 

-401 
- 5 1 1 s  
-3048 
-2274 
- 1 1 4 0  

1495 
2236  
1 0 0 4  

- 7 1  
-408 
-1555 - 533 
-Q08 
I02 

(3000 L B )  

PRIN STRESSES 

- 3 1 9  
-289  
- 2 2 4  
- 2 8 7  
- 5  39 
- 5 4 3  
- 5  12 
-566 
-607 
- 8 8 3  
-9 26 

1 6 0  

2 8 5  
285  
349 
3 49 
2 53 
3 17 
3 4 9  
4 75 
7 6 0  
6 6 5  
8 57 
9 19 

1 4 9 4  

-1650  
- 1 7 1 9  
-7388  
- 1 2 5 6  

- 9 5 6  
-744 
-554 

- 6 0  
- 5 2  
52  1 

1 Q 2 Q  
2312 

- 2 8 2 2  
-2008  
- 1 4 9 3  
- 1 0 4 3  

- 6 7 8  
-652 

7 4  
2 0 5  
2 2  1 
250 
59 8 
9 4 3  

3 1 8 7  

- a 3 6 0  
- 6 9 2 8  
- 6 2 2 2  
-5870 
- 5 0 2 9  
- 4 5 9 9  
- 4 0 1 8  
- 3 4 0 7  - 2 7 9 2  
-1498 

- 8 8 %  
- 3 9 6  

-7577 
- 5 6 0 1  
- 4 8 9 3  
- 4 3 8 2  
- 4 0 0 9  
- 3 7 2 0  
- 3 4 7 1  
- 3 3 9 8  
- 3 1 4 2  
- 2 5 9 1  
-1458 
-876 
- 7 2 0  

- 4 4 5  - 3 8 1  -10189 
- 6 4  - 4 1 1 3  - 7 8 2 6  

(9 - 3 8 4 8  - 3 9 9 5  
-477 - 2 0 4 6  - 3 2 7 3  

3 2  -1137  -1SO2 

-2 1 4 9 5  - 3 7 5 4  
- 3 1  2 2 3 9  3542 
-63 2 3 9 7  1001 
- 6 3  1908  -73 
- 6 3  14197 - 4 1 5  

a 8 6 3  -455 
- 32 6 0 2  - 5 3 Y  
- 32 7 - 4 1  

8 0 10  
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Table A. 12 (continued) 

ROSETTE G A G E 1  GAGE2 GAGE3 T R A N S  LO 
-e----- ----e ----- --e-- --I-_ ---- 
I315C-B 
I 3 1 5 C - C  
T315C-D 
1315C-F 
I315C-H 
1315C-J 
I315C-K 
T315C-L 
E315C-PI 
I3 15C-P 

0315C-B 
O31SC-C 
0315C-D 
03115C-E 
0315C-F 
0315C-B* 
03 15C-R 
0315C-L 
O315C-M 
031TC-P 

I315N-R 
X315N-C 
13lSN-D 
T315N-E 
I315N-F 
I3 15N-N* 

0315N-B 
0315N-C 
0315N-D 
8315N-E 
0315N-F 
0315N-6 
0315N-H 
03 15N-K 
0315W-N 

1 9  
2 

-14 
- 7  

-17 
- 7 9  
-26  
-65 
-6 9 
-57 

- 1 4  

- 3 3  
-50 
- 5 0  

0 
- 5 5  
- 5 2  
- 5 2  
-55 

5 9  
-38  
-33 
- 1 4  
-5 
- 2  

45 
4 3  
17 

5 
1 
3 
3 
3 

-42 

- 2 8  

-141  
-155 
-144 

- 6 2  
-62 
- 5 5  
-ut3 
- 8 1  
- 6 0  
-41 

3 3  
3 6  
4s 
4 3  
38  
3 3  
3 3  
5 0  
4 3  
36 

- 6 2  
- 3 3  
- 1 9  
-12 
-12  

2 

-5  
5 

-LI  
-9  

-11 
-11  

-9 
- 4  

7 
d 

- 1 4  -3431 
31 -2731 
UlF -2143 

-21  -1828 
10 -1136 
1 2  -923 
14  -906  
31 -1032 
29 -407 
26 -252 

-138 - 2 2 7 8  
-133  -2106 

-171 -2760 
-168 -2862 
-154 -2658 
-109 -1608 

- 8 5  - 7 2 5  
- 6 9  -516 
-40  - 4 4  

- 1 8 3  -2987 

-79 -3163 
- 6 7  -2165 
- 2 6  -962  

-2 -299 
7 -100 

-469 -10256 

-133 -3073 
- 1 u  -2 5 s  

13 2 57 
2 1  2 58 
17 124 
1 5  75 
12 65 

8 7 4  
3 174  

- 4  57 
-748 

-1073 
-7 6 3  

-850 
-1000 
-2246 
- 2 2 6 2  
-1797 

-1 110 
- 1 4 8 6  
-1892  
- 2 3 2 3  
-2338 
-798  

-2 119 

-1720 
- 1  6 5 0  

7772 
-1  797 
- 1 2 9 1  
- 520 
-173  

-3 1 4 8  

4 30 
1204 

5 8Q 
2 30 

58 
112 
107 
1 0 8  

- 1  193 

- a 4 2  

- 1 7 m  

SHEAR - - -.. -- 
-1686 
- 2 4 8 1  
-2517 

-541 
-954 
-891 
-827 

- 1 4 9 7  
-1179 

- 8 9 2  

2276 
22 44  
30 34 
2 8  44 
27 50 
24  97 
1896 
1801 
1485 
1011 

2 23 
4 4 6  

96 
-1 27 
-255 
6 2 8 3  

1707 
253 

-2 87 
- 4 1 2  
-334 
- 3 u 1  
-2  82  
-159 

0 

3 0 4  - 4 1 9 2  
9 3 3  -4411 
966  -4181 

- 5 3 7  - 2 0 5 5  
- 2 3  -1955  

5 -1778  
- 1 3  -1693  
- 2 4  - 3 2 5 5  

6 - 2 8 7 5  
1 5 s  - 2 2 0 5  

65’5 -4043  
4 6 9  -4061 
6 4 3  -5523  
3 7 1  -5394 
1 8 7  - 5 3 3 5  
936 - 4 3 9 2  

5 0  - 3 7 7 7  
624 -3131 
4 8 5  - 2 7 2 1  
4 4 4  -2138 

7 8 5  - 3 1 7 5  
-1Q99 - 2 4 6 3  

-936 - 1 3 1 %  
-241 -578 

121 - 3 9 4  
516 -13920  

1124  - 3 3 4 7  
1247 - 2 9 8  

7 5  I 9 1  
656 -167 
466 - 2 8 Q  

359 -197  
25 1 -69  
1 9 4  -1193  

435 - 2 4 8  

r 
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Table .A e 13, Out -of -plane force, FZC, on cylinder 

I - Q-c -C -2 
I-0-C-D 8 
I - 0-C - E 
I-O-C-F 
P-O-C-H - 2  
f-O-C-J - 2  
f -  0-c - K 
I-O-C-L* -13 
X-Q-C-fl 
1-8-6-P 
I-0-c-s 

Q-O-C-B - 0-c -C 
a-0-C-D 
0-O-C-E 

a-a-c-a 

- 2  
- 5  
- 3  

-3  
0 
5 

-3 
2 

-3  

0 

-3 
- 5  

-5 
I 

-7 
..,” 

.” - - 
- a  

-45 
-66 
- 5 2  
- 5 0  

2 9  
2 6  

- 9 1  
- 4 3  
- 4 1  
-36 
- 3 6  

54 
54 
5 9  
57 
5 2  
5 0  
45 

38  

- 5  
- 5  
Q 

19 
2 

-5 
- 7  
- 3 1  
- 3  
- 5  
Q 

31 
46 
38 
38 

- 4 5  
-43 

2 1  
2 1  
26 
2 9  
2 6  

-45 

- a 5  
- 3 6  
- 3 3  
- 3 3  
-29 
-26 
- 3 6  

- 1 9  

- 2  

2 
9 
7 
7 
7 

- 1  
e 
d 

-3 12 
-4  19 
-3 15 
-262 
-36Y 
-3 64 
-Q22 
-320 
-312 
-152 
-202 

-679 
-355  - 
-s. 

LORG 
....-e- 

-165 
-126 
-94 
-79 

-181 
-181 

-55  
-4249 

-165 
-389 
- 2 7 5  

57 

-33 

- 2 5 1  
-17 

-4 
-4 
-7 - 47 

- 12 

SBEZLB 
I---- 

-10117 
-1335 
-1208 
-1376 

9 85 
9 22 

-826 
-859 
-89 
-85  
-827 

132 
126 
3 59 
329 

1295 

- 32 
- 6  

-126  
- 1  - 

8 

SXGMX 
---,I- 

7 8 1  
1 0 1  0 
008 
009 
717 
654 
6 0 8  

- 1 4 1  
655 

589  
688  

1 4 6  
1 4 9  
I566 
1527 
457 
1308 
4239 
1109 

- 3 2 2  
-18 
-4.2 
- 1 4 1  

602 
-7  

S I G H N  
---on- 

-1258 
-1615 
-1417 
- 1 3 5 0  
-1262 
- 1  199 
-1Q85 
-41128 
-1132 
- 1 0 2 9  
-1066 

-1199 
-1035 
-7173 
-1139 
- 1 3 3 4  
-986 
- 8 5 3  
-925 
-760 
-736 
- 8 6 3  
-840 

- 7 8 5  



Table A.13 (continued) 

-PLANE FOWCE L O A D I N G ,  FZC, ON CPLIElDE 

I-90C-8 

1 - B O C - E  
I-96C-P 
I-90C-R 

0-90C-D* 
0-96C-E 
0- 90C -F 
0-90c-a 

I-90N-@ 
X-90N-D 
1-90W-E 

8-90N-0 
8-90M-I& 
0-90W-F 

- 5  43 - 1  
- 3  6 2  0 
- 5  6 4  - 3 6  

-16 62 -3 
-10 65 -29 
-24 9@ a3  

-7 -13  47 
5 - 3 6  6 2  
2 -33  -147 
0 -33  6 2  

- 2  - 2 8  69  
9 3  102 

-10 -12 -17 
-10  -117 - 2  

0 - a  0 
0 0 - 5  

2 
-22  - 1 2  - 1 2  

- 5  - 9  3E 
0 - 2  0 
2 2 - 1 2  

7 - 9  
4 u - 7  
2 0 2 

7 35 
1366 
627 
6 31 
8 12 

4093 

6 60 
568 

-3965 
626 
889 

43 22 

-619 

-158 
-107 
-862 
-5 i a  

631 - 52 
-211 - 15 
-68 

38 

70 
331  

39 
-106 

- 5 1  
4-77 

483 
313 

-1 119 
188 
196 
16 

-472 
-489 
-47 
-36 
385 

-811 

447 
-16 

8 
124 
112 
75 

701  
8 26 

1339 
1275 
1257 

192 

-854 
-1296 
15 17 

-1265 
-1266 
-126 

64 
-1 91 - 95 

63 
-592 

0 

-632 
- 32 
190 
189  
157 
-32 

1198 
1823 
1704 
1590 
1710 
4023 

1395 
1943 
-461 
1690 
188 
4326 

- 2 1 8  
8 
1 

408 
- 5 1 8  

1035 
3 

117 
2 5 6  
203 
93 

-373 
-123 

-1838 
-1065 
-949 
466 

-333 
-862 

-4622 
-877 
-799 

12 

-642 
-600 
-212  
-144 

-1085 
- 8 1 1  

-358 
-70 

-321  
- I 4  
- 1 5 9  

20  
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'Table A, 13 (cont inued)  

I I B Q C - E  2 
I 1 8 Q C - C  2 
I 1 8 0 C - D  2 
I1 80C-E 2 
I180G-P 2 
Iiaoc-s -1  

0180C-B 5 
01 8OC-C 5 
0 180C-D 5 
0180C-E 5 
0186C-P 0 
01 BOC-S* 0 

I180N-B - 2  
Id8ON-C -2 
E 18ON-D 0 
L 180N-E 2 
I1 8ON-P 2 
Z18ON-N 0 

O18ON-E -10 
0 180N-C - 5  
0180N-D - 5  
0180N-E - 2  
018ON-F 0 
O 1 8 O N - l  0 

- 2 0  
- 5 2  
- 5 s  
-57  
- 5 2  
- 2 9  

5 5  

59  
5 5  
50 
2 6  

- 2  
0 

- 2  
2 
0 
0 

16 
- 5  

- 1 4  
- 1 4  
-12  

0 

CI: a +  

3 3  
47 
(87 
42 
33  
29  

-45 
-45 
- 5 0  

- 5 0  
- 3 6  

- 1 2  
-7  
- 7  

2 
7 
c 

,e 
2 
2 
7 
'1 
0 

-48 

4 

STRESSES -------- 

1 Q2 106 
-1 39 28 
-171 8 
-3 27 -35 
-325 -33 
-22 -24 

198 196 
196 19s  
280 196  
146 180 

8 
-2 09 -63 

-309 -963 
-153 -116 
-208 -6 1 

104 I04 
144 106 

3 2 

265 -206 
-47 -157 

- 2 5 6  -219 
-154 -118 
-104 - 3 1  

0 0 

-7 87 911 - 6 6 3  
-1321 1278 -1368  
-1351 1273 -9435 
-1319 7 1 4 6  -1509 

-754 732 -777 

1 3 3 1  1 5 2 4  - 1 4 3 4  
11333 1528 -1137  
I458 1656 -1261  
1364 45219 -120 
1330 1330 -133 
824 6 9 1  -963 

128 -89  -383 
95 -37 -232 
64 -37 -231  

0 104 104 
-96 222 28 

0 3 2 

397 -337 
-95 8 -212 

- 2 2 2  -IS -468 
-285 150 -422 

0 0 0 
-2  53 188 -324 
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T a b l e  A.13 ( con t inued)  

- 2  
-2 
0 
0 
0 
SE 
Y 

1 4  
1 Q  
36  
43 - 17 

19 
'p 

14 
16 
16 
2 1  
28  
3 3  
38  
QO 
35  
3 1  
7 

- l Q  
- 5  

6 
5 
7 

16 
5 
0 
0 
0 
6 
Q 
Q 

26 
2 5  
2 8  
2.9 

'7 
- 9 %  
- 2 2  
- 3 9  
-53  
-88 
-96 
-26 

- 5 7  
- 6 6  
- 6 3  
- 6 7  - 6 4 
- 6 7  
- 7 2  
-7  Q 
-88 
- 9 8  

-IC7 
-1oc 

93 

- 1 9  
- 1 7  

- a  - 7 
2 

10 

- L A  
6; 

12 
1 4  
12  
10 

'7 
5 
n 

2E 932 
9 3 02 
8 263 

-?  I57 
- 7  9 07 
- 7  52 
-5 5 3  
- 2  5Q 

c -- 3 

L Q l G  
- - R e  

-396 
-380 
-318 
-366  
- 4393 
- 4 1 1  
-516 
- 4 9 3  
-6OQ 
-179 - f$T 
- 5 2 9  

4 5 1  
78 

2 a 7  
265  
266 
31% 

29 
QB2 
289 
2 03 

-7199 
-a;2 
483 

-6-79 
-268 - 43 

79 
163 

530 
229 
80 
@7 
33 
15 
17 
I S  
7 3  

S 8 E m  
---e- 

'9367 
1399 
9366 
1271 
10 87 

8 2 5  
7 3 0  
623 
634 
161 
128 

-638  

- 1396 
-1332  
-1239  
-1339 
-1268 
- 0 l S E l  
-1Q-79 

-9 19 
-666  
-6 02 
-350 

0 
568 

0 
- 1 9 %  

- 9 5  
- 6 4  

96 

-665 
- 6 3  
1 5 9  
286 
2 53 
222 
159  

95 
0 

SIGHI 
a_-.."- 

66 6 
727 
7 4 3  
56 
216 
- 2 8  

- 2 & 0  
-259 
- $ 6 6  - 173 

- 4 4  
36 7 

937% 
1179 
1 987 
1188 
1 1 2 1  

8 5 3  
928 
78 1 
14.26 
38 2 

- 1 6 1  
-472 
1316  

-677 
- 6 3 9  

8 
9 2  

2116 

1025 
3 3 9  
3 5 4  
3 9 3  
3 2 6  
256 
1195 
133 

7 3  

SIGH3 
---e- 

- 2 1 5 5  
-2194? 
-2858 
-2104 
-2035 
-2187  
-2liQ6 
-2931 
-3529 
-419% 
- 4 4 7 2  

- 9 8 3  

-1440 
-11534 
-1543  
- 167.3 
- 1 6 1 4  
-6719 
- 1 9 8 1  
-210Q 
-2960 
- 3 4 4 7  
-42.11 
- e 6 4 5  

96 

-823 
-545 
-212 
-229  
-96 

- 3 6 3  
193 
- 1 2  

-189 
-186 
-189 
- 3 2 5  

- 6 1  
-1  
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Table A. 13 (contiriiied) 

I3 1SG-B 
I315C-C 
Z3lSC-I)  
1 3  156-F 
1 3  1SC-H 
I3 15C-J 
T 3  15C-K 
13 1SC-I, 
P315C-H 
I3 15c-P 

0315C-B 
03156-c 
0315C-D 
03 15C-E 
Q315G-F 
0315c-H 
0315c-K 
Q315C-IC, 
0315C-M 
a3 1542-P 

P31SN-8 
I315N-C 
I3 15N-D 
I 3 1 5 N - E  
I 3  ISH-P 
I315H-8 

031SN-E 
03 l5N-C 
0315N-El 
0315Y-E: 
0315N-F 
0315N-G 
03151-81 
0315N-K 
a3 15N-€4 

-10 
-12 
-15 
-15 
7 

- 3  
-10 

4 
7 

12 
19 
24 
2 9  
2 6  
19 
14 

0 

-7 

-29  
-17 
- 1 2  

-1  

19 
a 

-6 
-14  
-Ira 
- 1 2  
-10 

-3 
-9  

-38 

-96 
-74 
- 6 2  
-4 1 
-41 
- 4 3  
- 5  
- 6 9  
-79 
- 9  1 

- 1  
-1  

- 5  

-10  
2 
5 

18 
1 2  

7 

-69 
-4e 
- 2 3  
- 1 9  
- 4 5  

E 

- 2  1 
17 
2 
16 
13 
10 

3 
- 1  
4 

-1 
4 

-84 
- 6 2  
-413 
-3  
- 3 9  
-3s 
- 3  1 
-2s 
- 1 0  

- 3  

-41 
-3 1 
- 3 8  
- 3 8  
- 3 8  
-90 
- 5 2  
-69 
- 8  1 
- 8 8  

-8 1 

-27 
- 1 9  
-15 

Q 

-24 
12 
23 
19 
12 

E 
8 
z 
4 

-49 

-3957 
-3009 
-2333  - 17 34 
-1737 - 1679 
-1382 

-1943 
-2045 

-1319 
-904 
-958 
-9 15 

-1079 
-860 - 1091 - I 2 2 0  

-1527 
-1772 

-3307 

-1186 
- 8 3 1  
-6 27 

-12  

-1011 
6 18 
961 
788 
5 83 
4 08 
335 

31 
192 

-2068 

-905 
-766 
- 6 9 5  
-816 
- 8 9 0  
-945 - 9?7 
-402 
-561 
-9 12 

-262  
- 6 5  

61 
291 
3 8 1  
454 
a61 
203 
- 3 1  

-532 

-1213 
-1774 
-1 222 
- 7 5 0  
- 5 5 3  
-44 

266 
399 
104 

-977 
-243 
-236 
-199 
-94 

- 2 2 1  

-1 57 
-1 59 
-262 - 32 

- 3 1  
-127 
-255 

-1174 

2 84 
286 
442 
474 
376 
569 
7 58 
1106 
1233 
1264 

16 
I 

-32 
-1 
-1  
-1 

32 
6 3  - 39 

-35 
12 
21  
-6 
-48 

-. 2 

- 7 5 5  
-654 
-81 5 
-a89 
- 9 2  
-90 
-208 - 179 - 135 

- a s 1  
23 

226 
455 
472 
666 
77 3 
807 
662 
256 

-1201 
-1774 
-1167 

- 3 5 8  
-553  

-12 

267 
635 
963 
7 8 9  
584 
409 
335 
47 

192 

-3965 
- 3  
-2374 
-1735 
-1739 
-1701 
-1855 
-2253 
-2425 
-2782 

-1391 
-993 

-1123 
-1079 
- 1  170 - 1072 
-1823 
-2221 
-2560 

-3319 
-2068 
-1241 

- 8 3 1  
-627 

-4f4 

-1012 
302 
103 

-178 
-243 
-237 
-199 
-110 
-221 

-1383 
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