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I n t e r s e c t i n g  c y l i n d r i c a l  shel ls  a r e  common conf igi.rat ions i a  s t r u c -  

t u r a l  components for nuclear r e a c t o r  systems. Piping t e e s  and nozzles i n  

c y l i n d r i c a l  ves se l s  a r e  s p e c i f i c  examples Despite t h e i r  comiuon occur- 

rence,  however, preoven e l a s t i c  s-Lress a n a l y s i s  methods for such configu- 

r a t i o n s  have not been general ly  available, and only r ecen t ly  have po'ien- 

t i a l  analyses,  both a n a l y t i c a l  and numerical., been developed.. Tnis i s  

'mue even f o r  the case of an idea l i zed  configurat ion cons i s t i ag  of two 

t h i n - s h e l l  cyl-i-nders i n t e r s e c t i n g  normally wi th  i10 t r a n s i t  ions, r e in fo rce -  

ments, or f i l l e t s  i n  the junct ion region. 

To  m e e t  the  need for experimental. d a t a  obtained f r o m  c a r e f u l l y  ma- 

chined models, Oak Ridge National. Laboratory i s  t e s t i n g  a s e r i e s  of f o i d r  

t h i n - s h e l l  cylinder-to-cylinder models. I n  add i t ion  t o  serving a b a s i c  

need f o r  t e s t  r e s u l t s  f o r  use i n  developing and. eval-uating p o t e n t i a l  ana- 

l y t i c a l  techi1.j-ques, t h e  mode1.s i.n the series w i l l  provide design informa- 

t i o n  d i r e c t l y  appl icable  t o  nozz les  i n  c y l i n d r i c a l  ves se l s  and t o  a c l a s s  

of t h i n  piping tees 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  app l i -  

cable t o  l iquid-metal  f as-t; breeder r e a c t o r  components i n  which r e l a t i v e l y  

].ow 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  thin-walled 

s t r u c t u r e s .  

The f i rs t  model. in the  serj.es has been t e s t e d ,  and the  r e s u l t s  have 

been compared wi th  t h e o r e t i c a l  p red ic t ions  obtained from a f iiiite-el.ement 

t h i n - s h e l l  ana lys i s .  The purpose of t h i s  r e p o r t  i s  t o  discuss  the  t e s t -  

i.ng and ana1.ysj.s of t h i s  f i r s t  model and t o  present t h e  comparisons of 

-theory- and experimerit . 
The f i rs t  model., which has been t e s t e d ,  i s  shown i n  F ig ,  1, together  

wi th  a tab le  l i s t i n g  %he s i g n i f i c a n t  dimensions of a l l  four models i.n 

t h e  s e r i e s .  As t h e  f i g u r e  indica-Les, t hese  models are f;riLLy idea l i zed  

she1.1 s t r u c t u r e s  .) There are no t r a n s i t i o n s ,  f i l l e t s ,  o r  r e i f l o r c i n e  ri.n 

t h e  junct ion regLon. The o1iJLsid.e diameter Do of t h e  cyl.inder of t h e  firs:; 

model. was 10.0 i n .  and t h e  outs ide diameter do of t h e  nozzle T v a s  5.0 in . ,  

g iving a do/Do r a t i o  of 1/2. 

t h e  nozzle thickness  t was 0.05 i n .  

s h e l l s  was 100. 

The cyl inder  .Lhlickness T was 0.1 in . ,  and. 

T'nus the OD/thickness r a t i o  of both 
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'The remaining .t;h.ree models h a w  outside cl.l.a,meter:; of 1.0 .O i n .  for 

the cyli:wle:r. Bcmever, i n  the second model the outside d . i ~ u e - L e ~  o f  the 

nozz3.e is a l s o  10"i:) in. . ,  gi-ving a do/Do r a t i o  of' 1.0. In the t h i r d  snd .  

fourth models the outside diametcix' of the aozz1.e is 1,25) in. %'he fourth 

model will. actually be o'obained t'rcxn the third. by bor ing  (3ut the nozzl-e 

to pravj.de a thinrier wa, l l  t,hi.ckness 

The f i r s t  model. ris skiown scii.c3-ma'cicalljr i-11 Fig.  2, together with the 

applied forces ~ i ~ i d  m ~ m e ~ t s  to whl.ch it 'WZB sub,jected. The I n i i ; j C > r  dimen- 



' _  1 

. .. 

F i g .  1. Thin-shell  cylinder-to-cylinder model 1 and t a b l e  showing 
d;lmensions of a l l  four models i n  test series. 

WMENSIQNS AAE IN INCHES 

Fig. 2. Schematic of first model showing appl ied external loadings.  
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2. EXPERDENTAL ANALYSIS 

Experimental i nves t iga t ions  of t h i n - s h e l l  cyl inder- to-cyl inder  pres-  

sure  v e s s e l  configurat ions have used both  s t ra in-gage metal  models and 

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

e x t e r n a l  nozzle loadings have been ca r r i ed  out by Hardenbergh, Z a m r i k ,  

and Edmondson,' by Hardenbergh and Zamrik,2 and by Riley.3 I n  t h e  f i r s t  

two s tud ie s ,  contoured and re inforced  o u t l e t s  were used, while i n  the  

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. 

Photoe las t ic  s tud ie s  have been ca r r i ed  out by Taylor and Lind4 and by 

L e ~ e n . ~  Thus, of t he  

previous s tud ie s ,  only t h a t  of R i l e y  used a t h i n - s h e l l  idea l ized  cy l in-  

der- to-cyl inder  metal  model, and it w a s  of welded construct ion r a t h e r  

than  being ca re fu l ly  machined. 

I n  both cases ,  re inforced  openings were examined. 

2 . 1  Model Construction 

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

i n  t h i s  r epor t  w a s  t o  obtain experimental  da t a  on a ca re fu l ly  machined 

cyl inder- to-cyl inder  model s o  t h a t  t h e  e f f e c t s  of geometrical  imperfec- 

t i o n s  would be minimized. A s  w i l l  be discussed l a t e r ,  geometrical  imper- 

f ec t ions  can play a very s i g n i f i c a n t  r o l e  i n  t h e  behavior of t h i n  she l l s ;  

consequently, extreme care  w a s  used i n  making the  f i r s t  model. 

The b a s i c  configurat ion w a s  obtained by welding together  two th i ck -  

walled carbon s t e e l  cy l inders .  The r e s u l t i n g  weldment w a s  then  annealed, 

and the  ins ide  sur faces  were machined t o  t h e i r  f i n a l  dimensions by boring. 

The s t ruc tu re  w a s  annealed a second time a t  t h i s  po in t .  To maintain the  

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

machined and in se r t ed  i n  both the  nozzle and cy l inder .  These mandrels 

were used throughout t h e  subsequent machining of the  outer  sur faces ,  which 

w a s  done by turn ing  on a l a t h e ,  mi l l ing ,  and f i n a l l y  by hand f i n i s h i n g  i n  

t he  immediate v i c i n i t y  of t he  junct ion.  

Despite t he  care used i n  machining t h e  model, s l i g h t  geometrical  im- 

per fec t ions  were inevi tab ly  present ,  and they  d id  have a not iceable  but  

r e l a t i v e l y  s m a l l  e f f e c t  on the  experimentally determined s t r e s s e s .  I n  an 

. 
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e f f o r t  t o  reduce the  magnitude of t h e  geometrical  imperfections even f u r -  

t h e r ,  t he  remaining models i n  t h e  s e r i e s  have been machined from s o l i d ,  

one-piece carbon s t e e l  forgings.  After conventional machining t o  rough 

dimensions, t he  f i n a l  sur faces  were machined on a t racing-type mi l l i ng  

machine using a c a r e f u l l y  constructed mahogany wood p a t t e r n .  

2.2 Strain-Gage Layout 

The model w a s  ex tens ive ly  instrumented with e l e c t r i c a l  r e s i s t ance  

s t r a i n  gages on both t h e  outside and ins ide  sur faces .  A s u f f i c i e n t  num- 

b e r  of gages w a s  used on t h i s  f i rs t  model t o  provide a good desc r ip t ion  

of t h e  s t r e s s  d i s t r i b u t i o n s  f o r  comparison with pred ic t ions  and f o r  iden- 

t i f y i n g  the  h igh-s t ress  regions.  Subsequent models i n  the  s e r i e s  of four  

w i l l  have fewer gages. 

The st rain-gage layout  f o r  t h e  f i r s t  model i s  shown i n  Fig.  3 on 

developed views of t he  nozzle and cy l inder .  

strain-gage r o s e t t e s  was used, making 966 indiv idua l  s t r a i n  gages. 

of these  were on t h e  outer  surface,  and half  were on t h e  inner  sur face .  

They were, i n  a l l  cases,  loca ted  "back t o  back" a t  t h e  loca t ions  shown 

i n  the  f i g u r e .  

A t o t a l  of 322 three-gage 

Half 

The gages were arranged in  two opposite quadrants as shown, with each 

quadrant having four  l i n e s ,  or s t r i n g s ,  of gages. On the  nozzle these  

l i n e s  were spaced a t  30" i n t e r v a l s  and r an  a x i a l l y  along t h e  nozzle.  On 

t h e  cyl inder ,  the  gage l i n e s  were a c t u a l l y  h e l i c a l  curves t h a t  were per- 

pendicular t o  t h e  junct ion l i n e  a t  the  poin ts  where the  nozzle gage l i n e s  

in t e r sec t ed  t h e  junct ion l i n e .  

There were two p r i n c i p a l  reasons for gaging two opposite quadrants.  

F i r s t ,  f o r  the  majori ty  of t h e  13 loadings t h e  behavior i n  t h e  two quad- 

r a n t s  w a s  expected t o  be d i f f e r e n t ,  and second, for loadings such as in-  

t e r n a l  pressure,  where t h e  behavior should be i d e n t i c a l ,  experimental 

d a t a  from two supposedly i d e n t i c a l  quadrants allow a check of the  da t a  

and provide sme ind ica t ion  of t h e  e f f e c t s  of geometrical  imperfections 

i n  the  model. 

The three-gage r o s e t t e s  used were Micro-Measurements type EA-06- 

03OYB-120, option SE, which i s  a very compact three-gage f o i l  r o s e t t e .  
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The t h r e e  ind iv idua l  gages a r e  arrs.nged i.n a "Y" p a t t e r n  3.n.d have ax1 in -  

d iv idua l  gage length of 0.030 i n .  As can be seen i n  the  inset, i.n t'ne 

upper right-lmfid.. corner of Fig.  3, fiv-e complete r o s e t t e s  were loca ted  

along each gage l i n e  wi th in  the  f i r s t  5/8 in .  frum the  J~~1.cti.o:n. 

f'irst f i v e  rose tkes  were supplied mounted on a coLumoii backi:ng by t h e  gage 

rnanuyacturer . These assemblies have t11.e s:me designat ion as the ;;ingle 

r o s e t t e s  except t h a t  t h e  opt ion becormes 327. Grie of the  f i v e - r o s e t t e  

asseriibl.ies i s  shown i n  F ig .  14.. 

These 

The r o s e t t e s  were appl ied with an epoxy a.d.li.e:;Fve, BR-61-0, which i s  

availa'Dle from W .  T .  Hem, Inc.  Curing t h e s  and temperatures ranged 

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

used t o  connect the  gages -to temrinal t a b s  t o  wlilicth I.arger lead wires 

were coniiected. Bridge completion and dumay compensation were provided 

by similar gages mounlxd on unstressed. pieces .  One dummy gage was used 

f o r  approxima.tel.y 23 t o  24 acti-ve gages. The strain-gage d a t a  were r e -  

corded by R Beckman.-l)ex-Lli- da ta -acquis i t ion  system (Sec t .  2.4) . 

Uninsulated. ~I-mi1--di.a,m w i r e  was 

The model i s  S ~ C Y , T !  I.n Fig.  5 w i t h .  -the s t r a i n  gages applied. but il-ot 

completely v i r e d ,  The Tour l i n e s  of gages i n  -the fou r th  quadrant can be 

clearly- seen. 

from the l.ongitudina1 pl.ane, a t  60" around, and f i n a l l y  i n  .the transverse 

plane at 90" around from t he  longitiidinal. plane.  

r o s e t t e s  i n  the  junct ion region i s  shown i n  F ig .  4 .  

They are i n  the  I_ongi'Lurliiial pl.a.*?e a t  O", a t  30" around 

A close-up v-iew of t he  

2.3 Test Description 

Eigux-e '7 shows the ri.nsti-mented model i n  a loading frame heri.ng sub- 

j e c t e d  t o  a.fi in-plane momen'c loadj-ng oil t he  nozzle. T'ne r i g h t  end of 

the cyl inder  was r i g i d l y  clamped t o  the  heavy f l a t  p l a t e  as sham.  A 

s p l i t  r i n g  arrangement a.ctri.ng over t h e  flange on the  en6 of .the cyl inder  

( see F i z a  5) was used f o r  t h i s  purpose. The 1-oadiug f i x t u r e s  or. the  other  

end of the  cyl inder  aad on the  end o r  the nozzle were at tached 7.n a s k i -  

1a.r manner. These heavy fixture:; i n .  e f f e c t  cons-t-raiaed the  eiid c i r c l e s  

ol" t h e  s h e l l  t o  r e m a k  plane c i r c l e s .  The end P i x L u r e s  were counter- 

balanced by weights a t tached t o  the  ca'oles (F ig .  '(). 
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The ex te rna l  loads were appl ied by hydraul ic  rams a c t i n g  through 

load c e l l s ,  and the loads were cont ro l led  by -the load c e l l  ind ica t ions .  

The pressure loading was appl ied using a hydraul ic  f l u i d .  To avoid undue 

straini .ng of t he  model, weights were used t o  counterbalance the  weight of 

t he  pressur iz ing  f l u i d  i n  the  raOd2.l.. 

For a l l  13 loading cases,  da t a  were taken a t  0, 20, 40, 60, 80, 100, 

The procedure w a s  then repeated, s o  80, 60, 40, 20, and 6 of f u l l  load. 

t h a t  two complete s e t s  of data were taken f o r  each gage for every loading.  

Since t h e  ava i l ab le  da ta -acquis i t  ion equipment w a s  l imi t ed  t o  250 

channels, it w a s  necessary t o  repea-1; t he  above procedure four  times f o r  

each loading with approximately one-fourth of t h e  966 gages being moni- 

to red  each t ime. 

2.4 Data Acquisit ion and Reduction 

The strain-gage da ta  were recorded by a Beclnnan-Dextir automatic 

da ta -acquis i t ion  system. The system cons i s t s  of a da ta -acquis i t ion  u n i t  

composed of a number of remotely located data-gather ing boxes assigned 

t o  d i f f e r e n t  exper -bents ,  a c e n t r a l  data-processing u n i t ,  and a c e n t r a l  

data-recording u n i t .  Each remotely located data-gather ing box i s  capable 

of accept ing 25 analog  inputs  and 25 user - re la ted  d i g i t a l  inputs  from 

decimal switches o r  other  contact-closure devices .  The ind iv idua l  boxes 

a re  connected t o  the  c e n t r a l  processing and recording u n i t s  by a par ty-  

l i n e  arrangement. This pa r ty  l i n e  c a r r i e s  t he  con t ro l  sequence s igna l s  

t o  t h e  data-gathering boxes and also c a r r i e s  the analog vol tages  and dig- 

i t a l  constants  back t o  the  data-processing u n i t .  

Ten data-ga-thering boxes, o r  250 analog channels, were ava i l ab le  f o r  

the  t e s t  of the  f i rs t  cylinder-. to-cylinder model. These boxes were modi- 

f i e d  t o  provide br idge exc i t a t ion  and completion f o r  t he  s t ra in-gage c i r -  

c u i t s  by the  use of i n t e r n a l  switching and ex te rna l  power suppl ies .  

The low-level analog s igna l s  from the  data-gather ing boxes of t he  

Beckman-Dextir system a r e  t ransmi t ted  t o  the  c e n t r a l  da t a  processor,  where 

they a r e  amplif ied t o  t5 V f u l l  s ca l e .  These amplif ied vol tages  a r e  then 

d i g i t i z e d  and passed on t o  the  data-recording u n i t ,  where they a r e  re- 

corded on IBM-compa-tible magnetlc tape and i f  des i red  pr in ted  on paper 
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t,ape. The user - re la ted  dl.gi.ta1 in€ormation f rm each data-ga-t.heri.ng box 

i s  a l s o  recorded i n  t he  same format as the d i g i t i z e d  analog info:matj-on. 

Immediately af ter  R complete data scan i s  Laken, t he  user  may r e c a l l ,  by 

means of a tel.ety-pewriter a t  t h e  experiment, t he  d a - k  recorded f~oni, any 

s ing le  box i n  the  gr0u.p scanned. 

The cenLral data processor records -the time or day- t o  t h e  nearest; 

minute i n  four d i g i t s  C r o m  a time-of-day clock and the day of the year 

f r o m  a day-of-yew calend.ar. These data are recorded. filoilg with box nim- 

b e r  and channel. iiuaber da-La. 

Each data-gathering box nay be scanfled automatically a t  5-., 15-, 

30-,  or  60-min i i i t e rva ls  o r  on a continuous basis. 

swi-tcin on each box a l l O - F r s  f o r  one scan of the  da ta  entered through -Lhat 

box. The scanning r a t e  within each box i s  e igh t  channels per second. 

The system accuracy i s  s t a t e d  t o  be +O,O7$ of full sca le ,  and the  system 

r e p e a t a b i l i t y ,  0.04$ of ful..l. s ca l e .  

Also a push-button 

A l l  d a t a  from a l l -  experimeuts f o r  a 24-hr period a r e  recorded. on a 

s ingle  itiagnetic tape.  

an IBM 360/7j computer, where the millivo1.t :readings f o r  each experimnent 

are converted t o  engineering u n i t s  Cs t~a i .n s  i n  t h i s  case). A l l  data. f o r  

t h a t  24-hr period a re  then pr in ted  out f o r  each e x p e r k e n t  and returned 

t o  -the everimen-Lei-. I n  ad-dition, t he  data a r e  recorded. on a master Lape 

€or storage 

A t  the  end of t he  24-h2 period the  iape i.s sen-i; t o  

The experimerital rrsul-ts presented l ake r  i n  t h i s  r epor t ,  and tabu- 

l a t e d  i n  t he  Appendix, a r e  p;el>ernlly based on t h e  s-train-gage reaAings 

a t  i-naximuirn load and on the  f irst  of t he  two sets of d a t a  taken f r m  each 

gage and load-ing. If t h e  f i rs t  s e t  of da-La was questionable f o r  some 

reason; the  second s e t  was used, The r,-Lr.r,:in-gage readlngs a t  €rac t io i iz l  

val-ues of khe m.aximum load were used. Lo check linearrity and d r i f t  of the  

gages. I n  those ca.ses where nonl inear i ty  or drift w a s  excessive,  or where 

an individual.. gage or ci.:ccui.t w3.s otherwise obvioiis1.y malfunctioning, the  

rose'ite oP which -the gage w a s  a p a r t  was not used 7.n the  final. r e s u l t s  

f o r  the spec i f ic  loading case under considerat ion.  I n  some ii2stancen, a 

gage that  behaved e r r a t i c a l l y  du r ing  one loading behaved imrmally during 

oi;hers. Thus, i.n the f ina l .  p l o t s  showing the e,uperi;ne-r):;aL s t r e s ses ,  
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r e s u l t s  froiii a given r o s e t t e  may be incl-uded f o r  soine loadings but not 

f o r  o thers .  

S t r e s s e s  were calculated from the  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 10“ p s i  and a Poisson’s r a t i o  of 0.3. 

2.5 Variat ions ol” Maximum Measured S t r e s s e s  
Around Nozzle - Cklinde r Junct ion 

I n  all. cases,  t h e  inaxinlum measured s t r e s s e s  occurred a t  the junct ion 

between nozzle and cyl inder .  Consequently, i n  t h i s  sec t ion  representa-  

tlive experimental r e s u l t s ,  i n  the  fo-rm of maxilmm measured s t r e s s  d i s t r i -  

’outions around %he nozzle-cylinder junction, a r e  presented. and discussed 

f o r  each loading. 

l i n e  a re  presented i n  Chapter 4 f o r  each loading and compared with t’neo- 

r e t t c a l  predi.ctions . 

P l o t s  of a l l  t he  experimental. points  along each gage 

To examine the  maximum s t r e s ses ,  stress r a t i o s  were considered, These 

r a t i o s  were determined by dividing the  maximum absolute  principa.1 s t r e s s  

value a t  a poin t  by a noninal membrane s t r e s s  value.  The membrane hoop 

s t r e s s  i n  the  cylinder,  and nozzle, w a s  used as the  nominal s t r e s s  l e v e l  

Yor t h e  pressure loading. For t h e  moment loadings on the  nozzle, or cyl-  

inder,  the maxi.mum merii’orane bending s t r e s s e s  [computed by- M c / I )  o r  the  

membrane shear stress (computed by Tc/J  and equal t o  t he  maximixu normal 

s t r e s s )  i n  t’ne nozzle, OT cylinder,  were used as -the nominal s t r e s s e s .  

For the  a x i a l  forces  on nozzle and cyl.i:nder, t he  a x i a l  membrane s t r e s s  

( calculated by P/A) w a s  used. 

on the  nozzl.e, t he  nominal s t r e s s  w a s  somewhat a r b i t r a r i l y  chosen as the  

maximum bending stress i n  the  nozzle (ca lcu la ted  by Mc/J) a t  the  l e v e l  of 

the  t o p  of the cyl inder .  F ina l ly ,  f o r  - h e  in-plane and ou-t-of-plane forces  

on the  cyl inder ,  the  nominal s t r e s s  was a r b i t r a r i l y  chosen as the maximum 

bending s t r e s s  i n  the  cyl inder  a t  i t s  midlength ( a t  the  center  l i n e  of the  

nozzle) .  

For the  in-plane and out-of-plane forces  

The applied loads used i n  the  eKqerimenta1 analyses a r e  given i n  

Table I, together  with t h e  nominal membrane stress l eve l s  calculated by 

the  above procedures. 



Table 1. Applied loads and nominal. stress l e v e l s  

Loading case 
N o m i n a l .  

Load l e v e l  mernbreane s Lre s s 
( p s i )  

I n t e r n a l  pre s sure , p 

Mm Out - of -plane momen-t , 
Torsional moment, 

In-plane moment, 

In-plarle force, Fm 

Axial. force , 
Out,-of-plane Co:rce , 
Tors  i o n a l  mome a t  

Out-oP-plane momen-i, 

in-plane momeiit 

Axial force, 

YC In-plane force, F 

O u t . -  of-plane fo rce  , 

MYN 

MZN 

%N 

'ZN 

MXC 

%c 
Myc 

$'XC 

FZC 

50 p s i  

600 in . - lb  

2000 in . - lb  

2400 in . - lb  

200 l b  

300 lb 

100 lb 

20,000 i.n,-l.b 

20,000 i n .  - lb  

20,000 rin,-J.b 

5000 1-b 

2000 l b  

1200 Yo 

2475 
62 4 
1040 

2495 
3339 

386 

1669 
1300 

2600 

2600 

1608 
54Ch 
32'79 

The varia.tioT*s i n  the experimentally determined maxiiuurn s t r e s s e s  

around the junct ion between nozzle and cy l inder  are shoim 5.n Figs .  8 

through 20 f o r  each of t h e  13 in.di-vidual loading cases .  I n  each case,  

the s t r e s s e s  shown were determined from bhe st rain-gage r o s e t t e s  I'unm@tii- 

a t e ly  ad-jacent t o  blie junct ion,  and of t he  four possible maxlilllum st:cess 

disLri'uutri.ons - eyl.i:nder ins ide  and au ts ide  and nozzle ins ide  wid outside - 
those shown produced the  l a r g e s t  s t r e s s e s  i.n each case. 

The poriiits Mueleii "extrapolated maxi.nium" i n  -the ftgures are es-t;j.- 

mated rnaxirnum s t r e s s  ratios a t  ?;he junct ion obtaitned by ext rapola t ing  the  

expe r irraent a.1.l.y d e t  e m i n e  (3. pr inc ip.1 st i.e s s di. s t r ibuh ions a J..ong e a ch. gage 

l i n e  Lo the peak s t r e s s e s  a t  -Lhe junct ion.  I-t should be emphasized t h a t  

t he  maximum. s t r e s s  e s i ; h a t e s  a r e  based on a considernt ion of the stresses 

along gage lines on3-y; t h i s  d w s  nok preclude the ex is tence  of s l igh t ly  

higher rati-ns at l oca t ions  between gage Lines. The maxri.mwn s t r e s s  ratios 

and -Lbe I-ocations of the maxi.iiium s t r e s s e s  based on both the experimental 
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ana lys i s  and the f ini te-element  ana lys i s  a r e  tabula ted  and compared in 

Chapter 5.  
Figures 8 through 20 i-ndicate that, i n  general ,  t h e  m a x i m u m  measured 

stresses var ied i n  a reasonably smooth and cons is ten t  manner around tine 

nozzle-cylinder junct ion.  It i s  p a r t i c u l a r l y  s i g n i f i c a n t  t o  no-Le -Lha,t 

only -Tor the  in te r r ia l  pressure case d id  t h e  maxiraum s t r e s s  occur i n  t'ne 

long i tud ina l  plane of symmetry. For a l l  other  loadings t h e  raziximurn oc- 

curred i n  t h e  t ransverse  plane of symmetry or  a t  an intermediate pos i t i on  

between t h e  two planes of symmetry. 

The consistency of t h e  experimental da t a  and perhaps some assessment 

of t he  geometrical  consistency of t h e  model can be obtained by examining 

t h e  r e s u l t s  f o r  those loading cases where symmetry ex i s t ed .  For i n t e r n a l  

pressure (F ig .  8) , t he  t o r s i o n a l  momenl; on t h e  cyl inder  (F ig .  15), -the in-  

plane moment on the cyl inder  (F ig .  l ' 7 )  , and t h e  a x i a l  force  on the  cy l in-  

der  (F ig .  18) , t he  r e s u l t s  i n  the  two quadrants would be expected t o  be 

equal.  A comparison fo r  these cases ind ica t e s  good agreement excep-t f o r  

i n t e r n a l  pressure.  The v a r i a t i o n s  the re  w i l l  be discussed f u r t h e r  i n  

Chapter 4. 

z l e  (F ig .  11) , the  in-plane force on -Lhe nozzle (F ig .  l2), t h e  a x i a l  force  

on the  nozzle (F ig .  13), and the  in-plane force  on t h e  cyl inder  (F ig .  19) , 
should exh ib i t  longi tudina l  symmetry ( t h e  same maximum s t r e s s  r a t i o s  a t  

90 and 270"). For these  cases the  agreement i n  the t ransverse  pla.ne i s  

genera l ly  good. Thus, i n  general ,  t he  p l o t s  of maximum s t r e s s  r a t i o s  

arouiid the  nozzle-cylinder junct ion i l l u s t r a t e  t h a t  relia'ole and consis- 

t e n t  da t a  were obtained from tinis c a r e f u l l y  prepared model. 

Some other  loadings,  such as the  in-plane moment on the  noz- 
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ORNL-DWG 74-3064 

ORNL-DWG 71-3060 

I . PRESSURE, 
MODEL 1 

/ /' 
5 

90" 
I 

-OUTSIDE 

-a-OUTSlDE 1 
CYLINDER 

NOZZLE' 

Fig. 8. Variat ion of m a x i m u m  Fig.  9. Variat ion of narimum 
p r i n c i p a l  s t r e s s  r a t i o s  around 
nozzle-cylinder junc t ion  f o r  out- 
of-plane moment, M X N ,  on nozzle. 

p r i n c i p a l  s t r e s s  r a t i o s  around 
no z z l e -  cy l inder  j unc t i on f o r  in- 
t e r n a l  pressure .  

ORNL-DWG 74-6436 

Fig. 10. Variat ion of m a x i m u m  p r i n c i p a l  stress r a t i o s  around nozzle- 

cyl inder  junc t ion  f o r  t o r s i o n a l  moment, M Y N ,  on nozzle.  



1.9 

OYYL-DWG 71-3CB2 

F i g ,  1 2 .  V s r i z t i o n  of m a x i m i u n  principal st ress  ratttios around nozzle-- 
cylinciei- juncti .on for ttin-pI.ane f'c)s:ccc, FjYlg, on n o z z l e .  
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Fig. 13. Variat ion of maxirl lum pr incipal .  str-ess r a t i o s  around nozzle- 
cy l tnder  j u n c t i o n  f o r  axial force ,  F Y ~ J ,  on nozzle. 

Fig. 14. Variation of maxiinurn p r i n c i p a l  stress ratios around nozz1.e- 
cy l inder  j u n c t i o n  f o r  oiit-of-pl.ane f o r c e ,  F Z N ,  on nozzle. 



2 1. 

OWNL-DWG 71-6433 
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Fig. 1.7” Va,ri.atj.on o f  maxhw!i p r i n c i p a l  s t r e s s  r a t i o s  around nozzle- 
cy l inde r  j u n c - i i o n  f o r  Tn-plane moment, M Z C ,  on cyl inder .  

Fig. 18. Variation of maximum principal stress r a t io s  aroun(3 nozzIf2- 

cyl inder  Jur icLion f o r  axi al. fo rce ,  Fxc, on cylinder. 
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QRNL- DWG 74 -6437 

Fig. 19 I Variat ion of m:~ix.irnm- principa:L s t ress  ra t ios  a r o i m d  n o z z l e -  
cylintler j u n c t i o n  for in-plane f o r c e ,  Fyi;',  on c y l i n d e r .  

QRNL- DWG 74 - -6432 
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3.1 Background ____le.- 

Thin - she 11 cyl inder  - t 0- cy]. i ilde r ri n t  e r s e c t i on p r  ob l e m s  have, i n  r e  ce n t  

years,  been a favori-be w i L h  Lhe s t r e s s  ana lys t .  Their p o p d a r i t y  stems 

nol; only from the  common occurrence of such configurat ions ii?. pl -ac t ica l  

design, but also from -Lhe challenge tha t  they present  as a compl.ex shell  

a.nalysis pyohlem. 

conf i-gmakions tinrin- she 1.1. cylindei- -to-.cylinder i n t e r  see t i o n s  occii~r ia 

the  -i)etrol.eiim i-ndustry, which uses tubular s t ruc - tu ra l  members extensively 

i n  off-shore otl.-drilll.i.ng towers. Much of tile cylinder-to-cylinder i-n- 

t e r s c c t i o n  research,  both cxperi.mental and t h e o r e t i c a l ,  t h a t  has been done 

was motiva-Led by the off-shore o i l - d r i l l i n g  tower appl ica t ion .  The lit- 

e ra tu re  associated wi th  the  la.-l;ter aP;ol_i_cation i s  reviewed i n  Ref. 6. 

I n  addi t ion  t o  t h e i r  use i n  piping and. pressure vessel 

Both analyLica1 and numerical analyses  have been developed and ap- 

p l i ed  t o  Lhin-sheJ.l cylinder-to-cylinder intersect,j.on problems. R e i d ~ 1 . -  

b a , ~ h , ~  ir. 1-961, developed t h e  f i r s t  ana.lytica1 so lu t ion  f o r  two’ perpeii- 

di.cular1-y fn t e r sec t ing  cyli-ndrical. s h e l l s  sub jec’ied Lo i n t e r n a l  pressure .  

Eringen8-11 and his eo-workers corrected some eyrors and approximations 

i.n. Reidelbach’ s so lu t ions  and formulated a so lu t ion  i n  which >the Fn.i;er- 

secti.on curve w a s  approxiriaat,ed by a circle. These soluLions consis ted oP 

products of Krylov funct ions and HankeJ- func t ions  of the f i r s t  kind. A 

co l loca t ion  met?iod was used whereby t h e  boundary condltions were sat isf ied 

7.n a, 1-east-squares sense a t  se lec ted  boundary po in t s .  

Hansberry and Joizes,12 i-n 1969, used the Lnethod developed by Reidel- 

bach and Eringen e t  aL. t o  develop a soSuti.on for an. in-plane bending 

moment, applied. t o  the nozzle of a nozzle-to-cylinder configuration. I n  

1.970, Maye and Fringeiil” developed a so1u:tion using Fourier  series in- 

vol-vlng Bessel funct ions i n  place of t h e  Krylov Pun<:.tions. A s  i n  t he  

case of the earl.ier so lu t ions ,  however, -the nozzle d-iamzter w a s  l~imlted 

r e l a t i v e  t o  the cyl inder  dime1x:r. 

In 1.96’7, BI jlaard, TJohmmnn, and Wangl” YoimiAaLeCi the  problem t o  

include the  case hihere l;hc nozzle  and. cyl inder  are of equal di.a.meter. 



They indica ted  a solution i n  -Yne f o m  given by FlEgge f o r  closed cy l in-  

d r i c a l  s h e l l s .  

f e r e n t i a l  eqUi2-t;ioKtS of’ Flcgge and Donne11 ’chat i s  appl icable  t o  the equal- 

diameter case * He compared his predic t ions  with t h e  experimental  results 

obtained by Riley3 f o r  a iiozzle-di.c~eter/cylinder-c3.i~lJne-ter r a t i o  of 1/2 e 

By c a r e f u l  choice of soae of t h e  factors used i n  t h e  sn lu t ion ,  he obtained 

predic t ions  that agreed reasonably well wi- i ;h  exprimen.%. 

I n  1969, Pa.nl” developed a numerical solu-Lion t o  .?;he diT- 

Ilermann and C a m p ’ ~ e l 1 , ~ “  i n  1968, presented a f in i te -e lement  skiell 

ana lys i s  formulation using f la t -plate  elements, and as a sample problem 

they used -the 112 dimei;er  ra-tio model t e s t e d  by R i l e y . 3  

par i sons  showii were Cor i n t e r n a l  pressu.re and indica ted  reasonably good 

agreement between -theory and eqe rbe i i t  . I n  1969, Pr ince a i d .  Eask~id’.~ 

also presen-ted a f l a t - p l a t e  firii-Le-elemezi-i; s h e l l  analysis und used the 

cylirrder-t;o-cyl.i.nder i n t e r s e c t i o n  as 3. sample problem. Tkieir skiell ana,l- 

The I..iraited com- 

ys is program was developed. wider subcontract t o  Oak R i d g e  N3t i o m d  Labo- 

r a t o r y  as a p a t  of t h e  ORNL Prestressed Concrete Reactor Vessel Program. 

Consequently, the O F 3 L  model. descr ibed he re in  w a s  used 2s t h e i r  smp1.e 

problem, and the predic t ions  were compared with preliminary Frit,ernal pres- 

sure r e s u l t s  provided by OEWZ. The agreemerrt between theory and e q ? e r i -  

ment was rea,sonisbly tgood f o r  t h e  comparisons :;homi. 

3.2 Finite-Element Method 

The b a s i c  concept or” tile f ini te-element  method. is t h e  i d e a l i z a t i o n  

o€ the o r i g i n a l  structure a:; an assewbIsge of d i s c r e t e  s t r u c t u r a l  e lmen t s  

and then nssui.mi.ng some s impl i f ied  Cuuict?’.oc.al. repre sentat ion of displtrce - 
~~ter t t  behavior. for the in.di.vi.duaL elements Thio has proven t o  be a par- 

t l ic t t lar ly  ill~sive task f o r  curv.ed-r;l.iell :;-t;ructures, and no comp1.etel.y 

satisfactory formulzt ion exi G ~ E  II Gal.j.;zgher”” has recently pre;xmi;e(j. a 

survey- of d e v e l o p e n t s  in the finite-element analy-si.:; of’ flat-plate and 

curved-sl-rel.1. s-truetui-s am1 he conc1u.d.e~ that m r e  work is needed. h i  {;his 

genera l  area before firm coricl.ins ioiis cxn ?-,e drawn .I 

Bo-i;h flat-plate and ru.rved-slne9.:!. e.lements haw been used fur cur-ved- 

she l l  s t r u c t u r e s .  Tn-ese two t y ~ s  o f  elemruts are il.lust,ra+;ed scheinati- 

ca1:l.y i n  F7.g . 27.. . Flat-pls-tie elexen-i;s have 0-wious shortcomings I Ttierre 
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i s  a gzometric d i s c r e t i z a t i o n  involved i n  t h e i r  i ise because the t r u e  

curved surface i s  represented by a face ted  surface.  Thus, when f]-at- 

p l a t e  ekmeri-Ls a r e  used for curved-shell  s t r .uctures ,  two types of approxi- 

mations a re  i n t r d u c e d .  F i r s t ,  the s h e l l  tha'i; i.s a c t u a l l y  analyzed d iP- 

f e r s  s l i g h t l y  from the  t r u e  s h e l l ,  and second, the s - t i f fnes s  proper t ies  

of 'iiie i-ndividual elemen-1;s a r e  derived on t h e  b a s i s  of an assumed s e t  of 

displacernent p a t t e r n s  within the elements; thus cons t ra in ts  a r e  imposed 

on the  manner of defor-rua-bion of the  shell. The errors associated w i t h  

both types of approximation tend 'GO diminish with reduced mesh s i z e s  i n  

the  f inite-element i dea l i za t ion .  

Curved-shell elements, on the  other  hand, e l h i n a t e  the  g e m e t y i c  

approximati.on because they can c o r r e c t l y  represent  t he  curved-shell  sur- 

face; however, they a re  d i f f i c u l t  t o  f ormulate ma-Ll.iematically. Formula- 

t i o n s  do e x i s t ,  but  t he  e n t i r e  a r e a  of curved-shell elemends i s  i n  a rela- 

t i v e l y  ear ly  s tage of development, and the re  a re  insufficient avai lab le  

n~rterica.1. comparison c l a t a  I 

18 

Consequently, f l a t - p l a t e  elements have been m o s t  widely used i n  shell. 

analyses t o  date .  The ana lys i s  used f o r  t h i s  f i r s t  c y l i n d e ~ - t o - c y l i n d e r  

model uses t la-L-plate elemnen-f.;s and was chosen as being representa t ive  of 

cur ren t ly  ava i lab le  and widely used f ini te-element  she l l  formulations.  

The program was developed a t  -the University of Cal.i.fornia, Berkeley, under 

the dl.rec.tion of €Tor^ s o r  R .  W .  Clough. The original.  program w a s  writken 

for general  s h e l l  anaI.ys-i.s by and w a s  l a t e r  modified and 

adopted by Greste's'' f o r  t r e a t i n g  toe "Ks' join1;s of c y l i n d r i c a l  she l l s  

found i n  off-shore o i l - d r i l l i n g  towers. 

Tne basri.c elements used i n  the  progrrun. a r e  shown i n  F ig .  22. The 

elements are  nonplanar q u a d r i l a t e r a l s  t h a t  a r e  bui.I..t, up of ai? asseublage 

of Pour ccmponent ' i r iangles as shown. 

the  in-plane displacements u and v a re  assumed t o  vary- quadra t ica l ly  over 

the plane of tile t r i a n g l e  except t l i a b  they a r e  constrained t o  vary l i n -  

e a r l y  along t h e  one e x t e r i o r  edge. The resulting med~i.aile element i s  r e -  

f e r r e d  t o  as a consti-aj.ned l i n e a r  s t r a i n  trFang1.e (CLST) , and it has two 

degree:; of freedom (11 and -v) a t  each of t'ne f i v e  nodes. 

Within each compoiient t r i a n g l e ,  

%he p la t e  bendj-ng port ion of the component t r i a n g l e  elements has 

t h r e e  degrees of freedom at each OC the -i;%lree corner nodes - two r o t a t i o n s  
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aboiit a x e s  i n  .the plane of the element and t h e  t ransverse ,  o r  normal, dis- 

placement I,?. The displaceurent expansion fo r  this element i s  due Lo Hsieh, 

Glougin, and TocherY2" and the element is rei 'erred to 8,s the  BCll t r i a n g l e .  

Full compatibility of displacements and s lopes between t r iangul .ar  element 

boundaries i s  achieved by d iv id ing  the element i n t o  -three subtr i angles  

and assuming an independent cubic v a r i a t i o n  for w within each subt r iangle .  

One of the t en  terms o f  the general. c u b i c  i s  neglected i n  each sub-Lri- 

angle, s o  t h a t  iri t he  f - ina l  assenbled component t r i a n g l e  the normal slope 

v a r i e s  linearly along each e x t e r i o r  edge. It i s  t h i s  f ea tu re  that en- 

sures  slope compatibilitJr in t h e  r e s u l t i n g  element system for plate bend- 

ing  problem.  The 27 constants  i n  the three cubic  expressicns for w with- 

i n  t he  triangul:xr element are reduced. t o  9 (and r e~~- -~ ;ed .  -to the 9 n d a l  

degrees: of freedom) by i n t e r n a l  compat ib i l i ty  cons idera t ions .  

varying as a cubic polynomial wii;h.in each subt r iangle ,  t h e  three  compo- 

nents of cur-vature, arid hence the bending and tw i s t ing  moments, vary l i n -  

e a r l y  * 

With w 

The t o t a l  s t i f f n e s s  (membrane pl-us bending) of the trLangu1zr e le-  

ments t h a t  Yo-rm the components of the  q u a i r i l a t e r a l  i s  obtained by super- 

pos i t i on  of t h e  p l a t e  bending element and t h e  membrane element. Tkie mem- 

brztne plus bending s t r e s s e s  vary- piecewise 1irie:arly over the surface o-f 

the r e s u l t i n g  -i ;r iangular element. 

The gmd. r i . l a te ra1  element stiffness is 0-btained from %hat of the four  

COmpOneKlt t r j -angles  . In ,  gener.a.1, dine t o  t h e  c'urva-f;u.re of the shell that 

i s  being d i sc re t i zed ,  an a r b i t r a r y  quadrila,ter:iL wi.1.1 be noaplazuzr. This 

introduces a, complication i n  t he  transf'orniation of t he  t r i a n g u l a r  clement 

s i i fTness  because on t h e  element level only two 'oend.ing r o t a t i o n s  per  

riode a r e  deJ:%ned. Wlzen transformed from the el.emeni; coordinate:; t o  some 

other  coordinate system, a third bending r o t a t i o n  quan t i ty  is i-ntroduced, 

ar id  i n  the t ransfo.med system three r o t a t i o n a l  degrees of freedom should 

be considered zt; each node T h i s  considerat ion regarding the third rota-  

t i o n a l  clegvee of' freedou a1.so arise:; i n  the  subsequent; assembly of the  

q u a d r i l a t e r a l  elements into the total. s t ruc tu ra l  st i i ' fness,  since ad ja- 

cent el.e:ments ttre i n  general not copl.anar e 

chose to re-Lain only t w o  rotations per r i d e  i n  ?;he tot,a,l e1emen.t assem- 

blxgu I We argued .that si-nce tire element plane i n  a suli'Tici.ent81y f ine  

111 h i s  ror~uulat  ion,  c3GhIi60n1F3 



mesh l i e s  c lose t o  t h e  s h e l l  tangent plane a t  each node, t he  r o t a t i o n s  

could. be transformed from t h e  element coordinates ( i n  t h e  plaiie of -the 

element) t o  coo,i-di.aa.:;es Fn t h e  s h e l l  tangent plane and t h e  s m a l l  t r ans -  

f oi-caed coiupolie-nt of bending r o t a t i o n  about the normal t o  t3.e s h e l l  could 

be neglected.  'LWs i s  perhaps a reasonable assimption everywhere except 

a t  the junct ion of i n t e r s e c t i n g  s h e l l s ,  as will be discussed l a t e r .  

The s t i f f n e s s  formulation fo r  t h e  q u a d r i l a t e r a l  element , as well as 

f o r  t he  CLST membrane element and t h e  HCT pl.ate bending element, i s  sum- 

marized by Greste." 

a t  each node: u ,  v ,  w, and t h e  two r o t a t i o n s .  In t h e  f i x a l  assembled 

s t r u c t u r e  t h e  five degrees of freedom per node a r e  u, v, w, aod the t w o  

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

The q u a d r i l a t e r a l  element has r i v e  degi-ees of freedom 

The t a s k  of t h e  f in i t e - r l emen t  method i.s t o  dete-mine t h e  unknown 

c o e f f i c i e n t s  OP t h e  assumed element displacement funct ions f o r  u, v,  and 

w.  Tnis i s  done by connecting t h e  q u a d r i l a t e r a l  ell-ements together  a t  

d i s c r e t e  points ,  t h e  cornei- ncdes, and requi.r-i.ng compatibibli'cy or" dis-  

placements and r o t a t i o n s  and equilibrium of €orces and maments at t hese  

ncdes Unfortunately, when the  elements are assembled i n t o  a curved-shell  

s t r u c t u r e  , courpatibil-i-ty and equ i l . i b r im  are not completely achieved along 

the  element i n t e r f a c e s .  Thus t h e r e  are inherent small e r r o r s  involved., 

Studies  by Johnson"' have shown, however, tha-t these errors are not t o o  

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

There i.s an e r r o r  i n  i n t e r s e c t i n g  s h e l l  problems, however, which i s  

not  diminished by mesh refinement. This erz-or arises from the afore-  

mentioned neglect  of %he r o t a t i o n  about t h e  shell normal. A t  t h e  junct ion 

nodes i n  the  cylinder-"to-cylinder i n t e r s e c t i o n  problem, t h e r e  a r e  t h r e e  

nonzero r o t a t i o n a l  components, but  only two of these can be r e t a ined  as 

nodal degrees of freedom. Greste" chose t o  define t h e  tangent plane, and 

hence the two r o t a t i o n a l  decreer, of freedom, a t  t h e  junct ion nodes as the 

cyl inder  tangent plane. The manner i n  which he {:rested the junct ion nodes 

thus  constrained the normal r o t a t i o n  about t he  c y l i n d r l c a l  s h e l l  normal 

t o  be ze ro  a t  t h e  junction. This r o t a t i o n a l  cons t r a in t  unreaListica1.Zy 

cons t r a ins  t h e  bending deformation of t h e  adjacent n0zzl-e elements. 

The I ~ O S ~  severe c&se of t h i s  s i t u a t i o n  i s  i l l u s t r a t e d  i n  Fig. 2 3 .  

I n  t h i s  case, t h e  r o t a t i o n  of t h e  nozzle elemen-Ls (adjacent  -to node A) 
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about t he  normal t o  t h e  cy l inder  a t  A is completely constrained.  Thus, 

i f  in t h e  a c t u a l  s t r u c t u r e  t h e  nozzle deforms i n t o  the  shape shown, the 

cons t r a in t  on t h e  idea l i zed  s t r u c t u r e  prevents -the r o t a t i o n  0 at A. 

Greste considered two f a c t o r s  i n  es t imat ing  the  magnitude of t he  con- 

s t r a i n e d  r o t a t i o n  and i t s  e f f e c t s :  r i g i d  body displacements and. membrane 

deformations i:i t he  cy l inder .  Because of t h e  r e l a t i -ve ly  smll length- to-  

diameter r a t i o s  t h a t  a r e  genera l ly  considered f o r  the  cyl inder ,  Greste 

reasoned t h a t  the r i g i d  body displacements which produce r o t a t i o n s  01: t he  

type shown i n  Fig. 23 are s m a l - l  compared with the  bending r o t a t i o n s  assoc i -  

a t e d  with s t r a i n i n g  of th . e  s t ruc tu re .  Therefore, e s s e n t i a l l y  all of the  

r o t a t i o n  of t he  type i n  F ig .  23 can be assumed t o  be produced by t he  mem- 

brane deformations of the  cyl inder  w a l l .  Greste then f u r t h e r  reasoned 

t h a t  i n  o i l - d r i l l i n g  towers the  membrane s t i f f n e s s  of t h e  cyl inder  is  

very l a rge  and. t he  circumf'erential  bend-ing s t i f f n e s s  of t he  nozzle, o r  

branch as he c a l l s  it, i s  r e l a t i v e l y  small. Thus the cyl inder  normal 

r o t a t i o n s  when applied as c i rcumferent ia l  bending r o t a t i o n s  t o  the  noz- 

z l e  would be expected t o  generate only small fo rces  and moments i n  the 

nozzle wall. That i s ,  i f  the  r o t a t i o n  0 of Fie;. 23 were allowed. t o  take 

place i n  the nozzle w a l l ,  r e l a t i v e l y  s m a l l  add i t iona l  s t r e s s e s  would be 

generated.  

This argument m a y  be milid f o r  s t r u c t u r a l  join-Ls i n  off-shore oil- 

d r i l l i n g  towers, bu t  it does not necessar i ly  remain so  f o r  pressure ves- 

sel and piping cyl inder- to-cyl inder  configurat ions i n  wh-ich nozzle and 

cy l inder  may be nearly equivalent  i n  s t i f f n e s s .  For these  configurat ions 

t h e r e  is ,  unfortunately,  l i t t l e  j u s t i f i c a t i o n  f o r  choosing the  cy l inder  

tangent plane as t h e  reference plane for junct ion nodes. A b e t t e r  choice 

might have been some average o r  mean tangent plane a t  Junct ion nodes 

giving p a r t i a l  bending cons t r a in t  t o  both nozzle and cy l inder  e 

used thlis l a t t e r  approach Lo analyze a folded-plate  s t ruc tu re  and found 

t h a t  t he  r e s u l t s  agreed w e l l  wi th  an e l a s t i c i t y  so lu t ion .  

J o k i r i s ~ n ~ ~  

I n  conclusion, t he  e r r o r  introduced i n  the juncti-on region by t h e  

neglec t  of the  s i x t h  degree of freedom a t  the  junc t i sn  nodes and by Yne 

assoc ia ted  cons t r a in t  on t h e  bending deforma-Lions of the elements ad ja- 

cent  t o  those nodes i s  not  bel ieved t o  be a l a rge  Tactor, bu t  it is 
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present  and it i s  n o t  reduced by mesh refinement. This  e r r o r  w i l l .  be d i s -  

cussed in Chapter 4, where t h e  t h e o r e t i c a l  p red ic t ions  a r e  compared wi th  

t h e  experimentally determined stress d i s t r i b u t i o n s  . 

3.3 Finite-Element I d e a l i z a t i o n  of Model 

The f iriite-el.emenL rep resen ta t  ion chosen f o r  t'ne model i s  d.epicteii 

i n  Fig. 21!., which shows developed. views of one-half of t h e  nozzl-e, cyl in-  

de r ,  and end p l a t e s .  It, w a s  necessary to consider only one-half of the 

s t r u c t u r e  because of symmetry considerat ions.  This mesh l.ay-art; w a s  de- 

veloped jrnanually aid 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 in t he  experimental model. 

nodes, r e s u l t i n g  i n  approximately 3000 l i n e a r  a lgeb ra i c  simultaneous equa- 

t i o n s  t o  be solved f o r  t he  unknown di-splacenent parameters. 

25 nodes along Lhe ( h a l f )  junct ion l i n e  between nozzle and cy l inde r .  Al l .  

13 loading cases considered experimentally were analyzed u.sing t h i s  mesh, 

and t h e  t h e o r e t i c a l  predFctions were compared wi th  t h e  experimentally 

determined s t r e s s e s  and are given i n  Chapter I + .  

There were 649 

There we1-e 

Seven of the 13 loadi.ngs - presmxe, axial fo rces  on cyl.inder and 

nozzle, a n d  in-plane moments and fo rces  on cy.7.i.nder a.nd nozzle - produce 

behavior t h a t  i s  t h e o r e t  i -cal ly  syme-Lric about t h e  I.ongitudi.na1 plane of 

symmetry of t he  model. For these  symmetric loadings,  it i s  correct; t o  

consider j u s t  one-half' of t h e  model in t h e  fi.nite-element r ep resen ta t ion .  

The boundary conditions on nodal displ-acements and r o t a t i o n s  are those 

commonly associated with syametl-y condi t ions.  

For the rernai-ning six loadings - out-of-plane moments and f o r c e s  on 

cyl inder  and nozzle and torsional- moments on cyli-nder and nozzle - asym- 
me'iric conditions e x i s t ,  and t o  consider j u s t  one-half of t h e  model i n  

the  finlte-element r ep resen ta t ion  r equ i r e s  assurqkioiis, o r  approximations, 

i n  establishi.ng nodal  displacement and r o t a t i o n a l  boiindary condi t ions.  

Basical-ly, the boundary- conditions used were based on -tile assumption t h a t  

the projec.t;ion on the  X-Y pSane (see Fig ,  2) of the  boundary remained 

f ixed  i n  t h e  X-Y plane.  I n  other  words, t'ne displacernents i n  the X and 

Y d i r e c t i o n s  and the r o t a t i o n  about, the Z a x i s  were assumed t o  be zero f o r  

the nodes along the boundary i n  t h e  X-Y plane.  Al.ti?ough these condj.tions 
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a r e  obviously riot s t r i c t l y  co r rec t ,  they nonetheless seem to be reasonable 

assumptions t h a t  a r e  usef'ul. f o r  reducing the  s i z e  o f  t h e  problem to be 

solved. 

To inves t iga t e  t h e  e f f e c t s  of  mesh f ineness  and t o  v e r i f y  that t h e  

mesh i n  Fig.  2)C w a s  s u f f i c i e n t l y  f i n e ,  analyses  were performed on the  

model using two a d d i t i o n a l  mesh layouts ,  one coarse and one e x t r a  f i n e .  

The coarse mesh had the same general  arrangernent as shown i n  F ig .  21k, bu t  

only 219 nodes were used, which r e su l t ed  i n  approximately 1000 simulta- 

neous equation:;. There were only 13 nodes along t h e  ( h a l f )  junct ion l i n e  

between nozzle a.nd cy l inder .  All 13 loading cases were examined wi-th t h e  

coparse mesh. 

For t h e  ex t r a - f ine  mesh layout only one-quarter of the model w a s  con- 

s idered,  an.d because of the  r e s t r i c t i o n s  imposed by the resul t i .ng s;ymetry 

considerat ions,  only an i n t e r n a l  pressure loading w a s  examined. An ex- 

panded vers ion of t he  o r i g i n a l  Universi ty  of' Cal i fo rn ia  program was used, 

s o  that  it was poss ib le  t o  quadruple -the nwnber of elements. Again,  the  

same genera l  arrctngeuient as i n  F ig .  2)+ . w a s  used. There were 1l.C)g nodes, 

with 25 nodes being loca ted  along t h e  ( q u a r t e r )  junct ion between nozzle 

and cy l inder .  

The r e s u l t s  of t hese  coarse and ex t r a - f in s  mesh analyses  can be 

b r i e f l y  summarized as fol lows.  The coarse mesh predic t ions  were coni- 

p l e t e l y  inadequate, while t he  extra-Pine mesh predic t ions  demonstrated 

no cons i s t en t  improvement over. the predic t ions  based on the f i n e  mesh of 

Fig .  24. 

was s u f f i c i e n t ,  lin t h e  fine-mesh layout ,  t o  adequately represent  t h e  cyl-  

inder- to-cyl inder  model. 

It w a s  concliuded therefore  that; t h e  degree of mesh reflinernent 
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ORNL-DWG 70-423 

FLAT PLATE ELEMENTS CURVED SHELL ELEMENTS 

Fig. 21. Plat-plate and curved-shell  f in i te -e l  emenl, i d e a l i L a t i o n s  . 

O R N L - C W G  70-422H 

_ _  OlSCWTlED S m ‘  4 
(REPRESENTED BY QUADRILATERAL ELEMEN’S 1 

1 ’ ’  /’ 

CONSTRAINED LINEAR STRAIN 
TRIANGULAR M EM BRAN E ELEM EN 7 

WITH x , y  
u,v ASSUMED TO VARY QUAORATICALLY 

QUADRILATERAL ELEM=! -._ 
...... ~ ..... ~- >,u 

(BUILT UP OF FOUR TRIANGULAR ELEMENTS) 

kiSIEH, CLOUGH. TOCHER PLATE BENDING 

w ASSUMED TO VARY CUBlCAl I Y  W I T H  c _ _  
[‘‘12! 1 x,y WITHIN EACH SUB-TRIANGLE 

Fig. 22. Q1iadril.a.l;ern.l clemcnt and component triangles. 
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A (INITIAL 
POSITION) \ INITIAL SHAPE 

OF NOZZLE 

0 =NORMAL ROTATION OF CYLINDER, 
OR RADIAL ROTATION OF NO2ZL.E 

CYLINDER 

Fig. 23 .  Constraint at junction nodes. 

ORNL-DWG 69-iO664R 

-THIS IS ONE-HALF 
OF DEVELOPED SHAPE 

,THIS IS ONE-HALF 
/OF DEVELOPED SHAPE 

END PLATE 

CYLINDER 

Fig. 214. Finite-element i d e a l i z a t i o n  of rrioc:leL. 
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4. COI"ARISON OF THEORY .MU EXPER.LMENIL' 

The t h e o r e t i c a l  p red ic t ions ,  based on the  fine-mesh element layout  

shown i n  F ig .  24, are compared in t h i s  chapter with experimentally de t e r -  

mined stress d i s t r i b u t i o n s  for. a l l  13 loading cases.  For each l..md.ing, 

t h e  -i;heoret;ica1 and experbeni;al- sbress d i s t r i b u t i o n s  along t h e  e i g h t  gage 

l i n e s  on cyl.i:nder a,nd nozzle (see ~ i g ~  3)  are presented. 

shcmn are al.way'r, those paral.lel (1ongil;iidinal) to the gage l i n e s  and those 

perpendicular  ( t r ansve r se )  t o  t h e  gage 3.ines. 

?%e stresses 

4.1 ~ n t e r i i a l  f i e s s u r e  

An i n t e r n a l  pressure of 50 ps!'. was appl ied Lo the  model, and t h e  m e a -  

sured and predicted stress d i s t r i b u t i o n s  deteirnined Tor this value are 

shown i n  Figs.  25 through 32. Figure 25 shows the  measured and predicted 

stress d i s t r i b u t i o n s  on t h e  outside and in s ide  surfaces o-f' t he  cyl inder  

a n d  on the  outside and in s ide  surfaces  of -the nozzle alofig t h e  0" gage 

l i n e ,  which i s  i n  the  long i tud ina l  plane of symmetry ( see Fig. 3) . 
sbresser, are shown as a func'cion of d?sl;ance from the junction. of nozz1.e 

and c y l h d e r  mid.surfaces. Tlne heavy l i n e s  are the  predicted stresses, 

w h l l e  t h e  f i n e  l i n e s  through t h e  experimental po in t s  show the  rneasu..i.ed 

d i s t r i b u t i o n s .  The s o l i d  l i n e s  i n  each case represent  t h e  t ransverse 

The 

, s.i;r-r L-iL3es, m which are perpi'ndicu1ar t o  t h e  gage 1in.es. "he dashed l i n e s  

represent  -the 1ongi.tudirial s t r e s s e s ,  which are paraI.le1. t o  the gage l i n e s .  

We can compare, then, t he  sol..i.d l i n e s  with e w h  other  and the  dashed l i n e s  

with each other.  

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

cept t h a t  the stresses at  t h e  junction, which is  where the  maximums OCCILI-, 

are a.t tirues underestimakd smewhat by the f inite-element p red ic t ions .  

The general shape and di stri.but ion of the  s t r e s s e s  are, however, w e l l  pi'e - 
di.c-ted by theory.  

The remaining i n t e r n a l  pressure comparisons, Figs .  26 through 32, 

are arranged t o  Paci l i- t ;ate ready comparison of comparabl.e r e s u l t s .  Fig- 

u.re 26 shows t h e  s t r e s s e s  along t h e  180" sage l ine ,  which i s  opposite the 

0" gage line i n  t h e  Longi.tiidrir?al p i a n e  of symmetry. Because of symmetry-, 
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t h e  180" gage l i n e  r e s u l t s  should t h e o r e t i c a l l y  be the same a s  those along 

the  0" gage l i n e ,  shown i n  Fig. 25. Comparison of the two figures shows 

e x c e u e n t  agreement between r e s u l t s  llor opposite s i d e s  of t he  nozzle in. 

the  long i tud ina l  plane of symmt t ry - .  

The r e s u l t s  f o r  gage l i n e s  30" around from t he  1ongitudins.l  plane of 

symmetry ( see Fig. 3) a r e  shown i.n F igs .  27 and 28. 

r e s u l t s  fo r  t h e  530" gage l i n e ,  w h i c h  i s  in the  fou r th  qu:&:nn'c.. 

fo r  t h e  150" gage l i ne ,  which i s  i n  -the second quadrant opposite 330", :$re 

shown i n  Fig.  28. 

here as f o r  the previous t w o  f i g u r e s .  Note i n  p a r t i c u l a r  t he  h r g e  d i s -  

agreement in .the shape o f  the measured and predic ted  edge e f f e c t  on the  

outer  sixface of the nozzle along the  330" gage l i n e .   he analogous sec- 

ond quadrant resul t : ;  in Fig. 28 show exce l l en t  agreement on the  outer  sur- 

face of t h e  nozzle .  The maximum measured s t r e s s e s  i n  Figs .  27 and 28 art:. 

both. on t he  outer  surrace of the  cy l inder ,  b i t  t h e  value i n  the secoad 

quadrant i s  more than 25% grea te r  than the Pourth yuadraiit vz-lue. 

Fig,ujre 27 shows the  

Results 

Agreement 'between theory and. experinent  i.s riot a s  good 

These measured d i f f e rences  in stresses i n  quadrants which should 

y i e l d  exac t ly  the  same r e su l - t s  are, at  least  p a r t i a l l y ,  assoc ia ted  with 

minor geometrj-e variations i n  t h e  model. A careI'ul dimensional inspect ion 

oi' t h e  machined model indicated t h a t ,  despi te  the care taken i n  machining, 

t he re  were w a l l  - thickness v a r i a t i o n s  i n  both nozzle and  cyl inder ,  with. 

t h e  nozzle tlriiclme:;:; being as much as 15% greater (0.00'7 t o  (3.008 i n .  com- 

pared with the nominal 0.050 i.n.) in the fou r th  quadrani; -than i.n the sec- 

ond. This helps  explain t he  observed d i f f e rences  i n  s-tresses i n  t h e  two 

quakmt ; s .  The edge e f f e c t  i s  damped out less rapidly and has a longer 

wavel.eny;th i n  a t h i c k e r  s h e l l  than i n  u t h inne r  one. Also,  s t r e s s e s  i n  

!;he t h i c k e r  regions of the m o d e l  would genera l ly  be expected t o  be Less 

than i n  th inner  regions.  

The r e s u l t s  f o r  gzge l i n e s  60' aroumd from the longi1;ndinaL plane 

of symetjry are shown in Figs .  2.9 ,and 30. 'The 300" gage l i n e  i s  i n  the 

fourth quadrmt  w h i l e  t he  120" gage l i n e  i s  opposite it i n  i;he second 

quadrant .) The agreement Setween tlieory and exper hen-t is n.ea,sonably good. 

i .n Fig.  29. T'ne maxfrmxn measured sfiress i s  on the mter :;ulYace of the 

cylinder and i s  a3most 9000 pi. Iri Ftg. 50, ho~evei-, we see t h a t  t h e  
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analogous maxi!iiim s t r e s s  i n  t h e  second quadrant i s  13, 000 psi. 'Tnese d i f  - 
fe rences  i n  s t r e s s e s ,  which should be the  same, are pointed out t o  empha- 

s i z e  t h a t  even i n  a costLy and ca re f i l - l y  made model, ge0metri.c v a r i a t i o n s  

inev i t ab ly  exis t  aind have a s ign i f  i can t  inf  luence on behavior .  These 

ever-present e f f e c t s  and t h e i r  implicat ions must always be recognized when 

coiiparing theory and experiment. 

The i n t e r n a l  pressure r e s u l t s  f o r  t h e  270 and 90" gage l i n e s ,  i n  the  

t ransverse  plane of symmel;ry, a r e  shown i n  Figs. 3 1  and 32 respect i .vely.  

Here on the  t ransverse  plane t h e  agreement 'oe-tween theory and experi.rnen.t 

i s  r e h t i v e l y  poor. 'The s t r e s s e s  are, however, very l o w ,  s o  t h e  disagree-  

ment is perhaps not t oo  signj.ficani;. 

The o v e r a l l  agreement between theory and experiment , al'chough gener- 

a1.l.y good, i s  judged t o  be poorer f o r  the  i n t e r n a l  pressure case than f o r  

any of the 12 e x t e r n a l  fo rce  and moment l w d i - n g  cases .  

ment between experimental  resu1:l;s that should be i d e n t i c a l  i s  g r e a t e r .  

Also, t h e  disagree-  

The method. used t o  determine t h e  estimated maxjnzum expertmen'ml 

s t r e s s e s  and s t r e s s  r a t i o s  w a s  described i n  Section 2.5, The maximum theo- 

rei; ically predi.cted s t r e s s e s  were o'otained i n  t h e  same manner; Lhat i s ,  

they were taken as the  l a r g e s t  absolute  values  of -tile p r i n c i p a l  stresses. 

To match {;he experimental  maximums, t h e  search f o r  t h e  t h e o r e t i c a l  xnaxi- 

mums w a s  l imi ted  to the gage l i n e s  only. 

__I_c_ 

The maxirum experi.men-taI.ly determined stress occurred on the  outer  

surface of the nozzle a t  1-80", and. t he  maxi:mum stress r a t i o  was 13.3. 

The theore t ica l .  mflax:i.mum s t r e s s  w a s  a l s o  on Lhe outer  surface of t h e  noz- 

z l e ,  with tile values  a t  0 and 180" being iden t i ca l ;  t h e  maxl.rrium s t r e s s  

r a t i o  w a s  IO,%, 

4.2 Out-of -Plane Moment Loading , Mm, on Nozzle 
.- _-_.._- - 

An out-of-plane mo1nerd; loading of 600 in . - lb  w a s  appl ied t o  tile noz- 

z l e  o r  Liie model, and t h e  measur& and predicLed s t r e s s  d i s tT ibu t ions  a r e  

shori~n i n  Figs. 33 through 40. 

ranged here i n  the  same marme-r as f o r  t hc  i n t e r n a l  pressure case, a l though 

Resul t s  ror  iiic e igh t  gade l i n e 3  a r e  ar-  
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t h e  fou r th  and second quadrant r e s u l t s  a r e  not ,  i n  t h i s  case,  t lneoreti-  

c a l l y  the  same. 

The r e s u l t s  i n  Figs .  33 and 34 are f o r  0 and LBOo, respec t ive ly ,  i n  

t h e  long i tud ina l  plane of symmetry. A s  expected, t h e  stresses :are smll 

s ince  these  loca t ions  a r e  somewha-1; analogous t o  the  n e u t r a l  axis  of a 

beam i n  bending. 

30" around from the  long i tud ina l  plane of symmetry, a r e  skiam i n  Figs .  35 

and 36 respec t ive ly .  A t  these  loca t ions  the  s t r e s s e s  are l a r g e r ,  and the  

agreement between theory and experiment i s  reasonably good. 

The r e s u l t s  f o r  t he  330 and 150" gage l i n e s ,  which a r e  

Tlie r e s u l t s  along t h e  300 and 120" gage l i n e s ,  which a r e  60" around 

from the  long i tud ina l  plane of symmetry, a r e  shown i.n F igs .  37 and 38 
r e spec t ive ly .  Tlie agreement between theory and experiment i s  good here .  

F ina l ly ,  t h e  r e s u l t s  f o r  the  270 and 90" gage l i n e s ,  which a r e  loca ted  i n  

t h e  t ransverse  p l a e  of symmetry, are shown i n  Figs .  39 arid 40 respec- 

t i v e l y .  Here, on the  t ransverse  plane,  the stresses are a maximum, and 

t h e  agreement between theory and experiment i s  very good. The maximuru 

s t r e s s  i s  on the  outer  sur face  of t h e  nozzle and i s  closely predicted by 

t h e  a n a l p i s .  

The maximuu experimentally determined p r i n c i p a l  s t r e s s  rai;io w a s  35.5, 
with t h e  maximum s t r e s s  occurring on t h e  outer  surface of t h e  nozzle a t  

t h e  junct ion.  The t h e o r e t i c a l  ma.xinium w a s  a t  t h e  same locatiori ,  and the  

maximum stress r a t i o  was 37.2. 

4.3 Torsional  Moment Loading, MyN, on Nozzle 

A t o r s i o n a l  uornent loading of 2000 in . - lb  was appl ied t o  t h e  nozzle 

of t he  model, and t h e  measured and predic ted  s t r e s s  d i s t r ibu t i ions  f o r  

t h i s  value a r e  shown i n  F igs .  41 through 48. As i n  t he  previous case, 

t h e  four-th and second quadrant r e s u l t s  a r e  riot t h e o r e t i c a l l y  the  same. 

Here .the stresses i n  the long i tud ina l  and liransverse planes of symmetry 

are low and r i s e  t o  t h e i r  maximum l e v e l s  on the intermediate gage l i n e s .  

Figures  43 and 44 show t h e  r e s u l t s  for the  $30 and 150" gage l i n e s ,  re -  

spec t ive ly ,  which a re  30" around from t h e  long i tud ina l  plane oi' symmetry. 

The agreement between theory and experiment i s  fa i r  a t  these  loea t ions  

bu t  the  peL& s t r e s s e s  near t h e  junct ion a r e  w-de res t imted  by the ana lys i s  



The resu l t s  f i ~ r  the 300 and 3.20" gage l i n e s ,  which are 60Q around PL-CILLI 

'che l ong i tud ina l  p1an.e of synmebry, a r e  shown i n  Figs. 45 and,  46 respec- 

t i v e l y .  Again, t he  agreement is fa i r ,  but the  ana lys i s  underestimates the  

peak s t~ i ' s ses  i n  t h e  junct ion region. Yhe maximum stress occurs a t  V h i s  

l o c a t  ion.  

'Yne .rel..atively poor quant i t a t i v e  agmement between theory and experi- 

ment in this I.oadi.ng case m y  be t r aceab le  -Lo "iiie neglec t  of t he  s i x t h  

degree of freedom f o r  nodes along t h e  junc t ion  i .n the f in i t e - e l emen t  f o r -  

mulation. The degree of freedom t h a t  w a s  neglected i s  thad corresponding 

-to t h e  nozz1.e ro-Lakion t h a t  would be produced by a t o r s i o n a l  mment.  The 

consequences of t h i s  neglect  were discussed i n  t h e  previous chapter  and 

depicted i n  F ig .  23. 

The maximum experlmeataLly dei;ermiued. stress r a t i o  was L2.5, w i . t h  t h e  

maximum s t r e s s  loca ted  on the  outer  surface of the nozzle, a t  t he  junct ion,  

and on the 120" gage line. 

ou-ier surface of the nozzle, a t  t h e  junct lon,  bu t  on t h e  300" gage l i n e .  

Th.e maxiLUum. i;heore.iical stress rati .o was 5 .l. 

The maximum t h e o r e t i c a l  s t r e s s  w a s  a l s o  on the  

4 .)4 In-Plane Monieni; Load ng, MZN, on Nozzle 

An in-plane moment loading of 2400 In . - lb  w a s  s.pplied t o  -the nozzle 

of t h e  model., and t he  measured and preedicted. stress d i s t r i b u t i o n s  are 

shown i n  Figs .  49 through 56. 

t u d i n a l  plane of symmetry, as shown in Figs. 49 and 50, b u t  t h e  maximurn 

doe:; no-t occur here. The agreement between theory  and experiment i s  good 

f o r  the  gage l ines  i n  t he  long i tud ina l  plane of symmetry. 

Here the  stresses are l a rge  in t h e  longi- 

The peak s t r e s s e s  a r e  l a r g e r  along Lhe gage l i n e s  30 and 60" around 

f rom t h e  long i tud ina l  plane of symmetry. I n  the transverse plane of sym- 

iuetrry the s t r e s s e s  a r e  very low, as shown i n  F igs .  55 and 56. For t h i s  

loading t h e  t ransverse  plane i s  somewhat similar t o  t h e  n e u t r a l  a x i s  of 

a beam. 

The m ~ x i m u m  experimentally determined s i r e s s  r a t i o  w a s  10.0, with 

t h e  maximum s t r e s s  occurri-ng on -tihe outer  sur face  of the  nozzle, a-t the 

,junction, and along t h e  300" gage l i n e .  The mximurn t h e o r e t i c a l  s t r e s s  
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a l s o  occurred on the outer  aozzle  surface,  a t  t h e  junct ion,  arid along the 

300" gage line. The s t r e s s  r a t i o  w a s  10.9. 

4.5 In-Plane Force, Fm, on Nozzle 

The in-plane force appl ied t o  .the nozzle had a value of 200 Lb. The 

comparisons of theory and e,uperirrient f o r  t h e  e igh t  gage lines a r e  shown 

i n  Figs. 57 through GI+. 

ous case of th .e  in-plane bending momerit on t h e  nozzle,  aiid t h e  o v e r a l l  

agreement betweea theory and experiment i s  very good. 

The r e su l - t s  here are very similar t o  the previ-  

The maximum experimental ly  determined stress occurred on the outer  

surface of -the nozzle,  a t  the junct ion,  and on the 120" gage l i n e .  'The 

maxirnm ratio was 10.5. The maximum t h e o r e t i c a l  stress also occurred on 

the outer  sur face  of the nozzle,  a t  t h e  junct ion,  bu t  on the  430" gage 

l i n e .  The uaximmn t h e o r e t i c a l  s-Lress r a t i o  was ll.4- 

4.6 Axial Force, Fm3 on Dazzle 

The axial fo rce  appl ied to t h e  nozzle had a value of 300 lb. The 

comparisons of theory and experiment are presented i n  Figs. 65 through 

72. The agreement between theory and experken-i;  is reasonably good far 

this loading, p a r t i c u l a r l y  as the l a r g e r  s t r e s s  l e v e l s  a r e  approached on 

t h e  trarisverse plane of symmetry (Fig:;. 71 and 72).  

Both t h e  experimentally determined and the  t h e o r e t i c a l l y  determined 

rnaxirnurn stress occurred or1 t h e  outer  surface of t h e  nozzle,  a t  t h e  junc- 

tion, and on t h e  270' gage l i n e .  

w a s  36.3, while the maximum theore - t i ca l  stress r a t i o  was 36.0. 
The maximum exTeriulerital stress r a t i o  

1-1.7 Out-of-Plane Force, FzM, on Nozzle 

The out-of-plane force  appl ied t o  the  nozzle had a value o f  100 lb .  

The comparisons of theory and expertmen-i; a r e  presented liri Figs. 73 through 

80. The r e s u l t s  here are very simi.I.ar' t o  t he  previous case of -LIE out- 

of-plane moment on the nozzle,  and th.e o v e r a l l  agreement between theory 

and e,rperirnent i s  again very gaod. 
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Unlike any of t he  other  12 loadlng cases, bokii t h e  experimental3.y 

de te rx i  ned aiid -the t h e o r e t i c a l l y  dete-i:ruined m a x i m u m  sl;ress occurred on 

t h e  inner surface of t h e  nozzle  r a t h e r  than Lhe outer  surface. Tke maxi- 

mums were a t  the junc:;ion and on the  2'70" gage line. The maxrimillli experi- 

mental s t r e s s  r a t i o  was 36.0, whj..le Li-it. maximurn t h e o r e t i c a l  stress ratri.0 

was 32.6. 

The t o r s i o n a l  moment, applied t o  Liie cyl inder  had a value of 20,000 

i n .  -l..b. The compm-isons of theory and experl.aent a r e  presented i n  Fi.gs a 

81 through 88. 

aozzl.e, t he  s t r e s s e s  a re  l o w  in t h e  1ongf.tud.i.nal and t ransverse  planes of 

syrume i;ry and. r i se  t o  thei.7 maximim l e v e l s  on t h e  intermediate gaze l i n e s .  

The agreeuzelii be-Lween theory and experiment I s  q u a l i t a t i v e l y  s a t i s f ~ c t o r y  

on Lhese intermediate l i n e s .  T k  ana lys i s  i.s seen -Lo zenera l ly  overest,j.- 

mate -the >e:& s t r e s s e s  i n  t he  junc.t;ion region. 

As was the  case f o r  t he  t o r s i o n a l  moment appl ied t o  t h e  

Both the  experimentally determined and the  t h e o r e t i c a l  m.aximi.u~i s t r e s s  

occurred on the 0ute.r su.rCace of t h e  nozz le ,  at -Lhe junct ion,  and on t h e  

120° gage l i n e .  

t h e o r e t i c a l  maximum s t r e s s  r a t i o  was 15 .O. 

The experiinen-La1 maxim.im s t r e s s  r a t i o  was 10.0, .while -the 

4.9 Out-of-Plane Moii~ent Loading, MyC2 on Cylinder 
-- _I _... .- 

The out-of-pl.ane mown-1; loading applied to IAie cyl inder  had a va.l.ine 

of 20,000 i n .  -1b. The comparisons of theory and experi.ue:ul; a r e  presented 

i n  Figs. 89 t h ~ o u g h  96. 

dj.nal plane of symmetry a re  analogoils t o  t he  neutral .  a x i s  of a beam in 

bending, and  the s t r e s s e s  a re  thus low. However, the s t r e s s e s  a r e  not 

very la rge  mywhere in 'die model. The maximum stress ratios JI'orr 'illis case 

were t h e  lowes-t; of a l l  13 loadi-ng cases.  A s  a result or the r e l a t i v e l y  

low s t r e s s  Levels, s-Lress d i s t r i b u t i o n s  are not t o o  w e l l  defined, an,d. t he  

agree:ment between theory and experiment appears t o  be r e l a t i v e l y  poor. 

Here, t h e  0 and 1.80" g&ge lines on t h e  longi tu-  



Both the  experimentally determined am.tl the t h e o r e t i c a l  mxTraUnl s t r e s s  

occurred on the outsidh? surface QI' i;he nozzl-e, a t  t h e  junc-tion I The ex- 

perimerxLa1 maximm, however, occurred 011 the 90" gage Lii-te, while t he  

tlieore-t;ical maximu-rn occurred a-t 0'. 

was only 2.3, and. t h e  t h e o r e t i c a l  r a t i o  was 2.7. 
The experimental  mximu_m s t r e s s  ratio 

4.10 In-Plane Moment Londing , %,C, on C y l i n d . e r  

Tne in-plane rcomeot L a ~ t i i n g  applied t o  -tbe cy l inder  had a value of 

2.G,O00 in .-Lb .) 

Figs.  97 -through LQh. 

verse  plane of symnetry, as shown i n  F igs .  103 and 1.G4. 

levels are lower along the other gage Lines, the apparent agreement be- 

tween theory and experiment i s  poorer. 

The comparisons of blieory slid e q e r h e n t  rLre presented i n  

Here t h e  stress 1.evel.s are a max~w11 i n  the trans- 

Where t h e  stress 

The experimentaLLy determined a n d  the t h e o r e t i c a l  raaxi.mum s t r e s s  each 

occurred on the  outer suril'ace of the nozzle at t h e  jw~ct ior i .  The expert- 

mental maxjmuro was on I;he 90" gage l i n e ,  wliile the theore t ica l .  maximum 

occurred on both t h e  270 and 90" gage l i n e s .  The maxirum experimental 

k; t 1-e s s r a t i o  was 3.8, a d  th.e mcaxj.mum theoretical r a t i o  w a s  5.7.  

4. IL Axial Force, FXC, on Cylinder 

The a x i a l  fmce  appl ied -Lo the  cyli..ncler hixi a value of 5000 Ib. 'The 

comparisons of theory and experiment Yor the e igh t  gage Lines art- yre- 

tented iE Figs. 1-05 through 11:'. 

the agreement between t,he ory and e q e r k e n t  i:; reasonably good i;'n_rougliov.t 

The a g r e m e n t  between theory arid experiment I s  very good f u r .  the 270 and 

90" gage lin.es, as Skiorqm i n  Figs. 1-11 and lEo 

Considering the relti'ti.vely l o w  :;tresses, 

Both the experimentally de temtned  an.d the t h e o r e t i c a l l y  predicted 

m,xii:mnrn s t r e s s  mxixred  on the outer sur face  of the nuzzle, a t  the june- 

tion, and 011 t11c 2'70" gage l i ne  

w a s  It. 7, ~ h i k  the theoretj.ca1- PELS 5.6. 
The experimental ma.xirtium strc3ss rai;io 
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I-C .12 In-Plane Force ,, FYC, on Cylinder -- -.___I 

The in-plane force  appl ied t o  t,he cyl inder  had a value of 2000 lb .  

The coinparisoils between theory and experiment a re  shown i n  Figs .  11-3 

through l20* The agreement between theory and experiment i s  very good 

f o r  this loading case.  

Both t h e  experimentally de-Lermined and -the t h e o r e t i c a l l y  determined 

maximum sLress occurred 011 t h e  outer  surface of .the nozzle, a t  the  junc- 

t i o n ,  and on the  270" gage l i n e .  

w a s  6.0, and t h e  m a x i m u m  t h e o r e t i c a l  r a t i o  w a s  5.7. 
The maximum experimental s t r e s s  r a t i o  

4.13 Out-of-Plane Force, Fzc, on Cylinder 

The value of' t h e  out-of-plane force appl ied t o  t h e  cyl inder  w a s  1200 

l b .  The comparisons of theory and experiment a r e  shown i n  F igs .  121 

through 128. The 0 and 180" gage l i n e s ,  i n  t h e  long i tud ina l  plane of sym- 

metry, a r e  aaal.ogous, i n  t h i s  case, t o  t he  nelutral ax i s  of a be#m, so  t h a t  

the s t r e s s e s  a re  low along these  gage l i n e s .  They build up, however, f o r  

t h e  other  gage l i n e s ,  and ihe agreement between theory and experiment i s  

very good f o r  .this loading case.  

Both t h e  experirnentally determined ma.xirnum stress and t h e  theo re t i -  

c a l  m a x i m u m  occurred on t h e  outs ide sur face  of t h e  nozzle,  at t h e  junc- 

tion, and along tine 300" ga.ge l i n e .  The maximam exper-iinenta.1. s t r e s s  r a . t i o  

w a s  3,1, whrile t h e  maximum theoret ica .1  r a t i o  w a s  3 . 5 .  
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5. COPJCLUSIQNS 

h attempt h a s  been made in Table 2 to summarize, concisely, the 

princLpa.l. f i n d i n g s  of this study in term:; of m i x i m i  p i n c i p a l  strec-.c-. a I> 

r a t j o s ,  loca-Lions of m a x i m u m  pr incipal .  stresses, and i3ie relative over- 

all ayreernent, between -the oqy and experiment for each loading case.  The 

:caaximm s;'r,ress ra.ti.os =re 'based on the al;resses, e i t he r  rneasi-cred or pre- 

di.cted, along the e ight  Iiries of s t r a i n  gages only iI-ind. were d.eterviinerl by 

d i v i d i n g  the m t z x b u n  absol.ute pr ine  i p a l  s t r e s s  value by a nominal mem- 

brane s-t;re:;s value as previo1.isl.y described. The naxirnuu experiuleri-t,aL 

pr inc ipa l  stresses were iie-ternlined by extvapola t i r ig  i;he eqerimcmtKil.y 

d.e te rrnine d :;t re s :; d.; s t r i b u t i o n s  to the peak stresses at, the  junct ion.  

The relative overall agreeulerit be tween t'le f i n i t e  -element pred i ct, ions  

and t h e  exyerimntal  re:;ults j.s rated in Table 2 as excellent. ,  good, fa i r ,  

or poor. Tkse r a t i n g s  are ,  of course, a matter 0.i.' opfinioa, but at- 

.t;ernpt w a s  made -Lo :make tm. unbiased eval-ua-Li ~ r t  by basin.g t k i e r n  on bo th  t h e  

overal l  qualitative ttgreemerrt a long 33.1 the  gage lines and on -?;he quanti- 

t a t i v e  agreeruent i r i  areas where th.e stresses .were relativel_y high . For 

the internal- pressure cam and t'ne case of' ari a x i d -  I_oadi.ng on the cylin- 

der, t he  relaLive r a t b g  i s  l i s t ed  a:; good, poor. In these ca.l;e:; th.e 

agreemen-!; was gr:jod in region::: where the stress le-vel:; were re la t ive ly  

high, bu t  poor in regicns where they  were r e l a t i v e l y  3 . 0 ~  e 

T : b k  2 indicetes that, gene ra l ly  -the experinentally 11e.tr:r~ii.ned maxi- 

mum stress r.a-i;i.os and -t,hose 1rj;tt:;ed oil finite-element pred ict ions are in 

s ~ r p r i s i n g 2 . y  )?pod. agreement . Furtherm-ore, the degree of ageenlent between 

stress ratios ger!era,lly cor re la tes  well  w i . t h  the rel-ative ratir:.g of' the 

ovenill .  a,greer~nC be-heen theory and eii3erhen.t; e General ly ,  t b e  agreement 

was best for those cases involving lotit3:j.nes ~n t he  nozz le .  The torsional- 

m o m e n t  on the nc~zzLe W L L S ,  however, an excoptlioii. 'ilhere -the agreeniext, was 

q u a l i t , s t i v e L y  ai:cepi;able b1rL wa.:, poor o;uanti-i;i~i;ivel,ly. 'Piis I.aek of' quafi- 

'c j.t,ative a.gr7'~:ein.ent may be traced to the aegleek of' t;he sixth d-egree of 

fr*eedoui f o r  nodes alorig the Jurictiori riri t h e  fi.nite-r:l.temenT: P o m u l a t i o n .  



Table 2 '  Summary of Eaxmum s t r e s s  r a t l o s  and m c x h m  s r r e s s  locations 

Loading case 

Theore t ica l  maximum 
s t r e s s  

Experimentally determines 
maximum s t r e s s a  Overal l  agreement 

betdeen theory 
b LocationC and experiment Location' S t r e s s  r a t i o  

b 
S t r e s s  r a t i o  

I n t e r n a l  pressure 

Nm, out-o:--;3lane moment 

on nozzle 

Y i l ,  t o r s i o n a l  momenc 

on nozzle  

MZv, in-$ane moment 

011 nozzle 

Fm, in-plane force 

on nozzle 

Fm, axis1 force on 

nozzle 

2zx, out-oY-plane z'orce 

on nozzle 

V i c ,  t o r s i o n a l  moment 

on cylinder 

Kc, ouz-of-plane moment 

on cyl:nder 

MZc, in-plane moment 

on cyl inccr  

Pxc, a x i a l  force on 

cyl inoer  

E.,,, in-plane force on 

cyl inder  

om-of-plane force 
FZCJ 
on cyl inder  

13.5 

35.3 

u.5 

10.0 

10.5 

36.3 

36.0 

10.0 

2.3 

3 .s 

4.7 

6.0 

3.; 

Outside nozzle, i80" 

Outside nozzle, 270" 

Outside nozzle, 120° 

Outside nozzle, 300" 

0u:side nozzle, 120" 

Outside nozzle, 270" 

Ins ide  nozzle, 270" 

Outside nozzle, 120' 

OuGside nozzle, 90" 

Outside nozzle, 90" 

h t s i d e  nozzle, 270" 

h t s i d e  nozzle, 270" 

Outside nozzle, 30c" 

10.2 

37.2 

5 -1 

10.9 

11. Li 

36.0 

32.6 

13.0 

2.7 

5.7 

5.6 

5.7 

3.5 

Outside nozzle, 0" 

Outside nozzle, 270" 

Outside nozzle, 300" 

Outsice nozzle, 300" 

Outside nozzle, 330" 

h t s i t i e  nozzle, 270" 

I n s i c e  nozzle, 270" 

Outside nozzle, l20" 

a t s i d e  nozzle, 0" 

Outside nozzie, 273" 

Outside nozzle, 270" 

Outside nozzle, 270" 

OLitside nozzle ,  300" 

Good, poor 

Excellen- 

F a i r  

Excel lent  

Excel lent  

Excel lent  

Good 

Good 

F a i r  

F a i r  

Good, Boor 

Excel lent  

c ood 

?Based on exwapola t ion  of e x p e r h e n t a l  d i s t r i b u t i o n s  t o  maximum ax junct ion.  
b 

%ximums a l l  occurred a t  the  j u n c z i a .  

Ratio of maximum absolute  pr inc ipa l  s t r e s s  value -3 nominal s t r e s s  value. 
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Tile ~r~,x"lm.m si;ress r a t i o s  P o r  the 3-3 Icudings .Tall1 into three grou.ps. 

Three or" the loadings - an out-of-plane morrient and force on the nozzle 

arid an axial load on the nozzle - produced maxirriun: st,ress ratios be-Lween 

35.3 and 46.3, determined experimentallrjr. For each of these t h r e e  cases 

the m3ximvzn -1.18s on. the transverse plane of' symmetry. For fi-$e other 

cases - internal. pre~~ure, an in-plane m o m e n t  arid force on t h e  nozz le ,  

and torsional mo~rnen-ts on 4;he nozzle xnd cylinder - the maximum stress ra- 
t i o s  were in. the :range 1.0.0 to 13.5. For the f ive remaining ca.ses, which 

were loadings on the  cylinder, the r a t i o s  were 6 and l e s s .  

P'inal.l.y, it shculd. be pokited out -t;h.a.t, as would be eq?ected, the 

o.u-i;-of-pl:ine moment and force loadings on tkie iiozzle p:~duced ciui.te slimF- 

l a r  results, and the 'Ln-plane moment and force load.ings produced. similar 

r e s i ~ l t s .  'Die stress d i s t r i b u t i o n s  were very similar for each pa i r ,  and 

the  maximuu stress r a t i o s  were verj close.  

In conclusion, the conparison of these p : x t i c u l a ~  finite-element pre- 

dictions w i . t h  t he  experi-mental r e s u l t s  ~ h m s  reasonably g o d  general agree- 

ment * It is i"eI.t that this  analysis would be satisfactory f o r  uio;;-t; engi.- 

neering pu.rpose s . 
There is, huwever, roo111 for iapuovement, par t icular ly  in four or 

rive speci€ic  loading cases, including ir1t;ernal pr*essure and the nozzle  

torsional moment. As was discussed in Chapter' 3 ,  a f i n e r  element; mesh 

dcec not appei"r to provide any  o v e r a l l  d-egree of li~~prcn-ement. For the  



f inite-el-ement ana lys i s ,  therefore, tmpravements would have t o  coze from 

improved I"-iriite-elemen-t f ormulatioris. Further  developments and Lmprove- 

ments i.n eJkrnent formulations f o r  she1.3. s t ruc tu res  can be, and a r e  bei.ng, 

made. I n  parti.cular, inclusion of t he  s i x t h  degree of freedom, at, l e a s t  

i n  the  junct ion region, might not iceably improve t h e  pred ic t ions .  A41.so, 

curved-shell  elements, which wou1.d 'netter represen.+; -tile curved.-shell &eo- 

meti-y, might, i.f proper1.y formulated, give improved predic t ions .  

Analyt ical  so lu t ions  of the  type discussed i n  the introduct ion t o  

Cha.pkr 3 a l s o  show promi-se Development of tinese analytical.. procedures 

i s  continuing a t  Oak Ridge National Laboratory-. A new i n t e r n a l  pressure 

formul.a-t;i.on has been i"ri.nished, and t he  formulations f o r  in-plane and out- 

of-plane nozzle moments on the  nozzle are under way. These analyses w i l l  

a l s o  be compared with experimental data as they become ava i lab le .  

Per fec t  agreement between theory and.  experjment , however, can never 

be expected. Sma1.l. ge0metr.i c v a r i a t i o n s  and imperfections are inevi tab le ,  

even i n  a very c a r e f u l l y  machined model, and these s l i g h t  imperfections 

can, i n  a t h i n  shel l ,  na.rked.2y a f f e c t  the measured s-Lress d i s t r i b u t i o n s .  



99 

The pl.nnning and execution of the analy-tical  and exper-imeni;aI. study 

reported here in  would not have been possi-ble wj-thout the ass i s tance  arid 
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Appendix 

For t h e  b e n e f i t  of the  reader who m y  want t o  use the experimental- 

d a t a  presented herei.11 t o  prepare comparjkons with his own an:KLjrsis tech- 

niques,  the experimental d a t a  on which the vari131.1~ plots In t h i s  repor t  

were based are tabula ted  here. For. each loading case, a set o:f data is 

tabula-i;ed fo r  each operable r o s e t t e  .) These d a t e  were obtained from the  

s e v e r a l  s e t s  of da ta  taken i n  each case by the  procedi-ires described i n  

Sec t ion  2.4. 
Tile rose-t;-te l i s t i n g s  a re  grou-ped according t o  gage l i l i es .  For each 

r o s e t t e ,  the three s t r a i n  readings m e  f i r s t  l i s t e d ,  followed by the  nor- 

mal s t r e s s  t ransverse  (perpendicular)  t o  t h e  gage l i n e ,  the normal skress 

1.ongi.hndinal ( p n r a l k l )  tG the gage l i n e ,  the  shear I;-t;re-- 0 0  (l-eferred to 

t he  gage l i n e  as a coordj.na.te axis) , a i d  -t"i:o.al.ly the  raaxirnwu ar-!d u i i n i m t i m  

s t r e s s e s .  The strain:; are  given i n  rriicroinches per inch and the  s t r e s s e s  

are i n  poimds pe r  square inch. 

The nomenclature used. t o  identify an& loca-Le each rose t te  can be ex- 

plairied by consid.ering the foll.ow-ing sample desl.gn:-ttion: 

I120 N - E .  - - -  - 

The l e t t e r  I designati::s tha t  the r o s e t t e  i s  1or:ei-t;ed on the inner sinrface 

of nozzle  or cylinder;  0 den.ol;es an outside m s e t t e .  The n7wber l20 in- 

di.cates that t h e  r o s e t t e  is loca-Led Gn t h e  1.20' gage l i n e  ( see Fig. 3 for 

t h e  gage l i n e  designat ions)  . 
on the ~i.oz2l.e; C designates  a r o s e t t e  on the  cy-l-i-nder; and E designates 

the loca t ion  of the r o s e t t e  along the 31ge line sccord-~ng t o  the  follow- 

ing convent ion : 

The l e t t e r  N ind ica tes  t h a t  the rosette i s  



Xosette 
des ignat  ton 

A 
R 
C 
D 
x 
F 
G 
H 
J 
K 
T.1 

M 

Distance from nozzle-cylinder 
i n t e r s e c t i o n  ( s e e  Fig. 3)  

( in. ) 

1/8 

318 
1/2 
5 18 

1 1/2 

114 

1 

2 
3 
4 
6 
-28.49 

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

t he  leg of tile Y l a y  along the  gage l i n e  and pointed away from the  nozzle- 

cyl.inder junct-ion. The ccmventj.o-n used can 'oe undersLood by r e f e r r i n g  t o  

Fig. 6. 

gages 2 and 3 being numbered from 1 i n  t h e  countercl~ockwise d i r ec t ion .  

The Leg of the  Y i s  designated as gage 1. i n  t h e  tabulatlorls,  wi-Lh 

Fina l ly ,  i n  Lhose cases  where nonl inear i ty  or d r i f t  w a s  excessive,  

o r  where an j n d i v i d i a l -  gage or c i r c u i t  vas otherwise obviously malfuric- 

t ion ing ,  t he  rosette of which the gage w a s  a part, was not  used i n  the 

f i n a l  r e s u l t s  plot-ked i n  this repor t  Tor the specir ic  loading undei- con- 

s ide ra t ion .  Nonetheless, these data are I.i.sted in the tabula t ions ,  bu t  

they a re  jrnarked by an a s t e r i s k  beside the  r o s e t t e  number. 
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A. 1 1ntcr’na.l Pressi~re 

I V T E R N A L  PRESSURE ( 5 0  PSI) 

R O F T T E  
-----I- 

I-O-C-A 
I-0-c-P 
I-0-c-c 
I-0-C-0 
I-0-C-E 
I-0-C-F 
I-0-C-G 
I-0-C-H 
I-0-C- J 
E-0-C-K 
I-0-C-L 

0-0-C-A 
0-0-c-5 
0-0-c-c 
0-0-C-D 
O-0-C-E 
0 - 0 - C - F  
E--0-C-G 
O-0-C-H 
0-0-C- J 

G A G E 1  
----... 

-361  
-121 

19 
90 

122  
114  

60 
43 
34 
20  
14 

159 
-16 
-68 
- 86 
-90  
-26 
29 
43 
3 8  

iI-O-C-K* 3 4  
8- 0-c- L 6 

I-0-N-A - 177 
I - 0-r+ R 42 
I - O - N - t  1 3 6  
!-0-N-c 153 
1-0-N-f 3.19 
I-0-N-F 5 0  
1-0-N-C 37 
I-0-Y-H 38 
I -Q-N-J*  114 

3-0-N-P 108 
13-0-N-€3 -57 
0-0-N-C -108 
0-8-N-D -89 
0-0-N-E - 5 5  
3- 0- N- F 3 3  
(3-0-V-G 41 
CI-0-tu-H 5 6  
O--Q-N-J* -49 

GAGE2 

3 06 
254 
224 
195 
165 

85 
5 4  

6 2  
5 2  
49 

429 
299 
2 14 
152 
113 
51 
4 2  
52 
513 
51 
59 

2 3 3  
2 2 0  
173 
125 

84 
0 

36 
39  

115 

368 
222 
119 

5 7  
2a 
17 
39 
39 

-6 9 

48 

GAGE3 
-I--- 

2 39 
193 
188 
162 
138  
66 
34 
31 
41 
37 
42 

4 6 3  
311 
2 24 
3.64 
119 
58 
50 
5 9  
65 
0 

66 

24 0 
230 
184 
138 

Y 8  
Is. 2 
49 
5? 

130 

370 
219 
121 
53 
24  
16 
35 
38 

-80 

TRANS ----- 
12380 
9960 
9044 
7755 
e 5 4 0  

1866 
1697 
2240 
1935 
1990 

1 9 4 3 0  
13420 
97 05 
7029  
5206 
2430  
1994 
2386 
2 6 6 3  
1310 
27L.o 

106 10 
9865 
7707  

3185  

sc l a  
3 8 8 0  
3 0 4 6  
1839 
2068  
5 2 6 4  

16100 
97,545 
54-03 
2 5 3 2  
1157 
695 

1502 
1652 

- 3 2 2 6  

LONG ---- 
-7122 

-633  
32 84 
5035 
5612 
4377 
2370 
1792 
1684 
136.5 
10 10 

10590 
35k .k  

8 5 9  
-457 

-1147 
-4.1 
3.468 
2013 
19 39 
14 19 
993 

-2135 
4 2 2 8  
6332 
62?6 
k728  
2724 
1604 
1747 
50Ql 

8066 
1230 

-1615 
-1921 
-1307 

1192 
23  08 
2 1453 

-2436 

S Y E A R  
--I-- 

905 
8 04 
4 8 1  
4 4 3  
34 1 
247 
2 7 2  
2 2 2  
279 
2 0 3  
1 0 1  

-452 
-158 
-127 
-165 

-82 
-101 
- f O l  

-95  
-95 
817 
-82  

- 9 5  
-133 
-139 - 17-7 
-190 

-177 
-24  I. 
-190 

-32  
51 

-25 
57 
19 
13 
51 
13 

1 5 2  

- l a w  

S T G V X  ---_- 

12420 
10020  
9084 
7825 
6664 
4425 
2489 
197 1. 
2355 
1999 
2080 

19456 
13k2 u 

9706 
7 0 3 2  
5203  
243k 
2013 
2 4  0 9 
2675 

2 74X”- 

10610 
9858 
772  1 
5.320 
w 5 9  
&a79 
a949 
2197 
5 3 6 3  

l R 1 O O  
9751. 

2 5 3 2  
1157 
1193 
231 1 

2183 

SIGYN 
I---- 

-7154 
-694 
3 2 1 4  
496 5 
5 4 8 8  
3134 
1747 
1518  
B5h8 
1300 
1008 

10570 
3538 

-46 L 
-1148 

-45 
l W 9  
1990 
1927 

5f5  
989 

-2136 
4 2 2 5  
6318 
5573 
3839 

9 9 2  
L5‘4 
PbL8 
4901 

80i50 
1229 

-1615 
-1321  
-1307 

6 9 5  
1558 

a57 
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I N T E R N A L  PRESSURE 650 P S I )  

M r CR 0-ST R A I N 

ROSETTE G A G E 1  G A G E 2  G A G E 3  

I - 9 O C - A  
I-9oc-0 
I-9oc-c 
I-SOC-8 
I - 9 0 C - E  
I - 9 O C - F  
I - 9 O C - G  
I-9oc-w 
I - 9 O C - J  
I-90C-K 
I -90C-h 

0-9 0 C- A 
0-9 oc- €3 
0-9OC-C 
6-9013-8 
0-90c-E 
0-9OC-F 
0-9OC-6 
0-90C-H 
cI-C9OC-J 
0-90C--K 
8 - 9 0 C - L  

I-98N-A 
I - 9 B N - 8  
I - 9 B N - C  
I-90N-3 
I-90N-E 
1 - 9 0 N - F *  
I -90N-6 
I-90N-H 
I-OON- J 

0-90N-A 
0-90N-B 
0-90N-C 
0 - 9 0 N - 0  
i3-90N-E 
0-90N-F 
0 - 9 0 N - G  
0-90N-H 

T114 
-135 
-125 - 96 
-70 
-10 
73 
98 

74 
82  

93 
122 
133 
114 
100 

6 5  
40 
3L 
3 8  
48 
519 

-171 
-E09 

-67 
-45 
-4.0 
-55 
-42 
-42 
-38 

71 
-6 
-57 - 7 9 
- 82 
-56 
-4 8 
-46 

a6 

-29  
-33 
-31 
-19 
-13  

10 
46 
5% 
42 
31 
-2 

105 
115 
139 
167 
15b 
139 
102 
57 

12 
12 

-3 
71 
8 4 
77 
67 

-567 
4 J  
48 
696 

132 
133 
111 

76 
70 
4Q 
62 

1a 

aa  

0-90N-J -33 52 

0 
b 
9 
15 
24 
39 
48 
43 
35 
25 
23 

102 
124 
14 8 
162 
142 
134 

8 4 
45 
15 
13 
19 

12 
3.5 
48 
49 
39 
2 2  
5 2  
33 
4 0  

117 
124 
115 
97 
86 
77 
75 
6 %  
60 

STRESSES 
----...--- 

TRANS LONG 
--I- ---- 

-511 
-457 
-354 

12 
307 
1076 
1935 
2033 
1607 
1151 
3 5 9  

4451 
5130 
6151 
6653 
67-53 
5924 
4040 
2 2 0 1  

679 
511 
624 

396 
25  12 
2967 

2373 
-1 1930 

1832 
2 3 7 0  

2828 

2208 

5394 
5647 
5033 
4 140 
3651 
3310 
3018 
2912 
25 12 

-35 89 

- 3 8 5 5  
.e2830 
-2004 

2775 
3547 
3077 
2 5 6 9  
2574 

-4186 

3 8  

4130 
5 2 0 3  
5837 
5 4 2 0  
5Q29 
3716 
2409 
1601 
1344 
1607 
1698 

-6.9243 
-2525 
-1120 
-506 
-4 86 

-5232 
-506 
-705 
4 15 

3757  
1509 
-186 

-1133 
-1357 
-689 
-520 
-495 
..- 244 

T- - --v 

-399 
-519 
- 5 3 8  
-450  
-494 
-393 
-57 
1.46 
95 
89 

-336 

3 8  
- 1 2 7  
-120 
-190 
-152 

6 3  
2 4  7 
16 5 
64 

-13 
-82  

- 2 0 3  
437 
675 
367 
3'74 

-7853. 
-70 
209 
336 

190 
127 
- 6 3  

-114 
-146 

-95 
-203 

-76 
-108 

P%r IN S T R E S S E S  

S I G N s X  S I G M N  

-46 0 
-387 
-273 

80 
408 
1207 
2780  
356 1 
3083 
2575 
26 2 4  

4456 

6182 
6 6 9 2  
6796 
5926 
kQ76  
2243 
1347 
IC07 
1704 

5298 

4 04 
2549 
302 1 
2868 
242 1 
-4- 6 

2210 
1849 
2G10 

-3640 
-4257 
-3936 

-2105 
- 94 

193% 
2020 
1001 
1145 

309 

-2958 

4 1 2 5  
SO34 
5 7  9.5 
5 3 9 2  
5016 
3714 
2373 
1559 
676 
fib1 
0 1'7 

-5007 
- 2 5 6 3  
-1.1'75 

-5b5 
- 5 3  

-17120 
-608 
-722 
- 4 5 5  

5416 3735 
5650 1505 
5034 -187 
4163 -1135 
3655 -1361 
3312 -692  
3030 -532 
2913 7-49'6 
2516 -24.9 



-I 05; 
-40 
12 

-10 
19 
25 
74 
157 

Irk 
48 
A8 

167 
95 
3 2  

2 
-19 
- 2 4  

0 
3 3  
58 
6 0  
48 

-247 
-85 

15 
57 
5 0  
3.8 
8 - 18 - 15 

215 
15 

- 74 
-99 
-88  
-25 
-10 

-4 
0 12 0 FJ- J -7 

1 I.& 
104 
84 
17 
25 
30 
35 
75 
21 
14 
6 3  

346 

24.0 
2 19 
220  
181 
1 E6 
92 
73 
64  
43 

-20 
99 
161 
161 
89 
8 
30 
Q i  
61 

3 03 
251. 
162 

9 1  
5 0  
21 
29  
37 
32  

2 8 8  

GArJE3 
-I--- 

220 
226 
236 
16 1 
125 

7 8  
4-A 

19 
t l  
40 
22  

24 7 
198 
127 

8 5  
34 
-7 

T22 
-7 
28 
2 7 
11 

213 
206 
1-74 
-5 L 

86 
55 
56 
50 
5 7  

258  
162 
94 
50 
3 2  
qcj 
64 
68 
57 

T F  bP'S 
---1o 

7468 
7292 
7015 
3927 
3290 
2353 
1640 
1 9 0 5  

695 
1127 
1806 

12860 
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5 
- 3 8  

3 2  -- 1 3 

- 2 9 1  
1792 
._ 2 0 9 
-195 
- 76 
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-32 
-5 a 
-114 
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-44 

5929 
5 0 5  1 
3082 
1332 
217 

-1019 
-" 131 5 
-1268 

-673 
-38 1 
-283 
-36 2 

2 0 8 1  
2 0 0 9  
1277 
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-135  
-1615 
- 2 2 5 5  
-2249 
-1499 
.-IO72 
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-412  

-6679 -7672 
1$8 -3990 
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-2211 -32hO 

2 6 2  -1361 
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1 6 5 8  1057 
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45 5 25'1 
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-571) 6074 
- 8 2 7  28 
-272 -2771  

- 3 8  -23%8 
-177 -250 
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-82 -5% 
-70 -186 

-397 -11080 
1 7 1  - 8 4 2 0  
171 -2579 
120 -132 

3 8  966 
44 $02 

6 a 5 

51 -156 
38 -1s 

594 
-1933 
-2374 
-3393 
-327 3 
-885% 
-958 
-882 
-75 1 

-16780 
-9773 
- 6 3 0 %  
- 3 4 5 2  
-1156 

-226 
-838 
-822 
- 6 6 3  
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121 

98 
7 0  
44 

0 
-23 
-25 
-37 
-30  
- 1 5  
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-137 
-123 

-74 
-33  
-14 

-5 
5 

15 
1% 

2 6 A  
88 

- 20 
-5s 
-60 
- 3 3  
-23 
-24. 

-20  

-197 
-59 

9 
31. 
27 
-3 
-17 
-13 
-13 

-98 

-5 1 
0 

-39  
-60 
-39 
-25 
-15 
-16 

-8 
-1 
5 

-152 
-163 - 149 
-137 
-120 

-84 
-43 
-14- 

zx 
311 
2 5  

38 
-14 

-4 0 
-36 
-13 
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-6 
-9 

-136 
-111  

-7 3 
-45 5, 
-20 
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0 
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1 

- 3 8  
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10 a 
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31 
-9 

-25 
-27 

-62 
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-4 3 
-42 
-32 
-28 
-2'5 
-26 

14. 
-3 

9 

-75 
-94 
-96 
- 7 2  
-47 
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-10 

-201 
-129 

-53 
-25 
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9 
5 
6 

-a 
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733 
2582 
1803 
1782 
1892 
1295 

9 86 
3 72 

-325 
-562  
-454 

- 4 7 8 3  
-4434 
-A884 
-3819 
-326'1 
-2428 
-14'78 

- 8 8 3  
14 P 
e00 
7 2 6  

-1097 
-2408  
-29e 5 
-24 04 - 176.,0 

--A 23 

-351 
- 3 3 9  
-38% 

-7199 
- 5 2 1 9  
- 2 9 8 6  
- E 3 U  
-427 

4 6 3  
20 7 
140 
17 B 

LrJFG ---- 

4169 
44 10 
3692 
2e44 
1935 

-403 
-630 

-1195 
-1081 
-5 81 

-5427 
-54.50 
-4918 
-e. 083 
-3188 
-1726 
-871 
- 4 O ?  
199 
6 3 6  
64 5 

70 54 
191 I 

-11E-9 
- 2 3 8 9  
- 2 3 3 3  
-1125 

-790 
-8 15 
-729 

-8Ok.2 
-33-Ca 
-633 

4.70 

53 
-451 
-35 7 

389 

&a5 

- 74.8 

-2155 521: 
-1646 5379  
-2219 5013 
- 2 1 9 1  44C6 
-2216 4130  
-1456 2357 
-1013 I f 2 0  
-527 673 

6 - 3 2 5  
3 3 0  -39-7 
431 -88  

-1342 - 3 7 2 5  
-1577 -328t5 
-1418 - 3 0 2 3  
-1206 -2.578 
-116'5 -2053  

-?A? -1252 
- 2 3 4  -791 
158 - 3 5 9  
4 6 9  6 39 
462 1088 
222 913. 

1513 7 9 0 9  
1057 2153 

7 7 9  -876 
49% -1978 
1 %  -1707 - 76 -415 

2 5  - 3 5 0  
57 - 3 3 3  

6 - 3 8 5  

a e i  -e557 
2 4 1  -3317 

-8133 - 6 3 2  
-2 72 506 
-29 756 
- 2 0 3  566 
-114 22.5 
-63 1.1.8 
-7 0 1 S i  

-313 
1 6 1 3  

2 8 2  
- 2 0  

- 3 0 2  
- 5 8 3  
-936  
-931  

-1195 
-11246 

-957 

-64.85 
- 5 5 9 8  
- 5 9 7 9  
- 5 2 2 4  
-4390 
-2903  
-1558 

-930 
- 3 0 0  
155 

0 

- 1 3 5 1  
-2730  

-2816 
-2367  
-1133 
-79 k 
- 8 2 1  
- 7 2 9  

-3238 

-8593 
- 5 2 5 0  
-2993 
-1bC5 

- 4 9  8 
-30 

- 4 7 0  
-365 
-3G7 
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I33OC-Ea 
I 3 3 O C - C  
133oc-8 
I33 OC--E* 
I330C-F 
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I33OC-3 
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i333OC-3 
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Q33OC-F 
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37 
30 
19 
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4 

-2 
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-110 
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- 5 0  
-40 
-3 a 
-35 
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- 2 5  
-18 
-LO 

- 3  

11 
-7 

- 14 
-23 
- 18 
-17 
- l* 
-11 
- 12 

0 
LO 
23 
21 
16 
3 

-1 
-- 1 
-4 

---I- 

-54  
-4'7 
-39 
-29 
-27 
-4 
1 0  
16 
23 
18 
13 

-%5 
-4s 
- 5 2  
-55 
-6 B 
-5 8 
-66 
- 6 3  
- 5 3  
- 3 6  
- 1. 0 

-16 
-20  
-18 
-18 -- P 7 
-15 
-14 
-10 
-12 

-4-0 
-19 

0 
3 
€ 
5 
8 
6 

_I c .I 

4-.-.., 4" 

40 
57 
57 
78 
81 
87 
87 
79 
5 5  
45 
19 

-42 
-4 3 
-4-0 
-34  - 33 
-3 1 
-27 
-28 
-27 
- 19 
-15 

-22 
-25 
-26 
-25 
-23 
-3.5 
-25 
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-57 
-32 
-15 
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8 
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-370  
170 
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1 0 3 2  
1 1 5 9  

2231 
2084 
1924 
1 3 8 8  

7 2 2  

-1860 - 1976 
-19731 
-1976. 
-2c) ab 
-2 136 
-2005 
-1967 
-1735  
-1L9Q 

-529 

- 8 3 8  
-995 
-935 
-915 
-847 
-629 
-6 22 
-521 
-603  

--2251. 
- L 139 
-4 54 

- 2 4  
118 
300 
294 
314 
359 

1 8 2 4  

L C N G  ---- 
1429 
1391 
1288 
1208 
918 
681 
625 
7 54 
5 OQ 
160 
-97 

-1969 
-1961 
-2102 
-1789 
-1745 
-1695 
-1471 - 135.6 - 104.8 
-671 
- 2 5 9  

91 
-4512 
-7 08 
-959 
-796 
-7 02 
-600 
-4 8 4  
-53 7 

-645 
-28 
5 6 2  
6 3 5  
5 2 0  
17-5 

45 
66  
-6 

SHEAR 
-e--- 

-8254 
- 1 1 3 7 4  
-1418 
-1431  
-1437 
-1209 
-1038 

-557 
-357  
-89 

-32 
-75 

-165 
-272 
-374 
-49% 
-513 
-4.52 
-355 
-2 34 

7 0  

8 2  
6 3  
108 
89 
82 
0 
19 
7 0  
5 '7 

2 2 5  
177 
133 
0 
e, 

-19 

2 5  
-5 1 

-848 

-38 

S l G M X  ----- 
2072 
2 2 8 4  
239 8 
2 5 5 4  
248 1 
a 5 8 4  
2069 
2497 
2117 
1 4 8 9  
73 li 

-1851 
~ 1 8 9 2  
-1859 
-1593 
-1483 - 2374% 
-1160 
'_ L 0 9 9 

- 8 9 8  
-5 8 0 
-242 

3 8  
-504 
-535 
-846 
-735 
-629 
-T5 8 9  
-430 
-504 

-612 
- a  

5 8 0  
4 35 
520 
303 
300 
317 
36 6 

SIGMN ----- 
-1013 
-723 
-52.4 
-313 
-404 

-93  
95 

34- 1 
313 

5 8  
- L O 7  

-1978 
-20+5  
-2214 
-21.68 
- 2 2 7 8  
-2455  
-2315 
-2213 
-1885 
- 1 2 8 0  

-545  

-845 
-1003 

- 9 7 8  
-1028 
-908 
-702 
- 5 3 3  
-5'74 
-635  
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-1167 
-47 E 

- 2 4  
118 
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48 
63 

-13 
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1S-0-N- J 

-1 2 
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0 
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0 
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1, 
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-7 
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9 
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-1 
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- %  .2 
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-I 8 

-1 
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-4 
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-6 

-3, 1. 
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A 

- - " . I  
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-1 
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2 

-6 
- 1 2  - b 

-14 
-15 
-4 4 
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1 s  
1 2  
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1 
7 
9 

7 

-66  
-74 
-74 
-7s 
-77 
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-6 e 
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5 4  
69 
6 2  
k 5  
70 
6 1  
4 8  
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2 
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I-9CC- A 
I-9oc- B 
I-BBC-C 
I-9oc - D 
I-966-E 
I-9cc- F 
I-9oc-G 
1-9 86 - H 
I-9BC-3 
I-9OC - K 
1-9 oc - h 

0-90C-A 
u-90c-E3* 
c-9oc-c 
61-9oc-D 
O - 9 0 C - E  
0-9CC-F* 
L7-9%-6 
0- 9 oc -' 1-1 
C-9QC-9 
0-96C-IC 
0- 9QC - l. 
l[-"jiu-A 
I-3CN-I3 
I-9GN-C 
I-90N-D 
1-*9C!N-P 
1-9 ON-- 
I-9ow-6 
I-9CiN -1-1 
I-9Ch-4 

C-9QN-A 
0 - 9 C N - B  
c-9 OK- c 
e-90N-C 
G-9Oh-E 
C-9QN-F 
C-9 CN-G 
0- 9 ON -13 
C-9GN-,I 

-1 9 
-3.5 
-"le, 
-9 
-10 

-6 
'h 

- 2  
-3 
-5 
-6 

6 
1 3  

2 
2 
I, 

-9 
6 
6 
6 
3 
4 

- 2 7  
-1 0 
-3 

3 
1 
3 
1 
5 

- 2  

1 3  
-5  

-1 I 
-1 2 
-1 1. 

- 5  
- a  
- 2  
- 4  

-132 
-140 
- i 5 1  
-141 
- i 2 4  
-76 - 24 

2 
3 

-10 
- 1 5  

7 %  
4 8  
59 
72 
78 
67 
60  
45 
12 
- 2  

2 

- 84 
-62 - 5 4  
- 5 7  
-59 
-62 
-6-7 
-66  
-61 

116 
1cj7 
92 
81 
67 
5 5  
57 
157 
5 8  

84 
85 

IC0 
92 
85 
49 

3 
-25 
"r; 1 
-21. 
-13 

-5c 
-4@ 
-51 
-56 
-65 
- 86 
-73 
-52 
-18 

-2  
0 

98 
83 
82 
89 
85 
79 
7 B 
93  
74 

- 96 
-86 
-91 
-30 

-81  
-64 
-62 
-63 
-66 

- 

-11024 
-1195 
-Tk%OZ 
-1666 
-844 
- 4 5 3  
-461 

-623 
-673 
-703 

453 
1'83 
33 2 
290 
113 

-420 
-299 
-163 
-132 
--I08 

3% 

332 
47e 
t 2 C  
6 5 5  
5 6 3  
362 
207 
3-61 
27 4 

4 3 5  
475 
23 

- t 8 5  
-3GX 
-153 

-86 
-217 
-1 59 

-488 

-87? 
-801 
-744 
-5 91 
-533 
-3 21 
-110 
-218 - 287 
- 3  5 9 
-396 

367 
453" 
157 
l L 6  
97 

-323  
96 

1336 
1'33, 

5 3  
3.39 

-694 
-1444 

36 
2 8 2  
I, 99 
154 
105 
205  

2 5  

536 
- 6 C  

-335 
-41 2 
-41 a 
-20%. 
-'p10 
-136 
- 2 6 2  

1925 
1997 
24l8 
2297 
2085 
1210 
122 

32 
3% 

-302 
-179 

2803 
1498 

1954 
P 900 
3 53G 
1183 
$293 
4 26 

5 3  
145 

2 5 9 6  
23 24 
21-77 
2+08 
23@3 
22 b l  
2 0  56 
2 0 3 2  
1 3 5 2  

33cio 
2 8 1 3  
2 2 8 8  
19-79 
!$I6 
1 3 9 2  
'1428 
1489 
1449 

as19 
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TCRSTONAL MOMENT L O A D I N G ,  MYi’JT ON N O Z Z L E  ( 2 C G Q  I N - L R )  

-55  
-1 1 
18 
40 

c? 
2 3  
b o  
-1 
-1 3 
- 2 6  
-15 

2 6  
-13 
-3 2 
- 2 9  
-31s 
-20 

- 8  
-5  
-10 
-1 R 
-21 

-4 8 
24 
54  
56 
56  
29 
29 
28 
2 9  

71 
38. 
14 
1 5  
19 
3 5  
41 
3 8  
41 

4 9  83 
cr ,  3 8  
4 8  c+ 
3 8  7 

-I.@ --A 

7 -3-0 
- 1 5  -5 
-19 1 
-17 BO 

2 XT’ 
-15 9 

I4 2 36 
100 1s 

6 4  5 
0 -3°C 

29 -1 
-7 -14 

-16 -21, 
-17 -15 
-20 -19 
-11 - 2 2  

-6 -18 

-44  i zcd  
- 5 0  91s 
-54 104 
- 4 %  93 
-7% 76 
-70 6 
-90 60 
-77 68 
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f 5Q zc! 
150 -29  
169 -64 
91 - 8 2  
8 0  -.?9 
0 8  -C;8 
67 - 8 5  
72 -84 

TRANS ----- 
2485 
2045 
1045 

55 8 
-468 
-114 
- 4 s c  
-385 
-132 

362 
-“I18 

3877 
2036 
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-a 8 8  

556 
-438  
-806 
-684  
-84-5 
-712 
- 3 5 3  

b 7 2 k  
1446 
1648 
649 

3 2  
-1587 

-25% 
-407 
-460 

3661 
22G1 
9i?8 
182 

- 2 1 9  
-986 
-453 
- 2 9 2  

7 0  -82  -317 

L C N G  
*e-- 

-9551 
263 
e 5 5  

1499 
-125 

7 4 3  
165 

-43 9 
-66% 
-5 2c 

1%7 
406 

-504 
-912 
-9Ql  
-730 
-484 
-362  
-567 
-3841 
-747 

-923 
1 I. k * 7  
13 25 
I F  63 
le92 

3 8 5  
794 
719 
718 

3237 
1601 
710 
497 
504 
8 3 5  
1104 
10 53 

- z F a  

SHEAR ----- 
-203 

?e;? 
t46 
fi” k. e 

- 2 7 P  
2 2 8  

-12-7 
- 2 7 2  
-357 
-1 3? 
-3 23 

P4C6 
5 0 9 3  

979 
133 
41 2 
%Q% 
76 

-25  
- 2 5  
a 39 

6 3  

-2178 
-2235 
-2115 
- 2 c 5 1  
-1955 
-a31 
-1741 
-1836 
-1880 

1322 
2115 
230 5 
2311 
2 2 4 3  
2108 
20 2G 
2c7-7 

1131 2026 

S X G M X  ----- 
2 4  97 
20?3 
IhO? 
1-7 27 

847 
I. 90 

27 
I 2 3  
3 83 
61. 

b5l.7 
3075 
1812 
-1 64 
759 

-406 
-4 57 

-5 6 5  
-5  86 
-3 4 3  

294s 
3537  
3646 
3355  
2987 

7 5 8  
20 9 3  
2 077 
209c 

5184 
4G 37 
31 57 
26 56 
2419 
2 240 
2490 
2553 
25 59 

.“..I 

-360 

C I G M N  ----- 
-4 63 

2 6 2  
2‘9 
7 31 

- 5 4 2  
-%, c s  
-4 75  
-5 66 
-6 8: 
-6 80 
-6 ?9 

12 e7 - 33 
-7 66 
-935 

- IC 93 
-?&2  
-e 2 3  
-6 86 
-e47 
-8 66 
-4 57 

- 2 1 4 8  
-9 43 
-6 73 
-E e3 

-1263  
-1939 
-954s 
- 17 64 - Be41 

17 413 
-2 35 

- I46.F 
-I% 37 
- 2: 3 4  - 23 OE 
-1P34 
- 18 03 - 8744 
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-1 2 
-1 t 
-PI. 

- 8  
-9 

-1 0 
-1 1 

-6 
- 8  
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4 
I 
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3 
4 
5 
C 
1 

-1 6 
-I 3 
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-IC 
-1 2 
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-13 
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- 2  

-3 
-8 

-1 2 
-1 3 
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0 
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I270C-P 
1 2 7 C C - B *  
I27CC-c 
I276C-6 
I27CIC-E 
1?70C-F* 
I27CC-G 
I27OC-H 
1278i-J 
I270C-K 
I278C-h 
I 2 7 0 C - M  

-1 
0 

-1 - 1 
- 5  

-1 5 
-1 2 
-1 5 
-1 5 
- a  5 
-1 2 
-% 8, 

I27CN-P. 3 
I276N-8 - 2  
I 23 ON-C -9 
I 270N-D -19 
I27CM-E -28 
I27OK-F -16 
127QN-G* -16 
1270N-I-1 - 1 2  
1270h-3 -a9  

-24 
-1 8 
-14 

-9 - 4. 

- 5  
- 5  
- 6  
-7 

-124 - 1 4 3  
-137 
-12'9" 
-169 

- 6 5  
-21 

4 
10 
-1 
-4  
-7  

11s -IC3 
1 2 8  - 3 2 4  
1 2 8  -197 
112 - 3 3 3  

94 -329 
5 8  -14c 

5 -342 
-23 - 2 9 %  
- 2 1  -234  
-11 -255 

- 2  -237  
-1% -385 

4 2  -29 2 8 5  
0 -48 -Bat5 

6 3  -57 268 
78 -57 4 5 3  
84 -63 449 

7 6  -57 4c4 
5 9  -36 5c4 
24 -4 424 
l a  ? 39.5 
10 11 468 

8 8  -7c 3 8 8  

-11.5 
-e-? 
-71 
-67 
-69 
-74  

Q 
-7 9 
-';dl 

80 
7 6  
9% 
66  
5 5 
4 6 
4 9 
4 9  
5 6  

102 
67 
35 
39 
5c 
56  
5 8  
57 
56; 

- 18% 
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-17  
- 1 7  
-15 
-1 

7 
b 
5 

I* 

GAGE2 
-....,--- 

22 
23 
17 
LO 

- 5 4  
-4 

-16 
-. 1 9 
-37 
-38 
- 2 0  

66 
5 4  

0 
3? 
34 
21. 
19 

2 
-1, 
-2  

0 
15 
2 0  
17 
13 
1 
2 
0 
0 

5 5  
40 
20  

6 
-2  
-a 
-4 
-2 
-1 

G a  

G A G E 3  
---"-I^ 

-2  
-1 5 

0 
-3 2 
-3 '7 
-40 
-4 2 
-3 1 
-27 
-2 5 

5 

64 
3 1  
2 0  
1 5  
11 

5 
-3 
-2 
-4 
-5  

-1 7 

4 5  
4-4 
3 5  
26  
11 
0 
0 
1 
1 

67  
3 4  
lQ 
-4 
-5 
-8 
-5 
-3 
-1 

T R A N S  
...-""--- 

51 2. 
2 1 8  
40 2 

-523  
-1984  

-978 
-1289  
-1108 
-140L 
-1382 
-341 

2 8 0 5  
1851 
1476 

338  
1040 

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

-126 
- 4 3 2  

1175 
1257 
1186 
89 6 
48 sa 
1 1  
61.4 
6 
10 

2621 
1616 
697 

5 0  
-150 
-312 
-206 
-132 

-5 9 

LnNG ---- 
-1828 
-1032 

-578 
727 

-59 5 
- 3 9 3  
-273  
-304  
-378 
"-315 

6? 

2120 
1339 
913 
213 
40 E! 
564  
497 
2921 
100 
-9 

-30 

-1501 
61 

1054 
l l c 5  
1045 
54 5 
227 
40 1 
288 

1941 
570 

-290 
-49 8 
-50 1 
- 8 2 2  
138 
132 
168 

CI 

I _ % )  

SHE4R ----- 
317 
515  
2 2 8  
5 6 4  

- 2 2 8  
481 
3 4 8  
1 6 5  

-127 
-177 
- 3 4 2  

32  
3 OL" 
3 7L 

- 2 0 3  
374 

3 2 3  
2 7 2  

8? 
5 1  

195 

-519 
-3 86 
-203 
-120 

25 
I?  
32 

-13 
-12  

-1 5 8  
82 

133 
133 

38 
3.3 
19 
13 
-6 

3 a6 

S l G M X  
-e--- 

5 5 3  
401 
4 5 2  
9rt.3 

-559 
-123 
-165 
-272 
-362 
- 2 8 6  

263 

2805 
1993 
1663 

1271 
1108 

7 6 3  
612 
1 4 2  

9 
50 

1272 
1407 
1333 
1238 
1046 

546 
2 3 3  
402 
289 

2656 
1 6 2 2  
785 

8 1  
-146 
-121 

139 
132 
168 

4.82 

S TGMN ----- 
-1870 
-1216 
-629 
-7L.Q 

-2021 
-1249 
-1397 
- 1 1 4 0  
-1416 
- 141 1 

- 5 3 4  

2109  
11'38 

'7 2 7 
tl 

3 1 8  
290 
106 

5 7  
- 9 8  

-145 
- 5 1 2  

- 1 5 9 8  
- 5 0  
987 
853 
4 8 8  
1 1  
3 9  

6 
10 

' 19QB 
5 6 4  

-307 
- 5 2 9  
- 5 0 5  
-313 
-207  
-132 
-59 



-47 
-19  

-6 
4 
2 

10 
2 

- 2  
-5  

-10 
-93  

16 
0 

-3 
-2  
- 2  

2 
11 

Ec 
8 
8 

-13, 

- 3 4  
7 

2 0  
25 
2 2  
Q 

$ 0  
0 
9 

3 1  
- 2  

-15 
- 1 b  
-12 

3 
0 
2 
1 

1 2  
11 

E? 
9 

-5  
-15 
- 2 1  
- 2 2  
-26 
-31 
- 2 4  

47 
37 
-21 
19 
18 

4 
8 
9 

84 
11 
11. 

2 8  
2 6  
2 0  
E6 
T 

-2 
0 
1 
8 

4 s  
2 5  
9 
3 

- 3  
-4 
-6 
- 2  
-3 

10 
9 
3 
2 

-2 
-1 3 
-1 9 
-2 1 
-25 
-3 0 
-2 5 

1 3  
2 9  
13 
1 3  
13 

6 
9 

12 
1 1  
10 
1 i  

27 
3 0  
20 
18 
3.0 

0 
-I 
P 
2 

4 3 
2 5  
13 
1 

-2 
- 3  
-5 - 2. 
- 3  

STRESSES P R X N  STRESSES -------- -----XI---.-.-- 

T R A N S  
...I..-...* 

5 3 2  
46 0 
2 3 6  

6 9  
-170 
-617 
-870 
-94.8 

-1101 
-1336 
-1082 

1946 
1445 

745  
7113 
69 2 
217 
34 3 
440 
56 3 
4 8  0 
49 3 

1 2 2 8  
1 2 2 5  

866  
70 3 
34 1 
-5 2 
-3 2 

4 2  
32  

1971 
1161 

497 
91 2 

-112 
-160 
-240 
-86 

-126 

LONG ---- 
-1252 

- 4 3 2  
-100 
135 

20 
111. 

-190 
-356 
-4e 7 
-714 
-724 

1068 
605 
1 2 4  
143 
136  
122  
445 
374 
183 
14k 

-19" 

-650 
567 
8 5 9  
967 
772 
-1 6 
3 0 4  

23 
2h6 

1518 
291 

-293 
- 4 5  L 
-390 

52 
-72 

4 5  
-9 

S H E A R  
---e- 

2 5  
3 8  
63 
-6 

-38 
- 2 5  
- 3 2  
-19 
-3.3 
- 1 9  
19 

51 
9 5  

108 
89 
63 

-19 
-13 - 44 

13 
0 

1 3  
-51 

-6 
- 2 5  
- 3 2  
- 3 2  

2 5  
0 

- 2 5  

6 3  
32 

-51 
32 

-13 
-19 
-19 

0 
0 

3a 

S IGMX 
--e-- 

533  
461 
2 4 8  
1 3 5  

115 

- 3 5 5  
-487 
-714 
- 7 2 3  

1949 
1456 
763 
726 
6 9 9  
2 2 1  
447 
4 6 3  
567 
4 8 1  
4 9 3  

1 2 2 8  
1229 

870 
969 
7 7 5  

3 
3 0 6  

42 
269  

1980 
1153 

500 
114 

-112  
5 3  

-76;s 
45 
-9 

28 

-188 

s I G M N  ---...- 
- 1 2 5 2  

- 4 3 4  
-112 

6 8  
-177 
-61 8 

-948 
-1102 
-1336 
-1083 

I O 6  5 
594  
106 
1 2 9  
3,252 
1 1 9  
1" I. 
3 5 2  
3 8 0 
144 

-194 

- 6 5  8 
5 6 3  
955 
701 
339 
-71 
-114 
13 
3 0  

509 
290 

- 2 9 6  
-453  
-331 
-162 
- 2 4 2  

- 8 6  
-125 

- a n  



!YICRO-SPRAHN S T R E S S E S  P R I N  S T R E S S E S  
-.."--I -----I- ---..,---- ---------I--- 

R O S E T T E  G A G E P  G A G E 2  G A G E 3  ' T R A N S  LONG S H E A R  SIGMX STGMN 

I270C-A - 1 2 0  -33 -34 -1340 
I24OC-B -50 -31 -32 -13QQ 
127OC-C - 3 9  -15 -19 -719 
I270C-D 1 -9 -6 -315 
I270C-E 3 1  -1 5 3 9  
I 2 7 O C - F  73 13 27 787 
Z270C-G 9 3  22 2 6  953 
Z27CC-H 53 13 14  5 3 5  
I270C-J 47 - 4  - 2  -229 
I 2 ' T O C - K  2 1  -20 -0  - 4 3 %  
I27OC-I_ -9 -14 -10 -523 
I270C-M -6 10 1 1  47 6 

027oc-A 1 1 4  119 94 4 5 5 4  

L727OC-C 61 a 5  6 9  3307 
0270C-D 22 6 4  5 2  2535 
0270C-E 0 48 3 9  1912 
i227OC-F -46 3 -1 10 3 
0270C-G - 6 3  - 2 6  -31 -1194 
0 2 7 O C - S i  - 5 9  -36 - 4 5  -1700 
027oc-J - 3 5  -34  -45 -1'906 
Q270C-K -19 - 2 3  -23 -993 
027oc-L 9 -2 -10 -271  

0270C-8;:  0 0 a 7  1.922 

I270N-A 
I270N-8 
I 2 7 0 N - C  
I270N-D 
12'7 ON-E 
IZ70N-F 
I270N-G 

I270N-J 
I ~ ~ O N - H  

1 2 7 0 N - A  
0270%-0 
0270N-C 
0270N-D 
0290N-E  
0 2 7 O N - f  
027GN-G 
0 2  T O N - t l  
0270N-J 

- 2 9 6  
- 1 3 4  - -7 

60 
6 4 
36 
1 5  
19 
14 

-5 - 
4-17 
6 3  
5 3  
37 

7 
- 3 .  
-2 
1 

.IO 
22 
3 7  
44 
40 
-2 
- 3  

0 
1 

2 
165 B 
2 190 
2065 
1612 

6 5  
-111 
-7 3 
37 

-4809 
-3099 - 1309 

- 5 2  
933 
2417 
30 80 

1 3 4 3  
4 3  e, 
-4.14 

-28 

2876 

4773 
597 

2817 
1415 

5 5 9  
-1352 
- 2 2 5 4  
-2278 
-1552 

-854 
176 

-8881 
- 3 5 2 5  

45-7 
2416 
2394 
1103 

4 2 3  
5 4  8 
4 2 5  

2 8 8  i a a  16s 7537 l o a m  
106 144 152 6 3 3 0  5 1 l . O  

5 8 5  9 5  3 9 3 2  1322 
- 2 9  4 3  51 2089 -243 
- 3 3  10 10 4 7 5  -841 

8 -11 -10 -468  8 8  
18 -3 -1 -103 51 1. 
14 - 3  Q -6 7 393 
14 -2 -3 -141 37% 

6 -1340 
13 -1300 
32 -718 

- 3 8  -46 
- 8 2  946 

-57  3081 
-32 2870 
-44 1344 

-171 462 
-44 -398 

-6 476 

-184 2438 

-4089 
- 3 0 9 9  
-1400 

- 3 2 0  
3 2  
767 
n5 1 
537 

-23% 
-666 
-539 

- 2 8  

329 5 0 1 1  4317 
-1165 2 5 9 4  - 9 5  

209  3 3 8 4  2 7 4 8  
158 2 5 5 7  1394 
1 0 8  1420  5 5 1  

57 105  - 1 3 5 4  
70 -1190 -2259 

120 -1676 -2302 
146 -1455 -1794 

-6 - 8 5 4  -993 
108 200 - 2 8 5  

70 2 - 8 8 8 2  
3 2 9  16-72 -3546 
3 4 8  2257 390 
127 2457 2 0 2 4  
-44 2396  1609 
114 1115 5 2  
19 424 -111 

-19 549 -74 
-6 4 2 5  3 7  

253 10920 
-108 6399 
-133 3 9 3 9  
-108 2094 

13 475 
- 25 $9 
-25  512 
- 4s. 397 
13 372 

'-??.I 8 
5101 
1.315 
- 2 4 8  
-841 
-469 
-105 

- 7 2  
-141 



1-51 

A X I A L  FORCE L O A D I N E r  FYNt  

R O S E T T E  G A G E 1  G A G E 2  
-I--- 

-105 
-87 
- 5 8  
- 3 2  
-3.6 

27  
3 3  
3 4  
2 9  
1 3  
-9 

7 1  
71 
5 1  
3 7  
17 
-7 

-14 
- 1 8  
- 2 5  
- 2 2  
-1% 

-174 
- 5 3  

1 4  
4 3  
44 
2 2  
17 
9- a 

1 3 4  
3 6  

-13 
-26  
- 2 5  

0 
1 3  
1 3  
15 

----- 
32  
24  
19  
18 
15 
4 

-6 
-11 
-3.9 
-25  
- 2 2  

1 0 4  
1'30 

86 
66 
159 
26 
-1 

-25  
-40  
-39 
-18 

-27 
14 
2 7  
31, 
2 4  

5 
- 3  
-3 

0 

1 0 4  
8 5  
54 
2 9  
11 
-4 
-4 
-2  
- 3  

G A G E 3  
--e...- 

-5 8 
-7 6 
-70 
-70 
-7 0 
-4 7 
-2 5 
-9 
14 
2 3  

7 

5 2  
3 0  
2 4  
10 
10 

3 
-6 
-3  
-14 
-1 9 
-22  

6 8  
6 9  
67 
5 2  
30 

B 
8 
4 

-1 

1 4 2  
8 6  
38 

9 
-5 

-1 5 
-7 

-2 
- a  

ON N O Z Z L E  (300 

TRANS ----- 
-459 

-1053 
-1053 
-1103 
-1205 
-970 
-715 
-47s 
-137 

- 5 6  
- 3 3 5  

3347 

2357  
1441 
1 5 0 6  

(544 
-141 
-597 

-1143 
-125Q 

- 8 5 8  

1,100 

2 0 5 3  
179 a 
1132 
112 

7 5  
0 

-26 

5 2 6 3  
370Q 
2819 

8 5 3  
142  

-41 8 
-244 
-109 
-225  

2 7 8 4  

1896 

LONG 
---.9 

- 3 2 8 8  
-2939 
-2069  
-1286 

-832 
522 

870 
3 1 3  
368 

-357 

3143 
2959 
2232 
1604 

965 
-6 

-47 0 
-707 

-1090 
-1045 

-785  

-4902 
-1014 

1020 
1 8 3 4  
1665 

689  
536 
2 5 5  

783 

h2a 

5595 
21?? 

22 3. 
-514 
-695 
-111, 

326 
357 

hi31 

SHEAR 
----I 

1137 
13 30 
3.197 
11-71 
1133  
671 
247 
-25  

-431 
-533 
-3 8 6  

6 8 4  
924 
829 
741 
646 

57 
- 2 8 5  
- 3 4 2  
-279 

51 

-1260 
-7 34 
-545  
-279 

- 8 2  
44 

-146 
- 9 5  

8 9  

-507 
- 1 3  
2 1 5  
260 
2 3 4  
1 5 2  
38 

6 

2.98 

37 4 51 

SIGNX 
---e- 

- 2 1  
-366 
-26'8 

-20 
130  
739 
8 2 3  
870 

E005 
8 2 4  
40 

3936 
31300 
3126 
2 3 6 3  
1 9 3 0  

?60 
-E31 
- 3 6 2  
-783  
- 8 5 1  
-759  

135% 
2091 
2288  
2092  

6 9 3  

3 I& 
4 2 1  

5965  
3700 
2 0 4 5  
909 
2 0 3  
-49 
3 2 8  
3 6-7 
379 

1678 

578 

S I G M W  
---I- 

- 3 7 2 6  
- 3 6 2 6  
-2861 
-2370  
-2167 
- 1 2 2 7  
-755 
-4?6 
- 2 9 9  
-512 
-733  

2 5 5 4  
1 0 4 3  
1 4 6 3  

8 8 2  
5 3 5  

-122  
-420 
- 9 4 2  - 14-71 - 1444 
- 8 8 4  

-5156 
-1188 

7 9 4  
a533 
1119 
188 

3 3  
- 2 9  
- 2 7  

4897 
2179 

196 
- 5 6 2  
-960 
- 4 8 1  
-247  
-104, 
-229 



152 

AxrPae F G R C E  LOADING, F Y N ,  GN N O Z Z L E  (1300 1-81 

I 3 3 0 C - A  
I 3 3 O C - B  
I 3 3 O C - C  
I33OC-D 
1330C-E  
I 3 3 G C - F  

I 3 3 0 C - H  
I 3 3 O C - 4  
I330C-K 
I330C-L 

I ~ ~ O C - G  

- 5 9  35  - 2 5  
- 4  1 27  -34  
- 2 6  2 0  -36 
-15 1 3  -40 

-8  10 -46 
6 -7 - 5 2  
0 -16 -48 
0 - 2 3  -40 
2 -23 -25  
4 - 2 1  -13 
1 - 2 4  1 

285 
-101 
-316 
-563 
-78 5 

-1301 
-1400 
-1399 
- l o 6 7  

-757 
- 2 9 4  

-1697 
-1231 
-879 
-61 3 
-478 
- 2 1 9  
-406 
-434  
-263 
-9 9 
-60 

0330C-A  
033OC-5  
0 3 3 O C - C  
(733oc-3 
0330C-E 
033oc-F 
G 3 3 0 C - G  
033OC-H 
C 3 3 O C - J  
0330C-M 
a33oc-c - 

14 4 8  4+ 1378 l h 2 0  
2 7  4 3  4 3  1851. 1354 
27 38 36 1579 127% 
17 39  26 1412 937 
13 35  2 1  1301 790 
12 3 0  1 3  926 549 
i7 2 5  8 72 3 7 3 0  
11 3 0 1 1  688 1534 

7 12 9 4 5 2  3 3 5  
I.. q -4 - 2  -127 -266 
.IO -17 -13 - 6 5 8  - 4 8 3  

791 5 6 2  -1994 
8 10 314  -1685 
7 5 3  267 -14432 
709 119 -1300 
7 3 4  € 1 9  -1382 
5 9 5  44 -1565 
418 - 2 5 4  - 1 5 5 2  
2 2 8  - 3 8 3  -1450  
25 -262 -1068 

-101 -83 -772 
-203 57 -410 

57 1987 1611 

25 1581 1 2 7 0  
171 1467 8 8 2  
2 2 8  1388  7 0 3  
2 2 8  1 0 5 4  52 i 
z 34 961 49 2 
120 7 5 4  46 8 

38 464 3 2 4  
- 3 2  -121 -2’13 
-51 -469 - 5 7 2  

6 1851 1 3 5 4  

13301V-A 
I33OY-8 
I ‘33 O N - C  
I330N-D 

I 3 3 0 N - F  
I 3 3 0 N - G  

r ~ X I N - E  

r 33(3~--).1 
I ~ ~ O S V - J  

- 5 9  r, 4 2  1078 -1444 - 5 1 3  9,138 -154-5 
-12 2 4  44 1507 81 -260  1553 3 6  
18 2 5  3 8  1380  956 -165 1446 89 9 
2 4 18 29 937 1012 -139  1144. 86 5 
3 0  16 16 566 11x2 6 1112 6 6 4  
1 4 8 5 265 50 8 3 2  512  2 6 2  
i l  0 5 $ 2  356 - 6 3  370 78 
1 1  2 2 7 2  349 0 349 72 
10 0 5 9 4  313 - 76 3 3 7  7 0  

’3?‘30N-A* 0 
033CY-8  3 
0330N-C - 1 3  
033ON-D -14 
0330N-E -18 
033QN-F 5 
0330N-G 8 
8 3 3 0 N -q 0 
7330N-J 5 

4 8  
36  
2 0  
ao 

6 
2 
1 
0 

-3 

6 8  2 5 4 3  
3 4  1532 
18 85 1 

5 340 
- a. 124 
-5  -79 

0 12 
-8  -188 
-5 -172 

7 6 5  
5 4 5  

-141 
-323 
- 5 0 4  
133 
246 
-56s 
91 

- 2 6 6  2 5 8 7  7 2 6  
32  1533 51.4 
3 2  8 6 2  - 3 4 2  
76  358 -331 
89 137 -517 
95 170 -115 
13 247 II 

1 0 2  -1. - 2 4 3  
2 5  Q3 -175 



P A r E Z  
----e 

4 
-9 

-1 9 
-2 R 
-37  
-46 
--49 
-4 6 
-4 c! 
-3 5 
-2 -7 

36 
33. 
32 
32 
7 8  
2 5  
18 
1 1  
1 

- 2  
-6 

2 1  
2 7  
2 6  
22 
2 6  

r? 
15 
14  
1 5  

7 4  
17 
17 
14 
1 3  

5 
L 9 
7 
7 

x 

qLlcE3 
&---.e- 

-1 
19 
2 9  
3 8  
4 5  
5 1  
57 
5 6  
5 2  
47 
3 2  

-5 4 
-4 0 
-3 4 
-3 rz 
-2 9 

-2 2 
-14 

-6 
3 
0 
6 

- 2  
-9 

-1 1 
-10 
-4 
38  

2 
r! 
5 

-1 Q 

-1 5 
-4  
-1 
3 
5 
8 

10 
1 1  

Tcl lVS 

4 8  
227 
2 3 1  
7 3 5  
2 6 5  
1 2 5  
17Q 
109 
2 5 1  
245 
L O 3  

-404 
-2OP 
- 4P, 

2 4  
-47 
60 
Q 3  

127  
9 8  

-49 
-32 

397 
383 
3 13 
266 
472  
813  
3 6 5  
2 9 1  
4 141 

Pr33 
39  

27 6 
?TI. 
3 4'7 
2 1 5  
369 
-378 
3UQ 

S T F. E 5 S E 5 

414 6 3  
139 -367 

27 7 6 4 6  
-58  - e 7 4  
-34 -1r345 

"38 - 1 2 9 2  
2 6 5  - 1 3 9 9  
6 3  - 1 3 5 5  
61 -1228  

116 - P O 8 9  
3 5 9  -779 

-223. 1197 
-17 956  
157 8 e6 
7n 7 e 2 9  
1.99 760  
13 5 6 2'7 

56 4 2 4  
- 5  7 7 8  
-7 1 - 32 

- 1 C O  - 7 2  
874  - 1 6 5  

6 8 9  304  
486  463  

0 'so0 
7-37 4 3 1  
3 8 4  3 3 3  
586 TsOn 
47 3 I77  
3 5 9  195 
467 a. 3 3  

7 4 570  
8 3  4-31 

2 5 4  2 7 2  
38 I! B 96 
37 7 P 3 9  
173 h 
2" 6 2 5  
3 4  2 - 4% 
348 - 5 7  

S 'bGMX 
---I- 

4 2  4 
5 5 3  
7 6 3  
97 4 

E P ' T P  
137 4 
1617 
E493 
1388  
132 0 
10219 

PFJ 8 
8 5  2 
947 
9 5  0 
8 0 6  
7 3 $3 
49 9 
2 9  R 
103 
- 3 4  
(303 

R P  0 
906 
$4 8 
6 8 2  
8 2 3  

1 2 1 2  
5 7  3 
5 2 5  
5 7 7  

6 5  8 
49 2 
537 
5 3  0 
479 
2 1 6  
37 7 
$0 8 
43 6 
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A. 8 Tors iona l  Moment Loading, M,,.,, on Cylinder 
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-22'7 
-2 17 

-3786 
-1930 
-67 1 

-35 
2 9 5  
418 

87 
85  
55  

531 -646 
-301 -969  
-672 - 1 2 7 3  

-1372 -1228 
-605 -1361 
-932 -201'3 
- 5 6 2  - 6 5 9  
-392  -481 
. -2L4 - 3 4 8  
-34 -285 
- 2 3  -196 

-1983 545 
-1006 2 60 
- 5 2 0  393 

- 5 8  8 2 9  
- 5 4  551 

- 194 671 
- 2 3 2  6 46 
- 2 2 6  614 

-13 4 50 
2 3  2 418 
547 3 6 1  

50 6 6 0 8  
-1 213 3 86 
-1556  196, 
-1432 95 
-1 036 6 

-490  -108 - 462 - 13 
-425 19 
- 4 2 1  13 

-1  529 1 6 5  
-66 - 3 2  
4 2 6  - 1 5 2  
374 -190 
17 -177 

-445 -152 
-6-39 -127 
-588 -152 
- 6 7 5  82  

S ? G V X  
--*-- 

63 7 
3 0  
7 4  

- 3 8 5  
2 2 3  
- 2 0  
82 

-19 
-121 

10 
8 

-1859 
- 9 7 2  
-438 

3 4  1 
9 4  
17 9 
19 8 
210 
25 1 
446 
690 

63 4 
-1047  
-1282 
-768 
-458 
- 129  
-257 
- 2 2 5  
-216 

-1 51 7 
-6 5 
44 7 
449 
38 1 
444 
108 
118 

6 5  

S'r-NF\! 

- 34 20 
- 3 1 3 9  
- 2 8 4 3  
- 2 9 C 1  
- 2 8 4 3  
-2071 
-1236 
-1013 
- 1 2 2 4  
-1970 
-10e1 

- 4 3 6 0  
-?006 
- 2 3 E A  
- 1 7 8 1  
-18f6 
-14C1 
-12c2 
- 1 0 5 2  

- 7 8 0  
- 5  E2 
-3  e4 

-23E5 
-21 16 
- 17 59 
-1445 
-1036 

- 5  22 
-4 63 
-426  
- 4 2 2  

-37 78 
- 19 31 

- 4 5 1  
- 110 
- 69 

- 4  71 
-6  52 
-6 20 
-635 



-6 
-6 
-a  
-9 
-8  
-6 
-9 
-5 
-7 
-4  
-8  

2 
0 
2 
3 
0 
1 
4 
2 

-2r3 
0 
2 

4 
3 
3 
2 
5 
0 
1 
0 
3 

-8 
-6 
-6 
-5 

-3 
0 

-e, - 4 

r 
-3 

'hqF2 
--I-- 

-1 6 
-2 7 
-3 5 
-3 F? 
-3" 
-3 5 
-3 7 
-34  
-3 4 
-3 4 
-3 1 

3 1  
3 5  
3 8  
40 
43 
41 
3s 
3 4  
7 

3 2  
29 

5 
I n  
10 
IC: 
7 

-1 2 
2 

69 
2 

2 1  
h l  

3 
-2 
- 3  
-6 
6 0  
-8  
-6 

C E 3  ----- 
4 

17 
2 2  
2 8  

4 
2 2  
71 
3.9 
2 1  
2 0  
17 

-3 3 
-3 4 
-3 6 
-4 0 
-4 1 
-4 6 
-40 
-3 7 
-5 3 
-2 4 
-2 f 

2 
-4  
-4 
- 2  
-1 

0 
4 
5 
2 

-2 4 
-1 8 
-14 

-9  
- 4  
-1 
- 2  d 

0 
0 

T F b h j S  
----- 

-744 
-213 
- 2 8 5  
-230 
-7 5 4  
-265  
- 3 2 5  
- 3 2 9  
- 2 7 5  
-2'39 
-315 

-44 
2 0  
4 0  

7 
- 2 1  

19 
-67 
- 7 5  

-99 1 
188 
175 

1 4 2  
122 
1 2 2  
165 
1 2 0  

-251 
1 3 5  

1619 
3.0 1 

-45  
-139  
- 2 4 4  
-244 
-141 
-153 
1264  
-183 
-132 

1 pnic 
*-- 

- 2 4 4  
- 249 
- 399 
- 3 4 3  
- 4 6 9  
- 2 5 1  
- 3 5 4  
- 242  
- 2 5 2  
- 2c14 
- 7 2 3  

5 8  
2 0  
69 
8 8  
-6  
49 

105 
3 4  

-91.9 
56 

124 

1 7 1  
136 
1 2 2  
121 
179 
- 7 5  

59 
4 8 5  
1 3 0  

- 2 4 8  
-227  - 244 
- 244 
- 1 9 5  - 146 
37') 

- 1.83 
- 1 5 4  

2 2  -510 
? r j P  - 6 2 9  
4 6 R  - 1 0 5 2  
5 9 7  -1167 
-17 - 1 2 0 5  
5 0 2  - 1 C l P  
4 3 3  -1112 
4 2 5  -"96 
4 5 r )  - I n c h  
456 -$6F 
3 2 0  - $ 5 ?  

8 5 7  -847 
9 3 2  -891 

1 0 4 2  -$74 
21x8 - I C 2 3  
I n 7 5  - 1 E C 3  
a 1 2 3  - 1 9 5 5  
1062 -10772 

9 2 5  - C t 5  
- 1 5 8  - 1 7 4 3  

8 7 2  - 6 2 8  
e 2 7  - G 2 Q  

297 
3 1 9  
33.2 
3 0 9  
2 5  5 

2 4  
1 4 8  

2 0 7 8  
1 3 C  

P I5 
- 69. 
-c;8 
- 2 4  

44 
- 5 0  

56 
27 

'E ill .  

- 7 6 5  
-5 55  
- 4 7 7  
- 7 3 3  
- 1  e 8  
- 2  19 
-1 30  
-?E5 
- 2 2 6  



1.66 

113 77 -93 
-14  1')3 -1.09 
-11  1C8 -1lG 
-12 1 0 4  -135 
- 1 r, 9 3  - 9 8  

3 5 8  - 7 2  
2 3 6  - 2 9  
7 L3 -11 
2 13 -10 
2 1s -15 

- 2  2 5  -19 
-1 2 5  - 1 8  

' 7 7 O C - L i  3 - 2 5  
"27CT-R* 0 0 
3270C-r  0 -56 
r l Z 7 0 C - D  -3 -65 
3'77.7 0 c - E -4  - 4 9  
32705-F -5 -77 
32 7or-r ,  -3 -74 
3270C-'-3 3 -61 
q 2 7 0 r - 5  - 3  -3'3 
7 2  7 G f - K  -1 -26 
'3 2 70 f - c -1 - 2 1  

.Lr? 37 
-4 4 

b -1 f 
9 -16 

11 -11 
5 -1 
4. 3 
3 1 
4 0 

-341 
-120 
-123 

..z 7 

-104 
-87 
1 3 4  

4 0 
- 2  
60 

1 5 8  
1 2 8  

-487 22.54 
--/464 2 8 3 0  
-379  2 9 4 7  
- 3 7 3  2796 
-331 2539 

6 q  1 8 6 1  
9 7  867 
6 9  3 2 9  
55 2 53 
a ?  4 4 3  

-3 3 595 
5 564 

1841 
2 5fi- 3 
270  E! 
2 6 1 4  
2 3 2 4  
1849 
98 3 
3 8 4  
2 8 2  
518 
64 R 
6 5  0 

- 2 6 6 3  
-3127 
- 3 2  11 
- 2 9 5 4  
-27  5 9  
- l e 7 6  

-' 7 5 2  
- 2 7 5  
- 2  28 
-3 69 
- 5 5 3  
-4  e-? 

2 9  8 0  110  - 7 2 2  8 1  7 - 6 2 7  
4 8  1 0 4 4  313 - 5 3 3  1410 - 52 
5 8  5 2  16  - 1 5 2 6  156C - 1 4 5 2  
6 4  -18 -91 - 3 7 0 9  1656  -P7& 
6 8  - 6  -1116 -1830 17439 - 1 9 9 2  
7 6  -26  - 1 5 0  - 2 0 4 5  1 9 5 8  - 2 1 3 4  
7 3  -17 -105 - 1 9 5 3  1 9 0 2  - 2 0 2 %  
5 4  -94 -28 - 1 5 6 4  1 5 C 3  - 1 6 2 5  
30 - 1 8 4  - 1 5 5  - 9 2 4  7 5 5  - 1 r 5 4  
2 1  - 1 1 3  -77 -627  5 3 2  -722 
2 5  85  -17 - 6 0 8  644 -576 

-3 5 
3 

2 3  
2 9  
19 
1 

- 2  
0 
2 

5 3  - 2 9 8  
171 -6 3 
26 5 251 
2'7 2 35 3 
166 3 9 8  

-5 141 
1-7 119 
28  9 4  
3 8  125  

9 62 
1 3  

-4 56 
-602 
- 4 1 2  

- 2 5  
63 
6 

- 3 8  

10 
4 
c) 

r) 
-42 

0 
-4 
-5 
-5 

-G 2 4 9  1 3 5  354  - 1 2 1 6  
-3 4 47 2 b '9 2 0 8  -1076 
-7 4 29  115 2 8  -715 

-7 1 3  1 3 5  55 -26Q 
3 -3 -8 -50 8 2  

13 -18 -115 -3's 4 12 
7 -13 -1-31 - 1 6 8  2 7 2  
5 -13 -172 -194 2 4 7  
3 -12  -193 -201 2 0 9  

e 5 5  -1100 
1-7 2 - t3 
714 -158 
915 -291 
6 9 7  -153 
1 4 5  -9 
149 - 14 

9 5  28 
140 23 

1465  
1 3 P +  

785 
3 5 8  

5 2  
339 
1 2 4  
6 4  
1 2  

-9 7 6  
-839 
-6 49 
-163 
-1 20 
- 4  P S  
- 4 2 2  
-4 21 
-406 



16 7 

-4748 
-1969 
- 3 7 5 3  
-3531 
-3338 
- 2 2 9 8  - 164 1. 
-1270 

- 7 2 2  
-664 

-599 

- 3 6  -13? -1'33 -5253 
-13 -115 -69 -4039 

1 2  -s4 -39  - 2 7 2 9  
3 1  -69 - 2 1  -18-31 
4 5  -37 0 -864 
5 5  - 2  2 4  4 2 0  
43 15 3 5  1Q50 
3 4  8 3 0  198 
29 -16 1 9  3 1  
2 4  -79 10 -433 
2 7  -32 1 -713 

-3346  
-3456 
-330 2 
-2303  
- 1454 

- 4 2 3  
-261 
- 2 2 3  
-149 

4 7 3  47 2 - / a  
122 -1178 6'52 

-1611) 260  -1579 
-2  1-71 3h2 - 2 @ 9 0  
- 2 5 2 7  4 6 l  - 2 3 1 5  
-1 93Q 5 3 8  -141-2 
-783 7 3 4  - 3 6 7  
- 2 4 1  7 72 17 0 

47 n 576 5 9  1 
5 8 2  2 79 7 3 5 
5 2 3  8 2  5 3 4  

-?, 

-271-6 
- 2 5 P 2  
A 448 

3?2 
E081 
1766 
1601 
1 2 6 6  

8 79 
5 5 3  
f k 4  2 

1377  
- 1 6 2 1  
- 2 7 Q 3  
-2 35", 
- 2 0 0 3  
- 8 4 0  
- 649 
- 6 8 2  
- 5 3 0  

- 2 4 5  - 
-9 6 
-50  
-2 9 

1 
15 
4 
3 
0 

119 - 5 7 2 3  -4312 
- 5 2  - 3 2 5 6  -1048 

- 8  - 1 2 8 4  157 
13 -163 1 2 3  
2 3  4 6 3  13 7 
18 760 -556 

1. 163 - 9 9 2  
0 7 3  22 

-3 -25 - 7 6 3  

-475 
- 6 2 1  
- 5 3 %  
-519 
-494 
-3 55 
-2 5 3  
-304 
-469  
7 5 2 4  
-44.3 

15 47 
7 03 
2 2 8 

-129 
- 2 0 9  
-1 71. 

6 
2 5  
I 3 

-47 49 
- 2 4 9 9  
-37 8 4  
- 3 6  12 
- 3 5 4 8  
- 2 7 1 5  
-2P77 
-1691 
- I O ? l  
-776 
- h 6 9  

-2631 -5339 
- 1 4 3 4  - 4 1 2 7  

- 3 0 2  - 2 2 7 5  
5 0 7  -1946 
1149 - 9 F 2  
1857 3 13 
11701 9 69 
1 4 1 5  6 48 
IC87 - 1 7 7  

806  -656 
5 9 2  -0c-4  

- 3 5 5  - 
-5  33 
-7664 
-443 
- 2 4 9  

- 2 5  
3 8  
3 2  
44 

1 9 2 3  
- 1 3 5 3  
- 2 6 3 9  
-7.787 
-130 1 
-36 2 
- 2 6 1  
- 2 2 7  
- 149 

-3932 
- 3 6 5 5  
- 3 1 4 5  
- 2 9  81 
-21.c2 

-c;31 
-6 43 
-6  e3 
- 5 - v  

3 9 L E  - 5 7 9 3  
-9q4 - :44nn 

351. - 1 4 7 9  
5 5 6  - 4 2 3  
sf. 0 5 
7 6 0  - 5 4 7  
165 --e(r3 

P 8  7 

- 2 2  - 7 6 6  



4 5  
1 8  
- 5  

-20 
-27 
- 2 3  
-15 

-5 
0 
0 
7 

-23 
-9 

-2 
7 

9 
4 

-3  
-4 

6 
1 2  
1 8  

4 3  
- 1 6  
- 39 
-4 1 
-3 3 
-19 
-12 
-12  
-11 

3 
2 4  
25 
19 
- 2  

-12 
-18 
-2 f 

?33Oh'-J -19 

?!<E2 -- -- - 
-11 2 
*-. 1 r) 3 

-9 7 
-9 0 
-80 
--ft 3 
-3 6 
- 3 3  
-3 1 
-a 4 
-3 r, 

-5 9 
-4 B 
-26 
-1 h 

-9 
5 

1 1  
1.0 
11 

5 
7 

-3 2 
-3 8 
--3 3 
-2 6 
-1 8 

- 9  
- 3  
-8  
-7 

-4 3 
-40 
T1 a 

- 5  
- 4  

1 
3 

- 7  
- 3  

S r l C F 3  

-3 5 
-1 2 

0 
6 
9 

- 6  
1 2  
4 

- 5  
--I 0 
-1 2 

-9 5 
-8 9 
-7 8 
-6 8 
-5 7 
-4 3 
-Lt 0 
-3 8 
-2 8 
-2 6 
- 2 3  

-8 2 
-6 6 

-3 1 
-1 8 
-1 
- 9  
- 7  
- 7  

-3 5 
-3  7 
-1 1 

R 
14  
1 5  
10 

2 
5 

-4 a 

T'i4hjS -__-_ 

-3237 
- 2 5 4 7  
-2146 

- 1537 
-11711 

-516 
-620 
- 794 
-961 

-1032 

-33159 
-2342 
-2275 
- 1 8 5 6  
-1461 

-934 
-644 
-622 
- 3 3 2  
-473 
-364 

- 2 5 5 0  
- 2 7 7 0  
-1732 
-1208 

- 7 5 3  
-178 
-352 
-330') 
- 2 9 0  

- 27 99 
-1718 

- 6 3 6  
32 

2 1 1  
36 5 
2 39  
-7 1 
53 

- 1 ~ 7  

I_ Ih' q 
- .- .- - 
37 1 

- 2 2 3  
-801 

-1 147 
-1 2 6 0  
-1 178 
-511 
-371 
- 2 3 8  
-- 244 

-96 

-1692 
-1 123  
- 734 
- 3 5 7  
- 1 8 2  
- 152 
- 297 
- 3 1 5  

56 
2 2 9  
4 1 8  

4 3 2  
-1 1 5 1  
-1 703 
-1 5 8 3  
- 1 2 1 1  
- 609 
- 474 
- 4 6 1  
- 4 2 9  

- 8 4 0  
19 '7 
5 5 0  
565 

6 
- 260 
- 4 5 6  
- 6 6 3  
- 5 5 1  

S M b R  
I T - - -  

-1019 
- 1 2  16 
- 1 2 9 2  
-1273 
- 1 1 7 8  

- 5 6 4  
-640 
-494  
- 3 4 2  
- 3 2 9  
- 2 9 1  

4 8 1  
6 4 0  
6 94 
6 9 0  
6 5 2  
7 93 
6 8 4  
646 
5 1 9  
4 1 8  
34a9 

6 5'3 
3 7 4  
130 

76 
0 

- 9 5  
- 19 
- 13 

6 

5 5 4  
-51. 

-108  
-171 
-241  
-1 90 
-146 
- 1 2 0  
-1 01 

6337 - 3 5 4 2  
797  -306'1 
-14 - 2 9  2 9  

-170 - 2 8 C 4  
- 2 1 3  - 2 5 8 %  
-611 -1735  

7 8  -12C5 
1 4  - 1 o c 5  

- 7 5  -95'7 
-142 - 1 0 %  

- 1 2  -1115 

-1563 - 3 4 8 8  
-911 -3053 
- 4 7 1  - 2 5 4 4  

- 8 8  - 2 1 2 5  
9 2  - 2 7 3 5  

2 6 1  -1347 
2 3 8  -1174 
1 9 5  - 1 1 3 2  
4-01 - 7 2 7  
4 2 4  -668 
5 8 6  - 5 3 2  

"571 - 2 6 8 9  
- 1 0 3 8  - 2 3 8 3  
- 1 5 2 7  -19CS 
-1194 -16C3 

- 7 5 8  - 1 2 1 1  
-158 -62 '3  
- 3 4 9  -479 
-2 '19  - 4 6 2  
- 2 9 0  - 4 3 0  

- 6 9 2  - 2 9 4 h  
199 -1719 
559 -655 
51 6 - 28 
3 7 0  -153 
4 2 2  -313  
2 6 8  - 4 E 5  
- 4 7  - 6 8 6  

7 9  - 5 6 8  



A. 9 Out-of-Plane Moment Loading, idyc ,  on Cylinder  

OUT-OF-PLANE MOMENT L O A D I N G ,  HYC,  ON C Y h I N O f R  ( 2 0 0 0 0  I N - h B J  

I - 0 - C - A  
r -0-c-8 
I -0-6-c 
I -0-c-B 
I -0-c-E 
I -0-C-F 
I -0 -C-G 
I - 0 - C - H  
I -0-c-J 
a-0-c-u 
f -0-c-L 

-10  
- 5  

0 
1 
0 
0 
-7 

-10 
-8 

-3.2 
-13 

5 
5 
5 
3 
2 
0 
.2 
0 
Q 
0 
2 

2 9 4  
193 
13 6 

7 2  
3 1  

-94 
-9 7 

i) 
2 9  
5 5  
9 8  

- 2 2 6  
-85 

27 
50 
2 3  

-28 
-213 
-285  
-219 
-354 
-370 

32  
- 2 5  
-44 
- 3 2  
-44 
-44 
-13 

-6 
13 
2 5  

-13 

295 
196 
1 5 2  

9 5  
7 2  
-6 

-96 
0 

30 
57 
99 

- 2 2 8  
-87 
1 2  
2 8  

-17 
-116 
-244 
- 2 8 5  
- 2 2 0  
-356  
-370 

8 
3 
1 
0 

-I 
-4 
-3  

0 
1 
2 
1 

0 - 0 - C - A  
3-o-c-B;. 
0-0-C-6 
l3-O-C-D* 
9 - 0 - C - E  
CI-0-C-F 
Q-0-C-G 
0-0-c-n 
0-0-c-$ 
'3-0-C-K 
a-0-C-L 

-1 
-5  
- 5  
-8  
-7 

-10 
-6 

-11 
-11 
-14 

0 

1 8  1 
-1 -3 
11 -6 

3 -40 
5 -10 
0 -If 

-2 -10 
-2 -7 
-4 -7 
-1 Q 
-E -5  

419 

12 1 

-107 
-230 
-255 
-156 

-16 
- 2 9 2  

-78 

-ao 6 

- 2 3 8  

83 
-180 
-13-1 
-478 
-246 
-354  
-265 
-398 
-41 4 
-432 
-102 

2 2 8  
25 

222  
570 
203 
158 
114 

3r3 
3 5  

-19 
-38  

5 34 
-?2 
252  
-44 

44 
-12.2 
-151 
-165 
-230 
-15 
-95 

- 3 2  
-186  
- 2 5 2  

-12232 
-397  
- 4 6 2  
-379  
-419 
-422 
-433  
-299 

1 -0-M-h 
I -0-N-8 
I-0-Rl-c 
1[ -0-N-0 
I-0-N-E 
I--O-N-F* 
I-0-N-G 
I -0-f4-w 
I -0 -N-J  

6 3 2 5  
6 290 
6 244 
6 2 1 1  
6 2 0 4  
0 -4  
3 13 8 
2 91 
4 14 2 

6 52 
144 
244 
291  
204 
155 
270 
113 
I-? r 

3 2  
13 

0 
-19 
- 2 5  

0 
0 

-6 
- 2 5  

3 2 9  6 5  
241  1 4 3  
244 244 
296 287 
229  178  
4 5 5  - 6  
270 138 
115 89 
185 127  

I? 
1 0  
4 

-1 
2 
1 
0 

-1 

L. 

1 1  
4 
5 
2 
3 
r, 
3 
1 
1 

1612 
32 1 
i8rj  
130 
4 0  

128 
98 
1 5  

-16 

7 0  
8 2  

-13 
3 2  

-51. 
-19 
- 2 5  
-13 
- 3 2  

62? 
3 5 7  
199 
2 2 1  
107 
2 5 5  
207 
162 
1 4 4  

2 8 3  
132 

5 5  
119 

2 
1 2 5  

9 2  
14 

- 2 2  
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OUT-OF-PLANE MOMENT LCIADINC;, MYG, ON C Y L I N D F R  ( 2 0 0 0 0  I N - 1 . B )  

R O S F T T E  -_----- 
I - ~ C J O C - A  
I -9OC-8 
I -9oc-6  

I - 9 0 C - E  
I -9oc-F 
I-9OC-G 
I -9oc-P 

I - 9 O C - M  
I - 9 0 C - L  

0 - 9 0 C - A  
0 - 9 O C - B  
0-00c-(: 
0 - 9 C C - D  
O-QCC-E 
0-9OC-F  
0 - 9 0 C - G  
0 -9 OC --I-{ 
0-9oc-J 
c3 -? O C - K  
O - Q O C - L  

I - - 9 0 N - A  
I -90N-5 
I -30N-C 
I -9ON-D 
I - 9 0 N - E  
I -90N-F 
I-90N-G 
I -?ON-H 
I -90N-J 

0- ’30N-A 
G-?ON-B 
0 - 9 0 N - C  
0 - 9 0 N - C  
D-90N-E 
0-90N-F 
U-9ON-G 

r - ? ~ c - D  

I - ~ O C - J  

G A G E 1  ----- 
7 3  
6 2  
47 
3 u 
2 4  
17 

5 
7 
6 

I 1  
12 

- 6 8  
-43  
- 2 9  
- 1 5  

-5 
1 2  
2 6  
2 6  
2 7  
2 4 
2 2  

4 3  - 2 4 
- 5 1  
-49 
- 3 6  
.- 1 4 

- 8  
-8 
-7 

-52  
i l  
3 2  
2 3  
10 

-1L 
-11 

G A G E 2  
----I 

-7’8 
-76 
-71 
-31 
-67 
-65 
-60  
-54 
- 5 8  
- 5 5  
-48 

-10’ 
- 9 3  
- 8 6  
- 7 2  

64- 
- 4 8  
- 3 0  
-45 
-47 
-50 
-5u 

-77 
-66 
- 4 8  
-32 
-17 

-3  
-3  
-1 

2 

-1 14 
- 5 6  
-13 

6 
14 

8 
2 
1 

-73 
0-90N-H* -17 
0-9ON-J -7 i 

G A G F 3  

-7 2 
-6 5 
-5 8 
-58 
-56 
-5 8 
- 5 4  
-5 5 
-5 3 
-5 5 
- 5 3  

- 1 0 0  
-8 7 
-0 3 
-7 5 
-6 9 
-(.5 
-44  
-44 
-40 
--cL 9 
-4 8 

- 5 5  
-6 1 
- 5 0  
-3 5 
-2 I. 

-6 
- 4  
-1 

0 

-115  
-6 7 
-2 4 

1 
l a  
10 

5 
2 
3 

TRANS ----- 
- 3 3 6 0  
- 3 2 0 2  
- 2 9 0 3  
- 2 8 7 4  
- 2 7 3 2  
-2723 
- 2 5 0 2  

-2440 
-2+25 
- 2 2 3 8  

-“5O 1 
-391 1 
-3696 
-3210 
-2950 
-206 1 
-1825 
-1982  
-1951 
-2209  
- 2 3 8 4  

-2940 
-2773  
-23.00 
-1418 

-796 
-173 

-+ 3 
bl) 

- 2 3 m  

-148  

--b 9-7 7 
-2727  

-850  
14 2 
5 4 3  
40 2 
159 
102 
39 

LONG 
e--- 

llF.7 
907 
541 

3 6  
-02 

-318 
- 5 9 4  
- 5 0 3  
-547 
-385 
-301 

-2776 
- 2 4 5 6  
-1993 
-1410 
-1821  

- 2 4 e  
223 
190 
227 
6 4  

-60 

40 1 
- 1 5 4 5  
-2157 
-190e 
- 1 3 2 2  

-465 
- 2 e 7  
- 2 5 5  
-182 

-386 1 
-490 
7’14 
741 
462 

-307 
-2C5 
-4.68 
-188 

S H E A R  
I.cp-- 

-63 
..’ 1 ’7 7 

-171 
- 1 7 7  
-146  

- 5 2  
- 8 2  
13 

-70  
-6 
5 7  

-lOi 
- 8 2  
- 4 4  

4 4  
7 0  

- 3 8  
7 h  

- 1 9  
- 89 
-6 

-152  

-298 
- 4 3  

19 
44 
51 
3 8  
1 9  
- 5  
19 

1 3  
1 5 2  
139 

6 3  
32 

- 3 2  
-38 
-13 
-70 

S I G M X  

3.188 
Q 1 5  
5 4 9  

L 7  
- 8 4  

-315 
-590  
-503  
-544 
-385  
-289 

-2770 
- 2 4 5 2  
-1992 
-1418 
-1019 

-247 
2 2 5  
1 9 0  
231 
64 

- 50 
427 

- 1 5 4 1  
-2100 
-1414 

-791 
-168 
-145 
- 43 

B ?  

-3061. 
- s a 0  

7 4 8  
5 5 4  
404 
162 
1 0 2  

58 

727 

S I G K N  

-3361 
- 3 2 0 9  
-2911 
- 2 8 8 4  
-27L.o 
- 2 7 2 6  
- 2 5 0 5  
-2389 
-2443 
- 2 4 2 5  
- 2 2 4 8  

-4507 
- 3915 
-3694r 
- 3 2 1 2  
- 2 9 3 2  
-2061, 
-1827  
- 1 9 8 2  
- 1 9 5 5  
- 2 2 C 9  
- 2 3 S 4  

-2966  
-2776  
- 2 2 6 3  
-1912 
- 1 3 2 7  

-470 
-289 
- 2 5 5  
-183 

-4977 

- 8 6 2  
135 
“ 5  1 

- 3 0 9  
- 2 4 8  
- 4 6 9  
-4063 

- 2 ’ 3 8  



1.71 

OUT-OF-PLANE MONFNT LOkDiNGp M Y C ,  ON C Y L I N D E R  ( 2 0 0 0 0  IN-CBI 

M I C R O - S T R A  I N  ------------ 

I120C-P 17 -LQ 

1 1 2 O C - B  3 4  - 5 5  
I120C-C* 3 6  -62  
I12OC-D 2 9  -69 
E120C-E 2 2  -72 
I PZOC-F 3 -68  
I12OC-6 0 -64 
I12QC-W -9  -7Q 
112oc-J - 9 3  - 7 8  
IPIZ(2C-K -17 -77 
I12OC-I - 2 :  -86 

7 -961. 818 
10 -1008 710 
2 1  -937 7 8 8  
2 5  -1013 551. 
2 5  -1058 353 
26 -944  -1P3 
17 -1834 -296 
1 2  -1265 -622 

0 -1688 -841 
-7 -1841 - 1 0 5 1  
-13 -2139  -1263 

( S 1 2 O C - A  
01 2 OC-8* 
01 2 oc-c 
ox 2 oc-D 
03 2 0 C - E *  
C7120C-F'T 
O I Z O C - G  
0 1 2 0 C - M  
0 I 2 or, - J:' 
8 1 2 0 C - K  
D i 2 0 C - L  

- 2 4  -11 -61 -1561 -1195 
- 2 1  -20  - 5 8  -1689 -1148 
-2G -1-2 -67 -1828 -1404 
-2 7 -20 -70 -1945 -1382 
-25  -26  -L6 -1613 -1225 
-14' - 3 3  -e2  -2507  -1322 

-16 -82  -2147 -1057 
-11 - 2 3  --EO - 2 2 6 5  -1007 

2 1  -4 -73  -1757 100  
0 4 - 8 4  - 1 7 5 5  -512 
0 1 -82  -1776 -519 

I120fY-A 9 -10 - 2 1  -887 5 
I12ON-€3 -5  -8 -17 -538 -3@4 

-6 1 -9 -150 -216 
J 12CN-0 J 5 -3  3 5  - 8 3  
I?20N-C 

11.2 ON-E 0 6 e 1 14 6 5e 
112  0"-F 4 1, 4 I l i  147 
I120Q-G-" 0 0 0 0 0 
1112QN-H 3 0 0 -1 4 P I  
I I ~ O N - J  1 -2 1 -2 a? 3 6  

- 
- 4  

-7L7 

-867 
-11 14 
- 1 2 5 4  
- 1 2 8 5  
- 1 2 5 4  
-1083  
-3.089 
-1045 

-937 
-969 

9088 
1071. 
1335  
1247 
1113 

747 
"74 
192 

-172 
-4 29 
-642 

6-71 -683  
503 -845 
6 4 6  -?36 
6 6 5  -$.GI 
2 9 8  -1064 
6 4 6  -9038  
$ 8 0  -567 
7 6 0  -650  
1399 A 6 1  

1165 1-27 
1102 121 

25  5 
I l L  - 2 5 %  
1 3 3  -46 
10s 97 

63. 176 - 44 177 
0 0 

-5 82  
- 3 8  55 

0 1 2 Q N - b  
63:ZfJN-B 
1?120N-C* 
C12CN-D 
0120N-E 
QI 2QN-F 
01 2 ON-G* 
01 20N-I-i 
012QN-J 

19 
2 3  
19  
1 3 

8 
I 
3 

-1 
-4 

-9 
-2 

0 
8 

- 2  
-8 
-6 
-6 
-5  

-?8 -1044 
-19 -50 6 

-9 -208 
0 -2 5 
2 2 
0 -158 
4 -4 5 
5 -19 
1 -90 

257 3 8 0  
533 2 2 8  
-4-5 e 'I PL 
37t? b 
229 - 5 7  
--IC -108  

7 2  - 9 3 9  
-49 -139 

-LA1 - 8 2  

- 1 2 5 1  
-1370 
-1484 
-1708 
-1819 
- 1 8 7 3  
-180') 
-2079 

- 2 4 6 3  
-2706 

- 2 4 0 8  

-2071. 
-1993 
- 2 2 9 5  
-2315 - 1774 
-27?1 
- 2 6 3 7  
- 2 6 2 2  
- 2 1 2 1  
- 2 4 5 4  
-2416 

- 8 8 8  
-5134 
- 3 2 0  
-151 

2 5  
81 
0 

-11. 
-&I 

3&@ - 1 4 L 7  
5 8 1  - 5 5 3  
512 -226 
378 -9.5 
24.2 -%I 

4.0 -216 
965 -9.3 8 
fO6 -174 
- 3 G  *. i -202  



OUT-GF-PLANE M O M f N T  L O A O I N G I  M Y C ,  ON C Y L I N D E R  ( 2 0 0 0 0  I N - C B I  

R O S E T T E  G A G E 1  G A G E 2  G A G E 3  T R A N S  LONG SHEAR. SIGMX S I G M N  

I 1 5 0 C - A  
I15OC-B 
1 1 5 Q C - C *  
1 1 5 0 C - D *  
1 1 5 0 C - E *  
I l 5 0 C - F  
I 1  5OC-G* 
I15OC-w 
11 5oc-J 
I150C-K; '  
I15OC-L 

01 50C-A 
O P 5 O C - B  
0 1 5 O C - C  
015oc-0 
0150C-E 
0 1 5 O C - F  
015OC-6 
0 1 5 O C - H  
0 1 5 O C - $  
0150C-K 
0150C-L 

-8  2 2  
- 2  1 3  
6 1 1  

1 5  2 
0 -15 
3 -11 

-6 -15 
-15 -21 
-15 - 2 0  
- 2 0  2 
- 3 4  -40 

-3 
- 9  

-10 
-10 
-14 
-18 
-21 
-22 
-36 
-39 
-48 

I l S O N - A  -6 
I15QN-R 10 
I 1  5 0 N - C  1 6  
I150N-D 1 5  
I 1 5 0 N - E  12 
I1 50N-F* 6 
I150N-6 4 
I l S O N - H  5 
I 1  50N-J 5 

O l 5 0 N - P  8 
01 5 ON-B -1 
01 50N-C -8 
Q150N-D -2 
0 1 5 0 N - E  6 
0150N-F 10 
0 1 5 O N - G  10 
01 50N-H* 6 
0158N-J 9 

14 80 3 -2 
10 50 4 8 0  

0 234- 26 1 
5 140 49 8 
7 -178 - 5 3  

13 2 8  $ 4  
0 -3i8 -26.5 

2 0  -15 -46 1 
26 1 4 2  -414 
3 3  784  -364- 
2 9  -214 -1076 

2G 4 745  138 
25  -1 5 2 2  -114 
10 -10 3 2  -290 
1 0  -14 -93 - 3 4 2  

5 -15 -204 -404 
-5  -25 -638 -733 
-4 - 3 2  -770 -833 
-3 -35 - 8 2 1  -917 
-3. -'18 - 8 2 8  -1318 
-I - 5 0  -1085 -1509 
8 - 5 2  -929 -1733 

15 
I F ?  
16 
11 
9 
6 
3 
2 
2 

2 8  
1 4 

4 
@ 

-3 
-4 
G 

-3 
0 

24  
2 0  
1 6  
1 0  

6 
1 4  

3 
3 
2 

874  
8 2 4  
672 
45 3 
311 
43 2 
13 1 
12 0 

7 8  

15 9 4 2  
3 37 8 

- 5  -1 2 
-7 - 1 3 4  
-7 -216 
-7 -251 
- 3  -8 4 
- 3  -132 

0 - 3  

114 
5 1  

146 
- 3 2  

- 2 8 5  
- 3 2 3  
-196 
-551. 
- 6 2 1  
- 4 1 2  
-?I2 

336 
3 4 8  
266 
313 
2 7 2  
272  
3 8 0  
4 3 7  
500 
5 4 4  
798 

77 -120 
561  - 3 8  
6 8 5  0 
5 9 2  19 
450 32 
3 1 5  -1 14 
1SE -6 
179 -13 
180 Q 

819 -17 
5 10 7 4  
3 8 3  9 2  
501 137 
1-76 -409 
386 - 2 6 4  
-94 -490 
357 - 8 3 2  
54L* -816 
913 -496 
364 -1654 

a94 
675 
1 8 2  
1 2 3  - 39 

-409 
- 4 3 8  
- 4 3 0  
- 5  16 
-61? 
-4 37  

891 
829  
686  
5 9 5  
457 
501 
169 
181 
180 

-11 
- 2 6 8  
-448 
-557 
- 6 5 4  
- 9 6 2  

-1205  
-1308  - I630 
- 1??6 
- 2 2 2 4  

5 9  
556 
672 
4 5  1 
304  
2 4 5  
130 
118 
98 

52  5 
7 0  

-248 
-97 
121 
2 2 4  
276 
146 
2 5 4  

171 1003 464 

114 34 - 2 5 2  
9 5  -19 -212  
53. 1 2 8  - 2 2 3  
3 2  2 2 6  - 2 5 3  

0 146 -132  
1 3  2 5 4  -18 

1 5 2  4aO a 

3 2  277 - 8 7  



173 

M I  C R O - S T K  A IN S T R E S S E S  P R J N  S T R E S S E S  

I180C-A 
I18OC-I3 
II8OC-C 
T 1 8 O C - D  
f180C-E 
I l e B C - F  
11806-G 
I 3  80C-H 
1 1 8 O C - J  
I l 8 0 C - K  
ILBOC-L 

0 1 8 0 C - A  
0 1 8 O C - B  
0 1 t ? O C - C +  
0180C-D*  
0280C-E  
018OC-F 

918QC-H 
0 2 8 O C - J  
01_80C-K+  
q l 8 0 C - k  

aiaoc-G 

E 18QN-A 
I 18 O N - 8  
? 1 8 0 N - C  
I18ON-D 
1'186r\l-E 
118ON-F  
t180N-6 
I180N-ti 
Xl8ON-J 

-5 
-1 

f 
1 
1 

-2  
-2  
-2 
-6 
-4 
-3 

8 
10 

8 
8 
7 
3 
6 
2 
5 
7 
3 

1 -7 
-1 -7 
-5 -25  
-6 -28 
-5 -14 
1 -12 
0 -? 

-1. -5  
-8  -9 
-9 -31. 
-8  -3 

-3 
3 
5 5 

2 
Q 
3 
0 
3 

2 
-1 
-2  

6) 

0 
1 
0 
2 
2 

2 
-3 
- 8  
-7 

-10 
-9 
-8 
-8 
-2 
-4 
-1 

2.5 
13 
14 
'11 
1 2  
10 
5 
5 

- 2  
-1 
1 

225 
148 

-2  
3 0  

-7 5 
-112 

-4 0 
- 1 3 4  

6 3  
77  
56 

187 
148 

-23 5 
-359 
-37 
-4 3 
-42  
-9 

-231 
- 7 5 3  
-4 3 

22  3 
257 
17 2 
17 2 
92 
17 8 
12 2 

5 2  
12 2 

16 3 4 2  
9 189 
6 138 
1 31 

-1 -3 1 
- 5  -116 
-3 5 2  
- 2  -13 
-5 -138 

-89 
2 

42 
38 
2 0  

-105 
-64 
-a7 
-165 
-9 1. 
-e 3 

8 5  
2 

-227 
-279 
- 1 5 4  

:16 
-13 
-31  

-312 
-497 
-255 

-33 
177 
2 0 8  
144 
85 
53 

122 
115 
I36 

7 0  2 4 0  -104 
16s  25s -105 
2 0 3  2 2 4  - : 8 3  
146 2 3 0  -162 
222 200 - 2 5 4  
158 50 -267 
It-? 1 2 4  - 2 3 2  
7.33 19 - 2 5 0  
?01 107 -202  
146 161 -175 
57 76 -103 

-2'91 
-256 
-5  26 
-513 
- 3 5 5  
- 3 0 4  
- 1 5 2  
-146 

- 9 s  
-437 

-5-7 

- 3 2  
- 4 4  
- 44 
-19 

19 
57 
35 

- 3 2  
0 

174 - 2 0 0  
2 5  -127  

-16 - 7 0  
9 - 15, 

-9 19 
-6 57 
10 120 
5 3  44 
It? 44 

4 3 2  -160 
351 -201 
295 -756 
195 -834 
264 -454 
292 - 3 1 9  
1 2 6  -180  
1 2 6  -166 

-168 -375 
-169 -1080  

-29 -270 

- 3 7  
25-7 
Ph2 
141 
64  
31 
84 
- 3  

1 2 2  

483  2 3  
-&I 2 5 9  
-%3 165 

42 - 2  
- 4 2  2 

1% -160 
- 8 5  1656 
- 3 5  7 6  

28 -150 



OUT-OF-PLANE MOMENT L O A D I N G I  M Y C ,  ON CYLINDER (20000 IN-LBI 

M I  CR 0-S 7 R P IN STRESSES PRIN S T R E S S E S  ----...------- -------- 
R O S E T T E  G A G E P  G A G E 2  GAGE3 TRANS LONG S H E A R  S I G M X  S I G H N  

I 2 7 O C - A  
I27OC-;B 
I27OC-C 
I270C-D 

I270C-F 
I270C-G 
127OC-H* 
I27OC-4 
I270C-M* 
I27OC-L 
I270C-M 

r ~ ~ O C - E  

-14 
-13  
- 1 5  
-17 
- 2 0  
- 2 1  
-25 
-28 
-27 

0 
- 2 0  

2 

3 5  
3 2  
32 
2 9  
31 
3 8  
3 7  

0 
4 8  
5 2  
5 2  

1 

46 
44 
41 
39 
39 
3 6  
38 
41 
5 4  
56 
6’9 
4 

0270C-A 3 2 1  22 
n 2 7 0 ~ - ~ *  0 0 18 
u27oc-c -10 25 2 2  
027OC-0 -9 29 2 4  
0270C-E -7 3 0  2 2  
0270C-F -6 38 2 9  
0 2 7 0 C - G  -8 4 5  35 
0270C-K -10 50 44 
027OC-J -12 56 51  
0 2 7 0 C - K  0 6 2  5 9  
0270C-L - 2 2  6 2  58 

I270N-A 27 
T270N-B 2 9  
I270N-C 2 5  
I 2 7 0 N - D *  1 7  
I270N-E 4 
I270N-F 1 
I 2 7 0 N - G  0 
I 2 7 0 N - H  1 
I270PJ-J -1 

0270N-A 
0270N-0 
0270N-C 
Q270N-D 
0270N-E  
0270N-F 
0 2 7 0 N - G 
(32 7 0 N-tl 
0270N-J 

-32  
-30 
-17 
-10 
-1 

3 
3 
1 
a 

1a02  
1685 
16125 
1 5 3 3  
1558 
165 2 
1667 
939 

2275 
2360  
2644 
11 3 

931 
3 9 7  
1034 
1179 
1167 
1469 
1763 
2069 
2 3 7 4  
2663 
2667 

113 
1 2 1  
45 

-39 
-129 
-132 
-24  1 
-545  
-130 
708 
180 
91 

-146 
-155 
-1 27 
-133 
-1 14 

35 
-19 

- 5 5 1  
- 82 
- 5 1  

-209 
-32 

1814 
1702 
1635 
1 5 4 4  
1575 
1653 
1667 
1123, 
2278 
2 3 6 2  
2661 

1 3 5  

100 
104 
35 

-50 
-136 
-132 
-241 
-727 
-133 

707 
163 

6 8  

536 -13  931 535  
Il? -24’1 536 - 2 0  

2 5  3 8  1035 2 4  
Q ?  63 1183 93 

1 3 6  108 11-78 1 2 5  
255 127 1482 2 L 2  
287 127 1774 276 
30 7 8 2  2073 3 0 3  
34 2 6 3  2376 340 
799 44 2664 798 
130 44 2668 1 2 9  

3 2  36 1454 1 2 3 4  -51 1455 1 2 2 3  
2 3  2 1  950 1140 2 5  1244 947 
16 9 506 a93 95 915 4 8 4  
12 8 43.0 62 2 53 636 3?6 

5 5 2 1 5  1 9 3  6 216 191 
3 3 135 69  -6 135 6 8  
s 3 125 52 -13  127 5 0  
3 2 li.4 6 3  6 115 6.2 
1 0 32 -19 6 33 - 2 0  

18 1 2  
2 -2  

-6 -10 
-10 -1% 
-9 -6 
-5 -1 
-1 -1 
-3 -2 

0 1 

7 0 4  
4 3  

-326 
-448 
-322 
-139 
-6 b 

-117 
2 i  

-755 
- 8 8 5  
-611 
-448 
-139  

5 8  
80 
8 
63 

76 708 -762 

44 -319 - 6 1 8  
1 3  - 4 3 5  -461 

- 3 2  - 1 3 4  - 3 2 8  - 44 6 7  -149 
0 80 -66 

-6 8 -117 
-13 28 -1 

5’7 47 -8139 



1'75 

OUT-OF-PLANE MOMENT LOADING$ M Y G ,  ON C Y L I N D E R  I 20000  IN-L83 

I 3 0 r 3 C - A  
E30OC-8 
1 3 O O C - C  
E300C-D* 
I 3 0 Q C - E  
I3OQC-F*  
I3OOC-G 
I 3 0 0 C - H  
X 3OOC-$  
1 3 0 0 C - K  
IJOOC-L 

Q 3 0 0 C - A  
03006-13 
0300C-C* 
0300C-D* 
0300C-E 
03QOC-F 
!338OC-G* 
0300C-H 
0 3 O O C - J  
14300C-K 
03006-C 

1300N-A 
I 3 0 Q N - B  
I 3 0 0 N - C  
1300N-0 
1300N-E  
X30ON-F 
1300N-G 
E 300N-H 
E 300N-3 

14'380M-A 
0300h-B* 
D300N-6  
0300N-D* 
0300N-E 
r33QON-F 
03OON-G 
03QOM-H 

-3  
-1 
0 

-3 
-1 
0 
1 

-1 
-5 
4 
1 

-3.6 
-12  
-15  

-6 
-3  
-3 
-1 
I 
8 
5 
0 

18 
12 

6 
2 

-1 
-2 
-1 

0 
-2 

-19 
-1 1 - '7 

0 
1 
2 
0 

-2 
-1 

12 
23 
28 
31 
33 
39 
48 
57 
66 
75 
a7  

-19 
-14 
-15 
-8 
-a 
1 

-2 
1 
8 
5 

12 

7 
1 
0 

-2 
-2 
1 
0 
1 
8 

8 
-3 

0 
P 
1 
P 
2 
P 
1 

18 
14 
10 

8 
7 

-3 
5 
3 

-5  
-14 
-1 1 

14 
28 
4 

3 4  
34 
41 
4 3  
53 
6 4  
7 6  
8 8  

7 
3 

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

7 
3 
3 
0 
0 
0 
0 

-1 
1. 

TRANS --..--- 

6 5  1 
886  
83 6 
860 
879 
-79 4 
1169 
1323 
1 3 4 2  
1333 
16$0 

-77 
317 

- 2 2 4  
58 1 
59 8 
9 3 3  
910 
1190 
1620 
1778 
2207 

2 8 4  
81 

-3 8 
- 107 
- 1 2 4  

-29  
-3 0 
10 
13 

167 
2 

70 
31 
9 

19 
52 
1 3  
5 3  

STRESSES P R f N  STRESSES -------- ------^I---^- 

LONG ---- 
96 
199 
237 
158 
22 1 
23 e 
37 a 
370 
260 
514 
51 3 

-494 
-276 
-509 
-1 1 

94 
191 
244 
385 
7 2  9 
674 
84 8 

613 
381 
160 
25 

-80 
-80 
-52 

3 
-67 

-520 
- 3 4 2  
-179 

9 
45 
49 
16 

-53 
-13 

-76 
120 
2 4 1  
3 04 
3 5 5  
5 57 
5 83 
7 2 8  
937 
1190 
1311 

-4 37 
- 5 5 1  
- 2 6 0  
- 5 5 1  
-551 
-526 
-602 
-684 
-772 
-950 

-1013 

661 
8 2 9  
9 2 1  
973 

1034 
1139 
1478 
172Q 
1583  
2 1 8 2  
2537 

P?q 
645 
-70  
911 
952 

1206  
1264  
1581. 
2 0 6 6  
2319  
2747 

-6 613  
- 3 2  384 

6 160 
13 26 
2 5  -68 
5 7  8 
32 -7 
32  3 9  
-6 14 

- 8 9  I T 8  
- 8 2  2 1  
-35 76  
10 1 2  
13 5 4  
2 5  6 3  
3 2  71 
3 2  25 

6 5 4  

SIGrUtN ----- 
85 
176 
1 5 2  

4 5  
66 

-107 
4 0  

-23 
- 2 8 1  
-336 
- 3 2 4  

-769 
-605  
- 6 6 3  
-340 
-260 
-79 
-1310 

- 6  
2 8 3  
1 2 5  
307  

283  
78 

- 3 8  
-IC)$ 
-135 
-117 

-74 
- 2 5  
-68 

- 5 3 1  
- 3 6 0  

- 2  
1 
5 

-3 
-66 
-13 

-184 
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OUT-OF-PLANE NQWENT LBAQING,  H Y C t  ON C Y L I N D E R  ( 2 0 0 0 0  I N - L E I  

R O S E T T E  G A G E L  GAGE2 

I 3 3 0 C - A  - 3  
13306-R - 3  
I33OC-a3  2 
13305;-D 2 
I 3 3 0 C - E  3 
I 3 3 O C - F  9 
I33OC-6 1 3  
I33OC- i -1  1 7  
I33OC-J 2 3  
1330C-K 2 9  
I 3 a O C - L  41 

0340C-A -10 
0 3 3 O C - I 3  -1 
03330C-C* - 3  
033OC-0 -4 
0330C-E -2 
0330C-F* -1. 
0330C-G 5 
03306-M 10 
033OC-J 19  
a3aoc-u 19 
033OC-L 3 7  

1330N-A -1 
1440N-8  0 
1330N-C* -1 
I F ~ N - D  0 
I 3 3 0 N - E  0 
I 3 s O N - F  3 
I 3 3  ON-G 2 
r 3 3 o ~ - t i *  0 
13‘10N-J -1 

0 3 3 0 N - A:% 0 
0330N-B 1 
0330N-C 4 
0330N-0* 3 
0330N-E 12 
0 3 3 O N - F  2 
0 3 3 0 N - G  3 
0330N-H 3 
0 3 3 0 N - J  1 

----.... 

-14 
-10 

-4 
-2 
0 
9 

11 
16 
21 
24 
3% 

-10 
-9 
-4 
-6 
-8 

-11 
-13 
-14 
-16 
-22 
-25 

-9 
-5  
- 3  
-2 
- I  
0 
0 

-1 
0 

-2 
4 
0 
4 
6 
3 
2 

-2 
I 

GAGE3 ----- 
1 
6 
8 

9 
8 
5 
2 

-2 
-7  
-15 

-8  
- 3  
- 3  
-3 
- 3  
2 2  

3 
7 

18 
21 
2 6  

-2 
-2 
-2 
-1 
-1 
-1 
1 

-1 
Q 

1 
3 
6 
5 
6 
4 
3 
4 
2 

a 

TRANS 
-PI-- 

-278 
-70 

7 %  
12 3 
195 
3 4 5  
35 1 
389 
40 3 
3 3 3  
37 2 

-374 
-271 
- 1 5 3  
-194 
- 2 3 8  

2 5 2  
-225 
-178 

32 
-3 1 
-4 1 

-250 
- 146 
- 1 2 4  

-6 3 
-5 3 
- 2 4  

3 9  
-6 3 
12 

-10 
156 
110 
206 

154 
10 1 
4 9  
61 

238 

LONG ---- 
-183 
-109 

78 
108 
158 
374 
490 
616 
819 
984 

1352  

-412. 
-110 
-144, 
-186 
-143 
47 
7 5  

246 
566 
56 1 
1100 

-103 
-44 
-80 

- 5  
-2 
78 
e 3  
- 5  

-39 

-3 
75 
159 
14% 
428 
118 
116 
114 
61 

SHEAR 
---e- 

-209  
-209 
-1 5 8  
-139 
-120 

1 3  
82  

184 
3 10 
412 
659 

- 3 2  
-74 
-19 
-44 
-78 

- 4 4 3  
-222  
-279 
-450 
-596 
-6 84 

- 8 9  
- 3 8  
-13 
-13 

4 
13 

-13 
0 
6 

-44 
6 

- 8 2  
- 1 3  

0 
- 19 
-13 
-82 
-13 

SIGNX 
e...-- a 

-17 
122 
233 
255 
298 
349 
5 2 9  
718 
985 
1183 
1683 

-357 
-79 

-130 
-144 
-104 
404 
193 
3 $4 
822 
913 

1420 

-52 
-31  
-77 
-2 
-. 1 
80 
86 
-5  
13 

38  
156 
222 
2Q8 
428 
162 
f 23 
170 
74 

SIGMN 
-e--- 

-445 
- 2 9 8  
-84 
- 2 4  

5 5  
348  
313 
2 8 7  
237 
134 
41 

-43  0 
-303 
-169 
- 2 3 5  
-274 
-306 
-34.2 
-316 
- 2 2 4  
- 3 8 3  
- 3 5 2  

-291 
-159 
-127 
-56 
-54 
- 2 6  

3 6  
- 6 3  
-40 

-59 
7 5  
50 

145 
238 
109 

94 
-7 
4 8  
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A. 10 In-Plane Moment Loading, MZC, on Cylinder 

IN-PLANE M C H f N f  LQACING, M Z C t  ON CYLINCER ( 2 B O C C  IN-LB) 

M IC RCi- ST R A  I N 

ROSETTE GAEEY GAGE2 G A G E 3  

I-0-C-A 
I-0-c- B 
I-0-c-c 
I-0-c-0 
I-0-c- E 
I-0-C- F 
I-C-C-G 
I-0-C-H 
I-0-C-J 
I-8-C-K 
r-0-c-L 

O-0-6-A 
0-0-C-8 
6-0-6-C 
C-0-6-C 
C-0-C-E 
il-0-&-F 
Q-0-C-G 
c-0-C- ti 
C-0-C-J 
C-Q-C-K 
C-0-6-L 

1-0-N-A 
I-0-N-8 
I-0-N-C 
If-0-N-D 
I-0-N- E *  
H-O-N-F* 
I-0-N-G 
I-0-N-tl 
1-Q-N-J 

O-0-N-A 

C-0-N-C 
t i -a-N-D 
C-0-N-E 
6-0-N-F 
O-C-N-G 
O-0-N-H 

0-o-w-a 

0 
11 
15 
1-7 
14 

c 
0 
0 

-? 
-lG 
-1.5 

-6  
-6 
-7 
-3  

a 
1 
0 

-1 c 
-1 5 
-47 

20 
24 
2 2  
21  
IS 
il 

'7 
l a  

9 

-8 
-1 1 
-7 

c 
5 

me 
PC 
IO 

2 
I 

c-0-N-J 111 

3 8  
29  
2 2  
1 5  
1 G  
0 

-4 
-r,  ... 
- 5  
-6  
-4 

2 2  
14 
LO 

7 
7 
7 
8 

IC 
13 
14 
ILL 

29 
24 
21 
18 

0 
13 
1 3  
f a  

15 
8 

1 
0 
G 
8 
c 
0 

a 

- 
-4 

33 
29  
22 
18 
12 

2. 
-1 
-4 
-3 
-3 
-2 

23 
14 
14 

8 
7 
5 
I! 

T c i  
12 
0 

3 3  

2-7 
25 
2l. 
18 
16 

- 3 8  
13 
1 2  
he 

IS 
8 
4 
a 
1 
B 
0 
0 

TRANS ---*... 

I556 
1251 
944 
T O 2  
465 

4 2  
-114 

-170 
-1178 
-130 

998 
632 
530 
317 
3C2 
258 
3 4 3  
43 9 
564 
310 
5 8 4  

f 260 
IC50 

e 4 5  
7 5 G  
3 3 4  

-854  
5 7 8  
5 5 4  
4l.e 

- m a  

a+ 4 
3C€ 
164 

5 
2c 

- 2 1  
-3 1 

$3  .,- 

LCNG 
-...e- 

4 G? 
71 e 
93 9 
710 
5c9  

13 
-4s 
-56 

-251 
-338 
-49 5 

129 

-41 
9 

119 
a 63 
146 
998 

-114 
-34.3 

-3.236 

55s  
1028 
938 
8 5 2  

8 5  
573 
k - 5 1  
336  

I I  
-232 
-150 

2 
A58 
3 242 
2.79 
276 

E 
-4 

ea5 

e -43 315 

SHEAR 
---e- 

5 1  
ci 
8 

-3 2 
-25 
-25 
-3 2 
-13 
-19 
-3s 
- 2 5  

-c  
0 

- 5 %  
-13 

-6 
19 - 6 
13 
2.9 
190 
-1.5 

BS 
-6 

c 
c 

- 2 1 5  
513 

0 
1 3  

6 

B ' j  
8 

-19 
b 

-as 
-6 
-6 

c 
p: 

S I G M X  
---.."e 

1559 
12511 
9 44 
7 3 8  
5 73 

56 - 36 
-55  

-1 66 
-1 69 
-1 2e! 

99" 
6 33 
5 34. 
317 
302 
2 6 2  
343 
446 
565  
379 
5 e 5  

f 201 
1051 

852 
7 87 
3 PO 
578 
5 55 
4 2c 

8 4 5  
3 68 
P 6 5  
54 

161 
3 io 
275 
2-86 

9 3 8  

S IGMN 
-I_-- 

4 e 4  
7 3.7 
7 39 
694 
459 

-2  
-1 27 
-339 
-2 5s 
-3 4T 
-4 97 

1 2 8  
5 

-45  
F 

a 1-9 
I. 5 9  
B. 46 
P 17 

-1 83 
-3 533 

-1236 

5 59 
1% 26 
855 
?CO 
2-31 - 3.G 84 
5 73 
I 5 C  
39'5 

I.?. 
- 2 3 2  
-1 5 2  

1 
2 

zc - 21 - 31 
- 4 3  



R Q S E T T E  ------- 
I -98C-A 
I - 98C-R 
I-9QC-C 
I - 9 C C-- Q 
I-9QC- E 
I-9ac-F 
I- 9cc - G 
I-9oc-H 
I -982-J  
I-9@C-M 
I- 9CC-L 

B-9OC-A 
c-9oc-B 
c-9 oc - c 
0-9QC-D 
0-9QC-E 
C- 9 OC- F 
0-9 oc-G 
0- 98C- HI 
0-9 GC -J  
6-9OC-K 
c-9cc-L 

I - 9 8 N - A  
I-98N-€3 
I-90M-C 
I-9QN-D 
I-90N-E 
I-9GN-F 
I - 9 Q N - G  
I-9ON-H 
I-90N-J 

O-9CN-A 
c-8 ON- 0 
0-90N-C 
C-9BN-0 
C-90N-E 
G- 98N- F 
e- 9 CIN- G 
0-9ON-H 
G-98N-J 

G A G E 1  
--.I_-- 

95 
86 
52 
33  
2Q 
15 
- 3  
0 
6 

P O  
7 

-47 
-39 
-2%. 

-6  
4 
20 
2 5  
21 
1 5  

7 
Q 

90 
- 3 7  
-68 
-53 
- 3 5  
-14 
-7 
- 8  - t 

-25 
3 8  
57 
47 
2 2  

-10 
-1% 
-9 
-7  

-97 
-86  
-7f 
-65 
-59 
-49  
- 3 8  
- 2 6  
- 8 2  

- 2  
18 

-13% - 104 
-88 
-7 a 
- 5 5  
-253 
-2.7 

-9  
-7 
-4 
- 2  

- P O 4  
- 95 - 80 
-75 - 6-8 
-58 
-38 
-25  

-8 
0 

11 

-125 
-104 
-89 
-73 
- 5 8  
-30 
-11 

-6 
-6 
-5 
0 

-1u1, -a4 
-94 -78 
- 5 5  -58 
- 3 8  -38  
- 2 0  -19 

- 2  -4 
- 3  -4 
- 3  -3  
- 2  -1 

-4511 
-4056 
-3379 
-3097 
-2790 
-2377 
-1678 
-11i.8 
-455 

-42 
4 5  2 

-5578 
-4521 
-3873  
-3169 
- 244 2 
-1307 

-643 
-347 
- 2 8 8  
-2317 

-52  

-4102 
-3521 
-2505 
- i 6 0 5  
-817 
-1110 
-149 
-127 

- 5 5  

- 1 2 7  -126 -55339 
- 5 3  -64 -2715 
-4 -10 -384 
22 17 805  
29 29 1198 
20 19 867 
1Q IO 4 5 %  
5 9 396 
E! 9 362  

L O N G  
--mu 

1484 
3.1178 

5 5 5  
59 

-238 
-291  
-603  
-335  

3 4  
273 
34s 

-3C85 
-2534  
-189l 
-If 2% 
-563 
2 21 
545 
537 
356 
149 
-30 

-147 
-2168 - 2790 
-22713 
-1328 
-447 
-259 
-2 80 
-214 

-2417 
3 2 6  

1589 
E453 
1015 
-3 9 

-207 
-152 
-9% 

SHEAR ----- 
89 

lllh 
a 2 7  
1 3 3  
188 
114 

6 
-6 

-57 
-3 2 
- 2 5  

-7c 
6 

E3 
25 
39 
19 

- 8 2  
- 3 2  
-13 

13  
-3 2 

- 2 2 2  
-90 
-19 

CI 
-1 3 

25 
6 

-6 
-13 

-1 9 
8 9  
8 2  
6 3  
32 
2 5  

-13 
5 

-13 

S I G M X  
----_* 

1485 

5 59 
7 -5 

-234  
-265  
-603 
-335 
41 

276 
458 

-3083 
- 2 5 3 9  
-%S91 
-11 2 1  

-562 
2 2% 
5 5 4  
5 3? 
3 5s 
k 49 
-7 

-1 35  
- 2 1 6 5  
- 2 5 0 4  
-1605 

-816 
-108 
-449 
-1 27 - 54 

-2419 
3 28 

1584 
1657 
?. 2 0 3  
8 68 
4 5 %  
3 96 
3 63 

1; a i  

S TGMiJ 
-I-- 

-45 13 
- 4 G  59 
- 3 3 8 3  
-3102 - 27?4 
-2383 
-1678 
-1118 
-462 

- 4 5  
3 4 3  

- 55 80 
-45 21 
-3879  
-3.1 59 - 2493 - 13 69 
-649 
-343 
-2 8 3  
-217 
-?4 

-41 15 
-35 21 
- 2991 - 22?d - 13 29 
-4G8 
- 2  5 9  
-2 89 
-217 

- 5 5 3 9  
- 27 $8 

-3 89 
8 00 
10 10 - 40 
-203 
-1 52 - 9h 
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M I  CR@ s TRA I N ------------ 
ROSETTE G A G E 1  G A G E 2  GAGE3 TRANS LCNG ----- -I-- 

I l 2 O C - A  
112ac-B 
iP2OC-c 
1[%20C-O 
Pi 2QC-E 
I 1 2 oc- F 
I12CC-6 
I120C-H 
XP2CC-J 
Il2GC- K 
I312QC-k 

6 %  - 7 3  
50 -75 
4 5  -7s 
3 3  -78 
28 -75  

9 -cjo 
e) -46  

- 5  -3s 
-4 -32 
-4 -18 

3 - 2  

-16 
-6 

8 
17 
22 
2 4 
19 
l.1 

3, 
-2  
-3. 

-2026 
-1872 
-163.6 
-3.383 
-1200 

-894  
-606 
-609 
-6J3 
-4 24 

- 8 7  

-753  
-839 

-1165 
-1260 
-1292 
-9114 
-861 
- 0 T l  
-437 
-2oc 
-E3 

23 3 
935 
855 
569 
467 

30 
- 1 8 2  
-323  
-3? 3 
-255 

66 

- 8 8  
-82 

-83  
-81 - 76 
-0s - 55 - 37 - 26 
-6 

-82 

-2653 
-2464 
-233 8 
-2194 
- 2 2 7 2  
-1996 
-156Q 
-1898 
-572 
- 2 6 2  

8 3  

-15G4 
-1324 
-13CBQ 
-1214 
-1109 

-555 
-685 
-572 
- 2 3 9  

-64 
53 

72!! -1148 -2993 
673, -'%01-3 -2735 
766 -899 -2734 
861 -7l.3 -26195 
766 -729 -2052 
9 9 8  -445 -2406 
655  -165 -2f28'3 
798 5 -1675 
646 2 6 2  -1663 
5 2 6  372  -4SB 
2 03 271 -I 3 5  

CL2OC-A -24  -33 
C12QC-B -19 -3f  

CP2QC-6 -20  - 2 5  
Cl2QC-D -is -18 

C-E -14 - 2 3  
GS2OC-F -9 - 1 6  
CE2QC-G* -a  -4 
O % L O C - H  -8 5 
Q f 2 0 C - 4  - 2  11 
C12CIC-K 0 14 
I K Z O C - L  a 1.0 

-45 
-4c 
-25 
-3.2 

-3 
2 

-7 
-2 

-1 .A 

-P518 
-1 276 

-789 
-395 

- 8 3  
41 

-13.5 
-207 
-103 

20 b 
-788 
-949 
-?46 
-338  

27 
-34  

-165 
-60 

298 
285 
2-77 

6 3  
3 2 

- 3 8  
-32 
51 
0 

2 51 
-549 
-6 74 
-3 84 
-79 
73 - 23 - e4 - bC 

-1568 - 14CI - 1064 
-7 57 
-342 

-5 
-1 25 
-2 28 
-2 5?3 

I 120N-A 
'I1 2 0 N - B  
I1 2 ON-C 
11 2 ON-0 
T12GN-E 
I 2.2 ON- F 
I B 2CN-G* 
1%20N- 
JILTCIV-4 

-23 
-16'; 
- 1 2  

-I 
c 

-4 
-2  
- 2  

- 
2 2  

-13 
-24 
-21 
-10 

8 

-1 
-1 

-59 
-25 

3 
16 
19  
115 
1 2  
15 
PO 

-2079 
-930 

86 
491 
578 
465 
3 2 9  
435 
352 

20 - 3 4  
3 8  -95 
3 6  3 
2 9  
2 6  8 

5 6 
a 5 J 

4 5 
3 6 

3315 
P 33 

-a  
-144 
-3 .26 
-1 1.4 
-1 2 7  

- 5 1  

0112QN-e, 
C12CN-E 
c? L 2 GN- F 
0 P 2 ON- 6 
CILZQN-H 
C 1 2 0 M - J  



I ISOC-A 
115 OC- 8 
115OC-C*  
11,50C-D* 
I l 5 0 C - E *  
I 1 5 B C - F  
I 1 5 O C - G  
I 1 5 U C - H  
I15CC- J 
115C%C-K* 
Il58C-L 

C 1 5 0 C - A  
83.56C- E 
cl1soc-c 
C% 5 6C- B * 
CP5C.C-E 
Cf50G-F 
C15C3C-G 
C P 5 0 C - H  
CL 5oc-J 
C%SQC-K 
C%SOC-L 

I 1 S O N - A  
1 1 5 ON- 9 
IPSGN-C 
1158N-i3* 
11150N-E 
I.l5GN--F* 
I 1 5 O N - G  
I150N-H 
I 15 CN- J 

Q15ON-A 
O L 5 O N - 8  
C150N-C* 
0 %5Qau-D* 
C%SQN-E 
C15QN-F 
CP58N-G 

C1SQN-J 
C ~ S Q N - H  

9 
16 
21 

-30 
8 

- 2  
- 5  
-1 
0 

-7  

2 
-4 
-6 
-6 
- 2  

-lO 
-1 1 
-1 6 
-24 
-23 
- 2 2  

9 
1 8  
19 
20 
18 
13 
1 2  
13 
11 

4 3  
3 
8 
5 
8 

3.1 
11, 
%Q 

a 

a 

24 
16 

s 

-8 
-16  
- 1 2  
- 9 3  

-5  
1'; 
-9 

3 6  
2 5  
21 
0 

14 
4 
f 
2 

- 3  
Q 
4 

24 
2 7 
2 4  
20 
17 
13 
11 
bG 

8 

23 
14 

6 
3 
b 

- 2  
0 
3 
2 

,'I c 

2% 
19 
0 

17 
15 
$ 8  
27 
36 
35 
40 
26 

-]la 
-14 - 2-4 - 29 
- 3 3  
-43 
-41 
-39 

-35 - 27 
25 
zi 
17 

285 
13 
0 

1 2  
41 
9, (J 

-I 
-4 - 4 
- a  
- 2  
0 
I. 
2 
4 

-3a 

TRANS ----- 
9-72 
756 
144 
3-78 
167 

3 3  
316 
382  
659  

i285 
3a4  

5 5 1  
201 
-46 

-620 
-405 
-845 
-854 
-7 97 
-862 
-337 
-457 

10638 
1 0 2 5  

88.7 
$683 
549 
2713 
509 
456 
374 

4-70 
205 

3 3  
26 

-4Q 
-54 

29 
94 
117 

LONG ---- 
562 
Q 97 
6 85 

-7 99 
50 

235 
24 

-4 21 
165 
385 
-99 

2 2 3  
-53 

-185 
-371 
-193 
-547 
-598 
-7P6 
-97% 
-928 
-795 

534 
8 3 5  
85 B. 

261 8 
736 
4 8 3  
5 23 
523 
454 

425 
161 
238 
1 6 5  
216 
3 26 
351 
313 

s HEAR ----- 
38  

-38  
103. 

-234 
-504 
- 4 - 4 3  
-519 
-583 
- 5 3 8  
-285 
-456 

614 
538 
CQ 2 
380  
6 2-f 
6 2 1  
5 64 
54-5 
6 6 2  
46 2 
41 2 

-4 
76 
9 5  

-3533 
5 %  
177 
-13 
-19 
-19 

317 
2411 
I34 

P O  
44 

- 2 5  
-I 3 
13 

297 -25 

S I G M X  ----- 
975 
7 74 
703 
4 2 3  
4118 
5 9 1  
709 
7 90 

P O 0 5  
3.367 

6 5s 

3.023 
6 23 
496 
-96 
3 37 
-st' 

-1 49 
-207 
-452 
-35'1 
-1 88 

1068 
1 0 5 2  

3 56 

753 
5 85 
5 31 
5 27 
459 

765 
4 25 
389 
193 
2 24 
3 28 
a 51 
4 14 
2 dP 

a7 2s 

S IGMN 
I--- 

559 

I25 
-8 44 
- 2 0 5  
-319 
-3 -79 
--6F 5 0  
-1Y7 

3 03 
-373 

-249 
-479 
-7 23. 
-895 
-9 3 4  

-" 1342  - 913 84 
-113eo 
-9382 
-1299 
- 16-75 

5 3 4  
8 c9 
772 
594 
e: 25 
I76 
501 
4 5% 
2-70 

132 
- 5 9  - 37 

-3 
- 47 
-56  

23 
93 

a x3 

67a 



3 5  
28 
2 2  
i a  
3.Q 

9 
i.. 

-4 
- 3  
-3 
-9  
-a 
2 3  
1 5  
IC‘ 
6 
6 
7 

IC 
10 
14 
13 
3 3  

2 8  
2 3  
Pa 
14 
13 

I 2 3  
IC! 
6 2  

A 

21 
7 

-1 
- 3  
-4  
- 2  
24 

- 2  

35 
29 
22  
0 

PI 
P 

-5  
-3 
-1 
-7 
0 

21 
1 5  
1G 
7 
b 

E 
10 
14 
13 
PI 

29 
23 
18 
13 
1 2  
11 
3.0 
13 
18 

23 
9 
1 

-3 
-5 
- 2  

-1 

7 

-2 
4 

-2 * I  

TFAVS ----- 
1531 
1228 
950 
344 
461 

42  
-199 
-121 

-73  
-33g 
-17 

965 
6 6 5  
456 
297 
26 3 
28 8 
3 9 3  
429 
624 
574 
553 

1236  
’37 9 
759 
577 
538 

2956  
4-19 
1671 

398  

479 
357 

23. 
- 1 4 2  
-183 
-103 
2789 
-41 
-at 

LONG 
-1-1 

5 88 
7 8 2  
855 
702 
680 
253 
-45 

-165 
-208 
-213 
-4c4 

161 
c 

-4 9 
-3s 

36 
215 
21a 
114 
-27 
172 

-390 

843” 
64’3 
884 
6 80 
5 89 
887 
382 
501 
374 

94 
-235 
-279 
--a71 

-28 
2 2 6  
837 
2 59 
25s 

SHE49 
----I 

-6  
- B  
-6 

2 2 2  

-5 
6 
6 

- 2 5  
- 2 5  
-6 

2 5  
6 

-5 
-13 

-6 
0 

2 5  
-6 

6 
6 

3 2  

-13 
c 
6 
6 

:? 
1483 

-6 
6 5 9  

-6 

- 3  2 
- 3 2  
-32 

G 
I 1 

6 
1614 

6 

- 7 -. 
A -  

S T G W X  
--I-- 

1531 
1 2 2 3  
951 
309 
6 81 
2 98 
-45  

-I  2% 
-? 2 

-208 - 17 
966 
6 6 5  
456 
2 98 
263 
288 
3 Q-7 
4 29 
6 24 
575  
5 5% 

1 2  36 
9-79 
8 84 
6 8’7 
5 9 5  

3 T 3 3  
4 2c 
$967 
48C 

9 6 5  
3 5 9  

2 4  
-142 - 27 

2 2 5  
3699 

2 59 
25-7 

S fGMiV ----- 
5 87 
7 8 2  
8 5 5  
238 
460 

4 2  
-1 4$ 
- $ 6 5  
- 2 z 3  
-335  
-4@4 

B 63, 
3 

-49  
-4c 

36 
22.5 
2‘9 4 
2. i4 - 27 
1-72 

-3 91 

8 4.7. 
9e9 
7 59 
576 
532  
I 8 Q  
3 81 
206 
s 44 

9 3  
-2 34 
-2 82 
-I 71 
-1 90 
-2 Oh 
-74 
-49 - 94 



IN-PLANE MCMENT LCADING, M 2 C t  @hi C Y L I N D E R  (20800 1N-L.B) 

I27QC-A 
I2'3OC-B 
I27OC-c 
12906-0 
I270C-E 
I 270c- F 
127oc- G 
I 27 ec- H 
I2"PC-J 
I270C-K 
I276C-1. 
12766-M 

a 6  
64 
aa  
21 
19 
-3 
- 5  
0 
6 
9 
3 

-10 

c27oc-c 
C27CC-D 
c 27CC-E 
c27cc-F 
c27oc-G 
C27QC-H 
C 2 7 O C - J  
C 2 7 QC, - K 
627@C-L  

I 27 GN-A 
I217r")N-E3 
I27QN-C 
I27ON-e 
I278N-E 
I270N-F 
I270N-G 
I27CN-H 
I27(TN-J 

c 270iN-A 
0 278N-8 
0 2 7 G N - C  
I: 270N-C 
c 27 Otd - E 

C 27QN--G 
C27ON-bl  
0270N-J 

az7oM-F 

-1 6 
G 
9 
24 
27 
26 
15 
8 

-1 

75 
-8 

-58 
-69 
-36 
-13 

- 6  
- 4  
- 2  

-5 f 
3 3  
51 
4 8  
25 

-11 
-1 2 

-9 

-92  
-77 
-73 
-66 
-63 
-61 
- 4  2 
-3c 
-13 

- 5  
4 

3c 

- B 2 2  
a) 

- 8 4  
-68  
- 5 3  - 2s 
-1 3 

- 8  
-8 
-5  

5 

- 9 6  
-86  
-67 
--45 
-23  

-4 

- 3  
c 

-A34 
- 6 8  
-19 
12  
24 
ZG 
11 
16 

- 3  
d 

-- 2 07 
- 87 
-78 
-7 2 
-66 
-56 
-44 
- 3 P  
-16 

-3  
8 

34  

-1P4 
- i o ?  

-82 
-63 
-h: 8 - 27 
-12 
-%C 

- 8  
-9 

5 

-96 
-70 
-40 
-38 
-25 

- 2  
- 3  
-1 
0 

- 1 2 8  
-9 2 - 2: 

8 
21 
18 
11 
1C 

-4377 
-3673 
- 5 3 6 3  
-3052 
- 2 8 5 3  
-2555 
-1885 
-1358 

- 6 4 3  
-271 
35% 
1421. 

-5156 
-2235 
-3638  
-2872 
-2234 
-1258 

- 5 9 3  
-43 6 
-37 2 
-323 
233, 

-3971 
-3417 
-2274 
-1952 
-1065 
-132 
-136 

-88  
3 

-5709 
-3116 

-923 
365 
97 4 
848 
515 
44 a 

1267 
808 
132 

-283 
-5 28 
-866 
-7c9 
-407 

- 2 2  
176 
205 
127 

-2488 
-67% 

-1576 
-86 2 
-400 

3 3 5  
626 
539 
345 
132 
27 

1161 
-1253 - 2464" 
- 2 5 9 3  
-137% 

-43'3 
- 2 i o  
-1 951 
-71 

-3252 
6 3  

1249 
3570 
1034 

-88 
- 2 1 6  
-122 

- 6  7 8 330 -7 2 

SHEAR 
-o--- 

133 
153 

76 

3 8  
-70 

39 
13 
3 2  
19 
1 3  

-57 

-108 
1355 
-63 

-57 
-25  
- % 3  

3 2  
0 

5 3  
6 

5 8  
-263 
-355 

- 8 2  
25 

- 2 5  
-6 
-19 
-13 

-76 
4 4  
3 2  
511. 
3 8  
25 
0 

13 
-6  

as 

-?e 

SI GMX 
--s-- 

123% 
$12 
133 

-285 
-5 2-7 
-864 
-7G3 
-407 - ZG 
176 
3 53 

1 4 2 3  

- 2 4 8 3  
112 

-1574 
-859 
-398 

3 36 
6 2 1  
646 
345 
137 
231 

1161 
-1234 
-20G2 
-3444 
-1003 
-130 
-1 29 
-85 

5 

-3250 
41 

1249 
1572 
18 53 
849 
53.5 
448 
330 

5 IGMN ---- 
- 43 8C 
-3677 
- 3 3 6 5  - 3c 55 
-2853 - 25 58 
-1E85 - 13 53 

-6 45  
-271 

2 04 
1 2 4  

- 51 61, 
-3c37 - 3648 - 2875 
-2235 
-12 5 9  

-5 93  
-4 36 
-372 
-3 27 

29 

-3972 
-3436 
-2735 - 28 GI 
-1373 
-44.9. 
-210 
-201 

-'7 3 

-5711 
-3188 
-9 23 
383 
9 57 - 88 

-216 
-1 23 

-4sz 



I 3 0 Q C - B  
I 3 O O C - c  
I30 QC-0 
13COC- E 
I30BC- F 
I3OOC-G 
I 306C-H 
13OOC-J 
1300C-K 
f '30GC-h 

C 3 Q Q C - C  

630GC-G 
CfOOC-H 
C3@0C-J 
C3CQC-K 
@3OOC-C 

130QN-C 

I300N-F 

0 38 ON - B 
0300N-C 
030QN-0 
C3OQN-E 
0308h-81 
Q 30 ON-G 
c? 3 Q ON - w 

51 
4 5  
41 
3 3  
29 

8 
-3 ,  
- 2  
-4 
- 2  
4 

-1 2 
-1 6 - 24 
- 2 2  
- 2 0  
-1 5 
-10 
-1c 

-5 
-1 

f 

25 
-9 2 
- 2 3  
- 2 2  
-10 

2 
z 
f 
i 

2 
36 
3% 
23 
1'4 

2 
l. 

0 

-69 
-7 5 
-77 
-7 5 
-6E 
- 5 6  
-45  
-4 
-28  
- a s  

- a  
- 28 
-25; 
-23 
-23. 
-18 
-13 

43 
6: 

1 2  
13 

7 

- 24 
-137 
-143 

- 5  
$! 

-1 
B 
G 

- 2  

-2s 
-12 

- 2  
4 
4 

1 
3 
3 

,. 
L 

-16 -1926 
8 -9699 
23 -11215 
30 -3.029 

35 - 4 6 3  
18 -594 
f; -677 
c - 5 9 3  
0 -425 
2 16 

-78 -2315 
-82 -24.06 

-92 -2461 
-89 -2328 
-81 -2062 
-60 -1430 
-57 --iIf27 
-4% -632 
-26 -279 
-6 28 

-48 -51615 
-38 -3187 
-24 -726 
-12  -362  

-7 -I -5 1 
6 112 
5 %. 24 
c 9 
0 - 5 3  

- 5 9  -19e.7 
- 2 5  -844 

-2  -142 
9 257 

1 2  330  
13 3 3  2 
9 2 0 5  
9 261 
9 259 

33 -803 

-87 -2396 

LONG 
s--- 

962 
830 
862 
6 8 9  
5 36 

e8 
-207 
-266 
-291  
-185 

$33 

-1065 
-1192 
-1446 
-1408 
-2297 
-IC75 
-743 
-617 
-332 
-93'0 

3 4  

271 
-729 
-92.7 
-765 
-329 

165 
94 
31 
13 

RCI 
83C 
5 8 4  
761 
498 
157 
91 
73 
7 5  

SHEAR --...-- 

-795 
-l@@C 
-1336 
-6299  
-1355 
-1203 

- 8 4 2  
-652 
-37.4 
-26C 

- 3 8  

6.77 
709 
h348 
956 
5 5 6  
sc5 
8-74 
E 4 2  
7 0 3  
519 
177 

3 2 9  
2 7 2  
177 

575 
3 8  

-95  
-51 

-5 
-19 

393  
I f  

0 - 57 
-IC8 
- I  3 c? 
-901 
-3 2 
-'V b 

S IGMX ---...- 
XI 29 
l l ? E  
1 5 B Q  
14-72 
3.414 
1045 
464 
23.6 - 39 
-19 
144 

-a 59 
-866 
-949 
-849 
-726 
-537 
-147 

15 
2 3-7 
3 35 
205 

3 27 
-603, 
-6 20 
-341  
-40 
2114 
9 c;a 

3 3  
3.9 

l. 53 
8 4 3  
9 34  
768 
5 59 
409 
266  
2 C 3  
279 

S I G Y N  - - -- 
- 2c 97 - 2047 
-3.863 
- 1 e s z  
-1631 
-94  25 
-PZ65 
-11 53 

-8 44 
-5 9 2  

5 

-2612 
- 2 7 3 2  
-2E94 
-3c.21 
-2899 
-2599 - 2c 25 
-1739 
-3,2031 
-s15 
-1,sa 

- 1 C t t l  - 13 14 
-16' 23 
-7 86 
-3 34 

l.4 
50 

8 
- 5 8  

- 2c40 
-86% 
- L 4 2  

2 5% 
2-73 

83 
2 2  
47 
4 f  
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IN-PLANE MOMENT L O A C I N E ,  MZC,  ON CYLINDER (20000 I N - L B )  

I33 OC-A 
I33GC-B 
I 33QC-C 
I33QC-0 
I 3 3 0 C - E  
I336C-F 
I33OC-6 
I33OC-ti  
I 33OC-J  
I 3 3 0 C - K  
I 3 3 0 C - k  

9 
14 
I16 
I C  
18 
-5 

-10 
-1 3 
-17 
-1 9 
-20  

33 CC-A - 3  
C 3 3 C C - B  -5  
c33oc-c -11 
C3?OC=-D* -9  
C 3 3 0 C - E  -6 

C23GC-G*  -12 
C33OC-H -17 
C33OC-J  - 2 5  
033QC-K - 2 C  
C33OC-L -27 

0 3 3 OC, - F - a  

I33CN-A 5 
I330N- 0 12, 
I 3 3 0 N - c  16 
I33CN-0 1-7 
I33QN-E 14 
I33QN-F*  1 2  
I 3 3  ON-G 3 
I330h-H 1 2  
I33QN-J 3.1 

L 5  
5 

-4 
-8 

- 9 2  
-Pb  
-15 
-16 
-P 2 

-9 
- 6  

9 
11, 
11 
16 
a 5  
22  
29 
29 
33 
3% 
29 

3 2  -12 
27 - 2 3  
26 -31 
r e  -335 
1 4  -36 
1G - 4 3  
3 6  -29 

7 -42 
3 - 3 e  

- 2  -4c 
1 -32 

2 2  2 2  
2 6  19 
2 5  16 
2 %  15 
15 12 

7 4 
E 1C 

1 0  12 
8 16 

52 2 
329 
I149 
$ 7 0  

5 2  
99  

304 
307 
478 
523 
534 

451 
89 

-218 
-367 
-474 
-723 

-60 
-733 
- 7 3 5  
- 9 C l  
-649  

955 
969 
883. 

& a  P 
268  
3 9 s  
467 
374 

7885 

4 2 5  
526: 
53c 
536 
315 

-111 
- 2 2 3  
-307 
-370 
-4 28 
-439 

44 
-130 
-193  
-367 
-3 13 
-445 
-374 
-735 
-97s 

-IC46 
-1007 

4 4 3  
647 
735 
74s 
61% 
4-51 
3 6 2  
511 f 
440 

8 9  
-82 

-2Q3 
-317 
-367 
-526 
-592 
-608 
-&68 
-53 2 
-46 2 

5 493 3 73 
554 2 99 
617 62 
719 -%3  
5 7 3  -207 
529 - 5 4 3  
680 -599 
681. -681 

761 -666 
7 2 8  -623 

795 -687 

589 858 -382: 
6 5 9  447 - 6 8 8  
684 3 8 4  -955 
6 3 6  330 -1Ch3 
c 5 9  276 -IC57 
690 1 2 6  -1294 
16.07 8C2 -1236 
631 -3.80 -1?66 
5 5 8  - 2 9 2  -143.9 
513 -453 -1J-68 
437 -356 - 1 3 m  

c 9 5 5  
4 01 938 
114 943 

8 2  b 5 1  
5 1  662 

c 4 5 1  
-3 z 417 
- 3 5  5 2 2  
-14 4.45 

0 3 3 Oh! - A Q 63 ””1 & 1 3 5 8  45-7 648 1855 
G338N-8 8 3.4 -4 2 21 2 9 5  241. 584 
0 3 3 0 ~ - c  3 9 -5 86, IlG 1-77 2.73 
0330N-E 1 9 -4 -64 23 76 6’9 
G 3 3 W - E *  7 - 2  -5 -3195 141 3 8  166 
G33BN-F 7 - 2  -6 -174 1 47 51  l 5 5  
033CsN-G a d. - 7  * -51 2 24 Q 2 27 
033i)~-51 as 1 4 2 73 367 -25 316 
0330N- J 9 a 2 85 2 8 2  -5 2 2 8 9  

- ‘ I  

4 4 3  
6 18 
672 
6.83 
566 
268 
2 44 
4 5 5  
3 69 



185 

A,LI A x i a l  Force, FXC2 on Cylinder 

B X i A F  FOPCE LOADING, FXCy O N  CYLiNDER 45080 L B I  

PCSETTE G A G E 1  G A G E 2  G A G E 3  

I-0-c-Ei 
I-C-C-C 
I-Q-C-Ci 
P-0-c-E 
1-0-C-F 
I - c.- c - G 
T-O-C-P-B* 
I-15-c- J 
I-0-C-K 
I-0-c-L 

C-O-C-A 
C-0-C-S 
c-0-c-c 
@-c?-C-C 
0-0-C-E 
c-0-c - F 
C-0-C-6 
C-0-6-M 
0-0-c-J 
O-0-C-K 
U--c-C-L* 

1-G-N-A 
I-Q-N-B 
I -0- N - c 

I-C-N-E 
I-O-N-F* 
I-O-N-6 
T-C1-iY-H 
I-@-N-J 

C-e-N-4 
C-O-F\1-B 
c-(? -N- c 
O-cl-N-D 
0-c-N-E 
@-G-N-r- 
C?-C"-N-G 
Q.-0-N- H 

I-+++ r 

Ci-e-v-J 

- 2 5  
-I 8 
-1. c 
-4 
Q 

IC 
l 5  
i7 
1 7  
17 
16 

-1 3 

- 2  
- 2  

c\ 
-1 
-7 
- 9  

-1 1 
- 1 3  
-% 1 

c 
4 
9 

11 
16 
c 

11 
16 
3, c 

- 8 .  
5 
10 
13 
8 5  
1 2  
%3 
1 0 

9 

-a 

-25 
- 2 2  
-Bo 
-1 3 
-IC. 

8 
8 
9 
9 
10 
c1 

-12 
-IC? 

-3  
-4 
-2  
-3 
-e 

-1 c 
-13. 

c 
-11 

- 2  
4 
c 

E15 
35 
-3 
11 

9 
lil 

- 2  
5 

1% 
2.3 
12 
BO 

? 
13, 

e 



A X I A L  FQFCE LOADING, F X C ,  OR C Y L I N D E R  (5’,@CO L E )  

M I  CWO-S1 F A I  k S T R E S S E S  P R I N  S T R E S S E S  
---------I- -------- ---------I--- 

37 1P1 1 2 1  
I-9oc-B -60 10% 113 
I-9QC-C -38  a b  96 
I-90C-D - 2 3  79 92 
I -9OC-E -14 73 85 
I -9OC-F -13 61 7@ 
I-9CC-G -1 51 50 
r- 9 c.c - H -7  4 3  4i! 
I - ~ C C - J  -15  39 29 
I - 9 C C - K  - 2 1  3 8  29 
I-90C-L -24 3 5  52 

c , -90C-A 29 124 11s 
c-Q cc- B 28 108 18.3 
c-QCC-c  16 8 5  9 1. 
C-9 86 -D 2 7 2  77 
C-YQC-E -6 61, 6 5  
C - 9 0 C - F  -18 38 4c 
C-9QC-G - 2 2  16) 24 
C-9CC-W -18 2 8  25 
r-9Oc-J -13 3@ 5 2  
C-9QC-I( -9 3 6  3 8  
CI-9ECC-L* -7 3 5  F 

4 2 5 9  
4755 
4041 
3774 
3 4 8 3  
2893 
2 2 2 6  
1 8 2 5  
1521 
1475 
1 5 2 0  

5 3 2 5  
b429 
3937 
32288 
2934 
1 7 2 2  
1204 
1%4G 
1393 
1 6 3 9  
781. 

I-90N-A 
I-9QN-€3 
I-9CN-C 
I-9GN-C 
I-90N-E 
1-9 ON- F 
1-9 CY-G 
I -9 QN - \-I 
I -9CN-J  

-2?230 
-3;PG 

86 
44 8 
f 38 
4 48 
635 
3 4 8  

e: 

-257 
-1.95 

2 4 8 1  
2 1 5 6  
1621 
I043 
t5 4-7 
-1 a 

- 2 4 5  
-185 

2 2 1  
2 c* 

2 2  
d d  

0-30K-A 10 
0-9ON-€3 -4% 

0 - 9 O N - D  -29 
C‘- 9 ON - E - 8  
c- 9 CK - F 20 
0-30N-G 1 5  
c-9OR-H 15 
2-98N-J 9 

O - ~ O N - C *  -48 

116 
51 
7 

- 1 3  
-1 9 
-8 
-4 
- 2  
0 

1I.e 51149 l83P 
5 8  2437 -435  
18 468 - 1 3 1 2  

-12 -532 -1843 
-18 -795 - 4 8 1  

-? -356 45 2 
-4 -281 387 
-I - 8 9  415 
-3 -83 246 

-158  6290 -29236 
-198 476C -3-775 
-129 4045 33 
-173. 3783 4 as 
-152  3491 C 23 
-127 2904 4 6 3  

1 9  2 2 2 6  6 3 5  
38 1 8 2 6  3 47 

139 1533 - 1 3  
120 1483 -1.54 
5-7 1 5 2 1  -259 

96 532-7 2480 
- 3 2  443G 27-55 
- 8 2  386.6 3.6 28 
-70 3290 IC41 
-57 27-76 6f!+6 
-32  1342 - 1 2  

8 2  120s -209 
3 8  119l -236 

- 2 5  2393 5 2  
- 3 8  164C 2 20 
4 6 9  gacok: - 2 0 3  

1891 
”1-v 
29f5 
21 25 
14 29 
5 1’; 
P oc 

6 6 9  
789 

- 2 5  
-9s 
- 3 8  
-1s 
-6 

-13 
0 

-6 
44 

5149 l e30  
2440 -498 
4-05 -1132 

-53% -IC44 
-481 -795 

4 9 2  -356 
387 -183  
415 - 89 
2 5 2  -89 



L 87 

A X I A L  F O R C E  LCADING, F X C ,  ON C Y L I N D E R  [ 5 O Q O  L B )  

- 2 8  
-24 
-I 9 
- 2 3  
-1 9 
-10 

5 
9 
6 
9 
R 

15 
13 
17 
15 
15 
3. 
EO 
10 
8 
9 
7 

1 2  
36 
4 6  
38 
30 
26) 
0 

1s 
88 

-24  
-3 2 
-17 

- 8  
2 

10 
a 
8 

3 2  
3 3  
37 
79 
78 
6 2  
55 
53 
53 
49 
hC 

26  
2 5  
2 2  
17 
If 
114 

2 
-3  
-9 
- 5  

2 

41. 
3 1  
3. 
35 
22 
2 2  

-1 2 
20 
20 

33 
'p-? 
10 
6 
7 
10 

6 
5 
7 

11 
8 
0 

- 2  
-E 
-16 
-1c 

-7 
- 2  

@ 
,+ 

8a 
88 
sb 
91 
89  
85 
74 
e6 
5 8  
54 
5t! 

6 
49 
4c. 
2c 
2 2  
It? 

19 
18 

54 
23 
LC 

t? 
-1 
2 

-4 
5 

1 8  

S H E P P  
-I--- 

27 9 
3 4 2  
494 

l C F 3  
k 1 4 - C  
101.8 
961 
7 9 8  
728  
66 5 
ab1 

- e 2 3  
- 8 4 2  
-51% 
-988 
-95c 
-943 
-96 2 
-93.2 
-86% 
-779 
-747 

-286 
-241 
-1 2 7  
-44 

0 
59 

-48 5 
13 
3 2  

-272 
-76 

-6 
76 

IQE! 
Ira€? 
133 
6 

78 

S I G M N  
a - -- 

-5 93 
-5 1.7 
-5 22 
-6 58 
-679 
-635 
-a 9s 

-42 
2 0  

113 
-13  

8@2 
7 26 
7 5 5  
6 60 
613 
e, 27 
3 74 

6 9  - 63 
5 

142 

9 80 
14 21 
!.4?2 
1232 

9 28 
f 97 

-3 26 
8 14 
71% 

-P 91 
-6 99 
-379 
- 2  19 

6 
19 
-3 
2 2x 

a9 



188 

A X I B L  F Q R C E  LOADING, FXC,  ON CYLINEER (5000 L B )  

T15CC-b 
ISSOC-fi 
I h 5 OC -" c * 
115QC-D* 
1 1 5 0 C - E  
ILSOC-F 
I 1 5  CC - G 
I 1 5 Q C - H  
I15coi-J 
115GC-K* 
I t 5 cc - I- 

-12 - 2 0  -14 
-33  -67 - 1 2  
-1 3 -11 0 
-3 6 -8 -3  

0 -4  -4 
- 5  3 -7 
B 3 -1@ 
3 4 -11 

- 5  1 -15 
-15 -11 -21 

6 7 -12 

-73Q 
-623 
- 2 2 t  
-316 
- 2 9 2  

-48 
-14% 
-148 
-388 
-694 
-259  

-5 86 
-467 

-1 164 
-88 

-180 
- 2  
38 

- 2 3 5  
-656 
108 

-89 
-7ci 

-1- 46 
13 
6 2  

1 2 9  
177 
209 
29.5 
139 
3 2 9  

-539 
-532 
-1 '57 
-3 a6 
-70 

117 
1-79 
-53 

-531 
302 

a 

-7 "78 
43-76 
-535 

- 11 64 
-7 10 
-2 66  
-2 66 
-2 9 2  
-4 90 
-8 13 
-4 5 

I! 1 5 O i  - A  9 - 2 1  19 -42  238 - 5 2 6  6 3 5  -458 
c715cc-5 a -14 27 2-73 324  -538 838  -240 
815CC-C 10 -7 36 6 2 6  501 -575 a143 -16 
CI.5OC-D* b l  0 48 8 6 5  5 8 8  -532 1276 1-77 
C 1 5 O C - E  IIb -6 42 781 57.7 -633 1320 38 
0 1 5 QC. - F a -8 48. 92 z 454 -652 11248 - 81 
CBfSQC-G 1 2  -7 3 9  6 97 566 -608 1 2 4 3  ?IC 
C15CC-H bo -7 38  672 072 - 6 3 8  P28Q b4x 

015CC-J 24 - 9  38  6 3 2  907. -62-7 %408 126 
C I S O C - K  3 2  -4 38 7c7 1167 -555% %,5 3 4  3 4G 
C15QC-1. 3 9  - 3  37 709 I 3 8 2  -53% 1635  416 

I1 50N-A 1 I. 
115Cih-8 5 
I1SON-C 3 
I a 5 QN-D 5 

115QN-F* 1 2  
I1SQN-G 10 
T 15 ON- 1-1 11 
I1 5QN- .1 11 

IISQN-E a 

- 2  
2 
5 
1 

- 2  
- 5  
-4 
- 2  
- I  

-9 r, -119 
-6 3 -6 8 
-1 4 60 

5 8 276 
7 9 3 26 
9 0 175 

b Q  IC! 4 3 8  
1 2  10 478 
1 2  11 489 

367 -165 364 -173 
136 -114 9.57 -319 
I C 3  -76 161 2 
2 54 -a 2 2 98 i 31 
3 2 5  - 2 5  3 53, 3 01. 
4109 114 4 5 5  1 2 9  
445 -e: 440 4 34 
486 a9 501 4 6 3  
475 13 4 99 467 

-1 9 
.- 3 
b 
4 
8 
5 
4 
5 
3 

7 -259 -135 
40 6 9  

s 193 261 
a 28C 127 
8 337 38 
e 2 8 8  -7c 
2 E 192 -56 
-, E 221 9 
2 Iz 27 -5 

c 
-336  
-114 
-95 
-70  

c: 
- 3 2  
-13 

-4  
13 

144 -538 
169 -61 
292 L 0 2  
3 0 3  IC8 
3 37 30 
2'31 -'3 
f 93 - 5? 
2 2 2  9 
i 28 -6 



G 
- 8  

-1 a 
-1 8 
-1 0 

-3  
-5  

5 
8 

B 
85 

8 
7 
5 
3 
0 

-4 
-4 
-1 
12. 

6. 
2 9  

5 

9 
18 
1 2  

6 
4 
0 
0 

- a  
-3  

- 2 2  
-14 
-10 

-5  
-1 

8 
-56  

1 2  
2 2  
2 2  
19 

-1 5 
-I 
I 

- 5  
-7 
-5 

-1 CI 
-1 2 
-7 
-6  
-a  

43 
a 
4 
7 
E? 

a 1  
8 

e 

-7 
2 
5 
6 
E! 
a 

-1 9 
7 
7 

- 3  

-24 -1824 
-;q -723 
-14 - 5 1 9  
- 1 2  -?76 
-9.c: -21s 
-20 -278 

9 -1059 
f t t  496 

2 1  938  
?, 7c4  

-lC -562 
-5 -223, 
-"* J, -183 
-9, -139 
-A -16'9 
-1 -3.52 
-E - 3 P C  

-ac -560 
-4 -253 
-e -251 
-C -357 

-3 -64 
1 6 3  
r 1 s f  
8 388 
9 346 
c 4s 
6 240 

7 313 

-5 - 2 e 2  
". 3 6 4  
4 395, 
7 275 
9 3 618. 
8 334  
5 -3Q? 
6 2 8 2  
5 2 6 5  

85 a c b  

.* 

L O N G  
--I- 

-367 
--Lb 2 
-405 
-41 2 
-351 
-I?? 
-456 

3i?6 
470 
6 24 
667 

74 
33.8 
BQ2 
44 

-5c 
-974 
-299 
-103 
28C 
-75 
5 2C 

cr 
19 

I C 2  
24e 
? 6c. 
135 
44.1 

- 2 C 4  
393 

4e6 
54-7 
4 2" 
Z C f ?  
237 
1.v 
-? 1 

5% 
-2@ 

C H f  AF 
I... D- 

2 5  
"r; 
6 5  
Q 5  

13.4 
374 

-e61 
25 
e9  
1 9  
7cE. 

-57 
-63  
-82 
-57 
-76 
-57 
-1s 
- % ?  
-44 

c 
2 5  

38 
8 

-6 
-1. I? 
-13 

3 2  
ac 

-5t6 
19 

-3 2 
0 

A ?  
-6 
-6 

c 
-3 23 

6 
Be 

ib 

256 -22 



1.90 

A X I A L  F C R C E  LOAaING,  F X C T  ON C Y L I N O E P  (5CQO L S )  

MICRO-STRAI N -----,--....---- 

127GC-A 
I Z?OC-i3 
I2;PC.c-c 
I27C1C-G 
I27CC-E 
I27QC-F 
I270C-G 
I S-?@Oc-W 
I24pCC- J 
I 2 7 6 C - K  
I27GC-L 
I Z'IPOC-M 

f.3 2 7  @C -.A 
@ 2 7 O C - B *  
c 2 7  06 -c 
0278C-D 
C 2 7 0 C - E  
c270c- F 
C 2 7 0 C - G  
c 27oc -H 
C27CC-J  
O 2 7 C C - K  
@2"PC-L 

1270%-A 
I z70R;-R 
I27 CN-C + 
1240N-0 
I2?QN-E 
I i970N- F 
I 2 3 O N - G  
I27 ON-)I 
I2;PBN-J 

B 29 ON-A 
@3270N-B 
02701v-C 
0 27 ON-D 
C 2 7 0 N - E  
C270N-F 
C2'30N-G 
rJ27ON-t-i 
0 27 CiN - J 

-65  
-4 3 
- 2 2  
-1 0 
-4 
1 5  
1 2  

4, 
-1 0 
-17 
-a 9 

6 

I 6  
0 
4 

- 5  
-1 %. 
-21 
-23 
-1 5 
-1. G 
-3 
- 3  

- 5  
5 9  
8 9  
8 6  
51 
26 
2 2  
2 2  
1 8  

-1 
-59 
-56 
-46 
-2Q 
15 
11 
ne 

8 

116 
97 
90 
8 1  
79 
8 3  
71 
g g  
50 
699 
4 4  
+ a  

a 2 2  
Q 

9 3  
-77 
7 c  
48 
4 2  
45 
4 5  
5 %  
5 2  

11s  
$06 

51, 
43, 
3 2  
2 2  
20 
1 9  

I" 2 4  
5 6  

6 
-17 
-76  
-17 

- 9  
-6 
-a 

a 4  

IS? 
3 25 
114 
IC5 

96 
9: 
88 
65 
5 8  
5 2  
56 
4 2  

I19 
105 
95 
7 0  
5s. 
3 8  
3 4 
7 2  
36 
3 6  
49 

130 
90 
601 
5 5  
39 
22 
21 
21 
19 

11 5 
53 

7 
-19 
-24 
-1.; 

-5 
-6 

T R A N S  ----- 
5 7 5 3  
49 24 
4 5 1 5  
4106 
3 8 6 8  
:?I h 
33C8 
2267 
2 3 9 2  
2 2 4 3  
2276 
20E! 2 

52-78 
23G8 
391 2 
3 2 2 2  
2843 
le313 
1 6 8 6  
kc14 
179c 
;a15 
2 2 2 8  

5f4-5-7 
4457 
3066 
2444 
1698 
553 
926 

8?5 

5 244 
2464 
354 

-733 
-lG 64 
-713 
-31 5 
-273 

a a 4  

LCNG ---- 
-213 

%. 94 
699 
918 

IC46 
1615 
42 63 

9 84 
46.8 
B 60 
127 
2 %G 

2C54 
092 

12P8 
811C 
51% - 53 

-175 
42 

2 51 
475 
5 85 

1495 
3119 
3600 
3 2?C 
2049 
107c 

934 
9 3 5  
3 8 3  

1545 
-957 

-1562 
- 1 5 P 9  
-918 
227 
246 
232 

SHEAF ----- 
- 3 5 5  
-374 
-325 
-317 
- 2 2 8  
-51 
-114 

-1s 
-101 

- 3 2  
- l a 4  

0 

3 2  
-1.9. 

P O 8  
8 9  

146 
a 2c 
1 C? s 
a 2c: 
114 
IC6 
44 

-152 
95 
31 0 

2 5  
0 
6 

-6 
-6 

114 
5 8  

-13 
32 

- 2 5  
-19 
-44 

-6 

a 2  

52-78 2P53  
? L I E  - 1 1 5  
3917 1.2f33 
? 2 2 6  I O 7  
2352 5 G Z  
19 21 - 5 :  
4692 - 1 8 5  
16 23 33 
3.794 243 
194% 448 
2 2 2 9  5 82 

5463 1,489 
4468, 3112 
3?42 2424 
3307 2436 
2051 1696 
1076 ? 53 

937 5 23 
9 36 e 83  
887 7 8 2  

5 2 4 9  1541 
2465 -958  

3 5 4  -1562  
- 7 3 2  -1590 
-914 -IC68 

2 9 8  -726 
25% -319 
2 3 2  -273 
I 9 3  -hbC 



I3QK-A 
1300C-B* 
I 30 oc -c 
I 30 8C -D 
x 30bC-E 
T3QOC-F* 
I3CeOC-G 
I3QOC-H 
I385C-J  
I3COC-tc  
I30@C-t 

0380C-A 
03QQC-€3 
03066-c 
0 3 C W - D *  
0300C-E 
01CQC-F 
@'?QQC-G 
C3CaOC-M 
030@C-J 
0 3 0 0 C - K  
@300C-E 

-3 a 
-3 0 
-3 8 
-94 
-9 

51 
1 
9 
7 
5 

-6 

3 
5 

a @  
9 

14, 
3.3. 
8 

1 5  

17 
46 
50 
4 2  
3Q 

19 
3.8 

-3 2 
-4 1 
-30 
-19 
-1 IB 

9 
3 
63 
5 

8 1  
90 
93 
94 
8 9  
a o  
-70 
63 
6 3  
64  
56 

21 
16 
B B  
a0 

2 
-2 
-4 

- 5  
m, 
16 

47 
3 8  
3c7" 
25 
19 
19 
20 
19 
19 

32 
'15 

3 
- 2  
-1, 
I 
4 
3 
2 

48 
-47 
EQ 
0 

-2  
-2 
-a  

7 
-7 

-4 
-1 2 

91 
99 

BOO 
110 
103 

9 5  
F 6  
8% 
7 3  
6€? 
63 

75 
60 
42 
2cr 
17 
IC 
3.5 
17 
;at, 

5'3 
24 

2 
-8 
-IC! 
-1 c 
-5 
-? 
-2 

S TR E S S E  S PP IN STRE S5 ES 

S I G M X  -...---" 
2931 
21 87 
26 9 8  
z713 
2584 
2 2 9 2  
21 5 5  
2089 
I949  
89 20 
a549 

2%8C 
3075 
311@ 
3390 
51.29 
2580 
25 87 
24 26 
2 2 2 1  
2 1  2 2  
2 1 9 2  

2742 
2347 
26 26 
S S l l  
9138 
738 
819 
8 28 
E392 

2 1  c.4 
93.c 

-183 
-1 5? 

77. 
1513 
76 

b 77 

s IGMN - -- 
-3 25 - 1793 

-4 as 
-5 31 

L 3  
a 40 
2 60 
2 2 k  
-41 
-463, 

4 28 
3 33 
3341 
2 76 
1 44 

04 - 2 1  
-2co 

31 
2 54 
0 05 

b2QQ 
I,? 67 
14 31 
3.; B E  
3 49 
4 86 
(5 7 5  
361  
7 22, 

-4 c37 
-5 c.4 
--p he 
-645 
-4 2 5  
-2 63 

-05  - 89 - 22 

-6 &a 



1.92 

A X I A L  F O R C E  L O A D I N G ,  F X C ,  ON C Y L I N D E R  ( 5 C O Q  bB9 

I 3 3 C C - A  -6 -14 2 -265  -265 -215 -49 
I338C-9 -9 -1. - 2 6 2  -238 -57 712 
I 3 3 Q C - C  -7 9 3 268 -119 8 2  285 
I33OC-0 -1 1 8  4 482 102 7. 77 5 5 2  
I33QC-E 4 23 1. 5 2 8  2 83 285 7 117 
I 3 3 C C - F -  19 243 -11 377 f C ?  5 3 2  10-74 
IS3QC-G 26 36 -8 47% 91 2 5i4 1244 
I33CC-H 28 3 6  -11 387 957 557 1298 
T33OC-J 33 31 -16 297 1084 427 1 4 2 8  
I 3 3 C C - K  3 8  2-7 -Bo 2 3 6  PI67 002 14% 
l I33QC-L 4-5 30  -28 170 135% 4-65 1 6 8 3  

0 3 3 Q C - A  6 - 2 6  25. -141 1s 8 
c33cic-B a c  -17 2 2  3 24 38 2 
c33oc-c 14 -14 4 2  601 66E 
C33QC-[i 11. -3.4 44 6694 5 2 2  
0338C-E 11 -13 43 546 522 
cIS3CC-F 18 -It: 46 6 5 8  4 8 3  
033GC-G* 15 - 2 5  4 5  43.2 5 8Q 
(?'3 3cc-I f 20 -12 44 667 813 
Cn 3 3 CC - J 3 a  -12 4 8  760 1140 
C S 3  OC - K 30 -19 44 53% 1872 
0 3 3 O C - L  3 3  -3.6 44 562 1352 

-6323 
-646 
-749 
-766 
-741 
-8 2 3  
-991 
-7G9 
-910 
-E36 
-798 

-st 8cJ 
-24? 
-1 36 

3 2  
518 

- 29 
a. 41 

46 
- 57 

-6 40 
-1 22  

-632 
-2  93 
-1 3'p 
-1 85 
-1 60 
-2 5 9  
-4 39 

- l a  
lIFs - 77 

67 

I34CrY-A 17 -3,  9 148 5 5 3  - 1 3 0  601 185 
I33Cfl-B 14 i 10 214 4 9 2  -114 5 3 3  L. E 
I33CN-c 1 2  3 1 2  31 1. 4 5 c  -:2@ 5 3 9  241 
133@%-D* 1 2  6 a 1  373 4 E 3  -?O 5 Xb 3 3 9  
I33CIN-E 11 6 11 374 45" -7c 4?5 2 34 

513 0 531 445 
32 567 4 65  

123 or++ 13 1G IC 
I 3 3 0 M - G 1 4  1 2  I C  434, 
I33 ON-H 1 1  11 IC 45 8 455 19 4.sa 6.42 
I33ON-J 1 1 8 2  10 4 6 8  4 8 3  2 5  5 0 2  LA5 

0 3 3 0 N - A 0 -67 
C 3 3 CN -I R 3 -1 
U330N-C b 4 
0330N-I? 3 6 
P330K-E* - 9  i 

L 3 3 C bl- 5' -3 2 

033CN-G -4 4 
OSSGN-H -4 7 

a 0330N-J 0 - 

c 
6; 

I ?  -.IG"?k -223 
13 264 2?3 
12 349 276 
11 37 2 2 1  2 

302 -180 
7 275 -17 
9 2 3 4  -44 
2 263 -67 
2 1115 26 

C 

-3.121 
-1 90 
- a G a  

-?6 
- 5 1  
-25 
-38 

70  
6 

4 8 3  - l e e 1  
469 88 
4 2c 285 
403 181 
308 -185 
277 - A9 
2 39 -49 
2 2c - 86 
l l h  20 



A.12 In-?lane Force, F y c ,  on Cylinder 

I-0-c-A - 1 3  10a 90 
1-0-c-8 20 P 4  7 3  
1 -0-c-c 34 5 4  5 2  
I-0-c-n 3 8  34 3 3  
1: -0-c-F 36 16 1 %  
I-Q-C-F* 0 -22 -1'3 
1-0-C-G -13 -40 -39 
T -O-C-H* 0 -45 -4L 
r-0-C-J - 3 3  - 4 - 7  -45 
T-Q-C-K -39 -45  -40 
Y-0-c-1 -41 -34 -34 

6 2  
(3-Q-C-R -33 38 
0-0-c-c -26 22  
9-o-c-D -1s 12 
0-0-c-F -15 9 
0 - 0 - t - F  10 7 

0-0-c-e; 12 19 
0-0-C-W 1 27 
0-0-c-J -21 3 2  
C)-O-f,--K* -34 36 
0-8 -C- t  -96  72 

T -0-is-& 
T -0-w-R 
9 -0-N-C 
T -0- N- D 
T -0-91-F 
II-0-N-F 
7 -0-N-C, 
1-0-N-H 
T-0-N-,I 

5 E  
71 
67 
56  
a2 
2 3  
2 7  
22  
2 3  

91 
7 3  
5 4  
4 3  
38 
8 

39  
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OZ7QN-J -43 1 6  2 4 924 

1x5390 
-97 1 
4847 
6458 
4859 
-411 

-1529 
-1159 
-1006 

- 4 2 4  - 7-79 
-115s 
-1108 - P 24'7 
- h 4 3 k  

- 8 2 3  
-82? 
-8O(* - 1076 

-1216 
-177 

133 
6554'  

557 
696 
79 i 

1184 
1749 
1254 
1184 
1146 
1 2 0 3  

-228 
-86 P 
1241 
-19 
146 

-120 
-89 
-5  P 

6 

4,649 -20150 
2 9 0 4  - 1 ~ 0 6 0  

5 3  -15640 
-1884 -1LT40 
-3041 -P3?70 
- 3 7 5 9  -11450 
-3341 -8661  
-2173 -6448 

-3Oh -3348 
5 8 6  - 2 0 2 5  

2 1 4 1  -398 
5 9 8 7  4 35  

- 12200 
F;L 1 

- € ? O f 3 1  
-4654  
- 2 6 3 4  

9 6 3  
2 4 0 5  
2 5 4 5  
16  56  
1 1 3 1  
1830 

5984 
-5400 
-9948 
-8639 
- 5 2 3 9  

- 9 6 5  
-936 
- 7 8 5  
-399 

- 2 3 6 2 0  
- 1 4 h l O  
-16780 
-13340 
- 1 O ~ F S c 9  

-63k.Q 
-3532  
-2545  
- 2  z 5 8  
-1R23 
-485 

-17540 
- 1 5 5 6 0  
-12490 
.- 1 2 2 98 
-7415 
-2497 
-1443% 
- 1 5 2 3  

-318 

209 -15890 -26440 
645 -936 -14530 
507 4 8 9 3  -4893 
2 3 4  6 4 6 9  1134 
?6 4075 3719  

-70 328-7 -612 
-127 1548 -1526 
-108 13-58 -1164 
-114 9 3 1  -1012 



Thl-PLANE FORCE L O I D I N G .  FYC, ON C Y L I N D E R  

RnSFTTE GAGE1 GAGF2 G A G E 3  TRANS LONG --...---- ----- ---...- ----- ----... --I- 

1 3 0 0 C - A  
1380C-t3 
I 3 OOC -C 
I300C-0 
I 3 0 0 C - E  
I 3 0 Q C  -F 
I 3 O O C - c ,  
I30C)C-H 
I300C-J  
?300C-K 
r 3 0 0 ~ - c  

0300C-A 
0 3 0 0 C - R  
r)300C -c 
03ooc -0 
0300C-E 
O 3 O O C - F  
O?OOC-G 
D300C-H 
03ooc -J  
03OOC-IC 
I! 3 0 0 C - I_ 

I30ON-A 
I 3 0 0 N - R  
I 3 OON -c 
T 300N-D 
1300W-E 
t 300N-F 
I 3 0 0 N - G  
T 3OON-H 
'I 300N-,I 

Q?OON-A 
0700N-R 
Q300N-C 
0 3 0 0 K - D  
r13QON-F 
0700N-F 
0 3 OOK -G 
U 3 0 0 N - H  
Cl-3 OON-,J 

150 -287 
142 -324 
1 3 6  -333 
3.12 - 3 2 0  

e2 -306 
-12 -246 
-54 -211 
-61 -293  
-80 -13P - 93 -86 
-64 -11 

-62 - 9 3  
-96 -?6 

-13? -89 
-134 - A 1  

-122 - 4 9  
- 3 5  -11 
- 8 5  3 1  
-63  7 4  
-47 9 1  
-3" 7 n  

-128 -65! 

85 -101 
-45 -66  
-sf? - 3 4  
-80 -14 
- & I  0 

L -7 
3 -I! 

- 1  - 8  
-3  -q 

-98 
136 -42 
121 -13 

R2 1 
k6 0 
7 -7 
5 -4 
0 2 
0 -7 

- 5 5  
4 3  

103 
1 3 6  
1 5 6  
1 4 3  

9 5  
51. 
3.4 
1 

1 1  

-29R 
- 3 3 L  
-350 
-367 
-373 
- 3 L 5  
-290 
- 2 L 5  
-167 
- 107 
-I@ 

- 1?Q 
- 1 3 5  

-96 
-43 
-16 
17 
8 

-1  
-7 

- 2 3 7  
-11 5 

-32  
13 
3 3  
3 5  
26 
2 9  
2 9  

-7685 
-6329  
-5204 
-4373 
-3390 
-2242  
-2510 
-2"Q3 
-2620 
-1747 

hO 

-8538 
-C3&6 
-Q7 3.. 7 

-e582 
-8 503 
-6515 
--le06 
-1968 

-178 
1335  

- ~ 7 1 2  

-6040  
-13R6 
- 2 7 5 5  
-1280 

- 2 6 8  
218 

f 
-197 

-3G3 

-71 i -5  
-3006 
-1 I15 

2 3 4  
6'1 
609 
46 5 
689 
'84 

2 190 
2 3 6 4  
2516 
2039 
1435 - 1 0 4 3  

-2378  
- 2 7 2 3  
- 3 3 8 1  
-3304 
-1907 

-4415 
-56% 

-6934 
-6"24 
-5215 
-47'92 
-3934  
-2472 
-1465  
-697 

- 1 0 7 8  

766 
-2155 
- 3 t 6 4  

-1307 
1 0 8  
102 - 38 

-160 

-2779 

304 
29?5 
3303 
2522 
1570 

3 82 
2 8 2  
207 
2 2 1  

( 2000 

SHEAR 
--e-- 

-3090 
-4894 - 5?99 
-6199 
-6151. 
-51Q7 
- 4 0 7 7  
-3286  
-2026  
-1159 
-209 

2735  
3150 
3615 
3811 
6058 
3957 
3723 
3685 
321 0 
2571 
1202  

9 2 4  
C)q1 
8 2 9  
463 
17'7 

-310 
-209  

- 0 5  

-32  

1 s49 
969 
253  

-158 
-437 
-544. 
-309 
- 3 5  5 
-208 

c R t  

3056 
4 5 6 3  
5623 
581 F 
5632  
3 5 8 3  
1634 
43 1 

-939 
-1129 

1 0L 

-305 1 
-3863 
-4549 
-4266  
-3R50 
-32.60 
-1833 - 5 70 

l o 0 0  
1828 
1362 

880 
- 2 2 0 5  
-2207  
-114Q 

- 2 3 9  
1 7  s 
2 4 0  
- 3 3  

- 1 5 5  

-85'1 
-8525 
-8311 
- 8 1 4 6  
-7588 
- 6 8 4 9  
-6522 
-8147 
-5062 
-3q21 
-1951 

-9901 
-11 170 
-12258 
-12350 
-12460 
-11480 
-(R476 

-5b4Q 
-3471 
-1324 

-7910 

-6171 

-&011 
-29 10 
-1336 

- 1 5 2  
-160 
- 2  52 
- 3 4 8  

-&a47 

7 2 2  -7864  
3 1 3 5  - 3 7 4 5  
3315 - 1 1 2 9  
2 5 3 3  2 2 3  
1"4? 4913 
10'0 - 79 

-?83 - 3 h  
R ? 7  19 
912 93 
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-3 
26 
3 6  
32 
1 5  

- 3 8  
-6@i 

- 83 
-95 

-106 
-109 

67 8 I653 410 
35 no 7 4 4  1007 
-7 17 170 1120  

--70 7 3  - 'he2 '315 
-4-9 2 Q -- 4? 5 299 
-? 0 5 2  - 3 5 5  -1249 
-66 7 8  3 3 7  -1980 
-53 91 69-7 -22'2 
-40 107 158% - 2 3 8 9  
- P ?  98 1540  - 2 6 4 1  
... 1 72 1676  -2'62 

- 2 1  1 1 5  -40 
-39 8 %  - 7 8  

- 5 2  47 -123 
-4?  3.4 -128 
- 5 2  10 -150 
-64 (3 -140 
-7'? -7 -133 

-1105 -15 -125 
-116 -73 -12n 
-117 I. 0 -8 3, 

-5' 5 3  -407 

133ON-A* - 1 1  
I 'SPCRi-  R 3" 
T336N-C 6Fq 

I 370h-D  5 1  
I a 30P!-F 4 5  
T330N-F 3 2  
1330N-G 2 5  
I 3  30k'-H 3 9  
I33Oh-J  2L 

1643 
16-7 

- 9 2 9  
- 1 6 0 3  
- 2 0 2 5  
-3014 
-2990 
-3005  
-2983 
-3016 
- 1 8 2 4  

-12') 
-1076 
-2 00th 
-204.9 
-2016 
-244.4 
- 2 5 2 1  
-3269 
-4L3L 
-4384 
-406R 

'0 
R 1  
7 P  
64  
49 
20  
1 8  
16 
10 

-75 3187 6 2 8  
6 2  3102 179.5 
S O  2 7 6 6  23112 
41 2 2 5 2  2215 
3 5  1799 1880 
1 8  810 1213 
7 6  423 1016 
3 2  905 1068 
16 53 8 8-74 

0 133 - 2  2 9 e 3  8 6 5  
5 T O  -14 6 *' 4 3 4 5  

-3 20 -2' - 1 3 3  -125 
2 1 -2" - 6 1 8  -120 

LO -10 -30 -.R-rS 5 0  
23 -12  - re  - 8 6 1  440 
2 5  -7 -13 -449 -707 
27 - 5  -5  -240 935 
24 -2  -1 -110 b 9 G  

2000 L R )  

985 2033 
190  110-7 

-317 1216 
-709 1 2 6 3  

- 1 0 3 8  1 0 2 0  
-163% RQ2 
-191s 1420 
- 2 Q S P  13t.4 
- 1 9 6 3  3 3 9 3  
-1564 2 3 3 2  

-"as1 1 8 8 3  

20'0 
2165 
2 2LR 
2260 
2 159 
216.0 
1858 
1684 
1488 
1205 
969 

-63 
2 5 3  
355 
310 
196 

3 3  
-108  

-7 s 
-89 

3023 
1798 
845 
445 
1 oa 

- 5 T O  
-1036  
-1Lc4-T 
-1Q03 
-2733  
-1464 

3183 
314'1 
29?0 
2 5Jk4 
2046 
I215 
1098 
l Q P 0  

8 Q 6  

31 
6 4 5  
74 

- 5 3 G  
- a  19? 
-24% 
-3C63 
-3319 
-3195  
-3133  
-2969 

6 27 
1 739 
21Q7 
1923  
1639 
8CW 
8 5 3  
-9 is5 
5 16 

1811 3 4 4 6  -199 
9 3 1  1454 -.i.36 
62 7 498 - 7 5 6  
3c9 or; - 841 
2?7 12b -957  
190  4 6 7  -8SW 

-7b 912 -&5& 
0 '35 -26Q 

-13 5 9 4  - P I 0  
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A. 13 Out-of-Plane Force, FZC, on Cylinder 

OlIT-QF-PLANE F O R C E  L05DINUG. FZC. ON C Y L I N D E R  I1200 LSI 

T-0-C-A 2 
I-0-c-B -4 
I-0-c-c -7  

I-0-C-D -7 
I-O-C-E* -1Q 
I -0-c-F 0 
I -0-G-G 0 
I -0-C-H 0 
I -0-C-J -7 

I - 0 - C - K  -4 
1-0-c-I_ 1 

0-0 -C-A  0 
0 -0-c - R 0 
(3-0-c-c 2 
Q-0-C-0 1 
0-0 -C-E  -2 
0-0-C-F 0 
0-0-c-G -2 
0-0-C-F! -5  
Q-0-C-J -5 
O-Q-C-K* 0 
n-c-C-C -11 

I-0-N-A -1 
I - 0 - Y - R  -1 
I - 0- AI - C -2 
I -0-N-0 -4  
r -Q-W-E --I 

T-O-N-F* 0 
I -Q-N-G -1 
1 -@-h!-P 2 
1 -0-N-4 -1 

0-0-N-A 
0-0-N-E3 
0-0-N-C 
( 3 - 0 - N - 0  
9-0-N-E 
O-Q-N-‘ 
0 - 0- b! - G 
e-0-N-H 
0-0-N-J 

-10 
--R 

-10  
-11 
-11 
- i o  
-9 

-11 
-10 

G A G E 2  ----- 
-12 
-25 
-29 
-33  
-3 3 
- 3 4  
-3 3 
- 3 2  
- 3 1  
-33. 
- 3 1  

27  

2 9  
31 
32 
34 
32  
31 
2-7 
29 
2 8  

0 
6 
-? 
5 
0 
0 
1 
1 

-1 

9 
2 

- 3  
-7 

-9 
-12 
-12 
-13 
-11.2 

2 7  

GAGE3 

6 
2 1  
2 5  
3 0  
3 2  
29 
28 
2 5  
2 9  
2 8  
26 

-39 
-3  1 
-30  
-3 2 
- 3 5  
-3 R 
-4 1 
-37  
-3 3 
0 

- 2 P  

-1  
-9 
-10 

- r ,  
-. .. 

- 0 5  
1 
3 
1 

-32 
-26 
-20 
-1L 
-10 
-8 
-Q 

-10 
- 5  

TRhNS 
---e... 

-138  
-79 
-7 h 
-5 5 
1 1  

-104 
-115 
-73 
-34 
-6 9 

-158 

-283 
-105 
-13 
- 2 2  
- 5 1  
-53 

- 196 
-109 
-131  
638 

12 

-33 
-51 
-50 
-9 0 

-152 - 1L30 
54 
a 2  
1 2  

-501 
- 503  
-4?0 

-C1 6 
- 4 3 8  
-42 9 
- 500 
-366 

4 . 5 8  

S T R E S S E S  -------- 
LONG 
---rl.. 

14 
-13’3 
-223 
-230 
- 5 8 1  
-31 
- 3 4  
-22 

-210 
-135 
-IC 

-71. 
-17 

67 
2 2  

-?5 
- 3 9  
-116 
- 2 0 4  
- 2 5 2  

-324 

-38 
-5s 
-86  

-141 
-174 
-443 

- 2 7  
85 

-3? 

-450 
- 3 ? 3  
-449 
-465 
-45’3 
-414 
-1.0 c) 
- L 3 3  
-395 

177 

SHEAR 
---a- 

-234 
-622 
-734 
-849 
-867 

-817 
-79 1 
-798 
-791 
-741 

880 
7 7 2  
791 
84R 

963 
981 
905 
804 
386 
747 

6 

222 
1‘34 
0 5  
86 7 
6 

-19 
- 3 3  

5 5  l. 
374 
2 2 5  

9 5  
1s 

-63 
- 6 3  
-44  
-89 

- 8 4 9  

a99 

181 

S T G M X  ----- 
‘185 
5 1 3  
589 
710 
633.  
f 8 1  
743 
744 
680 
69C1 
656 

1 0 
713 
926 
849 
5 3  1 
902 
826 
7 5 1  
6 k 8  
$ 5 7  
6 10 

-27 
129 
1 5 5  
70 

-67  
6 1  
5 4  

1 0 8  
2 ”  

76 
-7 L 

- 2 3 9  
-367 
-405 
- 3 5 7  
-349 
-443 
-2S.O 

5 f G M N  
e_--- 

- 3 0 8  
- 7 3 0  
- 8 8 7  
-Q?6 

-1202 
-917 
-992 
-839 
-925 - 094 
-832 

-1063 
- 8 3 5  
-765 
-849 
-?67 

-1024 
-1138 
-1063 
-961 - 42 
-9 22 

-41 
-238 
- 2 ’ j o  
-301  
-2  59 

-1?35 - 27 
69 

-54 

-1027 
- 8 2 6  
-697 
- 5 5 7  
-461 
- 4 E 5  
-479 
- 5 3 4  
-470 



I - 9 0 C - A  - 6 :  157 5 3 6 2 9  -'50 
I -9OC-W - 5 9  170 -10 3574- -710 
T --98C-c - r, 5 19.2 -41 3151 -395 
I-c363i-Cn -37 179 - 3 8  3143 -169 
I-SOC-E -23 167 --3L 2 3 6 6  3 4  
I-9oc-F - 2 5  1 7 g  -6 7 4 2 3  4-7 
1 - 9 0 C - G  -19 90 28 2601 210 
1-soc-P -1.3 60 5 5  3 5 5 9  183 
I-99C-J - 19 5 9  66  2 7 5 8  243  
I-Sot-M -14 67 6 5  79.25 7 9 %  
I-98C-I - 2 4  4 4 69 2940 169 

2032 
2406 
296'3 
2 8 8 1  
267tI 
1 7 8 5  

8ZSr 
70 

-8Q 
3 8  

-70 

0 - 9 Q C - A  2 5  47 119 3 6 1 8  1837 -969 
9 - w c - a  23 40 120 3 2 5 4  15-78 -93L 
3 - 9 Q C - C  19 15  119 2935 1427 -1387 
9 -- 9 oc - e 9 1 122 7696 1055 -1503 
0 - 9 0 C - E  0 -6 1 2 3  2 5 7 9  7 8 8  - - B 7 L 5  
0-9oc-F -: -32 127 2097 415 -2127 
C-SOC-G -30 -16 1 2 1  2 3 5 2  -207 - 1 8 2 3  
D--"r;OC-H - 3 3  -5 LO4 2 2 0 9  - 3 3 5  -1469 
9-?OC, - J  - 3 3  29 -78 2407 -2-76 -552 
O-qOC-M - 3 6  5 1  6-7 2 6 3 0  - 3 9 5  -215 
17-9oc-I]* - 3 5  6 3  0 1429 - 5 5 5  843 

Y 

442.7 
4554 
4 8 3 6  
4 8 0 9  
4 5 5 3  
3 6 1 5  
21360 
2 5 6 1  
2 9 4 1  
2 9 2 5  
2 9 4 2  

4 0 4 l  1 4 0 3  
3594 1748 
3'62 6 10 
3 6 T R  9 3  
3 6 1 9  - 2 5 2  
3543 -1072 
3 3 0 0  -1155 
2 8 8 0  -1006 
2 5 5 7  -&24 
2 6 4 6  - 3 1 8  
L'26 - 4 5 3  

- I - 90 N - A 
I - 9 0 N - R  
'I .- 90N -C 
I -9ON-E 
I - S j O N - f  
I -90N-F 
I -9ON-G 
I -90N-H 
T-90N-J 

12 
7 8  
4 5  
339 
2 3  
10 
3 
4 
1 

92 
49 
2 1  

5 
- 2  
-2 
-4 
1 

-2 

3 6  2322  490 753 3045  268 
40 2361 1535 -146  2-386 lE1.O 
5 8  1 6 9 5  1863  - 5 0 0  2 2 8 6  1271 
4 7  1 0 8 5  1 5 0 9  - 5 5 9  1 8 9 3  4 01 
30 6 0 3  8 6 5  -431 1 1 8 3  2 53  

3-74 L-7 

2 -4 5 7 2  --?a, 1.10 - e2 
2 5 8  146 -.la 1 4 5  56 
0 -54 %'p - 3 2  3 8  - 6 5  

9 3  3 2 4  - 1 1 4  7 

D YON- A 

0 -90N-C 
I?-90N-r) 
9-SON-E 
O-$ON-F 
0-9ON-c, 
2-BOK-F.' 
0.- 90 N - J 

o - (3 n N - a 
23 39  142  

-16  0 86  
- 3 4  -12 40 
- 1 9  -11 4 

-4 - 5  -I& 
16 1 1  -19 

13 -10 
17 11 -8 
1 0  1 1  - 4  

3954 
1928 

5 3 2  
-138 
-403 
- 174 

5 8  
5 0  

145 

1885 -1361 
108 -PI46 

- 5 3 9  - 5 9 5  
- 5 5 5  -209 
-249  120 

4 3 2  389 
431 25 P, 
37 l. 2 5 3  
3 5 9  209  

4 5 2 9  
2 4 9 2  

e157 
-51 

-183 
4 3 0  
5 9 6  
5 1 0  
480 



Y I C 2 C- S T 9 A I h' 

? 1 2 0 C - A  5 1  - 5 2  - 1 1 5  
I L 2 0 C - @  2 -37  -109 
I I 2 0 C - C  -a1 - 1 2  -116 
I 1 2 O C - 0  - 6 2  4 - 1 1 8  
I12OC-F - 6 5  1s  -I10 
I120C-FS - 2 2  41 -87  
I12OC-6 - 2 6  57  -70  
I l T O C - + 4  8 81 -52 
I12OC-J 30 102 -29 
I 1 2 0 C - K  38 110 -13 
112oc-L  3? 129 16 

C l 2 0 C - A  - 
OL20C-P 
01 2oc-c 
0 12oc -D 
c12oc-E. 
01 20C-F 
s 12oc-G 
P l Z O C - w  
Q l Z O C - J  

0 12oc-c  
r i 2 o c - K  

3 5  -179 -75 
1 5  -122 -27 
44 -38 15 
6 2  -56 48 
6 4  -25  77 
7 2  1 2  111 
5 4  3 1  1 2 4  
41 2 9  3.23 
2 1  3 119 
17 -17 i L6 
-2 - 2 2  118 

I 120V-A 87 -13 -137 
I120N-R -24 -64 -12 I 
I120N-C -79 -81 - 8 R  
T J 2 0 N - I 3  -90 -72  - 5 7  
I 1 2 0 b t - E  -P3 - 5 2  -36 
1120N-G -45 -22 - 1 5  
13 20N-G* 0 -8C -19  
IlZON-u - 2 9  -6 -1 
If20W-J - 3 6  -3  -2  

0120N-A - 
1312Or\i-B 
PI2QN-C 
1?120N-D 
01 2 0 M - F  
0 120N-F 
0220N-G 
GI2ON-v 
nl20N-J 

' 1 2 8  -164 -105 
- 1 5  -109 -39 

22 -43 10 
2 2  - 2  3 3  
112 2 2  41 

-24 3 4  2 6  
-29 16 12 
-30 12 10 
- 2 4  9 4 

- 3 7 4 3  
-3219 
-2775 
- 2 4 3 8  
-?01? 

-989 
- 2 5 4  

62 9 
1 5 7 5  
2203 
3165 

403 842 
-995 96 2 

- 2 0 5 9  1480 
- 2 5 9 9  1 6 2 1  
- 2 5 5 8  1 6 5 9  

-967 1716 
-846  1690 
417 1765 
13Zl 1747 
1816 1564 
2055 1501 

- 5 5 4 9  -2706  

-1625 a 2 4  
- 3 2 7 5  - 5 2 5  

- 2 2 5  I 7 8 6  
1052 2 3 5 3  
2626  2940 
3366  2 6 3 5  
3307 2 2 3 2  
2 6 5 0  la37 
2 1 5 4  1145 
2101 573  

-3407 1501 
-6035 - 1 9 3 8  
-3641 -3473 
- 2 7 4 2  -3531 
- 1 3 5 2  -3035 

-765  - 1 5 8 4  
- 2 3 7 1  -711 

- 4 7  -706 
-125 -907 

-5792 -5572 
-3231 -1%26 
- 745 447 

46 5 3 5 s  
1 3 6 5  780 
1332 -313 
548 -461 
5 2 4  -741 
309 -635 

- 1387 
-1266 
-1387 
- 1 3 6 4  
- 1 3 5 5  
- 1 3 2 3  
-1241. 
-1247 
-1'545 - 17?3 
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