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A B S T R A C T

The purpose  o f  th is thes is  w as  to  perfo rm  the  s tress  analysis for the  rec tan g u la r  bars 

m ade from  different m anufacturing m ethods such as w elding and riveting sub jec ted  to  to rsion  

using th e  Finite E lem en t M e th o d  p ro p o se d  by N o rm a  Elia R am o s in her recom m en da tion s . 

T he exact solutions to  the  to rs io n  p rob lem  are  k n o w n  only fo r  circle, ellipse, and equilateral 

t r ia n g le  c ro s s  sections. T he  p resen t w o rk  involves the  m odeling  and analysis o f  bars 

re c ta n g u la r  in c ro ss  sec tion  using  the F inite  E lem en t M eth od . T he  com m erc ia lly  available 

A L G O R  so f tw are  w a s  used  fo r  the  m odeling  and analysis o f  the  bars. T w o  different c ross  

s e c t io n s  w e re  analyzed , a solid rec tan g u la r  c ro s s  sec tion ed  bar and bar  m ad e  from  tw o  

rectangular bars  jo ined  by tw o  different m eth ods , w ith  riveting  and w elding. A c o m p ar iso n  

o f  th e  r e s u l ts  fo r to ta l angle  o f  tw ist w as  d o n e  w ith  the  experim enta l results, theore tica l 

results , and th e  resu lts  f ro m  the m em b ran e  analogy.
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C H A PT E R  1

INTRO DUCTIO N

E n g in ee rin g  design  is a ided  by eng ineering  analysis, the  ca lcu lation  o f  p e rfo rm an ce  

o f  a trial design. T o  pred ic t the  p e rfo rm an c e  it is o ften  necessa ry  to  ca lcu la te  a field, w hich 

is defined as a quantity that varies w ith  position  w ithin  the  dev ice  analyzed. O ne  o f  the  main 

field o f  in te res t  o f  eng ineers  to d a y  is the  "m echanical s t r e s s ’ . T he  m echanical s tress o f  the  

d e v ic e  b e in g  des ign ed  should  b e  ca lcu la ted  to  m ake  su re  the  dev ice  will no t break . T he 

m echan ica l  s tress  p ro d u ce d  in a  m ach ine  m em b er  w h en  sub jec ted  to  to rs ion  is one  o f  the 

c o n c e rn s  in des ign ing  the  m ach ine  parts.

A  body  is said to  be  in a s ta te  o f  " to rs io n ’ w h e n  applied  fo rces  o r  cou p les  cause  it to  

tw is t .  S h a fts  w ith  c ircu lar c ro s s  sec tion  a re  the  m o st co m m o n ly  used  shafts to  transm it 

torque. A  tw is t in g  co u p le  app lied  at one  sec tion  o f  a  shaft is tran sm itted  to  a n o th e r  sec tion  

by the  shear in g  s tresses  set up  in the  in te rven ing  tran sv e rse  sections. In c ircu lar shafts the 

to rque  transm itted  is constant over m o st  o f  its length. F o r  cylindrical bars  w ith  c ircu la r c ross  

se c t io n s ,  th e  to rs io n  fo rm u las  a re  readily  derived  by the  special m e th o d s  o f  m ech an ics  o f  

m ateria ls .

T h e  c ro ss  sec tio ns  o f  m an y  m em bers  o f  m ach in es  and s tru c tu re s  are m ade  up  o f  

na rrow  rectangular parts. T hese  m em bers though  used  m ainly  to  carry  tension , com press ion , 

and  b e n d in g  lo ad s  a re  a lso req u ired  to  carry  to rs iona l loads. In c ircu la r shafts  sub jec ted  to  

to r s io n  th e  b e h av io r  is such  th a t  all c ro ss  sec tions  no rm al to  the  axis rem ain  plane. T he

1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

 
 
 
 

 
 
 

PREVIE
W



2

problem  o f  tw ist o f  a shaft o f  rec tang u la r  c ro s s  sec tion  is com plica ted , due  to  the  w a rp in g  o f  

the  c ro s s  sec tion  during  tw ist. D ue  to  this pecu lia r  behav io r  o f  the  rec tan g u la r  c ross  

sec tio ned  shafts  the  analysis app licab le  to  c ircu lar  shafts is no lo ng er  valid. M o re  o v e r  the  

exact solutions to  the torsion problem  are know n for the  circle, ellipse and equilateral tr iang le  

only . M u rp h y [7 ]  p ro p o se d  fo u r  different m e th o d s  tha t can be used  fo r  the  eva lua tion  o f  

sh e a r in g  s tresses  in a m em b er  sub jec ted  to  to rs io n  w hich  are  d iscussed  in the  next section. 

In th is  thes is  the  A nalytical p ro c e d u re  su g g es ted  by M u rp h y  is used  to  eva lua te  the  s tress  

d is tr ib u tio n  o f  the  rec tan g u la r  bars. T he  p u rp o se  o f  this thesis is to  eva lu a te  the  s tress 

analysis o f  the  rectangular bars for this eight different m odels are  used. T he  first one  is a solid 

rectangular in cross section and  th e  rem ain ing  are  tw o  rec tang les  o f  equal a rea  held to g e th e r  

by d ifferen t m an u fac tu r in g  m e th o d s  such  as w eld ing , and riveting.

1.1 M ethods proposed

M u rp h y  in his b o o k  “ A dvanced  M ech an ics  o f  M a te r ia l’" p ro p o se d  fo u r  different 

m ethods that can be used in th e  analysis o f  s tresses  in a m em b er  sub jected  to  to rsion . T hey  

are E xac t o r Saint V en an t  T heo ry , E xperim en ta l P ro c ed u re s ,  A pplica tion  o f  analogies, and 

the A naly tica l p ro ce d u re .  In th e  E x ac t  o r Saint v enan t th eo ry  w e  d e te rm in e  the  so lu tion  o f  

a differential eq u a tio n  tha t satisfies the  e q u a tio n  o f  equilibrium  and the  stress, strain  

re la tio nsh ip s  at every  poin t in th e  m em ber. As an experim ental p ro c e d u re  the  S tra in  

m easurem ents  can be  considered. In the application o f  analog ies  the  Fluid F lo w  A nalogy  and 

M e m b ra n e  A na logy  can  be  considered . Fluid F low  A nalogy  involves stream lines o f  a
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c irc u la to ry  flow  o f  an ideal fluid w ith  co n s tan t  v o r t ic ity  o v e r  the  cross section . T he 

M e m b ran e  A na logy  is based  u p o n  the  fact tha t the  differential eq ua tion  fo r  th e  equilibrium  

o f  a m e m b ra n e  sub jec ted  to  lateral p ressure . In the  analytical p ro c e d u re  the a p p ro x im a te  

distribution o f  shearing  s tress th ro u g h o u t  th e  c ro ss  section  is d e d u ce d  from  th e  o b se rv a tio n  

o f  stra ins and the  re la tionsh ip  b e tw ee n  th e  to rq u e  and s tre ss  d e v e lo p ed  by sta tics fo r  the 

a p p ro x im a te  s tress  varia tion . N o rm a  Elia R am o s  a t te m p te d  th e  experim en ta l m e th o d s  to  

obtain the  torsional rigidity as well as the  to ta l ang le  o f  tw is t  fo r  all c ro ss  sections. T he  tw o  

m e th o d s  u se d  by her a re  the  d irec t to rs io n  m echanism , w h e re  a d irec t  to rs ion  c o u p le  w as 

app lied  to  the  sam ples and th e  o th e r  one  is the  M e m b ra n e  A nalogy . In this thesis her 

recom m endation  to  perform  the analysis o f  the rectangular cross sections using Finite E lem ent 

M e th o d  is a ttem p ted .

1.2 Shear stresses in rectangular members

T o  define re la tion  b e tw e e n  shear s tress  and to rs ion  fo r  a c ircu la r m em b er  in to rs ion  

th e  fo llow ing  are  a ssum ed

I) T he  shaft is in equilibrium ; tha t is, in a s ta te  o f  rest o r  un ifo rm  an gu la r  velocity .

ii) T he  shaft has a c ircu lar  c ro ss  section , solid o r  hollow .

iii) T h e  shearing  p ro p o r t io n a l  limit o f  the  m ateria l is n o t  exceeded .

iv) A  plane t ran sv e rse  sec tion  in th e  u n s tre ssed  shaft rem a in s  a p lane  t ran sv e rse  section

afte r  th e  shaft is tw is ted .
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v) A  d iam eter o f  a transverse section o f  the  unstre ssed  shaft rem ains a s tra igh t line after

th e  shaft is tw isted .

T h e  a s su m p t io n s  ‘iv ’ and  ‘v ’ a re  t rue  only fo r  th e  c ircu lar c ro ss  sections. A 

r e c ta n g u la r  shaft sub jec ted  to  to rs io n  sh o w s w a rp in g  at th e  t ran sv e rse  sections. It is 

n e c e ssa ry  to  d e te rm ine  the  m an n e r  in w hich  the  shearing  s tresses  a re  d is tr ibu ted  o v e r  in a 

t ran sv e rse  section . It m ay  be said tha t th e  shearing  s tress  no  long er  varies as the  d is tance  

from  the cen te r  o f  the  c ro ss  sec tion  as in the  c ircu lar shafts. It is a ssum ed  tha t the  shearing  

s t re s s  varies  as th e  d is to r tio n  in a rec tan g u la r  bar. T he  shearing  s tress  is m ax im um  at the  

m iddle  o f  th e  sides and ze ro  at th e  c o rn e rs  o f  the  c ro ss  section .

1.3 Objective o f  the study

T he  objective o f  this study is to develop finite e lem ent m odels  fo r  different spec im en s  

used and p e rfo rm  the  analysis on th e  s tress  d is tr ibu tions tha t result w hen  they are  sub jec ted  

to  to rs io n  and  c o m p a re  the  resu lts  w ith  the  experim enta l re su lts  o b ta in ed  by N o rm a  Elia 

R am os. T h e  first m odel is a solid bar w ith  rec tan g u la r  c ro s s  sec tion  and the  rem ain ing  are 

tw o  equal dim ensioned bars with rectangular cross section jo in e d  to g e th e r  by  different m eans. 

T he  widely available comm ercial finite e lem ent so ftw are , A L G O R  is used  fo r  p e rfo rm in g  the 

stress analysis o f  the  m odels. T y p e  5 (B rick  E lem en ts)  availab le  in the  A L G O R  have been 

u se d  fo r  m odeling . T h e  s tress  d is tr ibu tions  o f  th e  d ifferen t specim ens a re  a lso  c o m p a red  

graphically to  see any similarities so tha t any one  o f  th e  jo in e d  shafts can  su b s ti tu te  the  solid 

shaft in th e  in te res t  o f  m ateria l sav ing  fo r  m anufac tu r ing  pu rp oses .
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