
Shear Force and Bending Moment 

 Shear Force:  is the algebraic sum of the 
vertical forces acting to the left or right of 
a cut section along the span of the beam 

 

 Bending Moment:  is the algebraic sum of 
the moment of the forces to the left or to 
the right of the section taken about the 
section  
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SFD & BMD Simply Supported BeamsSFD & BMD Simply Supported Beams  



Longitudinal strain Longitudinal strain 
Longitudinal stressLongitudinal stress  

Location of neutral surface Location of neutral surface 
MomentMoment--curvature equationcurvature equation        



 It is important to distinguish It is important to distinguish 
between pure bending and between pure bending and 
nonnon--uniform bending.  uniform bending.    

  

 Pure bending is the Pure bending is the 
deformation of the beam under deformation of the beam under 
a constant bending moment.  a constant bending moment.  
Therefore, pure bending Therefore, pure bending 
occurs only in regions of a occurs only in regions of a 
beam where the shear force is beam where the shear force is 
zero, because V  = dM/dx.  zero, because V  = dM/dx.    

  

 NonNon--uniform bending is uniform bending is 
deformation in the presence of deformation in the presence of 
shear forces, and bending shear forces, and bending 
moment changes along the axis moment changes along the axis 
of the beam.of the beam.  

Bending of BeamsBending of Beams  



 Causes compression on one face and tension on Causes compression on one face and tension on 
the otherthe other  

  

 Causes the beam to deflectCauses the beam to deflect  

How much deflectionHow much deflection??  

How much How much 
compressive stresscompressive stress??  

How much How much   
tensile stresstensile stress??  

What the Bending Moment does to the BeamWhat the Bending Moment does to the Beam  



   It depends on the beam crossIt depends on the beam cross--sectionsection  

how big & what shapehow big & what shape??    

is the section we are using as a beamis the section we are using as a beam  

  We need some particular properties of the sectionWe need some particular properties of the section  

How to Calculate the Bending StressHow to Calculate the Bending Stress  



Pure BendingPure Bending  

PurePure  BendingBending::    PrismaticPrismatic  membersmembers  
subjectedsubjected  toto  equalequal  andand  oppositeopposite  couplescouples  
actingacting  inin  thethe  samesame  longitudinallongitudinal  planeplane  



Symmetric Member in Pure BendingSymmetric Member in Pure Bending  













MdAyM

dAzM

dAF

xz

xy

xx







0

0

 TheseThese  requirementsrequirements  maymay  bebe  appliedapplied  toto  thethe  sumssums  
ofof  thethe  componentscomponents  andand  momentsmoments  ofof  thethe  
staticallystatically  indeterminateindeterminate  elementaryelementary  internalinternal  
forcesforces..  

 InternalInternal  forcesforces  inin  anyany  crosscross  sectionsection  areare  
equivalentequivalent  toto  aa  couplecouple..    TheThe  momentmoment  ofof  thethe  
couplecouple  isis  thethe  sectionsection  bendingbending  momentmoment..  

 FromFrom  statics,statics,  aa  couplecouple  MM  consistsconsists  ofof  twotwo  equalequal  
andand  oppositeopposite  forcesforces..  

 TheThe  sumsum  ofof  thethe  componentscomponents  ofof  thethe  forcesforces  inin  anyany  
directiondirection  isis  zerozero..  

 TheThe  momentmoment  isis  thethe  samesame  aboutabout  anyany  axisaxis  
perpendicularperpendicular  toto  thethe  planeplane  ofof  thethe  couplecouple  andand  
zerozero  aboutabout  anyany  axisaxis  containedcontained  inin  thethe  planeplane..  



Bending DeformationsBending Deformations  

BeamBeam  withwith  aa  planeplane  ofof  symmetrysymmetry  inin  
purepure  bendingbending::  

 bendsbends  uniformlyuniformly  toto  formform  aa  circularcircular  arcarc  

 crosscross--sectionalsectional  planeplane  passespasses  throughthrough  arcarc  centercenter  
andand  remainsremains  planarplanar  

 lengthlength  ofof  toptop  decreasesdecreases  andand  lengthlength  ofof  bottombottom  
increasesincreases  

 aa  neutralneutral  surfacesurface  mustmust  existexist  thatthat  isis  parallelparallel  toto  
thethe  upperupper  andand  lowerlower  surfacessurfaces  andand  forfor  whichwhich  thethe  
lengthlength  doesdoes  notnot  changechange  

 stressesstresses  andand  strainsstrains  areare  negativenegative  (compressive)(compressive)  
aboveabove  thethe  neutralneutral  planeplane  andand  positivepositive  (tension)(tension)  
belowbelow  itit  

member remains symmetricmember remains symmetric  



Strain Due to BendingStrain Due to Bending  

Consider a beam segment of length Consider a beam segment of length LL..  

After deformation, the length of the neutral After deformation, the length of the neutral 
surface remains surface remains LL.  At other sections,.  At other sections,  

maximum strain maximum strain 
in a cross sectionin a cross section  

eexx  <<  0   0         shorteningshortening            compression (compression (y>y>0, 0, k k <0)<0)  
eexx  >>  0   0         elongationelongation            tension (tension (y<y<0, 0, kk  >0)>0)  
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Curvature Curvature   

AA  smallsmall  radiusradius  
ofof  curvature,curvature,  ,,  
impliesimplies  largelarge  
curvaturecurvature  ofof  thethe  
beam,beam,  ,,  andand  
vicevice  versaversa..    InIn  
mostmost  casescases  ofof  
interest,interest,  thethe  
curvaturecurvature  isis  
small,small,  andand  wewe  
cancan  approximaapproxima--
tete  ddssddxx..  

qq  q+q+ddqq  

q+q+ddqq  

qq  

ddqq  



Stress Due to BendingStress Due to Bending  
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ForFor  staticstatic  equilibrium,equilibrium,  
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FirstFirst  momentmoment  withwith  respectrespect  toto  
neutralneutral  planeplane  ((zz--axis)axis)  isis  zerozero..    
Therefore,Therefore,  thethe  neutralneutral  surfacesurface  
mustmust  passpass  throughthrough  thethe  sectionsection  
centroidcentroid..  

maximum stress maximum stress 
in a cross sectionin a cross section  
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  is the is the ‘‘second second 
moment of area’moment of area’    

  The moment of the resultant of the stresses The moment of the resultant of the stresses dFdF  about the N.A.: about the N.A.:   
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MomentMoment--curvature relationshipcurvature relationship  



Deformation of a Beam Under Deformation of a Beam Under 
Transverse LoadingTransverse Loading  

 RelationshipRelationship  betweenbetween  bendingbending  momentmoment  
andand  curvaturecurvature  forfor  purepure  bendingbending  remainsremains  
validvalid  forfor  generalgeneral  transversetransverse  loadingsloadings..  
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 CantileverCantilever  beambeam  subjectedsubjected  toto  concentratedconcentrated  
loadload  atat  thethe  freefree  end,end,  
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tension: stretchedtension: stretched  

compressioncompression  

neutralneutral  “plane”“plane”  

elasticelastic  curvecurve  

TheThe  deflectiondeflection  diagramdiagram  
ofof  thethe  longitudinallongitudinal  axisaxis  
thatthat  passespasses  throughthrough  thethe  
centroidcentroid  ofof  eacheach  crosscross--
sectionalsectional  areaarea  ofof  thethe  
beambeam  isis  calledcalled  thethe  
elasticelastic  curve,curve,  whichwhich  isis  
characterizedcharacterized  byby  thethe  
deflectiondeflection  andand  slopeslope  
alongalong  thethe  curvecurve..  

Elastic CurveElastic Curve  



MomentMoment--curvature relationship: Sign conventioncurvature relationship: Sign convention  

Maximum curvature occurs where the moment magnitude is a maximum.Maximum curvature occurs where the moment magnitude is a maximum.  



Deformations in a Transverse Cross SectionDeformations in a Transverse Cross Section  

DeformationDeformation  duedue  toto  bendingbending  momentmoment  MM  isis  
quantifiedquantified  byby  thethe  curvaturecurvature  ofof  thethe  neutralneutral  surfacesurface  
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 AlthoughAlthough  crosscross  sectionalsectional  planesplanes  remainremain  planarplanar  
whenwhen  subjectedsubjected  toto  bendingbending  moments,moments,  inin--planeplane  
deformationsdeformations  areare  nonzero,nonzero,  
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 ExpansionExpansion  aboveabove  thethe  neutralneutral  surfacesurface  andand  
contractioncontraction  belowbelow  itit  causescauses  anan  inin--planeplane  curvature,curvature,  
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