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Consider a beam AB of length L simply supported at the ends A and B and carrying 

apoint load W at its middle point C. 

 

FirsttofindthereactionforceatAandBas𝑅𝐴and𝑅𝐵bythetwostepsarefollowed. 

Step1: Take moment about A = 0≫ 𝑅𝐵 xL–Wx 
2 

= 0≫𝑅𝐵 =
𝖶 

2 

Step2:Sumofupwardforce=Sumofdownwardforce≫𝑅𝐴+𝑅𝐵=W 

then𝑅𝐴 = W -𝑅𝐵 ≫𝑅𝐴 =W-𝖶 
2 

=
𝖶 

2 

Hence𝑅𝐴 =𝑅𝐵 =
𝖶 

2 

TakeasectionXatadistancexfromtheendBbetweenBandC.Herewehave consider the right 

portion of the beam section. 

Let𝐹𝑥=ShearforceatX and 𝑀𝑥=BendingmomentatX 

ShearForceCalculation: 

TheshearforceatXwillbeequaltotheresultantforceactingontherightofthe 

portionofthesection.Buttheresultantforceontherightportionis 𝑅𝐵 =𝖶actingupward. 
2 

HencetheshearforceatXispositiveanditsmagnitudeis𝖶. 
2 

2.3.SHEARFORCEANDBENDINGMOMENTDIAGRAMFORASIMPLY SUPPORTED 

BEAM WITH CENTRAL POINT LOAD 
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∴ Shear force at X, =+𝖶 
2 

HencetheshearforcebetweenBandCisconstantandequalto+𝖶 
2 

Now consider anysection X between C and A at a distance x from end B. The resultant 

force on the right portion will be, 

∴ Shear force at X between B and C, =+𝖶 
2 

- W= -𝖶 
2 

AtthesectionCtheshearforceissameas-𝖶 
2 

ShearForceDiagram: 

WhenthepointloadactingonthebeamisindicatedinShearforcediagramasan 

verticalline.Theshearforcediagramshowninfig. 

BendingmomentCalculation: 

The bending moment at anysection between B and C at a distance x from the end B, is 

given by 

Thebending moment willbe positiveas fortheright portionof the section,the moment of 

the load at x is anti-clockwise about the section. 

ThebendingmomentatthesectionXisgivenby 

𝑀𝑥 =(totalloadonrightportion)x(DistanceoftheloadfromX)=𝑅𝐵xx 

=+𝖶.x 
2 

BMatB,whenx=0hence=+𝖶.0=0 
2 

BMat C,whenx=𝐿hence= +𝖶.𝐿= +𝖶.𝐿 
2 2 2 4 

From the above eqn. it is clear that B.M. at any section is proportional to the 

distancebetween B and C. This follows a straight line law. 

The bending moment at any section between C an A at a distance x from the end B, 

isgiven by 

BM at X, at a distancex =𝑀=𝑅x x -W(𝑥−
𝐿
)= +𝖶. x-W(𝑥−

𝐿
) 

𝑥 𝐵 2 2 2 

𝑀=
𝖶𝐿

−
𝖶𝑥 

𝑥 2 2 

BMatC,when x =𝐿hence= +𝖶𝐿−
𝖶
 .

𝐿
=+ 

𝖶.𝐿 

2 2 2 2 4 

BMat A,whenx=𝐿hence= +𝖶𝐿−
𝖶𝐿

= 0 
2 2 

Hencebending momentatCis+𝖶.𝐿anditdecreasestozero atA. 
4 

BendingmomentDiagram: 



ROHINICOLLEGEOFENGINEERING&TECHNOLOGY 

CE3491STRENGTHOFMATERIALS 

 

 

 

WhenpointloadactingonthebeamisindicatedinBendingMomentdiagramasan 

inclinedline.TheBendingMomentdiagramshowninfig. 

Problem 2.3.1: A simply supported beam of length 6m, carries point load of 3kN and 6kN of 

2m and 4m from the left end. Draw the SF and BM diagrams for the beam. 

GivenData:showninfigure. To 

find: SFD and BMD Solution: 

FindthereactionatAandBas𝑅𝐴and𝑅𝐵 

Step1:TakemomentaboutAisequaltozero 

𝑅𝐵x6–(6x4)–(3x2)= 0≫𝑅𝐵x6=(6x4)+(3 x2)/6 ≫𝑅𝐵=5kN 

Step2:Sumofupwardforce=Sumofdownwardforce 

𝑅𝐴+𝑅𝐵=6+3 ≫𝑅𝐴=9-𝑅𝐵 ≫𝑅𝐴=9-5=4kN 

ShearForceCalculation:(Sumofverticalforces) SF at 

B = - 𝑅𝐵= - 5 kN 

SFatC=-5+6=+1kN 

SFatD=- 5+6+ 3=+4kN 

SFatA=- 5+6+ 3=+4kN 

ShearForceDiagram: 

Vertical downward point load are drawn as upward vertical line 

Verticalupwardreactionforcearedrawnasdownwardverticalline. No 

load are drawn as horizontal line. 
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BendingmomentCalculation:[Sumof(VerticalforcexDistanceofloadactingfromrequired 

section)] 

BMatB= +(𝑅𝐵x0)=0 kNm 

BMatC= +(5x2)–(6x0)=+10kN 

BMatD= +(5x4) –(6 x2)–(3x 0)=+8 kN 

BMatA= +(5x6)–(6 x4)–(3x 2)=0kN 

BendingmomentDiagram: 

Verticaldownwardpointloadaredrawnasinclinedlinebasedontheirsign. 

Result:TheSFDandBMDaredrawnasshowninfig. 
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ConsiderabeamABoflengthLSimplySupportedattheendAandcarryinga uniformly 

distributed load of w per unit length over the entire length of the beam. 

 

FirsttofindthereactionforceatAandBas𝑅𝐴and𝑅𝐵bythetwostepsarefollowed. 

Step1: Take moment about A = 0≫ 𝑅𝐵 xL–w.L x 𝐿 
2 

= 0 ≫𝑅𝐵 =
𝖶𝐿 

2 

Step2:Sumofupwardforce=Sumofdownwardforce≫𝑅𝐴+𝑅𝐵=W.L 

then𝑅𝐴 = W.L -𝑅𝐵 ≫𝑅𝐴 = W.L -𝖶𝐿 
2 

=
𝖶𝐿 

2 

Hence𝑅𝐴 =𝑅𝐵 =
𝖶𝐿 

2 

TakeasectionXatadistancexfromtheendB,betweenBandC.Herewehave consider the right 

portion of the beam section. 

Let𝐹𝑥=ShearforceatX and 𝑀𝑥=BendingmomentatX 

ShearForceCalculation: 

TheshearforceatXwillbeequaltotheresultantforceactingontherightofthe 

portionofthesection.Buttheresultantforceontherightportionis𝑅𝐵 =𝖶𝐿actingupwardand 
2 

downwardUDLas W.x. 

∴ShearforceatX,=-𝑅𝐵+w.x 

2.3.2.SHEARFORCEANDBENDINGMOMENTDIAGRAMFORASIMPLY 

SUPPORTED BEAM WITH UNIFORMLY DISTRIBUTED LOAD 
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. 

𝑥 

2 

 

𝐹𝑥 = −
𝖶𝐿

+w. x 
2 

Theaboveequationshowsthattheshearforcefollowsastraightline law. 

SFatB, when x=0hence= -𝖶𝐿 +w.0=-𝖶𝐿 
2 2 

SFat C,when x =𝐿hence =-𝖶𝐿+ w.𝐿=0 
2 2 2 

SFatA, when x=Lhence= -𝖶𝐿 +w.L=+𝖶𝐿 
2 2 

ShearForceDiagram: 

WhenanUDLactingonthebeamisindicatedinShearforcediagramasaninclined line. The 

shear force diagram shown in fig. 

BendingmomentCalculation: 

The bending moment at anysection between B and C at a distance x from the end B, is 

given by 

Thebending moment willbe positiveas fortheright portionof the section,the moment of 

the load at x is anti-clockwise about the section. 

ThebendingmomentatthesectionXisgivenby 

𝑀𝑥 =(totalloadonrightportion)x(DistanceoftheloadfromX) 

=+𝑅𝐵xx–w.x. = 
𝖶𝐿 

2 
.𝑥− 

w.𝑥2 
 

 

2 

From the above eqn. it is clear that B.M. at any section is proportional to the square of 

the distance from the free end. This follows a parabolic law. 

BM at B, when x = 0 hence = +
𝖶𝐿

 
2 

.0−
w.02

=0 
2 

BM at C, when x = 𝐿hence = + 
𝖶𝐿

 

𝐿2 

𝐿 w.() 

− 2 

 

= +
𝖶𝐿2 

2 2 2 2 8 

BM at A, when x = L hence = +
𝖶𝐿

 
2 

.𝐿−
w.𝐿2

=0 
2 

ThemaximumB.M.occursatthecentreofthebeam,whereS.F.becomeszeroafter changing its 

sign. 

BendingmomentDiagram: 

WhenanUDLactingonthebeamisindicatedinBendingMomentdiagramasan 

paraboliccurvedline.TheBendingMomentdiagramshowninfig. 

 

 

Problem 2.3.3: A beam of 8m span simply supported at its end carries loads of 2kN and 5kN 

atadistanceof3mand6mfromrightsupportrespectively.Inadditionthebeamcarriesa 
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UDL of 4kN/m for its entire length. Draw the shear force and bending moment diagram. Also 

find the maximum bending moment. 

GivenData:showninfigure. 

Tofind:SFDandBMD,Max.BM 

Solution: 

FindthereactionatAandBas𝑅𝐴and𝑅𝐵 

Step1:TakemomentaboutAisequaltozero 

ForUDL,itwillbeconvertedintopointloadas(Pointload=UDLxloadacting distance) and the 

converted point load acting at its middle means divided by 2 

𝑅𝐵 

 
𝑅 

x8–(2x5)–(5x2)–[(4x8)x8]=0 
2 

x8=(2x5)+(5x 2)+[(4x8)x 8] ≫𝑅 

 

 
=18.5kN 

𝐵 2 𝐵 

Step2:Sumofupwardforce=Sumofdownwardforce 

𝑅𝐴+𝑅𝐵=2+5+(4x8) ≫𝑅𝐴=39-𝑅𝐵≫𝑅𝐴=39–18.5=20.5kN 

ShearForceCalculation:(Sumofverticalforces) 

ForUDL,itwillbeconvertedintopointloadas(Pointload=UDLxloadacting distance) and the 

converted point load acting at its middle means divided by 2 

SFatB=-𝑅𝐵=-18.5kN 

When point load and UDL acting at a particular point, first we have not consider Point 

Load and next consider point load to find shear force 

SFatC=- 18.5+(4x3)=-6.5kN (WithoutconsiderPL) 

SF at C = - 18.5 + 2 + (4 x 3) = - 4.5 kN (With consider PL)SF 

at D = - 18.5 + 2 + (4 x 6) = + 4.5 kN (WithoutconsiderPL) 

SF at D = - 18.5 + 2 + 5 + (4 x 6) = + 12.5 kN (With consider PL) 



ROHINICOLLEGEOFENGINEERING&TECHNOLOGY 

SFatA=- 18.5+ 2+ 5+(4x8)= +20.5 kN 

CE3491STRENGTHOFMATERIALS 

 

 

 

 

 

ShearForceDiagram: 

Verticaldownwardpointloadaredrawnasverticallinebasedonsign 

Vertical downward UDL are drawn as inclined line based on sign 

BendingmomentCalculation:[Sumof(VerticalforcexDistanceofloadactingfrom required 

section)] 

ForUDL,itwillconvertintopointloadandthatPLactatitsmiddle. BM at B 

= +(18.5 x 0) = 0 kNm 

BMatC= +(18.5x3)-(2x0)-[(4x3)x3]=+37.5kNm 
2 

BMatD=+(18.5 x6)–(2x3)– (5x0)–[(4x6)x6]=+33kNm 
2 

BMatA= +(18.5 x8)–(2x5)–(5x2) –[(4x8)x8]=0kNm 
2 

BendingmomentDiagram: 

VerticaldownwardPLaredrawnasinclinedlineandUDLaredrawnasparabolic curved line 

based on their sign. 

CalculateMaximumBendingMoment: 
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2.3.4.SHEARFORCEANDBENDINGMOMENTDIAGRAMFORASIMPLY 

SUPPORTED BEAM WITH UNIFORMLY VARYING LOAD 

The maximum BM will occur where the shear force becomes zero. Let us take a pointX 

at a distance of x from B where SF become zero is shown in fig. 

SFatX=- 𝑅𝐵+2+(4xx)=0 ≫-18.5+2+4.x= 0 ≫x=4.125m 

Method 2 

Distancex=distance BC+( 

=3+(
4.5

) 
4 

VerticalHeightofparticularTriangle
) 

UDL 

=3+1.125=4.125m 

BMatX=+(18.5x4.125) –[2x(4.125-3)]-[(4x4.125)x4.125]=40.03kNm 
2 

Result: 

TheSFDandBMDaredrawnasshowninfig. 

MaximumBM=40.03kNmactingatadistanceof 4.125mfromrightsupport. 
 

Case1:UVLfromzeroateachendtow perunitlengthatthecentre 

A beam beam of length L simply supported at the ends A and B and carrying a 

uniformly varying load from zero at each end to w per unit length at the centre. The reactions 

at the supports will be equal and their magnitude will be half the total load on the entire length 

as the load is symmetrical on the beam. 

Totalloadonthebeam=AreaoftriangleABC 

=1xABxCO=1xL xw=w.𝐿 

 
∴Reactionforces𝑅 

2 

=𝑅 
 

= 
1
x

w.𝐿 
  

2 2 

= 
w.𝐿 

 

𝐴 𝐵 2 2 4 

TakeasectionXatadistancexfromtheendB,betweenBandC.Herewehave considered the 

right portion of the beam section. 
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ShearForceCalculation: 

Let us firstfind the rateofloading atthe section X.The rateofloadingis zero at 

Bandis‘w’permeterrunatC.Thismeansthatrateofloadingforalength𝐿iswperunit 
2 

length.  

 
Hencerateof loadingforalength ofx=wxxperunitlength.≫DX=2w.x 

  

𝐿 𝐿 
2 

 

𝐵𝑋 
[
𝐿 

= 

2 

𝐷𝑋 
≫𝐷𝑋= 

𝑤 

𝑥.𝑤 

𝐿 
= 

2 

2.𝑤.𝑥 
] 

𝐿 

NowloadonthelengthAXofthebeam=AreaofloaddiagramBXD 

=1x 𝑆𝑋x 𝐷𝑋=1x 𝑥x
2w

. x=w. 𝑥2 
2 2 𝐿 𝐿 

Thisloadisactingatadistanceof𝑥 
3 

fromXor2𝑥fromB. 
3 

TheshearforceatthesectionXatadistancexfromfreeendisgivenby 

𝐹𝑥 =-𝑅𝐵+loadonthelength BX 

=-
w.𝐿

+
w

.𝑥2
 

4 𝐿 
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Theaboveeqn.showsthattheSFvariesaccordingtotheparaboliclawbetweenBand 

C. 

SFatB,when x=0hence = =-w.𝐿+
w

. 02= -w.𝐿 
4 𝐿 4 

2 

SFatC,whenx=𝐿hence==-w.𝐿+
w

.(
𝐿
)=-w.𝐿+

w.𝐿
=0 

2 4 𝐿 2 4 4 

SF at A, when x = L hence = +𝑅𝐴 =+
w.𝐿 

4 

ShearForceDiagram: 

When an UVL acting on the beam is indicated in Shear force diagram as an 

paraboliccurve line. The shear force diagram shown in fig. 

BendingmomentCalculation: 

Thebendingmomentatbothendbecomezero. 

Thebending moment willbe positiveas fortheright portionof the section,the moment of 

the load at x is anti-clockwise about the section. 

ThebendingmomentatXatadistanceofxfromBisgivenby, 
 

𝑀𝑥 = +𝑅𝐵 xx–loadof lengthAX.𝑥 
3 

=
w.𝐿 .𝑥-w. 𝑥2.𝑥 =

w.𝐿 .𝑥-w.𝑥3 
4 𝐿 3 4 3𝐿 

Fromtheabove eqn. itisclearthatB.M.atanysection isproportionaltothecube of the distance 

from the free end. This follows a cubic law. 

BM at B, when x = 0 hence = +w.𝐿 
4 

.0-w.03=0 
3𝐿 

BMatC,whenx= 𝐿hence=+ 
2 

w.𝐿

4 
.
𝐿
- 

2 

w

3𝐿 
.(

𝐿
) 
2 

=+𝖶𝐿
2

- 
8 

𝖶𝐿2

24 
= +

𝖶𝐿2 

12 

ThemaximumB.M.occursatthecentreofthebeam,whereS.F.becomeszeroafter changing its 

sign. 

∴MaximumB.M.isatC,= 

BendingmomentDiagram: 

w𝐿2

12 

When an UVL acting on the beam is indicated in Bending Moment diagram as a cubic 

curved line. The Bending Moment diagram shown in fig. 

Problem 2.3.5:The intensity of loading on a simply supported beam of 4m span increases 

graduallyfrom30 kN/mrun at one end to 130 kN/mrun at the other end. Draw the shear force 

and Bending Moment diagram. Also find the maximum BM. 

GivenData: 

showninfigure. 

3 
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Tofind: 

SFDandBMD,Max.BM 

Solution: 

The load will be consider as (i)UDL of 30kN/m run throughout the span. (ii) 

UVL which is zero at the right end B and increase to 100kN/m run at left end A. 

FindthereactionatAandBas𝑅𝐴and𝑅𝐵 

Step1:TakemomentaboutAisequaltozero 

ForUDL,itwillbeconvertedintopointloadas(Pointload=UDLxloadacting distance) and the 

converted point load acting at its middle means divided by 2. 

ForUVL,itwillbeconvertedintopointloadas(Pointload=Areaoftriangle=1x 
2 

UVLxloadactingdistance)andtheconvertedpointloadactingdistanceatits𝑙 
3 

fromthe 

higherload end. 

𝑅x4–[(30x 4)x4]–[(1x 4x100)x4]= 0 
𝐵 2 2 3 

𝑅x4 =[(30x4)x4]+[(1 x4x100)x4] ≫𝑅 =126.67 kN 
𝐵 2 2 3 𝐵 

Step2:Sumofupwardforce=Sumofdownwardforce 
 

𝑅𝐴 +𝑅𝐵 =(30x4) +(1 
2 

x 4 x 100) ≫𝑅𝐴 =320- 𝑅𝐵 

≫𝑅𝐴=320–126.67=193.33 kN 
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ShearForceCalculation:(Sumofverticalforces) SF at 

B = - 𝑅𝐵= - 126.67kN 

1 
SFatA=-126.67+(30x4)+(  

2 

ShearForceDiagram: 

x4x100)= +193.33kN 

Verticalupwardreactionloadaredrawnasverticallinebasedonsign 

Downward UVL are drawn as parabolic curved line based on sign 

BendingmomentCalculation:[Sumof(VerticalforcexDistanceofloadactingfrom required 

section)] 

BMatBothendBandAbecomeZero. 

BendingmomentDiagram: 

VerticaldownwardPLaredrawnasinclinedlineandUDLaredrawnasparabolic curved line 

based on their sign. 

CalculateMaximumBendingMoment: 
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The maximum BM will occur where the shear force becomes zero. Let us take a pointX 

at a distance of x from B where SF become zero is shown in fig. 

SF at X= -𝑅𝐵 +(30xx) +(1 
2 

xxxFG)=0≫ 

TherateofloadingFGiscalculatebythesimilar ∆𝑙𝑒CDEandCFG 

𝐹𝐺
=

𝐶𝐺 ≫FG =𝐶𝐺x𝐷𝐸 ≫FG =𝑥x 100 ≫FG=25x 
𝐷𝐸 𝐶𝐷 𝐶𝐷 4 

SubstitutetheFGvalueinshearforceatXwhichgives 

=-126.67+30.x+(1 
2 

xxx25x)=0 

 

 

Thenx= 

12.5𝑥2+ 30 x – 126.67= 0 
 

−30±√302−4x12.5x−126.67 
 

2x12.5 

 

 

=2.2m(neglectthe–ve value) 

ThenBMatX=+(126.67 x2.2)–[(30x2.2)x 2.2]-[(1x2.2x100)x2.2] 

= 161.7kNm 

2 2 3 

Result: TheSFDandBMDaredrawnasshowninfig. 

MaximumBM=161.7kNmactingatadistanceof 2.2mfromrightsupport. 


