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1 Working stress method (WSM) 
1.1 Objectives of design and detailing. State the different methods of design of 

concrete structures 

1.2 Introduction to reinforced concrete, R.C. sections their behavior, grades of 

concrete and steel. Permissible stresses, assumption in W.S.M. 

1.3 Flexural design and analysis of single reinforced sections from first principles. 

1.4 Concept of under reinforced, over reinforced and balanced sections. 

1.5 Advantages and disadvantages of WSM, reasons for its obsolescence. 

 

WORKINGSTRESSMETHOD 
 

Objectiveofdesignanddetailing: 
 

Everystructuremustbedesignedtosatisfythreebasic requirements; 
 

 Stability toprevent overturning,slidingorbucklingofthestructure,orpartsofit,undertheactionofload. 

 Strengthstoresistsafelythestressesinducedbytheloadsinthevariousstructuralmembers. 

 Serviceabilitytoensuresatisfactoryperformanceunderserviceloadcondition.Serviceabilityincludes 

two parameters i.e deflection and cracking. The deflection should be limited to ensure thebetter 

appearance of the structure and to prevent cracking. The cracking of the reinforced 

concreteshouldnotbeexcessivetoensurebetterappearanceandalsotopreventtheaccessofwaterfromcracks

whichmaycorrodethereinforcement. 

Therearetwootherconsiderationsthatasensibledesigneroughttobearinmind,viz.economyandaesthetics. 

Differentmethodsofdesign: 

(a) Workingstress method: 

 Theearliestcodifieddesignphilosophyis that ofworking stressmethodofdesign(WSM). 

 Close to a hundred years old, this traditional method of design, based on linear elastic theory 

isstillsurvivinginanumberof countries. 

 In WSM it is assumed that structural material e.g. concrete and steel behave in linearly 

elasticmannerand adequate safety can be ensured by restricting the stresses in thematerial 

inducedbyworkingloads(serviceloads)onthestructure. 

 As the specified permissible (allowable) stresses are kept well below the material strength, 

theassumptionof linearelastic behaviorconsideredjustifiable. 

 The ratio of the strength ofthe material to the permissible stress is often referred to as thefactor 

of safety. 



 

(b) Ultimateloadmethod: 

 Inthismethodtheinelasticbehaviorofconcreteistakenintoaccountandthereforereservestrengthofco

ncretecanbeusedleadingtothe economicaldesign. 

 Indesign,theloadsonthestructureareincreasedbysuitableloadfactorandthestructureisloadedwithth

eseincreasedloadscalledultimateload. 

 Formaterial(steelandconcrete)theultimatebehavioris takenintoaccount. 

 Theultimateloadmethodleadsthedesignertoeconomybutatthesametime,tovery 

slendersection,largerdeflectionandlargercrackwidthinconcrete. 

 

(c) Limitstatemethod: 

 
 

 In this method the design based on limit state concept, the structure shall be designed to 

withstandsafelyallloadsliabletoactonitthroughoutitslife. 

 It shall also satisfy the serviceability requirement such as prevention of excessive deflection 

andcracking. 

 WSM gives satisfactory performance of the structure at working loads and it is unrealistic 

atultimatestateofcollapse. 

 ULM provides realistic assessment of safety but it does not guarantee the satisfactory 

serviceabilityrequirementatservice load. 

 The acceptable limit for the safety and serviceability requirement before failure occurs is 

called“limitstate” 

 The aim of the design is to achieve acceptable probabilities that the structure will not become 

unfitfor the use for which it is intended, that means it will not reach a limit state. For ensuring the 

aboveobjective,variouspartialfactorof safetyareemployedinthelimitstatedesign. 

 The design values are obtained from the characteristic values through the use of partial factor 

ofsafety.Designloadsareobtainedbymultiplyingapartialfactorofsafetyforloadswithcharacteristic load 

and in a similar manner the design strength of material are obtained by 

dividingthecharacteristicstrengthwithrespectivepartialfactor of safetyformaterials. 

 

 
Reinforcedcementconcrete: 

 Itisacombinationof concreteandsteeltobuildastructureinsteadof usingonlyconcrete. 

 Concreteisgoodinresistingcompressionbutisweakinresistingtension. 

 Ontheotherhandsteelhashightensilestrengthandthebondbetweenconcreteandsteelisgood. 

 Toovercomethedrawbackof concrete,steelbarsareusedalongwithconcrete.



 

       Gradesofconcrete: 

 Thepropertiesofconcretevarysomuch 

withcompositionandmethodofmixingthereforedifferenttypesof concretecanbeobtained. 

 Concretemixes havebeenclassifiedintovariousgrades bytheIndianStandardInstitution. 
 

Types of concrete Grade designation Characteristic compressive strength at 

28days in N/mm
2
 

Normal strength   
concrete 

 

M5 5 

M10 10 

M15 15 

Standard  concrete 

 

M20 20 

M25 25 

M30 30 

High strength concrete M35 onwards 35 onwards 

 InthisdesignationMreferstomixandthenumberrepresentsthecharacteristiccompressive 

strengthofcubeat28 daysexpressed inN/mm2 

 Characteristicstrengthisdefinedasthestrengthofthematerialbelowwhichnotmorethan5%ofthetestresul

tsareexpectedtofall. 

 
Advantagesofreinforcedcementconcrete: 

 ReinforcedCementConcretehas goodcompressivestrength(becauseofconcrete). 

 RCCalsohashightensilestrength(becauseofsteel). 

 Ithas goodresistancetodamagebyfireandweathering(becauseofconcrete). 

 RCCprotectssteel barsfrombucklingandtwistingatthehightemperature 

 RCCpreventssteelfromrusting 

 Reinforced Concreteisdurable 

 Themonolithiccharacterofreinforcedconcretegivesitmorerigidity. 

 MaintenancecostofRCCispracticallynil. 

 

Conceptofunder,balancedandoverreinforcedbeamsection: 

Underreinforcedsection: 

 Insomecasesalargersectionprovidedthanrequiredforabalancedsection.Inotherwords,asmallerarea 

ofsteelisprovidedthanrequiredforabalancedsection. 

 Inthiscaseatsomevalueofloads,thestressinsteelwillreachatitspermissibleordesignvalueandfailswh

ileconcretestressislessthanitspermissiblevalue. 

 Thefailureinthiscaseisatensionorductilefailure. 



 

 

Balancedreinforcedsection: 

 In this type of design, the section is so proportioned that the steel and concrete both reach 

theirmaximumvalues ofstressatthesametime.Thusatsomevalueofloadboththematerial 

willfailatthesametime. 

Overreinforced: 

 Inthiscasesteelareaprovidedis morethanthearearequiredforabalancedsection. 

 Atsomevalueofloadthestressinconcretewillreachatitspermissiblevalueandfailswhilestress 

insteelislessthanitspermissiblevalue. 

 Thefailureinthiscaseiscalledcompressionfailureandthereforeit willbeabrittlefailure. 

 

Workingstressmethod: 

Assumptions: 

Theanalysisanddesignof aRCCmemberarebasedonthefollowingassumptions 

 Concreteisassumedtobehomogeneous 

 At anycrosssection,planesections beforebendingremain planeafterbending. 

 Thestress-strainrelationshipforconcreteisastraightline,underworkingloads 

 Thestress-strainrelationshipforsteelis astraightline,underworkingloads 

 Concreteareaontensionsideisassumedtobeineffective 

 Alltensile 

stressesaretakenupbyreinforcementsandnonebyconcreteexceptwhenspeciallypermitted. 

 Thesteelareaisassumedtobeconcentratedatthecentroidofthesteel. 

 The modular ratio has the value 280/3σcbcwhere σcbcis permissible stress in compression due 

tobendinginconcreteinN/mm2asspecifiedincode(IS:456-2000). 

Permissiblestresses: 

 Inworkingstress 

method,thestressesinmaterialsarenotexceededbeyondtheirpermissiblevalues. The 

permissible stresses are found by using suitable factor of safety to the materialstrength. 

 For concrete in compression in bending a factor of safety equal to 3 is considered 

oncharacteristicstrengthofconcrete. 

 Forsteelafactorofsafetyequalto1.8isconsideredonayieldstrengthofsteelintensionduetobe

nding 

 



 

d= d 

ơ𝑠𝑡 

Derivation of formula for balanced design: consider a singly reinforced beam with stress and 

straindiagramasshowninfigure. 

 
 

 

Ast,bal = reinforcement area provided for balanced 

sectionƠcbc=permissiblestressinconcreteinbendingcompress

ionƠst=permissiblestressinsteelintension 

Ec=modulusofelasticityofconcreteEst

=modulusofelasticityinsteel 

€c=straininconcreteinextremecompressionfibre=ơcbc/Ec 

€st=straininsteel=ơst/Es=ơst/mEcb=wi

dthofbeam 

d=effectivedepthwhichisdefinedasthedistancefromextremecompressionfibretothecentroido

ftensilereinforcement 

x=depthofN.Awhichisdefinedasthedistanceofneutralaxisfromextremecompressionfibre. 

z=leverarmwhichisdefinedasthedistancebetweencentroidofcompressiveforcetothecentroid

oftensileforce 

To find Neutral axis 

:Fromthestraindiagram 

𝑥𝑏𝑎𝑙  
=

ơ𝑐𝑏𝑐/𝐸𝑐
=

𝑚ơ𝑐𝑏𝑐 

𝑑−𝑥𝑏𝑎𝑙 ơ𝑠𝑡/𝐸𝑠 ơ𝑠𝑡 

Xbal = 
𝑚ơ𝑐𝑏𝑐 

𝑚ơ𝑐𝑏𝑐+ơ𝑠𝑡 

 
1 

ơ𝑠𝑡 
1+ 

𝑚ơ𝑐𝑏𝑐 

Xbal=kd 

Wherek= 1  
1+ 

𝑚ơ𝑐𝑏𝑐 

andisknownasneutralaxisconstant 
 

Tofindleverarm: 

From stress 

diagram
Z=d-

𝑥𝑏𝑎𝑙 
 

3 

=d- 𝑘𝑑=(1-𝑘)d 
3 3 

=jd 

 

 

Wheretheconstantj=(1-𝑘) 



 

3 

Andisknownasleverarmconstant 

Tofindtotalforces: 

C=totalcompressionT

=totaltension 

C=½ơcbcbxbal 

=
𝑏𝑥𝑏𝑎𝑙ơ𝑐𝑏𝑐

2 

T=ơstAst,bal 

 

Tofindmomentofresistance ofsection 

Capacityofasectiontoresist themomentis knownasits momentofresistance. 

M.R = total compressive force x lever 

armOr, 

M.R = total tensile force x lever 

armConsideringcompressiveforce 

M.R=totalcompressionxleverarm 

= (½ơcbcbxbal)jd 

=(½ơcbcbkd)jd 

= 

(½ơcbckj)bd2M

=Qbalbd2
 

Where Qbal= ½ơcbckj and is known as moment of resistance 

factorConsideringthetensileforces 

M.R=totaltensionx leverarm 

=Astbalơstjd 

steelarea=Ast=Astbal =
𝑀 

ơ𝑠𝑡j𝑑 



 

ơ𝑠𝑡 1+140 

100 

Question1 

Calculatethedesignconstantsforthefollowingmaterialconsideringthebalanceddesignf

or singly reinforced section. The materials are M20 grade concrete and mild 

steelreinforcement. 

Solution: 

For M20 grade concrete, ơcbc= 

7N/mm2ForFe250gradesteel,ơst=140N/

mm2
 

Modularratio=m=280=280=13.33 
3ơ𝑐𝑏𝑐 3×7 

Neutralaxisconstant=k= 1 = 1 
1+ 

𝑚ơ𝑐𝑏𝑐 

=0.4 

13.33×7 

Leverarmconstant=j=(1-𝑘)=(1–0.4) 
3 3 

=0.87 

M.Rconstant=Qbal=½ơcbckj=½×7×0.4×0.87 

=1.21 

Ptbal=
50ơ𝑐𝑏𝑐×𝑘

=
50×7×0.4

=1.0
 

ơ𝑠𝑡 140 

Question2 : 

Forarectangularbeamofsize250mmwidex 520 mmeffectivedepth,findoutthebalanceddepthof 

neutral axis, balanced lever arm, balanced moment of resistance and balanced steel area. 

ThematerialsareM20gradeconcreteandHYSDreinforcementofgradeFe415. 

Solution: 

b = 250 

mmd=520m

m 

ơcbc = 7 

N/mm2ơst=230N

/mm2k=0.29 

j=0.90 

Qbal=0.91 

Depthof 

neutralaxis=kd=0.29×520=150.8mmLeverarm=jd=0

.9×520=468mm 

M.Rofbalancedsection= M=Qbalbd2= 0.91×250×520×520×10-6= 61.52KNm 

Astbal=
𝑝𝑡𝑏𝑎𝑙×𝑏𝑑=

0.44×250×520
=572mm2 

100 

Question3 

A simply supported rectangular beam of 4m span carries a uniformly distributed load of 26 

KN/m .Thewidthofthebeamis 230mm.findthedepthandsteelareafor balanceddesign.UseM20 

grade concreteandmildsteelreinforcement



 

√ 

. 

Solution: 

Maximummoment M = 26×42/8 

=52Kn.m 

ForbalancedsectionQbal= 1.21 
 

Effectivedepthrequired=d= 𝑀𝑏𝑎𝑙 
𝑏Q𝑏𝑎𝑙 
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=√52×10 =432.3mm 
1.21×230 

 
Steelarea=Astbal =

𝑀 

ơ𝑠𝑡j𝑑 
= 

52×106 

140×0.87×432.3 

 
= 988mm2 

Provide5nos.of16 mmdiameterbarsgivingareaof5×201=1005mm2 

Transformedareamethod: 

 A transformed sectionis asection in which the steel areaisreplaced by an equivalent concretearea. 

 A transformed section consists of a single material, therefore, theory of simple bending can 

beapplied. 

 The transformed section may be of steel when concrete is replaced by steel or it may be of 

concretewhen steel area is replaced by concrete. It is usual to replace steel area by concrete, hence 

atransformedsectionwouldmeantoahomogenousconcretesection. 

 The actual concrete in tension zone is absent because we have assumed that concrete carry 

tensileforce. Thusalltensileforceswillbecarriedbysteel. 

 
 
 

At the centroid of steel reinforcement, the surrounding concrete being elastic and having 

perfectbondwithsteel 

Straininsteel=straininconcrete 

Let fstand fcb’ be the stresses in steel and concrete respectively at the level of centroid of 

steel.Straininconcrete=straininsteel 

ƒ𝑐𝑏 

𝐸𝑐 

=ƒ=fst=mf cb’ 
𝐸𝑠 

Nowforceinsteel= Astfst=Astmfcb’ ------------------- (1) 

Ifthissteelistobereplacedbyanequivalentconcretearea,theequivalentconcretewillcarrythesameforce 

Nowtheforceinequivalentconcrete=transformedareaxfcb’ ------------------- (2) 



 

3 

𝑥 

ƒ𝑠𝑡 

Equating(1)&(2) 

Transformedareaxfcb’=Astmfcb’Tr

ansformedarea=mAst 

To find neutral 

axis:b×x×(x/2)=mAst(

d-x)leverarm=d–(x/3) 

stressinsteelfst=   
𝑀

 
(𝑑−)𝐴𝑠𝑡 

Stressinconcrete: 

ƒ𝑐𝑏 
𝑥

 

Fromstraindiagram,𝐸𝑐= 
𝐸𝑠 

 

fcb=
ƒ𝑠𝑡  × 

𝑥   
=

ƒ𝑠𝑡×
𝑥 

𝐸𝑠/𝐸𝑐 
𝑑−𝑥 𝑚  

𝑑−𝑥 

 
 

𝑑−𝑥 

M.Rincompression=ơcbc(bx/2)(L.A) 

M.Rintension= ơstAst(LA) 

Question4: 

A rectangular beam of width 200 mm and effective depth 460 mm reinforced with 3-16mm 

diabar. The section is subjected to a characteristic moment of 30 KNm. Determine the 

maximum stressin steel and concrete. The materials are M20 grade concrete and mild steel 

reinforcement. Also findouttheM.Rofthesection. 

Solution: 

ForM20gradeconcreteandFe250m

=13.33 

transformedareaofsteel=13.33×603 

=8038mm2 

Tofindneutralaxis,takingmomentsoftransformedareaaboutN.A200×x×(x/

2) =8038(460-x) 

100x2+8038x–36987480=0 

x = 156.2mm 

leverarm=460–(156.2/3)=407.9mm 
6 

steelstress=30×10  

603×407.9 
=121.97N/mm2 

concretestress=ƒ𝑠𝑡× ==
121.97×156.2

=4.7N/mm2 

𝑚 𝑑−𝑥 13.33 303.8 

M.Rincompression=7×200×156.2×407.9×10−6=44.6KNm 
2 

M.Rintension=140×603×407.9×10−6=34.43KNm 

M.Rofthesection=34.43KNm 

Analysisofthesection: 

Type1:tofindoutthedepthofneutralaxis fora givensectionandspecifyingthetypeofbeam 



 

ơ𝑠𝑡 

 Ifthesectionandsteelareaare given,find outneutral 

axisbytakingmomentoftransformedareasaboutNeutralAxis. 

b×x×(x/2)=mAst(d-x) 

 Findout 

depthofneutralaxisforabalancedsection.x=kd

where=k= 1  
1+ 

𝑚ơ𝑐𝑏𝑐 

 Ifxact˂ xbal,,-

thebeamsectionisunderreinforced.Ifxact˃xbal, ,-

thebeamsectionisoverreinforced 

Ifxact=xbal, ,-thebeamsectionis balanced 

Type2:tofindthemomentofresistancefor agivensection 

 FindthepositionofactualandbalancedN.Aasexplainedabove. 

 Ifxact˂xbal,thebeamsectionisunderreinforcedandmomentofresistanceisgivenby 

M.R=Astơst(d–x/3) 

 Ifxact˃xbal,,thebeamsectionisoverreinforced andmomentofresistanceisgivenbyM.R 

=b×x×(ơcbc/2)(d-x/3) 

Designofthesection : 

Type–1:dimensionnotgiven 

 ThemomentofresistanceofbalancedsectionMbal=Qbalbd2.Outofthetwovariable“b”and“d”,one 

mustknowntous.Itisusualtofixthewidth(b)ofthesection. 

 Oncewidthisfixed,thedepthwillbecalculatedfromfollowingformula 
 

d=√
𝑀 

 
Q𝑏𝑎𝑙×𝑏 

 

hereM = Mbal,whereM istheappliedmoment. 

 Thenareaofsteel(Ast)willbecalculatedas perthefollowingformula 

Ast 
= 

 
𝑀ơ𝑠

𝑡×j𝑑 

Type2:dimensionsaregiven 

 AppliedmomentM,thesectiondimensionsbanddaregiven 

 DetermineMbal=Qbalbd2
 

 IfM<Mbal,thesectionis designedasunderreinforcedbeam. 

 IfM>Mbal,thesectionis designedasoverreinforcedbeam. 

 IfM=Mbal,thesectionis designedas balanced. 

Question5: 

An R.C.C beam, 300 mm wide and 460 mm effective depth is reinforced with 4 nos. of 12 mm 

diabars in tension. Find out the depth of neutral axis and type of the beam. The materials are 

M20gradeconcreteandFe415gradesteel. 

Solution: 

ForM20 gradeconcrete,m=13.33 



 

ơ𝑠𝑡 1+230 

Ast= 4×113=452mm2
 

Letxbethedepthof N.A 

Taking moment of transformed areas about 

N.Ab×x×(x/2)=mAst(d-x) 

(300/2)x2 = 13.33×452(460 - 

x)x2+40.17x–18477=0 

x=117.3mm 

depth of balanced N.A = 0.29×460 = 133.4 

mmxactual<xbal 

Thebeamis underreinforced. 

Question6: 

Find the M.R ofa beam having width 230 mm and 560 mm effective depth reinforced with 3 

nos.of 20 mm dia bar. Also state the type of the beam. The materials are M20 grade concrete 

and Fe415gradsteel. 

Solution: 

For M20 grade concrete, m = 

13.33Ast=3×314=942mm2
 

Letxbethedepthof N.A 

Taking moment of transformed areas about 

N.Ab×x×(x/2)=mAst(d-x) 

(230/2)x2 = 13.33×942(560 - 

x)x2+109.2x–61146=0 

x=198.6mm 

depth of balanced N.A =kd = 0.29×560 = 162.4 

mmxactual>xbal 

Thebeamisoverreinforcedandconcretewillfailfirst. 

M.R=b×x×(ơcbc/2)(d-x/3) 

=230×198.6×(7/2)(560–198.6/3)×10-6 

=78.95Knm 

Question7: 

Designareinforcedconcretebeamsubjectedtoabendingmomentof20Knm.UseM20Gra

de concrete and Fe 415 grade steel. Keep the width of the beam equal to half 

theeffectivedepth. 

Solution: 

ForM20gradeconcrete,m=13.33 

Neutralaxisconstant=k=1       = 1 
1+ 

𝑚ơ𝑐𝑏𝑐 

=0.29 

13.33×7 



 

Leverarmconstant=j=(1-𝑘)=(1–0.29) 
3 3 

 
Mbal=Qbalbd

2
 

=0.90 

=½ơcbckjbd2=½×7×0.29×0.90×(d/2)×d 

=0.457d3 

M=20Knm=20×106Nmm 

Mbal= M 

0.457d3=20×106 

d=353mm 

b=353/2=177mm 

steelarea=Ast=Astbal =
𝑀 

ơ𝑠𝑡j𝑑 

Ast = 
20×106 

230×0.90×353 
=273mm2 



 

2 Philosophy Of Limit State Method (LSM) 

 

2.1 Definition, Advantages of LSM over WSM, IS code suggestions regarding design 

philosophy. 

 

2.2 Types of limit states, partial safety factors for materials strength, characteristic 

strength, characteristic load, design load, loading on structure as per I.S. 875 

 

2.3 Study of I.S specification regarding spacing of reinforcement in slab, cover to 

reinforcement in slab, beam column & footing, minimum reinforcement in slab, beam & 

column, lapping, anchorage, effective span for beam & slab. 

 

PHILOSOPHYOFLIMITSTATEMETHOD 

SAFETYANDSERVICEABILITYREQUIREMENTS 
 

In the method of design based on limit state concept, the structure shall be designed 

towithstand safely all loads liable to act on it throughout its life; it shall also satisfy the 

serviceabilityrequirements,such as limitations on deflection and cracking.The acceptable limitfor 

the safetyandserviceabilityrequirementsbeforefailureoccursiscalleda‘limitstate’.Theaimofdesignisto 

achieve acceptable probabilities that the structure will not become unfit for the use for which it 

isintendedthatitwillnotreachalimitstate. 

All relevant limit states shall be considered in design to ensure an adequate degree of 

safetyand serviceability. In general, the structure shall be designed on the basis of the most critical 

limitstateandshallbecheckedforotherlimitstates. 

For ensuring the above objective, the design should be based on characteristic values 

formaterialstrengthsandappliedloads,whichtakeintoaccountthevariationsinthematerialstrengths and 

in the loads to be supported. The characteristic values should be based on statisticaldata if available; 

where such data are not available they should be based on experience. The ‘designvalues’ are 

derived from the characteristic values through the use of partial safety factors, one formaterial 

strengths and the other for loads. In the absence of special considerations these factorsshould have 

the values given in 36 according to the material, the type of loading and the limit 

statebeingconsidered. 

LimitStateofCollapse 

The limit state of collapse of the structure or part of the structure could be assessed from rupture 

ofone or more critical sections and from buckling due to elastic or plastic instability (including 

theeffects of sway where appropriate) or overturning. The resistance to bending, shear,torsion 

andaxial loads at every section shall not be less than the appropriate value at that section produced 

bythe probable most un favourable combination of loads on the structure using the appropriate 

partialsafetyfactors. 

 

LimitStateDesign 



 

For ensuring the design objectives, the design should be based on characteristic values 

formaterial strengths and applied loads (actions), which take into account the probability of 

variationsin the material strengths and in the loads to be supported. The characteristic values should 

be basedonstatisticaldata,ifavailable.Wheresuchdataisnotavailable,theyshouldbebasedonexperience. 

The design values are derived from the characteristic values through the use of partialsafety factors, 

both for material strengths and for loads. In the absence of special considerations,these factors 

should have the values given in this section according to the material, the type of 

loadandthelimitstatebeingconsidered. Thereliabilityof designisensuredbyrequiringthat 

DesignActionDesignStrength. 

 

Limit 

statesarethestatesbeyondwhichthestructurenolongersatisfiestheperformancerequirementsspecified.Theli

mitstatesareclassifiedas 

a) Limitstateofstrength 

b) Limitstateofserviceability 

a) The limit state of strength are those associated with failures (or imminent failure), under 

theactionofprobableandmostunfavorablecombinationofloadsonthestructureusingtheappropriate 

partialsafety factors, which may endangerthe safety of life and property. The limitstateof 

strengthincludes: 

 Loss ofequilibriumofthestructureasawholeoranyofitspartsorcomponents. 

 Lossofstabilityofthestructure(includingtheeffectofswaywhereappropriateandoverturning)or 

anyof itspartsincludingsupportsandfoundations. 

 Failurebyexcessivedeformation,ruptureofthestructureoranyofits partsorcomponents. 

 Fractureduetofatigue. 

 Brittlefracture. 

b) Thelimitstateofserviceabilityinclude 

 Deformation and deflections, which may adversely affect the appearance or, effective, 

useof the structure or may cause improper functioning of equipment or services or may 

causedamagestofinishesandnon-structuralmembers. 

 Vibrations in the structure or any of its components causing discomfort to people, 

damagestothestructure,itscontentsorwhichmaylimititsfunctionaleffectiveness.Specialconsid

eration shall be given to floor vibration systems susceptibleto vibration, such aslarge open 

floor areas free of partitions to ensure that such vibrations is acceptable for 

theintendeduseandoccupancy. 

 Repairabledamageduetofatigue. 

 Corrosionanddurability. 



 

LimitStatesofServiceability 

Tosatisfythelimitstateofserviceabilitythedeflectionandcrackinginthestructureshallnotbe 

excessive.Thislimitstatecorrespondstodeflectionandcracking. 

Deflection 

Thedeflectionofastructureorpart shallnot adverselyaffect theappearanceorefficiencyof 

thestructureorfinishesorpartitions. 

Cracking 

Crackingofconcreteshouldnotadverselyaffecttheappearanceordurabilityofthestructure; the 

acceptable limits of cracking would vary with the type of structure and 

environment.Theactualwidthofcrackswillvarybetweenthewidelimitsandpredictionsofabsolute 

maximumwidtharenot possible.Thesurfacewidthofcracks should notexceed0.3mm. 

In members where cracking in the tensile zone is harmful either because they are exposed to 

theeffects of the weather or continuously exposed to moisture or in contact soil or ground water, 

anupper limit of 0.2 mm is suggested for the maximum width of cracks. For particularly 

aggressiveenvironment, such as the ‘severe’ category, the assessed surface width of cracks should 

not ingeneral, exceed0.1mm. 

CHARACTERISTICANDDESIGNVALUESANDPARTIALSAFETYFACTORS 

1. CharacteristicStrengthofMaterials 

Characteristic strength means that value of the strength of the material below which 

notmore than 5 percent of the test results are expected to fall and is denoted by ƒ. The 

characteristicstrength of concrete (ƒck)    is as per the mix of concrete. The characteristic strength of 

steel (ƒy) isthe minimumstressor0.2percentof proof stress. 

2. CharacteristicLoads 

Characteristic load means that value of load which has a 95 percent probability of not 

beingexceeded during the life of the structure. Since data are not available to express loads in 

statisticalterms, for the purposeof this standard, dead loads given in IS 875 (Part l), imposed loads 

given inIS 875 (Part 2), wind loads given in IS 875 (Part 3), snow load as given in IS 875 (Part 4) 

andseismicforcesgiveninIS1893-2002(part-I) shallbeassumedasthecharacteristicloads. 

Designvalues: 

 

Material: 

The design strength of material fdis given by 

Fd=  f/ ɣm 

wheref=characteristicstrengthof materials 

ɣm= partialsafetyfactorappropriatetothematerial 



 

 

Loads: 
 

ThedesignloadFdisgivenbyFd=

Fɣf 

WhereF=characteristicload 
 

ɣf= partialsafetyfactor appropriatetothenatureofloading 
 

PartialSafetyFactors: 

1. Partial SafetyFactorfforLoads 

 
Sr.No. LoadCombination UltimateLimitState ServiceabilityLimit State 

1 DL+LL 1.5(DL+LL) DL+LL 

 
 

2 

DL+WL 

i) DLcontributetos

tability 

ii) DLassists

overturning 

 
 

0.9DL+1.5WL 

1.5(DL+WL) 

 
 

DL + 

WLDL+

WL 

3 DL+LL+WL 1.2(DL+LL+WL) DL+0.8LL+0.8WL 

2. PartialSafetyFactormforMaterialStrength 

 

Sr.No. Material Ultimate 
LimitStat
e 

ServiceabilityLimit
State 

1 Concrete 1.50 Ec=5000fckMPa 

2 Steel 1.15 Es=2x105MPa 

Whenassessingthestrengthofastructureorstructuralmemberforthelimitstateofcollapse,thevaluesofpartialsa

fetyfactor,shouldbetakenas1.5forconcreteand1.15forsteel. 

 

 



 

3 Analysis and Design of Single and Double Reinforced Sections (LSM)  

 

3.1 Limit state of collapse (flexure), Assumptions, Stress-Strain relationship for concrete 

and steel, neutral axis, stress block diagram and strain diagram for singly reinforced 

section.  

3.2 Concept of under- reinforced, over-reinforced and limiting section, neutral axis co-

efficient, limiting value of moment of resistance and limiting percentage of steel 

required for limiting singly R.C. section. 

 3.3 Analysis and design: determination of design constants, moment of resistance and 

area of steel for rectangular sections. 

3.4 Necessity of doubly reinforced section, design of doubly reinforced rectangular 

section. 

 

 

ANALYSISANDDESIGNOFSINGLEANDDOUBLEREINFORCEDSECTION 

 

LIMITSTATEOFCOLLAPSE:FLEXURE 

AssumptionsforLimitStateofCollapse(Flexure): 
 

1) Planesectionnormaltotheaxisremainsplaneeven 

afterbending.i.e.strainatanypointonthecrosssectionisdirectlyproportional tothe 

distancefromtheN.A. 

2) Maximumstraininconcreteattheoutermostcompressionfibreistakenas0.0035inbending. 

3) The relationship between the compressive stress distribution in concrete and the strain 

inconcrete may be assumed to be rectangle, trapezoid, parabola or any other shape 

whichresultsinpredictionofstrengthinsubstantialagreementwiththeresultsoftest.Anacceptable

stressstraincurve isshownbelow 

 



 

 

Fordesignpurposes,thecompressivestrengthofconcreteinthestructureshallbeassumedtobe 

0.67timesthe characteristic strength. The partial safety factor m = 1.5 shall be applied 

inadditiontothis. 

. 
 

NOTE– 

For the above stress-strain curve the design stress block parameters are 

asfollows: 

Areaofparabolicportion=(2/3)×0.446fck×(4/7)xu 

= 

0.17fckxuAreaofrectangularportion=0.446fck(

3/7)xu 

=0.19fckxu 

Totalareaofstress block=0.17fckxu+0.19 fckxu=0.36fckxu 

Letȳbethedistanceofcentroid ofstreeeblockfromtheextremecompressionfibre 

0.17fckxu(X1+
3

X2)+0.19fckxu(
x1) 

ȳ= 8 2 
0.36fckxu 

substitutingx1=(3/7)xu 

x2= (4/7)xu 

Depth of centre of compressive force = ȳ = 0.42xu from the extreme fibre 

incompression 

Wherefck=characteristiccompressivestrengthofconcrete,andxu=depth 

ofneutralaxis 

 



 

4) thetensilestrengthoftheconcreteisignored. 

5) thestressesinthereinforcementarederivedfromrepresentativestress–straincurveforthetype 

ofsteelused. 

 

6) themaximumstrainintensionreinforcementinthesectionatfailureshallnotbelessthan 

=
0.87ƒ𝑦+0.002 

𝐸𝑠 

 

TYPESOFBEAMSECTIONS 

 Section in which, tension steel reaches yield strain simultaneously as the 

concretereachesthefailurestraininbendingarecalled,‘BalancedSection’. 

 Section in which, tension steel reaches yield strain at loads lower than the load at 

whichconcrete 

reachesthefailurestraininbendingarecalled,‘Under ReinforcedSection’ 

 Sectioninwhich,tensionsteelreaches yieldstrainatloadshigherthantheloadat 

whichconcretereachesthefailurestraininbendingarecalled,‘OverReinforcedSection’. 



 

Analysisofsinglereinforcedrectangularbeam : 
 

Derivationofformula: 
 

 

 
Asinglyreinforcedrectangularbeamsectionwithstraindiagramandstressdiagramareshowninfigure. 
 

TofindNeutralaxis: 
 

Total compression = total 

tension0.36fckbxu=0.87fyAst 

X=
0.87fyAst 

 

u 
0.36fckb 

 Ifxu<xumax,thesectionisunderreinforcedsection.  

 Ifxu>xumax,thesectionis overreinforcedsection,thenxu=xumax 

 Ifxu= xumax,thesectionisbalancedsection 
 

Gradeofsteel xumax/d 

Fe250 0.53 

Fe415 0.48 

Fe500 0.46 

 

Tofindleverarm: 
 

From the stress diagram, the leer 

armZ=d-0.42xu 

 



 

- 

Tofindmomentofresistance: 
 

(1)Forabalancedsection 

 

M.R=totalcompression×leverarm 
= total tension × lever 

armMu=0.36fckbxu(d-0.42xu) 

ForlimitingvaluesubstitutexumaxforxuandMulimforMu 

 

Mulim=0.36(xumax/d)(1–0.42xumax/d)fckbd2
 

=Qlimbd2 
 

Qlim=limitingmomentofresistancefactorforbalancedrectangularsection. 
 

Forunderreinforcedsection 
 
Mu=0.87fyAst(d-0.42xu) 

 

Typesofproblems: 
 

Threedifferent typesofproblemsareconsideredforsinglyreinforcedrectangularbeams 
 

Type 1: 
 

Tofindoutthedepthof neutralaxisandspecifyingthetypeof thebeam 
 

 Foragivensection,equatetotaltensionandtotalcompressionandthusfindoutthedepthofneutralax
isusing 

X=
0.87fyAst 

 

u 0.36fckb 

 Alsofind outthelimitingvalueof depthofneutralaxisxumax,usingxumax/d 

 Thenif 

Ifxu<xumax,thesectionisunderreinforcedsection 

Ifxu>xumax,thesectionisoverreinforcedsection,then xu= xumax 

If xu=xumax,thesectionisbalancedsection 

 

Type2: 

 

Tofind outmomentofresistanceofagivensection 
 

 Findoutdepthofneutralaxisandtypeofthebeamasdiscussedintype1 

 Foroverreinforcedandbalancedsection,obtainmomentofresistancebyusingthefollowi

ngequation 

 

Mulim=0.36(xumax/d)(1–0.42xumax/d)fckbd2
 

 ForunderreinforcedsectionobtainmomentofresistancebyusingthefollowingequationMu=0.

36fckbxu(d-0.42xu) 

Or 

Mu= 0.87fyAst(d-0.42 xu) 

 

 



 

√ 

Type 

3:Todesignasinglyreinforcedrectangularsectionforgivenwidthandappliedfactoredmomen

t 

 

Thewidthisusuallydecidedbythefunctionalorarchitecturalrequirement. 
d= 𝑀  

Q𝑙i𝑚×𝑏 
 

Thesteelareacanbeobtainedbyusingthefollowingformula 

 
Ast= Mu  

0.87fy(d−0.42Xumax) 

 

Question1: 

A rectangular beam 230 mm wide and 520 mm effective depth is reinforced with 4 nos. 

of 16mm diameterbars. Find out the depth ofneutral axis and specify the type 

ofbeam.ThematerialsareM20gradeconcreteandFe415gradesteel.Alsofindoutthedepthofn

eutralaxisif thereinforcementisincreasedto4nos.of 20mmdiabars. 

 

Solution: 

 

Case1: 
 

Ast=4×201=804mm2
 

Totalcompression=0.36fckbxu=0.36×20×230xu=1656xuTota

l tension = 0.87 fyAst= 0.87 ×415×804 = 

290284Equatingtotalcompression=totaltension 

1656xu=290284 
 

xu=175.3mm 
 

limiting value of neutral axis = xumax= 048d = 0.48×520 = 250 

mmherexu<xumax,thesectionis underreinforcedsection 

Case2: 
 

xu=175.3mm 
 

Ast=4×314=1256mm2
 

Totalcompression=0.36fckbxu=0.36×20×230xu=1656xuTota

ltension= 0.87fyAst=0.87×415×1256=453479 

1656xu=453479 
 

xu=273.8mm 
 

herexu>xumax,thesectionis 

overreinforcedsectionxu=xumax=250mm 



 

Question2: 

 

A rectangular beam 230 mm wide and 460 mm effective depth is reinforced with 3 nos. 

of 20mm diameter bars. Find out the factored moment of resistance of the beam. The 

materials 

areM20gradeconcreteandFe415gradesteel.Alsofindoutthefactoredmomentofresistanceift

hereinforcementisincreasedto5nos.of20mmdiabars. 

 

Solution: 
 

Ast=3×314=942mm2
 

Totalcompression=0.36fckbxu=0.36×20×230xu=1656xuTota

l tension = 0.87 fyAst= 0.87 ×415×942 = 

340109Equatingtotalcompression=total tension 

1656xu=340109 
 

xu=205.4mm 
 

limitingvalueofneutralaxis=xumax= 048d= 0.48×460= 

220.8mmherexu<xumax,thesectionisunder reinforcedsection 

Mu=0.36fckb xu(d-0.42xu) 
 

=0.36×20×230×205.4(460-0.42×205.4)=127.12×106 =127Knm 
 

Case2: 
 

Ast= 4×314=1256mm2
 

Totalcompression=0.36fckbxu=0.36×20×230xu=1656xuTota

ltension= 0.87fyAst=0.87×415×1256=453479 

1656xu=453479 
 

xu=273.8mm 
 

xumax= 048d= 0.48×460= 220.8mm 
 

herexu>xumax,thesectionis 

overreinforcedsectionxu=xumax=220.8mm 

Mu=0.36fckb xu(d-0.42xu) 
 

=0.36×20×230×220.8(460-0.42×220.8)=134.2×106 =134Knm 
 



 

  
120×10 

Question3: 
 

Design a singly reinforced rectangular beam for an applied factored moment of 120 

Knm.Assumethewidthofsectionas230mm.ThematerialsareM20gradeconcreteandFe415g

radesteel. 

 

Solution: 
 

Mu = 120 

Knmb=230m

m 

fck=20N/mm2 
 

fy=415N/mm2 

6 

d=√ 𝑀 =√ =434.8mm 
Q𝑙i𝑚×𝑏 2.76×230 

 
adoptD= 500 mm 

 

d=500–30–(20/2)=460mm 
 

Ast= Mu = 
120×106 

0.87fy(d−0.42Xumax) 
 

Ast =904.97mm2 

0.87×415(460−0.42×0.48×460) 



 

Doublyreinforcedbeam: 

 

Iftheapplied momentisgreater 

thantheM.Rofasinglyreinforcedsection,therecanbethreeAlternatives 
 

 If possibleincreasethedimensionofthesectionpreferablydepth 

 HighergradeconcretecanbeusedtoincreasetheM.Rofthesection 

 SteelreinforcementmaybeaddedincompressionzonetoincreasetheM.Rofthesection.Thisiskn

ownasdoublyreinforcedsection. 

 
 

Derivationoftheformula 
 
 

 Adoublyreinforcedbeamsection,straindiagramandstressdiagramareshowninfig. 

 A doubly reinforced beam subjected to a moment Mu can be expressed as a 

rectangularsectionwithtensionreinforcementAstlimreinforcedforbalancedconditiongivingm

omentof resistance Mulim+ an auxiliary section reinforced with compression 
reinforcement AscandtensilereinforcementAst2givingmomentofresistanceMu2 suchthat 

 

Mu=Mulim+Mu2 

 For the moment Mulim the tension steel Astlimis found out as explained for 

singlyreinforcedbeams. 

 For the additional moment Mu2, the additional tension steel and compression steel 

areprovidedsuchthattheygiveacoupleofmomentMu2 

 Let 
thecompressionreinforcementbeprovidedatadepthd’fromtheextremecompressionfibre.Thenl
everarmfor additionalmomentwillbe(d–d’) 

 ConsideringtensionsteelMu2=

0.87ƒy.Ast2(d–d’) 
Considering compression 

steelMu2=Asc.(ƒsc–ƒcc)(d–d’) 

Where, Ast2 = Area of additional tensile 

reinforcementAsc=Areaofcompressionreinfor

cement 

ƒsc=Stressincompressionreinforcement 
 

ƒcc= Compressive stress in concrete at the level of 

compressionreinforcement 



 

Sincetheadditionalreinforcement isbalancedbytheadditionalcompressiveforce. 
 

Asc.(ƒsc–ƒcc)=0.87ƒy.Ast2 

Ast2 =
(ƒ𝑠𝑐−ƒ𝑐𝑐) 

0.87ƒ𝑦 

Total area of reinforcement shall be obtained 

byAst=Ast1+Ast2 

Ast1=AreaofreinforcementforasinglyreinforcedsectionforMu,lim 

 
 

The valueof ƒscinN/mm2 can be obtained from the following tablefordifferentvaluesof 
d/d’andgradeofsteel 

 
 

fyinN/mm2 d/d’ 

 
0.05 0.1 0.15 0.20 

250 217 217 217 217 

415 355 353 342 329 

500 424 412 395 370 

550 458 441 419 380 

 

Note:Thevalueoffccisverysmallascomparedtothevalueofƒscandcanbeneglected. 
 
 

Type ofproblem: 
 

Type1:tofindoutthemomentofresistanceofagivensection 
 

 Totalcompression=totaltensionC1

+C2=T 

0.36fckbxu+ Asc.(ƒsc) = 0.87 

fyAstFindoutxu 

 Findxumaxandtypeofbeam 

 Ifxu>xumax,thesectionis overreinforcedsection,then xu=xumax 

 Mu=0.36 fckbxu(d-0.42xu)+ Asc.(ƒsc)(d–d’) 

 

Type2:tofindoutreinforcementforflexureforagivensectionandfactoredmoment 
 

 FindoutMulimandreinforcementAstlimforagivensectionbyusingthefollowing 

equationMulim=0.36fckbxumax(d-0.42xumax) 

Astlim = 
Mulim 

0.87fy(d−0.42Xumax) 

 ObtainMu2=Mu-Mulim 

 Findcompressionsteelfromfollowingequation 



 

Mu2=Asc.(ƒsc)(d–d’) 
 

Asc =
 𝑀u2  

ƒ(𝑑−𝑑') 

 Correspondingtensionsteel canbefoundoutbyfrom 

Ast2 =
(ƒ𝑠𝑐 −ƒ𝑐𝑐) 

0.87ƒ𝑦 

 Ast=Astlim+Ast2 

 

Question1: 

Findthefactoredmomentofresistanceofabeamsection230mmwideand460mmeffectivedept

h reinforcedwith 2 nos.of16mmdiabars as compression reinforcement atan 

effectivecoverof40mmand4nos.of20mmdiabarsastensionreinforcement.Thematerialsare

M20gradeconcreteandFe250gradesteel. 

 

Solution: 
b=230mmd

=460mm 

fck=20N/mm2 

fy = 250 

N/mm2d’=40m

m 

Asc=2×201=402mm2
 

Ast=4×314=1256mm2C1+C

2=T 
0.36fckbxu+Asc.(ƒsc)=0.87fyAst 

 

Ford’/d= 40/460= 0.08,nexthighervalue0.1 

maybeadoptedfsc=217N/mm2
 

0.36×20×230xu+402×217=0.87×250×1256 
 

1656xu= 273180–

87234=185946Xu=112.29mm 

Xumax=0.53d=0.53×460=243.8mm 
 

xu<xumax,thesectionis 

underreinforcedsectionxu=112.29mm 

Mu=0.36 fckbxu(d-0.42xu)+Asc.(ƒsc)(d–d’) 
 

=0.36×20×230×112.29(460-0.42×112.29)+402×217(460–40) 
 

=76.76+36.64=113.4Knm 



 

Question2: 
 

A rectangular beam of size 230 mm wide and 500 mm depth is subjected to a 

factoredmoment of 200 Knm. Find the reinforcement for flexure. The materials are 

M20 gradeconcrete andFe415gradesteel. 

 

Solution: 

Mu=200Knm 

Mulim=0.36fckbxumax(d-0.42xumax) 

= 0.36×20×230×0.48×500(500-0.42×0.48×500)=158.7Knm 

d’= 50mm 

d’/d=50/500=0.1 

fsc=353N/mm2 

Mu2=Mu-Mulim=200–158.7=41.3Knm 

 
A =

𝑀u2     
=    

41.3×106     =260mm2 

sc 
ƒ𝑠𝑐(𝑑−𝑑') 353(500−50) 

 

 

Ast2=
𝐴𝑠(ƒ𝑠𝑐 −ƒ𝑐𝑐) 

0.87ƒ𝑦 

=260×353  =254.2mm2
 

0.87×415 

 

Astlim = 
Mulim 

0.87fy(d−0.42Xumax) 
= 

158.7×106 

0.87×415(500−0.42×0.48×500) 
=1101mm2 

Ast= 1101+254 =1355 mm2
 



 

4 Shear, Bond and Development Length (LSM)  

4.1  Nominal shear stress in R.C. section, design shear strength of concrete, maximum 

shear stress, design of shear reinforcement, minimum shear reinforcement, forms of 

shear reinforcement.  

4.2 Bond and types of bond, bond stress, check for bond stress, development length in 

tension and compression, anchorage value for hooks 900 bend and 450 bend standards 

lapping of bars, check for development length.  

4.3 Numerical problems on deciding whether shear reinforcement is required or not, 

check for adequacy of the section in shear. Design of shear reinforcement; Minimum 

shear reinforcement in beams (Explain through examples only). 

 

SHEARSTRESSINREINFORCEDCONCRETEBEAMS 
 
 

When a beam is loaded with transverse loads the Bending Moment(BM) varies from section 

tosection. Shearing stresses in beams are caused by this variation of BM in the beam span. Due to 

thevariation of BM at two sections distance dx apart, there are unequal bending stresses at the 

samefibre. This inequality of bending stresses produces a tendency in each horizontal fibre to slide 

overadjacent horizontal fibre causing horizontal shear stress, which is accompanied by 

complimentaryshearstressinverticaldirection. 

 

SHEARCRACKSINBEAMS:- 

 

Under the transverse loading , at any section of the beam, there exists both Bending 

Moment(BM)and Shear Force (V).Depending upon the ratio of Bending Moment(BM) to Shear 

Force(V) atdifferentsections,theremaybethreeregionsofshearcracksinthebeamasfollows. 

 

(a) RegionI :RegionofflexureCracks. 

(b) RegionII :RegionofflexureshearCracks. 

(c) Region II:RegionofwebshearCracksordiagonaltensioncracks. 
 
 

 
DIFFERENTREGIONOFCRACKSINBEAMS 

 

 
 

 

 

 

 



 

(a) RegionI :RegionofflexureCracks. 

This region normally occurs adjacent to mid-span where BM is large and shear force is eitherzero or 
very small.The principal planes are perpendicular to beam axis. When the principaltensile stress 

reaches the tensile strength of the concrete ( which is quite low) tensile cracksdevelop 

vertically.Thecracksareknownasflexuralcracksresultingprimarilyduetoflexure. 

(b) Region II:Region of flexure shearCracks. 

This regions are near the quarter span, toboththe sides, where BM is considerable and at the 

same time Shear force is significant.The cracks in this region are initiated at the tension 

face, travel vertically ( due to flexure)and gradually tend to develop in the inclined direction 

towards the Neutral Axis(N.A.), as 

theshearstressgoesonincreasingtowardstheN.A.Sincethecracksdevelopunderthecombinedacti

onofBMandShear,thesecracksareknownasflexure-shearcracks 

 

(c) RegionIII:Regionofweb shearCracksordiagonaltension cracks. 

 

This regions are adjacent to each support of the beam where S.F is predominant.SinceShear 

stress is maximum at the N.A., inclined cracks starts developing at the N.A. along 

thediagonal of an element subject to the action of pure shear. Hence these cracks known 

asdiagonaltensioncracksorweb-shearcracks. 

 
 

DesignShearStrengthofReinforcedConcrete 

 
Recent laboratory experiments confirmed that reinforced concrete in beams has shear strength 

evenwithout any shear reinforcement. This shear strength (τc) dependson the grade of concrete and 

thepercentage of tension steel in beams. On the other hand, the shear strength of reinforced 

concretewiththe reinforcement is restricted to some maximum value (τcmax) dependingonthe grade of 

concrete.These minimum and maximum shear strengths of reinforced concrete (IS 456, cls. 40.2.1 and 

40.2.3,respectively)aregivenbelow: 

 

Designshearstrengthwithoutshearreinforcement(IS456, cl.40.2.1) 

 
Table 19 of IS 456 stipulates the design shear strength of concrete τcfor different grades of concrete with 
awide range of percentages of positive tensile steel reinforcement. It is worth mentioning that the 

reinforcedconcrete beams must be provided with the minimum shear reinforcement as per cl. 40.3 even 

whenτ vislessthanτcgiveninTable3 
 



 

 
100As/bd Concretegrade 

 M20 M25 M30 

≤0.15 0.28 0.29 0.29 

0.25 0.36 0.36 0.37 

0.50 0.48 0.49 0.50 

0.75 0.56 0.57 0.59 

1.00 0.62 0.64 0.66 

1.25 0.67 0.70 0.71 

1.50 0.72 0.74 0.76 

 

 

Maximumshearstress withshearreinforcement (cls.40.2.3,40.5.1and41.3.1) 

 
Table20ofIS456stipulatesthemaximumshearstressτcmaxofreinforcedconcreteinbeamsτcmaxasgivenbelow in 
Table . Under no circumstances, the nominal shear stress in beams τvshall exceed τcmaxgiven 
inTablefordifferentgradesofconcrete. 

MaximumshearstressτcmaxN/mm2
 

 
 

Concretegrade M20 M25 M30 

τcmax 2.8 3.1 3.5 

 

CriticalSectionforShear 



 

Clauses22.6.2and22.6.2.1stipulatethecriticalsectionforshearandareasfollows: 

For beams generally subjected to uniformly distributed loads or where the principal load is 

locatedfurther than 2d from the face of the support, where d is the effective depth of the beam, the 

criticalsectionsdependontheconditionsof supportsasshowninFigs.a,bandc andarementionedbelow. 

(a) When the reaction in the direction of the applied shear introduces tension (Fig.a) into the end 

regionof the member, the shear force is to be computed at the face of the support of the member at 

thatsection. 

(b) When the reaction in the direction of the applied shear introduces compression into the end region 

ofthemember(Figs.bandc),theshearforcecomputedatadistancedfromthefaceofthesupportisto be used 

forthe design of sections located at a distance less than d from the face of the support.The enhanced 

shear strength of sections close to supports, however, may be considered as 

discussedinthefollowingsection 

MinimumShearReinforcement(cls.40.3,26.5.1.5and26.5.1.6ofIS456) 

 
 

Minimum shear reinforcement has to be provided even when τvis less than τc given in Table 19 
asrecommendedincl.40.3ofIS456.Theamountofminimumshearreinforcement,asgivenincl.26.5.1.6,isgivenbel
ow. 

Theminimumshearreinforcementintheformofstirrupsshallbeprovidedsuchthat 
 

𝐴𝑠≥ 0.4 

𝑏𝑠𝑣 0.87ƒ𝑦 
 

Where Asv= total cross-sectional area of stirrup legs effective in 

shearSv=stirrupspacingalongthelengthof themember 

b=breadthofthebeamorbreadthofthewebof theflangedbeam 
 

fy= characteristic strength of the stirrup reinforcement in N/mm2 which shall not be greater 

than415N/mm2 

Further,cl.26.5.1.5ofIS456stipulates thatthemaximumspacingofshearreinforcementmeasuredalongthe axis 

of the nmember shall not be more than 0.75 d for vertical stirrups and d for inclinedstirrupsat45° , where 

dis theeffectivedepth of thesection.However,the spacing shall not exceed 300 mm inanycase. 



 

𝑏𝑑 

 
DesignofShear Reinforcement(cl.40.4ofIS456) 

When τv is more than τc given in Table 19 of IS 456:2000 , shear reinforcement shall be provided in any 
ofthethreefollowingforms: 
(a) Verticalstirrup 
(b) Inclinedstirrup 
(c) Bentupbarsalongwithstirrups 

 
In the case of bent-up bars, it is to be seen that the contribution towards shear resistance of bent-up 

barsshouldnotbe morethanfiftypercentofthatof thetotalshearreinforcement. 

The amount of shear reinforcement to be provided is determined to carry a shear force Vus equal 

toVus=Vu–𝑟cbd 
 

Wherebisthebreadthofrectangularbeamsorbwinthecaseofflangedbeams 
 

ThestrengthsofshearreinforcementVusforthethreetypesofshearreinforcementareasfollows: 
 

(a) Verticalstirrups ,Vus=0.87fyAsvd× (1/ssv) 
 

 
(b) Inclinedstirrup,Vus =

0.87ƒ𝑦𝐴(𝑠i𝑛𝛼+𝑐𝑜𝑠𝛼) 

𝑠𝑣 
 

(c) Bentupbars,Vus=0.87fyAsvsin𝛼 
 
 

Question1: 
 

A tee beam section having 230 mm width of rib and 460 mm effective depth is 

reinforced with 5 nos. of16 mmdia.Barsastensionreinforcement.Thesection 

issubjectedtoafactoredshearof52.5KN.Checkthe shear stress and design the shear 

reinforcement. The materials are M20 grade concrete and 

Fe415gradesteel.Forstirrupsmildsteel barsmaybeused. 

 

Solution: 

Vu=52.5KN 
 

Ast= 1005.31mm2
 

3 

Nominalshearstress,𝑟  =𝑣u=52.5×10   =0.496N/mm 
𝑣 𝑏𝑑 230×460 

 

Pt=
100𝐴𝑠==

100×1005.31
=0.95 

𝑏𝑑 
 

Fromtable19of IS456,𝑟𝑐=0.608N/mm2
 

Here 𝑟𝑣< 𝑟𝑐, therefore only nominal shear reinforcement is 

required.Select6mm diaM.Sbarsforstirrups 
2 

Asv
=2×𝜋×6   =56mm 

4 
fortwoleggedstirrups 

Forminimumshearreinforcement=𝐴𝑠𝑣≥0.4 

𝑏𝑠𝑣 0.87ƒ𝑦 

 

2 

2 



 

𝑏𝑑 

56 
 

230×𝑠𝑣 

≥ 0.4 

0.87×415 
 

Sv≤132.4mm 
 

Thespacingshallnotexceed 
 

(a)0.75d=0.75×460=345mm 

(b)300mm 

 

Provide6mmdiatwoleggedstirrup@130 mmc/c 

 

 

Question2: 

 

Ateebeamsectionhaving230mmwidthofriband460mmeffectivedepthisreinforcedwith5nos

.of16mm dia. Bars as tension reinforcement. The section is subjected to a factored shear 

of 90 KN. Check theshear stress and design the shear reinforcement. The materials are 

M20 grade concrete and Fe415 gradesteel.Forstirrupmildsteelbarsmaybeused. 

 

Solution: 
 

Vu=90KN 
 

Ast= 1005.31mm2
 

 
Nominalshearstress,𝑟  =u=

90×103 =0.85N/mm2 
𝑣 𝑏𝑑 230×460 

 

Pt=
100𝐴𝑠==

100×1005.31
=0.95 

𝑏𝑑 
 

Fromtable19of IS456,𝑟𝑐=0.608N/mm2
 

Here𝑟𝑣>𝑟𝑐,thereforeshear reinforcementshallbedesigned. 

Shear resistance of concrete = Vuc= 𝑟𝑐𝑏𝑑 = 0.608 × 230 × 460 × 10−3= 64.33 

KNVus=Vu–𝑟cbd=90–64.33=25.67KN 

Using6 mmdiatwoleggedM.Sbarsforstirrups 2 
2

 

Asv
=2×𝜋×6   =56mm 

4 
 

Sv=
0.87ƒ𝑦𝐴𝑠𝑣𝑑

=
0.87×250×56.55×460 

25.67×103 
𝑣u𝑠 

 

Sv=220mm 
 

Thespacingshallnotexceed 
 

(a)0.75d=0.75×460=345mm 

(b)300mm 
Provide6mmdiatwoleggedstirrup@130 mmc/c 



 

Question3: 

 

A tee beam section having 230 mm width of rib and 460 mm effective depth is 

reinforced with 5 nos. of16 mm dia. bars as tension reinforcement and out of which 02 

nos. bar are bent up at 45°. The section issubjected to a factored shear of 120 KN. Check 

the shear stress and design the shear reinforcement. 

ThematerialsareM20gradeconcreteandFe415gradesteel.For 

stirrupsmildsteelbarsmaybeused. 

 

Solution: 
 

Vu=120KN 
3 

2
 

Nominal shearstress,𝑟   =𝑣u=120×10   =1.13N/mm 
𝑣 𝑏𝑑 230×460 

2barsarebentup 

2 

Ast
=2𝜋16=402mm 

4 
 

Vus=0.87fyAsvsin𝛼=0.87×415×402×sin45° 
 

= 102.63KN 
 

Fortheremaining3bars 

100𝐴 100×3×
𝜋

×162
 

𝑠= 4 =0.57 
𝑏𝑑 230×460 

 

𝑟𝑐=0.50N/mm2
 

Vuc= 𝑟𝑐𝑏𝑑 = 0.50 × 230 × 460 × 10−3= 52.90 

KNVus=Vu–𝑟cbd=120–52.90=67.10KN 

Shear resistance provided by bent up bars = 67.10/2 = 33.55 KN 
 

Use6mmdiatwoleggedstirrupstoresist33.55KN 

2 
2

 

Asv
=2×𝜋×6   =56mm 

4 
 

Sv=
0.87ƒ𝑦𝐴𝑠𝑣𝑑

=
0.87×250×56.55×460

=168.64mm 
33.55×103 

𝑣u𝑠 

 

Thespacingshallnotexceed 
 

(a)0.75d=0.75×460=345mm 

(b)300mm 

 

Provide6mmdiatwoleggedstirrup@130mmc/c 

2 



 

DEVELOPMENTLENGTH 
 

Introduction: 
 

i) Oneofthemostimportantassumptioninthebehaviorofreinforcedconcretestructureisthatthereisproperbo
ndbetweenconcreteandreinforcingbar. 

ii) WhenaRCCelementis loaded,theloadis firstbornebyconcreteandis 

thentransferredtosteelreinforcement. 

iii) This transfer from concrete to steel can be effected only when there is no relative movement or slip 

orslidingbetweenthemwhenanyonethesetwoisstrained.Theforcewhichpreventtheslippagebetweenthetwo

constituentmaterial isknownasbond. 
iv) Whensteelbar areembeddedinconcrete,theconcreteaftersettingadherestothesurfaceof thebarand thus 

resists any force that tends to pull or push this rod. The intensity of this adhesive force 

iscalledbondstress. 
v) Thebondstressesarethelongitudinalshearingstressesactingonthesurfacebetweensteelandconcret

ealongitslength. 

vi) Bondstressisalsoknownastheinterfacialshear. 

Hencebondstressistheshearstressactingparalleltothereinforcingbarontheinterfacebetweenthebarandthe
concrete. 

 
 

Typesofbond: 
 

1. Flexuralbondorlocalbond 

2. Anchoragebondordevelopment bond 

 
 

Flexuralbond: 
 

(i) Flexuralbondisone whicharisesfromchangeintensileforcecarriedbythebar,alongitslength,dueto change 

in bending moment along the length of the member. Flexural bond will be more critical 

atpointswhereshearforceissignificant. 
(ii) Anchorage bond is that which arises over the length of anchorage provided for a bar. It also arises 

nearthe endor cutoff point of a reinforcing bar. The anchorage bond resist the pulling out of the bar if t 

is intensionorpushinginofthebar ifitisincompression. 

 
 

Anchoragebondstress: 

Figure shows a steel bar embedded in concrete and is subjected to a tensile force T. due to this forcethere 

will be a tendency of the bar to slip out and this tendency is resisted by the bond stress 

developedovertheperimeterofthebaralong thelength. 

Therequiredlengthnecessarytodevelopfull 

resistingforceiscalledanchoragelengthincaseofaxialtensionorcompressionanddevelopmentlengthincaseo

fflexuraltensionandisdesignatedasLd. 

Henceifφisthenominal diameterofthebarwehave 
 

(π/4)φ2fy=τbdπφLd 

Ld=φfy/4τbd 

 

Wherefyisthedesignstressinsteel=0.87fyLd=0.

87fyφ/4τbd 

So this indicates that a bar must extend a length Ldbeyond any section at which it is required to 



 

developitsfullstrengthsothatsufficientbondresistancecanbedeveloped. 

Ld=φfy/4τbd 

 

Wherefyisthedesignstressinsteel=0.87fyLd=0.

87fyφ/4τbd 

So this indicates that a bar must extend a length Ldbeyond any section at which it is required to 

developitsfullstrengthsothatsufficientbondresistancecanbedeveloped. 

Designbondstress: 
 

(i) Thedesignbondstressinlimitstate methodforplainbarsintensionshallbeasgivenintable. 

(ii) Designbondstressfordeformedbarsintension– 
Fordeformedbarsthesevaluesshallbeincreasedby60% 

(iii) Designbondstressfor barsincompression– 
Forbarsincompression,thevaluesofbondstressforbarsintensionshallbeincreasedby25%. 

 
 

Standardhooksandbendsforendanchorage:Anchoragelength: 
 

(i) Thedevelopmentlengthrequiredattheendofabarisknownasanchoragelength. 

(ii) Space available at the end of the beam is limited to accommodate the full development length (Ld). 

Inthat case hooks or bends are provided. The anchorage value (Le) of hooks or bend is accounted 
ascontributiontothe developmentlength(Ld). 

(iii) Theminimumradius specifiedforahookis 2φformildsteelbarand4φforhighyieldbar. 
(iv) In the case of deformed bars the value of bond stress for various grades of concrete is greater by 

60%than the plain bars. Hence the deformed bars may be used without hooks provided 

anchoragerequirementsaresatisfied. 

(v) Thelengthofstraightbars beyondtheendofthecurveshouldbeatleast4timesthediameterofthebars. 

 
 

Coderequirementforanchoringreinforcingbars: 
 

(i) Anchoring barsintension:    Deformed bars may be used without end anchorages provided development 

length requirement issatisfied. Hooks should normally be provided for plain bars in tension. The 
anchorage value of bendshall be taken as 4 times the diameter of bar for each 45 bend subjected to a 

maximum of 16 times thediameterofthebar.TheanchoragevalueofstandardU-

typehookshallbeequalto16timesthediameterofthebar. 
 

(ii) Anchoring barsincompression:The anchorage length of straight bar in compression shall be equal to 

the development length of bars incompression. 

(iii) Anchoringshearreinforcement : 

Inclinedbars–Thedevelopmentlengthshallbeasfor barsintension:thislengthshallbemeasuredasunder: 
 

(i) Intensionzonefromtheendof theslopingorinclinedportionof thebar. 

(ii) Incompressionzonefrommiddepthof thebeam 



 

Stirrups– 
 

When the bar is bent through an angle of at least 90˚ round a bar of atleast it will continued beyond the 

endof the curve for a length of atleast eight diameter or when the bar is bent through an angle of 135 and 

iscontinued    beyond    the    end    of    the    curve     for    a    length    of    at    least    six    bardiameter 

or when the bar is bent through an angle of 180 and is continued beyond the end of the curve for 

alengthatleastfourbardiameter. 

 
Checkingdevelopmentlengthoftensionbars: 

 

The stress in a reinforcing bar, at every section must be developed on both side of the section. This 

isdone by providing development length Ldto both the sides of the section. Such a development length 

isusually available at mid span location where positive (or sagging) B.M is maximum for simply 

supportedbeams. Similarly such a development length is usually available at the intermediate support of 

acontinuousbeamwherenegative(orhogging)B.M is 

maximum.Hencenospecialcheckingisnecessaryforsuchlocations.But 

specialcheckingfordevelopmentlengthisessentialatfollowinglocations; 

i) Atsimplesupports. 

ii) AtCantileversupports. 
iii) Atpointofcontraflexure. 
iv) Atpointofbarcutoff. 

Requirementofdevelopmentlength: 
 

The code stipulates that at the simple support the positive moment tension reinforcement shall be 

limitedtoadiametersuchthat 

Ld≤(M1/V)+L0 

 

WhereLd= development length 
 

M1=M.RofthesectionassumingallreinforcementatthesectiontobestressedtofydV=shearf

orceatthesectionduetodesignloads 

L0=sumof anchoragebeyondthecentre ofsupportandthe valueof L0islimitedtodor12φwhichever 

isgreater 

Thecodefurtherrecommendsthatthevalue ofM1/V 

maybeincreasedto30%whentheendsofthereinforcement are confined by a compressive reaction. Such 

situation arises when a beam is simplysupportedoverawall. 

Thusatsimplesupportswherethecompressivereactionconfinestheendsofreinforcingbar,wehave 

Ld≤1.3(M1/V)+L0 



 

 

Question1: 

 

Calculatetheanchoragelengthintensionandcompressionfor 
 

SinglemildsteelbarofdiaφinconcreteofgradeM20 

AnHYSDbarofgradeFe415of dia#inconcreteofgradeM20 

 

Solution: 
 

(a) M.Sbar 

 

(i) Intension: 
 

Design stress for M.S bar = ơs= 0.87fy = 0.87×250 = 217.5 

N/mm2τbd=  1.2N/mm2
 

anchoragelength=developmentlength# 

=0.87fyφ/4τbd 

 

=217.5φ/4×1.2 
 

= 45.3φor46φ 
 

(ii) Compression: 
 

ơs=0.87fy=0.87×250=217.5N/mm2
 

τbd= 1.2×1.25(forcompression)=1.5 

N/mm2Ld=0.87fyφ/4τbd=217.5φ/4×1.5 

=36.3φ=37φ 
 

(b) HYSDbar 
 

(i) Tension: 

 
ơs=0.87fy= 0.87×415=361 N/mm2

 
τbd= 1.2 × 1.6 (HYSD bar) = 1.92 
N/mm2Ld=361#/4τbd=217.5φ/4×1.92=47# 

 

(ii) Compression: 

 
ơs=0.87fy= 0.87×415=361 N/mm2

 
τbd=1.2×1.6(HYSD 
bar)×1.25(comp)=2.4N/mm2Ld=361#/4τbd=217.5φ/4×2
.4=37.6#=38# 

 
 

 

 

 

 

 

 

 

 



 

 



 

Question2: 

A simply supported nbeam is 25 cm by 50 cm and has 2-20 mm HYSD bars going into 

the support. If theshear force at the centre of support is 110 KN at working loads, 

determine the anchorage length. AssumeM20mixandFe415gradesteel. 

 

Solution: 
 

FactoredS.F=1.5×110=165KN 
 

Ast=2×(π/4)d2=628mm2
 

Assuming25 

mmclearcovertothelongitudinalbarEffectivedepth=5

00-25–(20/2) =465mm 

Fy=415 N/mm2
 

M1 = 0.87fyAst(d-

0.42xu)
X=

0.87fyAst 
 

u 
0.36fckb 

 
=0.87×415×628=125.97=126mm 

0.36×20×250 

Xumax=0.48d=0.48×465=223.2mm 
 

Xu˂Xumax 

M1=0.87×415×628(465-0.42×126) 
 

= 93.43×106Knm 
 

τbd=1.2×1.6=1.92 
 

Ld=0.87×415φ/4×1.92 
 

=47φ 
 

If the bar is given 90® bend at the centre of the support its anchorage value L0 = 8φ = 8×20 = 160 

mmLd≤1.3(M1/V)+L0 

47φ≤
1.3×93.45×106

+160
 

165×103 

 

φ≤19 mm 
 

sinceactualbardiameter of20 mmisgreaterthan19mmthereisaneedtoincreasetheanchoragelengthL0to12φ 

i.e240mm 

Ld≤1.3(M1/V)+L0 

 

47φ≤
1.3×93.45×106

+240
 

165×103 

 

φ≤20.8mm 



 

DESIGNOFBEAMS 
 

Designprocedure: 
 

Theprocedurefor designofabeammaybesummarizedasfollows: 
 

(i) Estimationofload: 

 Thecorrectestimationofloads,a beamhastobear,leads toaneconomicalandsafedesignof 
thebeams. 

 Adesignershouldnotforgettoaccountforanypossibleloadactingonthestructureasitleadstoan

underdesignof thememberandsubsequentfailureofthebeam. 

 Thedeadloadonthebeammaybeselfweightofthebeam,floorfinish,partitionsandsomespec

ialfixedloadif specified. 

 Theliveloads 
shallbedifferentfordifferentstructuredependingonthefunctionaluseofthestructure. 

(ii) Analysis: 

 Usingtheabove 

determinedloads,theshearforceandbendingmomentarefoundoutanddiagramsdrawn. 

(iii) Design: 

Afteranalysisdesignthebeamasfollows: 

 Usingthemaximummoment,calculatethedepthof beamrequiredforbalancedsection. 

 Findout thesteelarearequiredfordesignmoment. 

 Checktheshearstressanddevelopmentlengthofbars. 

 Ifsomebarsarecurtailed,checkforcurtailment usingcurtailmentrules. 

 Checkthedeflectionandcrackingusingrulesforcontrolof deflectionandcracking. 

 Drawcompletesketches ofdesignedbeamwithelevationandsection. 

 

Basicrulesfordesign: 
 

(i) Effectivespan: 

 

Simplysupportedbeamorslab:Theeffectivespanofamemberthat is not builtintegrallywithitssupport 

shall be taken as clear span plus the effective depth of slab or beam or centre to centre 

ofsupportwhicheverisless. 
 

(ii) Controlofdeflection: 
 

Thedeflectionofastructureorpart thereofshall not adverselyaffect theappearanceorefficiencyof the 

structure or finishes or partitions. For beams and slabs the vertical deflection limit maygenerally 

be assumed to be satisfied provided that the span to depth ratios are not greater than 
thevaluesobtainedasbelow: 

(a) Basicvaluesofspantoeffectivedepthratios forspanupto10m: 

Cantilever ------------ 7 
Simplysupported -------------------- 20 
Continuous 26 

 
(b) Forspanabove10 mthevaluein(a)maybemultipliedbyafactor10/spanin meterexceptincaseof 

cantilever. 

(c) Dependingontheareaandthetypeof steelfortensionreinforcementthevalesin(a) &(b)shallbe 

multipliedbymodificationfactoraspergraphonpgno.38. 
 

Fs=thesteelstressofserviceloads 
= 0.58fy(areaofcrosssectionofsteelrequired/areaofcrosssectionofsteelprovided) 



 

(iii) Reinforcementinbeams: 

(a) Tensionreinforcement: 

 

Minimumreinforcement– 

theminimumareaofthetensionreinforcementshallnotbelessthanthatgivenbythefollowing: 

 
𝐴𝑠𝑡=0.85 

𝑏𝑑 ƒ𝑦 

 
Maximumreinforcement–themaximumareaoftensionreinforcementshall not exceed0.04bD 

 
(b) Compressionreinforcement: 

 

Maximumreinforcement–themaximumareaofcompressionreinforcementshallnot exceed0.04bD 

 

(iv) Criteriafordevelopmentlength: 

 Accordingtoclause26.2ofIS:456,thecalculatedtensionorcompressioninanybaratanysection 

shall be developed on each side of the section by an appropriate developmentlength. 

 Nobarcanbebentuporcurtaileduptoadistanceofdevelopmentlengthfromthepointofmaximum
moment. 

 For example for Fe415 grade reinforcement, the development length in concrete of 

gradeM20 in tension is 47≠. If 20 mm diameter bar is used, the bars cannot be bent or 

curtaileduptoa distance of47×20=940mmfromthepointofmaximumbendingmoment. 

 The code stipulates that at the simple support the positive moment tension 
reinforcementshallbelimitedtoadiametersuchthat 

Ld≤(M1/V)+L0 

WhereLd= developmentlength 
M1=M.Rofthesectionassumingallreinforcementatthesectiontobestressedto 

fyd 

V=shearforceatthesectionduetodesignloads 
L0=sumofanchoragebeyondthecentreofsupportandthevalueofL0islimited 

todor12φwhicheveris greater 

 The code further recommends that the value of M1/V may be increased to 30% when 

theends of the reinforcement are confined by a compressive reaction. Such situation 

ariseswhenabeamissimplysupportedoverawall. 
Thusatsimplesupportswherethecompressivereaction 
confinestheendsofreinforcingbar,wehave 

Ld≤1.3(M1/V)+L0 

(v) Slendernesslimitforbeams: 

Toensurelateralstabilityof 

abeamasperclause23.3ofIS:456Forsimplysupportedandcontinuo

usbeam 

Clearspan𝛽60b 

𝛽250𝑏2 

𝑑 
 

Forcantileverbeams

Clearspan𝛽25b 

𝛽100𝑏2 

𝑑 



 

√ 

Question1: 
 

A simply supported rectangular beam of 6m span carries a uniformly distributed 

characteristic load of 24KN/m inclusive of self weight of 24 KN/m. Design the beam. The 

materials are grade M20 concrete 

andHYSDreinforcementofgradeFe415.ThebeamisrestingonRCCcolumn. 

 

Solution: 
 

Factoredload=1.5×24=36KN/m 
 

2 

M=36×6 

 
=162KNm 

u 
8

 

V=36×6=108KN 
u 2 

(a) Calculationofdepth: 

Assumewidthofthesectionb =300mm 

dreq = 
𝑀u 

Q𝑙i𝑚×𝑏 
6 

=√162×10=442.32mm 
2.76×300 

 

Provideeffectivedepthd= 500mm 
Assumeclearcoverof30 mmand20 mmdiaFe415 

barOveralldepth=D=500+30+10=540mm 
 

(b) Calculationofsteelarea: 

 

Ast= Mu = 
162×106 

0.87fy(d−0.42Xumax) 0.87×415(500−0.42×0.48×500) 

 

=1123.97mm2 
 

Provide4nos.of20 mmdiabargivingAst=1256.64mm2 

 

Let2barsarebentat1.25D=1.25×540=675mmfromthefaceofthesupport. 

The remainingbarsshouldextendwithinthesupportforadistance ofL/3=47×20=313mm 
d 3 

(c) Checkfordevelopmentlength: 
 

(i) A bar can be bent up at a distance greater than Ld = 47≠ from the centre of the support i.e 47 × 20 

=940mm 

Inthiscasethedistanceis=3000–940=2060mm (safe) 
 

(ii) For the remaining 

barsAst=628mm2
 

M=0.87fAd(1-
𝐴𝑠𝑡ƒ𝑦

) 
u1 y  st 𝑏𝑑ƒ𝑐𝑘

 

=0.87×415×628× 500(1-628×415 ) 
300×500×20 

= 103.62KNm 



 

Vu=108KN 
 

L0=12≠(assumed) 

 

 

As thereinforcementis 

confinedbycompressivereactionLd≤1.3(M1/V)+L0 

Ø𝜎𝑠≤1.3
103.62×106

+12×20 
4𝑐𝑏𝑑 108×103

 
 

6 

47ϕ ≤1.3103.62×10 

 
+12×20 

108×103 

 

Φ≤31.64mm 
 

Φprovided=20mm (safe) 

Theremainingbarsshouldextendwithinthe supportforadistanceofL/3=47×20=313 
d 3 

mm. If support Width is 300 mm , the bars extend for 150 + L0 = 150 + (12×20) = 390 mm 

withinthesupport. 

(d) Checkforshear: 

Vu=108KN 3 
2

 

τ
v
=𝑉u 

𝑏𝑑 
=108×10   =0.72N/mm 

300×500 

100A/bd=100×628=0.42 
s 

300×500 

τc=0.44 N/mm2<τv 

 

hencesheardesignisnecessary.At

support,Vus=Vu–Vuc 

=(108×103) –(0.44×300×500)=42000N 
 

=42KN 

Capacityofbent upbarstoresistshear=0.87fyAsvsinα 
 

=0.87×415×628×sin45˚=160.33KN 
 

Bent up bars share 50% = 21 

KNVerticalstirrupshare50%=21KN 

At distanced,wherebentup barsarenot 

availableVus=42KN 

Design stirrup for shear = 42 
KNUsing 6mm dia mild steel 

stirrupAsv=56mm2
 



 

Vus =
0.87ƒ𝑦𝐴𝑠𝑣𝑑 

𝑠𝑣 
 

42×103=
0.87×250×56×500 

𝑠𝑣 
 

Sv=145mm 
 

 

Spacingshouldnotexceed 

 

(i)  0.75d=0.75×500=375mm 

(ii) 300 mm 

(iii) 145 mm 

 

Provide6mmdiatwolegged mildsteelstirrup @140mmc/c. 
 

(e) Checkfordeflection: 

Basic span/d ratio = 

20Servicestress=0.58f
𝐴𝑠𝑡r𝑒g

 

y
𝐴𝑠𝑡𝑝r𝑜 

=0.58×415×1123.97 

1256.64 
 

 
=215.29N/mm2 

100A/bd=100×1256.64=0.84 
s 

300×500 

Modificationfactor=1.15 
 

Span/dpermissible=20×1.15 =23 
 

Actualspan/d=6000/500=12 (safe) 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 



 

5 Analysis and Design of T-Beam (LSM)  

 

5.1 General features, advantages, effective width of flange as per IS: 456-2000 code 

provisions. 

 5.2 Analysis of singly reinforced T-Beam, strain diagram & stress diagram, depth of 

neutral axis, moment of resistance of T-beam section with neutral axis lying within the 

flange. 

5.3 Simple numerical problems on deciding effective flange width. (Problems only on 

finding moment of resistance of T-beam section when N.A. lies within or up to the 

bottom of flange shall be asked in written examination).. 

 

ANALYSISANDDESIGNOFT-BEAM 

Introduction: 
 

 Whenthereisareinforcedconcreteslaboverareinforcedconcretebeam,theslabandbeamcanbedes

ignedandconstructedinsuchawaythattheycanacttogether. 

 Theconcreteintheslab,whichisonthecompressionsideofthebeam(inthemiddleportionof 
continuous beam) can be made to resist the compression force and the tension can becarried 

by the steel in the tension side of the beam. These combined beam and slab units 

arecalled“flangedbeam”. 

 They maybeTorLbeamsdependingonwhethertheslab isonboth oronlyononesideofthebeam. 

 TorLbeams 

actasflangedbeamsonlybetweenthesupportswherethebendingmomentarepositiveandtheslabsa

reonthecompressionsideofthebeam. 

 Over the support where the bending moment are negative the slabs are on the tension 
sidethenthebeamactsonlyasarectangularbeamwithtensionsteelplacedintheslabportionofthe 

beam. Thus at places of negative moment these beams have to be designed as singly 

ordoublyreinforcedrectangularbeam. 

A ‘T’ beam or ‘L’ beam can be considered as a rectangular beam with dimensions bw. 

Dplus a flange of size (bf - bw) X Df .It is shown in the figure beam (a) is equivalent to beam (b) 

+beam(c). 

 

 
The flanged beam analysis and design are analogous to doubly reinforced rectangular 

beam.Indoublyreinforcedbeamsadditionalcompressiveisprovidedbyaddingreinforcementincompressi

on zone, whereas in flanged beams, this is provided by the slab concrete, where 

thespanningoftheslabisperpendiculartothatofbeamandslabisincompressionzone. If the spanning of 

the slab is parallel to that of the beam, some portion of slab can be madetospaninthe 

directionperpendiculartothatofthebeambyaddingsomereinforcementintheslab. 



 

 

Aflangedbeamcanbealso doublyreinforced. 
 

The moment of resistance of a T beam is sum of the moment of resistance of beam (a) is 

thesum moment of resistance of beam (b) and moment of resistance of beam(c). similarly the 

steelarea required for beam (a) shall be equal to the sum of the steel required for the beam (b) and 

thesteelarea requiredforbeam(c). 

 

Positionofneutralaxis: 

Foraflangedbeam,theNeutralAxiseither(a)lies inflangeor(b)liesinweb 

(a) Neutralaxisliesinflange(xu<Df) 

 When theneutralaxisliesintheflange,thesizeofthecompressionzonebecomesbf×xu 

 Asconcretedoesnotresistanytension,thewidthoftensionzonehasnoeffectontheM.Roft

hesection. 

 Thereforethisbeamcanbeconsideredasarectangularbeamofdimensionbf×dandtheform

uladerivedforrectangularbeamsshallbeapplied. 

 Forasinglyreinforcedrectangularbeam: 

Equatingtotalcompressionandtotaltension
X=

0

.87fyAst 
 

u 
0.36fckb 

 To find out the type of the beam, xumaxshall be found out and compared with 

actualvalueofneutralaxisxu 

Ifxu< xumax,thesectionisunderreinforcedsection 
 

Ifxu>xumax,thesectionisoverreinforcedsection,then xu= xumaxIf 

xu=xumax,thesectionisbalancedsection 

 For under reinforced 

sectionMu= 0.36fckbfxu(d-

0.42xu) 

Or 
 

Mu= 0.87fyAst(d-0.42 xu) 
 

 Forover reinforcedsection 
 

Mulim=0.36fckbfxumx(d-0.42xumax) 

 

 
 

 

 

 

 

 



 

Question 1: 

Ateebeamofeffectiveflangewidth1200 mm,thicknessofslab 100mm,widthofrib 300mm 

and effective depth of 560 mm is reinforced with 4 nos. of 25 mm dia bars. Calculatethe 

factored moment of resistance. The materials are M20grade co concrete and 

Fe415gradesteel. 

 

Solution: 

bf= 1200 

mmDf= 100 

mmbw= 300 

mmd=560m

m 

Ast= 1964mm2
 

AssumethatN.Aliesinflange(xu<Df)Tot

alcompression=0.36fckbfxu 

Totaltension=0.87fyAst 

Equating,totalcompression=totaltension 

0.36fckbfxu= 0.87fyAst 

0.36×20×1200xu=0.87×415×1964 

xu=82.07mm<Df 

hence N.A lies in the 

flange.xumax=0.48×560=268.8

mm 

xu< 

xumax,thesectionisunderreinforcedsectionMu=0.3

6fckbfxu(d-0.42xu) 

=0.36×20×1200×82.07(560–0.42×82.07)=372.65×106 Nm 

=372.65Knm 



 

6 Analysis and Design of Slab and Stair case (LSM)  

 

6.1  Design of simply supported one-way slabs for flexure check for deflection control 

and shear. 

6.2  Design of one-way cantilever slabs and cantilevers chajjas for flexure check for 

deflection control and check for development length and shear.  

6.3  Design of two-way simply supported slabs for flexure with corner free to lift.  

6.4  Design of dog-legged staircase  

6.5  Detailing of reinforcement in stairs spanning longitudinally 

 

ANALYSISANDDESIGNOFSIMPLYSUPPORTEDSLAB 

Slab-Slabsareplateelements havingthedepthDmuchsmallerthanits spanandwidth.Theyusuallycarrya 

uniformlydistributedroadandformthefloororroof ofthebuilding.Theyaregenerallyoftwotypes:- 

 

(1) Onewayspanning slab- 
 

(i) The slab supported on all four edges but ly/lx >2 . Here as ly is much more than lx then there 

willbe a tendency of the slab to bend in one direction (about lx) only. Hence the slab where ly/lx > 

2 iscalledonewayslabprovidedthatitissupportedonallfouredges. 

(ii) Theslabsupportedontwooppositesupportisaonewayspanningslab. 

(2) Twoway panningslab- 
 

Iftheslab issupportedonallfouredges andif ly/lx≤ 

2,thetendencyoftheslabistobendinbothdirection.Suchslabsarecalled twowayspanningslab. 

Thefollowingconditionsshouldbesatisfied 
 

(i) Theslabshallbesupportedonallfouredges. 

(ii) ly/lx≤2. 

Analysisofoneway slab:- 
 

Theanalysisoftheslabspanninginone directionisdonebyassumingittobeabeamof1mwidth. 
 

Inadditiontothemainreinforcement,transversereinforcement(alsocalleddistributionreinforcement)isalso 

provided in a direction at right angles to the main reinforcement. The transverse reinforcement 

isprovidedtoservethefollowingpurpose- 

(i) Itresiststhetemperatureandshrinkagestresses. 

(ii) Itkeepthemainreinforcementinposition. 
(iii) Itdistributestheconcentratedandnonuniformsloadthroughouttheslab moreevenlyanduniformly. 

Basicrulesfordesign:- 

(1) Effective span – Thus in case of freely supported slab the effective span is taken equal to the 

distancebetweencentretocentreofsupportsor thecleardistancebetweenthesupportsplustheeffective 

depthof theslabwhicheverisless. 

(2) Control of deflection- The basic values of span to effective 
depthCantilever 7 

Simplysupported ---- 20 
Continuous ---- 26 

(3) ReinforcementRequirements: 
(i) Minimumreinforcement-

Themildsteelreinforcementineitherdirectioninslabshallnotbelessthan0.15%ofthetotalcrosssection

al area. 

(ii) ForHYSD barthisvalueis 0.12%ofthetotalcrosssectionalarea. 



 

(iii) Maximumdiameter-Thediameterofthebarshallnotexceedoneeighth ofthetotalthickness oftheslab. 

(iv) Minimum diameter- SP:34 gives the guideline for minimum diameter of bars in 

slabs.Accordingly, for main bars the minimum diameter shall be 10 mm for plain bars and 8 

mm fordeformedbars.Fordistributionbars,the minimumdiametershallbe6 mminanycase. 

(4) Shear Stress- In normal cases the shear in slabs is not critical. However shear shall be checked 
inaccordance with the code requirements of clause 40.2. For solid slab the design shear strength 

inconcreteshallbekτc. 

 
(5) Deflection-This shallbecheckedinthesamemannerasthebeams.Theslabsarethin 

elementsanddeflectionmaygovernthethicknessoftheslab. 

 
 

(6) Cracking-Toensurethat thecrackingoftheslabs is 

notexcessive,spacingofthereinforcementshallbelimitedtothefollowings: 

Formainbars,spacing𝛽3d 

𝛽300mmF

orsecondarybars,spacing𝛽5d 
𝛽450 

mmWhered=Effective depthof slab. 

 
(7) Cover:Formildexposure,specified clearcoveris 

20mm.Thiscanbereducedby5mmwhenthereinforcement of 12mmdiameterorlessisused. 

 

(8) DevelopmentLength:Thedevelopmentlengthintheslabshallbecheckedinthesamemannerasforbeams. 
 

For checking development length, L0 may be assumed as 8# for HYSD bars (usually end anchorage is 

notprovided)and12ϕformildsteel. 

 

Question1: 

 

Asimplysupportedonewayslabofclearspan3.0 mis supportedon masonrywallsofthickness 

350mm.slab is used for residential loads. Design the slab. The materials are grade M20 

concrete and HYSDreinforcementof gradeFe415.Live loadshallbe2KN/m2. 

 

Solution: 
Assume overalldepthofslabD=130m 

 

(a) Loadcalculation: 

 
Dead load = 0.13×25 = 3.25 
KN/m2Floorfinish =1.00kN/m2 

Liveload =2.00KN/m2 

Totalload = 6.25 

KN/m2Factoredload= 1.5× 

6.25=9.4KN/m2 

Effectivespan(1)3000+350=3350mmc/c support 
3000+110(effectivedepth)= 

3110mmUse3.11meffectivespan. 



 

√ 

t 

(b) Calculationofbendingmomentandshearforce:Co

nsider1mlengthof slab 

Load=9.4kN/m 
 

Maximum moment = 9.4 x 3.112 /8 = 11.36 

kNm.Maxiumshear=9.4x3/2=14.1kN(basedonclearspan) 

(c) Calculationofdepth: 
 

 
dreq = 

𝑀u 

Q𝑙i𝑚×𝑏 

6 

=√11.36×10 

 
 

 
=64.15mm 

2.76×1000 
 

dprovided=130–15(cover) –5 (assume10ϕ bar) 
= 110mm 

 

(d) Calculationofsteelarea: 

 

Ast= Mu = 
11.36×106 

0.87fy(d−0.42Xumax) 0.87×415(110−0.42×0.48×110) 

 

=358mm2 

 

Spacing= 
𝑎𝑟𝑒𝑎𝑜ƒ𝑜𝑛𝑒𝑏𝑎𝑟×1000 

𝑟𝑒𝑞𝑢i𝑟𝑒𝑑𝑎𝑟𝑒𝑎i𝑛𝑚𝑚2𝑝𝑒𝑟𝑚𝑒𝑡𝑟𝑒 

 
𝜋×82

×1000 

=4 =140mm 
358 

 
Provide8mmdiabar@140mmc/cgivingAst 

 
 
 

𝜋×82 

=
𝑎𝑟𝑒𝑎𝑜ƒ𝑜𝑛𝑒𝑏𝑎𝑟×1000= 4 

 
 

×1000=360mm2 

 
Half 

thebarsarebentat0.1l=0.1×3100=310mmRemainingb

arsprovide180mm2area. 

p=
100𝐴𝑠=100×180=0.13>0.12 

𝑏𝐷 1000×130 

𝑠𝑝𝑎𝑐i𝑛g 140 

 

i.eremainingbarsprovide minimumsteel.Thushalfbarsmaybebentup. 

 
Distributionsteel=0.15×1000×130=195mm2,usingmildsteel 

100 
 

 

Spacing= 
𝑎𝑟𝑒𝑎𝑜ƒ𝑜𝑛𝑒𝑏𝑎𝑟×1000 

𝑟𝑒𝑞𝑢i𝑟𝑒𝑑𝑎𝑟𝑒𝑎i𝑛𝑚𝑚2𝑝𝑒𝑟𝑚𝑒𝑡𝑟𝑒 
 

𝜋×62
×1000 

=  4 = 145mm 
 

195 

Provide6mmϕ @ 140mmc/c 



 

(e) Checkforshear:Fo

rbarsatsupport 

Correctd=130–15–4 

=111mm 

 

pt=
100𝐴𝑠=

100×180
=0.16 

𝑏𝑑 1000×111 
 

for slab upto 150 mm thickness, k = 

1.3valueofτcfromIS:456=0.28N/mm2
 

designshearstrength=kτc= 1.3×0.28=0.364N/mm2
 

3 
2 2 

actualshearstress=τv
=14.1×10    =0.13N/mm 

1000×111 
 

(f) Checkfordevelopmentlength: 

<0.364N/mm (safe) 

 

For continuing bars, Ast= 180 mm2. Also , the ends of the reinforcement are confined by 
compressivereaction. 

M=0.87fAd(1-
𝐴𝑠𝑡ƒ𝑦

) 
u1 y  st 𝑏𝑑ƒ𝑐𝑘

 

 

=0.87×415×180× 111(1-180×415 ) 
1000×111×20 

= 7 

KNmVu=14.1KN 

L0 = 12≠ 

(assumed)Ld≤1.3(

M1/V)+L0 

Ø𝜎
≤ 1.3

7×106 +12×8 
4𝑐𝑏𝑑 14.1×103

 
 

6 

47ϕ ≤1.37×10 +6 
14.1×103 

 

Φ≤15.77mm 
 

Φprovided= 8 mm (safe) 
 

(g) Checkfordeflection: 

Basic span/d ratio = 

20Servicestress=0.58f
𝐴𝑠𝑡r𝑒g

 
y
𝐴𝑠𝑡𝑝r𝑜 

=0.58×415×358 

360 
 

 
=240N/mm2 



 

100A/bd=100×360=0.32 
s 

1000×111 

Modificationfactor= 1.5 
 

Span/dpermissible=20×1.5=30 
 

Actualspan/d=3100/111=28<30 (safe)
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