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WORKINGSTRESSMETHOD 
 

 
Objectiveofdesignanddetailing: 

Everystructuremustbedesigned tosatisfythreebasic requirements; 

 

 Stabilitytopreventoverturning,slidingorbucklingofthestructure,orpartsofit,undertheactionof load. 

 Strengthstoresistsafelythestressesinducedby theloadsin thevariousstructuralmembers. 

 Serviceabilitytoensuresatisfactoryperformanceunderserviceloadcondition.Serviceabilityincludes two 

parameters i.e deflection and cracking. The deflection should be limited to ensure the better 

appearanceofthestructureandtopreventcracking.Thecrackingofthereinforcedconcreteshouldnot 

beexcessivetoensurebetterappearanceandalsotopreventtheaccessofwaterfromcrackswhichmay corrode 

the reinforcement. 

There are two other considerations that a sensible designer ought to bear in mind, viz. economy and 

aesthetics. 

Differentmethodsofdesign: 

 
(a) Workingstressmethod: 

 The earliestcodifieddesignphilosophyisthatofworkingstressmethodofdesign(WSM). 

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

still surviving in a number of countries. 

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

mannerandadequatesafetycanbeensuredbyrestrictingthestressesinthematerialinducedby working 

loads (service loads) on the structure. 

 Asthe specifiedpermissible (allowable)stressesare keptwellbelowthe materialstrength,the 

assumption of linear elastic behavior considered justifiable. 

 Theratioofthestrengthofthematerialtothepermissiblestressisoftenreferredtoasthefactor of safety. 

(b) Ultimateload method: 

 Inthismethodtheinelasticbehaviorofconcreteistakenintoaccountandthereforereserve strength of 

concrete can be used leading to the economical design. 

 In design,theloads on thestructureareincreased by suitableload factorand thestructureis loaded 

with these increased loads called ultimate load. 

 Formaterial(steelandconcrete)the ultimatebehavioristakeninto account. 

 The ultimate loadmethod leads the designer to economy but at the same time, to very slender 

section, larger deflection and larger crack width in concrete. 



(c) Limitstate method: 

 

 

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

safely all loads liable to act on it through out its life. 

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

cracking. 

 WSMgivessatisfactoryperformanceofthestructureatworkingloadsanditisunrealisticatultimate state of 

collapse. 

 ULM providesrealistic assessmentof safetybutitdoes notguaranteethe satisfactoryserviceability 

requirement at service load. 

 Theacceptablelimitforthesafetyandserviceabilityrequirementbeforefailureoccursiscalled“limit state” 

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

for the useforwhichit is intended,that means it will notreacha limit state. Forensuring the above 

objective, various partial factor of safety are employed in the limit state design. 

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

safety.Designloadsareobtainedbymultiplyingapartialfactorofsafetyforloadswithcharacteristic 

loadandinasimilarmannerthedesignstrengthofmaterialareobtainedbydividingthecharacteristic 

strength with respective partial factor of safety for materials. 

 

Reinforcedcement concrete: 

 Itisacombinationofconcrete andsteeltobuilda structure insteadofusingonly concrete. 

 Concreteisgoodinresistingcompressionbutisweakinresistingtension. 

 Ontheotherhandsteelhashigh tensilestrengthandthebondbetweenconcreteandsteelis good. 

 Toovercomethe drawbackofconcrete,steelbarsare usedalongwithconcrete. 

 

 

Gradesof concrete: 

 Thepropertiesofconcretevarysomuchwithcompositionandmethodofmixingthereforedifferent types of 

concrete can be obtained. 

 Concrete mixeshave beenclassifiedintovariousgradesbythe IndianStandardInstitution. 
 

Type of 

concrete 

Gradedesignation Characteristic 

compressivestrengthat 28 

days in N/mm2 

Normal 

strength 

concrete 

M5 5 

 M10 10 



 M15 15 

Standard 

concrete 

M20 20 

 M25 25 

 M30 30 

High strength 

concrete 

M35 onwards 35 

 InthisdesignationMreferstomixandthenumberrepresentsthecharacteristiccompressivestrength of 

cube at 28 days expressed in N/mm2 

 Characteristic strength is defined as the strength of the material below which not more than 5% of 

the test results are expected to fall. 

 

Advantagesofreinforcedcementconcrete: 

 ReinforcedCementConcretehasgoodcompressivestrength(becauseofconcrete). 

 RCCalsohashightensilestrength(becauseofsteel). 

 Ithasgoodresistancetodamagebyfireandweathering(becauseofconcrete). 

 RCCprotectssteelbarsfrombucklingandtwistingatthehightemperature 

 RCCpreventssteelfromrusting 

 ReinforcedConcreteisdurable 

 Themonolithiccharacterofreinforcedconcretegivesitmorerigidity. 

 MaintenancecostofRCCispracticallynil. 

 

 

Conceptofunder,balanced andoverreinforcedbeamsection: 

Underreinforcedsection: 

 Insomecasesalargersectionprovidedthanrequiredforabalancedsection.Inotherwords,asmaller 

areaofsteelisprovidedthanrequiredforabalancedsection. 

 In thiscaseatsome valueof loads,the stressinsteelwillreachatitspermissibleor designvalueand 

failswhileconcretestressislessthanitspermissiblevalue. 

 Thefailureinthiscaseisatensionorductilefailure. 

Balancedreinforcedsection: 

 In this type of design, the section is so proportioned that the steeland concrete both reach their 

maximumvaluesofstressatthesametime.Thusatsomevalueofloadboththematerialwillfailat the same 

time. 

Overreinforced: 

 Inthiscasesteelareaprovidedismorethanthearearequiredforabalancedsection. 

 Atsomevalueofloadthestressinconcretewillreachatitspermissiblevalueandfailswhilestress 



insteelislessthanitspermissiblevalue. 

 Thefailureinthiscaseiscalledcompressionfailureandthereforeitwillbeabrittlefailure. 

 

 

Workingstressmethod: 

Assumptions: 

TheanalysisanddesignofaRCCmemberare basedonthe followingassumptions 

 Concreteisassumedtobehomogeneous 

 Atanycrosssection,planesectionsbeforebendingremainplaneafterbending. 

 Thestress-strainrelationshipforconcreteisastraightline,underworking loads 

 Thestress-strainrelationshipforsteelis astraightline,underworkingloads 

 Concreteareaontensionsideisassumedtobeineffective 

 All tensile stresses are takenup by reinforcements and none by concrete exceptwhen specially 

permitted. 

 Thesteelareaisassumedtobeconcentratedatthecentroidofthesteel. 

 The modularratiohasthe value280/3σcbcwhereσcbcispermissiblestressincompressiondue to 

bendinginconcreteinN/mm2asspecifiedincode(IS:456-2000). 

Permissiblestresses: 

 Inworkingstressmethod,thestressesinmaterialsarenotexceededbeyondtheirpermissible 

values. The permissible stresses are found by using suitable factor of safety to the material 

strength. 

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

characteristic strength of concrete. 

 Forsteelafactorofsafetyequalto1.8isconsideredonayieldstrengthofsteelintensiondue to 

bending. 

Derivationofformulaforbalanceddesign: 

Considerasinglyreinforcedbeamwithstressandstraindiagramasshowninfigure: 

00 

 

 

Ast,bal=reinforcementareaprovidedforbalancedsection 



1 

Ơcbc=permissiblestressinconcreteinbendingcompression Ơst= 

permissible stress in steelin tension 

Ec=modulusofelasticityofconcrete 

Est = modulus of elasticity in steel 

€c=straininconcreteinextremecompressionfibre=ơcbc/Ec 

€st = strain in steel =ơst/Es=ơst/mEcb 

= width of beam 

d=effectivedepthwhichisdefinedasthedistancefromextremecompressionfibretothe centroid of 

tensile reinforcement 

x=depthofN.Awhichisdefinedasthedistanceofneutralaxisfromextremecompression fibre. 

z=leverarmwhichisdefinedasthedistancebetweencentroidofcompressiveforcetothe centroid of 

tensile force 

To find Neutral axis 

:Fromthestraindiagram 

𝑥𝑏𝑎𝑙
=
ơ𝑐𝑏𝑐/𝐸𝑐

=
𝑚ơ𝑐𝑏𝑐 

𝑑−𝑥𝑏𝑎𝑙 ơ𝑠𝑡/𝐸𝑠 ơ𝑠𝑡 

Xbal= 
𝑚ơ𝑐𝑏𝑐 

𝑚ơ𝑐𝑏𝑐+ơ𝑠𝑡 

X bal= kd 

Where k = 1 

 

ơ𝑠𝑡d 
1+ 

𝑚ơ𝑐𝑏𝑐 

ơ𝑠𝑡 1+ 
𝑚ơ𝑐𝑏𝑐 

andisknownasneutralaxisconstant 

Tofindleverarm: 

Fromstressdiagram 

Z=d-
𝑥𝑏𝑎𝑙 

3 

=d-𝑘𝑑=(1-𝑘)d 
3 3 

=jd 

 

 
Wheretheconstantj=(1-𝑘) 

3 

Andisknownasleverarmconstant 

Tofindtotalforces: 

C=totalcompression T 

= total tension 

C=½ơcbcbxbal 

=
𝑏𝑥𝑏𝑎𝑙ơ𝑐𝑏𝑐2 

T =ơstAst,bal 

Tofind momentofresistance of section 

d= 



√ 

Capacityof asectiontoresistthemoment isknownasitsmomentof resistance. 

M.R=totalcompressiveforcexleverarm Or, 

M.R=totaltensileforcexleverarm 

Considering compressive force 

M.R= totalcompression x leverarm 

= (½ơcbcbxbal)jd 

= (½ơcbcbkd)jd 

=(½ơcbckj)bd2 

M = Qbalbd2 

WhereQbal=½ơcbckjandisknownasmomentofresistancefactor Considering the 

tensile forces 

M.R= totaltensionx leverarm 

= Astbalơstjd 

To find steel 

areaForabalancedsect

ion Mbal= Astbalơstjd 

Astbal=
𝑀𝑏𝑎𝑙 

ơ𝑠𝑡𝑗𝑑 

Percentagesteel=pt= 100Ast/bd 

Forabalancedsectionptbal=100×𝐴𝑠𝑡𝑏𝑎𝑙=100×𝑀𝑏𝑎𝑙×1 
𝑏𝑑 ơ𝑠𝑡𝑗𝑑 𝑏𝑑 

Ptbal=
100×½ơ𝑐𝑏𝑐×𝑘×𝑗×𝑏𝑑×𝑑

=
50ơ𝑐𝑏𝑐×𝑘 

 
To design balancedsection 

ơ𝑠𝑡×𝑗𝑑×𝑏𝑑 ơ𝑠𝑡 

ForagivendesignmomentM,considerM=Mbal If 

width of beam is assumed 

d= 
𝑀𝑏𝑎𝑙 

𝑏𝑄𝑏𝑎𝑙 

steelarea=Ast=Astbal=
𝑀 

ơ𝑠𝑡𝑗𝑑 

Question1 

Calculatethedesignconstantsforthefollowingmaterialconsideringthebalanceddesign for 

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

reinforcement. 

Solution: 

ForM20gradeconcrete,ơcbc=7N/mm2 For 

Fe250gradesteel,ơst =140 N/mm2 

Modular ratio= m=280 
3ơ𝑐𝑏𝑐 

=280=13.33 
3×7 



ơ𝑠𝑡 

√ 

Neutralaxisconstant=k = 1 
1+ 

𝑚ơ𝑐𝑏𝑐 

= 0.4 

1 
 

 140 
1+ 

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 

Question2: 

140 

Forarectangularbeamofsize250mmwidex520mmeffectivedepth,findoutthebalanceddepth of neutral 

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

areM20 grade concreteand HYSD reinforcement of grade Fe 415. 

Solution: 

b=250mm d 

= 520 mm 

ơcbc = 7 

N/mm2ơst=230N

/mm2 k = 0.29 

j= 0.90 

Qbal =0.91 

Depthofneutralaxis=kd=0.29×520=150.8mm Lever arm 

= jd = 0.9 × 520 = 468 mm 

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

Astbal=
𝑝𝑡𝑏𝑎𝑙×𝑏𝑑=

0.44×250×520
=572mm2 

100 

Question3 

100 

Asimplysupportedrectangularbeamof4mspancarriesauniformlydistributedloadof26KN/m. The 

width ofthe beam is 230 mm. find the depth and steel area for balanced design. Use M20 grade 

concrete and mild steel reinforcement. 

Solution: 

MaximummomentM=26×42/8 

= 52 Kn.m 

Forbalancedsection Qbal = 1.21 
 

 
 

Effectivedepthrequired=d = 𝑀𝑏𝑎𝑙 
𝑏𝑄𝑏𝑎𝑙 

= √
52×106 

1.21×230 
= 432.3 mm 

Steelarea= A 

 

 

stbal 

 

=
𝑀ơ𝑠𝑡𝑗

𝑑 
= 

52×106 

140×0.87×432.3 
= 988 mm2 

Provide5nos.of16mmdiameter bars givingareaof 5×201=1005 mm2 

= 



Transformedareamethod: 

 A transformed section is a section in which the steel area is replaced by an equivalent 

concrete area. 

 A transformedsectionconsistsof asingle material,therefore,theoryof simple bendingcan be 

applied. 

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

concretewhensteelareaisreplacedbyconcrete.Itisusualtoreplacesteelareabyconcrete, hence a 

transformed section would mean to a homogenous concrete section. 

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

tensile force. Thus all tensile forces will be carried by steel. 

 

 

 

Atthecentroidofsteelreinforcement,thesurroundingconcretebeingelasticandhavingperfectbond with 

steel 

Straininsteel=straininconcrete 

Letfstandfcb’be the stressesinsteelandconcrete respectivelyatthe levelofcentroidofsteel. Strain in 

concrete = strain in steel 

𝑓𝑐𝑏 

𝐸𝑐 

=𝑓𝑠𝑡=fst =mfcb’ 
𝐸𝑠 

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

If this steel is to be replaced by an equivalent concrete area, the equivalent concrete will carry the 

same force 

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

Equating(1)&(2) 

Transformedareaxfcb’=Astmfcb’ 

Transformed area = mAst 

To find neutral axis: 

b×x×(x/2)=mAst(d-x) 

lever arm = d – (x/3) 



3 

𝑥 stressinsteelfst= 𝑀 
(𝑑−)𝐴𝑠𝑡 

Stressinconcrete: 

𝑓𝑐𝑏 

Fromstraindiagram,𝐸𝑐=𝑥 
 

 

fcb=
𝑓𝑠𝑡×

𝑥 

𝑓𝑠𝑡 
𝐸𝑠 

=
𝑓𝑠𝑡×

𝑥 

𝑑−𝑥 

𝐸𝑠⁄𝐸𝑐 𝑑−𝑥 𝑚 𝑑−𝑥 

M.Rincompression=ơcbc(bx/2)(L.A) 

M.Rintension=ơstAst(LA) 

Question4: 

Arectangularbeamofwidth200mmandeffective depth460mmreinforcedwith3-16mmdia bar. The 

section is subjected to a characteristic moment of 30 KNm. Determine the maximum stress in 

steelandconcrete.ThematerialsareM20gradeconcreteandmildsteelreinforcement.Alsofindout the M.R 

of the section. 

Solution: 

ForM20gradeconcreteandFe250 m 

= 13.33 

transformedareaofsteel= 13.33 × 603 

= 8038 mm2 

Tofindneutralaxis,takingmomentsoftransformedareaaboutN.A 200×x×(x/2) = 

8038(460 - x) 

100x2+ 8038x – 36987480 = 0 

x = 156.2 mm 

leverarm=460–(156.2/3)= 407.9mm 

steelstress=30×10
6 

603×407.9 
= 121.97 N/mm2 

concretestress=𝑓𝑠𝑡×
𝑥
==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.R intension=140×603×407.9×10−6=34.43KNm 

M.Rofthesection =34.43 KNm 

Analysisofthesection: 

Type 1:tofindoutthe depthofneutralaxisfora givensectionandspecifyingthe type of beam 

 Ifthesectionandsteelareaaregiven,findoutneutralaxisbytakingmomentoftransformed areas 

about Neutral Axis. 

b×x×(x/2)=mAst(d-x) 

 Findoutdepth ofneutralaxis forabalanced section. 

x = kd where=k= 1 
1+

ơ𝑠𝑡 

𝑚ơ𝑐𝑏𝑐 

 Ifxact ˂xbal,,-thebeamsectionisunderreinforced. 



Ifxact˃xbal,,-thebeamsectionisoverreinforced If xact 

= xbal,, -the beam section is balanced 

Type 2:tofindthemomentof resistancefor agivensection 

 Findthe positionofactualandbalancedN.Aasexplainedabove. 

 Ifxact ˂xbal,the beamsectionisunderreinforcedandmomentofresistanceisgivenbyM.R 

=Astơst(d–x/3) 

 Ifxact˃xbal,,thebeamsectionisoverreinforcedandmomentofresistanceisgivenbyM.R 

=b×x×(ơcbc/2)(d-x/3) 

Design ofthesection: 

Type–1:dimensionnotgiven 

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

one must known to us. It is usual to fix the width (b) of the section. 

 Oncewidthisfixed,the depthwillbe calculatedfromfollowing formula 
 

d=√
𝑀  

𝑄𝑏𝑎𝑙×𝑏 

here M=Mbal,where Misthe appliedmoment. 

 Thenareaofsteel(Ast)willbe calculatedasper thefollowingformula 

 
Ast = 

 𝑀ơ𝑠
𝑡×𝑗𝑑 

Type2:dimensionsaregiven 

 AppliedmomentM,thesectiondimensionsbanddaregiven 

 Determine Mbal =Qbalbd2 

 IfM<Mbal,thesectionisdesignedasunderreinforcedbeam. 

 IfM>Mbal,thesectionisdesignedasoverreinforcedbeam. 

 IfM=Mbal,thesectionisdesignedasbalanced. 

Question5: 

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

barsintension.Findoutthedepthofneutralaxisandtypeofthebeam.ThematerialsareM20grade concrete 

and Fe415 grade steel. 

Solution: 

ForM20gradeconcrete,m=13.33 Ast 

= 4×113 = 452 mm2 

Letxbethedepth of N.A 

TakingmomentoftransformedareasaboutN.A 

b×x×(x/2) = mAst(d - x) 

(300/2)x2=13.33×452(460-x) 

x2+40.17x – 18477 = 0 

x = 117.3 mm 



ơ𝑠𝑡 

depthofbalancedN.A=0.29×460=133.4mm 

xactual<xbal 

Thebeamisunderreinforced. 

Question6: 

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

of20mmdiabar.Alsostatethetypeofthebeam.ThematerialsareM20gradeconcrete andFe415 grad steel. 

Solution: 

ForM20gradeconcrete,m=13.33 Ast 

= 3×314 = 942 mm2 

Letxbethedepthof N.A 

TakingmomentoftransformedareasaboutN.A 

b×x×(x/2) = mAst(d - x) 

(230/2)x2=13.33×942(560-x) 

x2+109.2 x – 61146 = 0 

x = 198.6 mm 

depthofbalancedN.A=kd=0.29×560=162.4mm xactual > 

xbal 

Thebeamisoverreinforcedandconcretewillfail first. 

M.R=b×x×(ơcbc/2)(d-x/3) 

=230× 198.6×(7/2)(560 –198.6/3)× 10-6 

= 78.95 Knm 

Question7: 

Designa reinforcedconcrete beamsubjectedtoabendingmomentof20Knm.UseM20 Grade 

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

depth. 

Solution: 

ForM20 gradeconcrete, m=13.33 

Neutralaxisconstant=k = 1 
1+ 

𝑚ơ𝑐𝑏𝑐 

=0.29 

1 
 

 230 
1+ 

13.33×7 

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

=0.90 

Mbal=Qbalbd2 

=½ơcbckjbd2=½×7×0.29×0.90×(d/2)×d 

= 0.457d3 

M = 20Knm= 20×106Nmm 

Mbal=M 

= 



0.457 d3= 20×106 

d = 353 mm 

b=353/2= 177 mm 

steelarea=Ast=Astbal=𝑀 
ơ𝑠𝑡𝑗𝑑 

 

Ast = 
20×106 

230×0.90×353 
= 273 mm2 



 

PHILOSOPHYOFLIMITSTATEMETHOD 
SAFETYANDSERVICEABILITYREQUIREMENTS 

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

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

requirements,suchaslimitationsondeflectionandcracking.Theacceptablelimitforthesafetyand 

serviceabilityrequirements before failure occurs is called a ‘limit state’. The aim of design is to achieve 

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

not reach a limit state. 

All relevant limit states shall be considered in design to ensure anadequate degree of safety and 

serviceability. In general, the structure shall be designed on the basis of the most critical limit state and shall be 

checked for other limit states. 

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

materialstrengthsandappliedloads,whichtakeintoaccountthevariationsinthematerialstrengths and in the loads 

tobe supported. The characteristic values should be based on statistical data if available;wheresuchdata are 

notavailabletheyshouldbe basedonexperience.The ‘design values 



are derived from the characteristic values through the use of partial safety factors, one for material strengths and the 

other for loads. 

LimitStateof Collapse 

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

criticalsectionsandfrombucklingdue toelastic or plasticinstability(includingthe 

effectsofswaywhereappropriate)oroverturning.Theresistancetobending,shear,torsionandaxial loads at every 

sectionshall not be less than the appropriate value at that section produced by the 

probablemostunfavourablecombinationofloadsonthestructureusingtheappropriatepartialsafety factors. 

LimitStateDesign 

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

and applied loads (actions), which take into account the probability of variations in the material strengths and 

in the loads to be supported. The characteristic values should be based onstatisticaldata,ifavailable.Where 

suchdata isnotavailable,theyshouldbe basedonexperience. The designvaluesare derivedfromthecharacteristic 

valuesthroughthe useofpartialsafetyfactors, 

bothformaterialstrengthsandforloads.Intheabsenceofspecialconsiderations,thesefactorsshould have the values 

given in this section according to the material, the type of load and the limit state being considered.



Limitstatesarethestatesbeyondwhichthestructurenolonger satisfiestheperformance requirements specified. The limit 

states are classified as 

a) Limitstateofstrength 

b) Limitstate ofserviceability 

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

actionofprobableandmostunfavorablecombinationofloadsonthestructureusingtheappropriate 

partialsafetyfactors,whichmayendangerthesafetyoflifeandproperty.Thelimitstateofstrength includes: 

 Lossofequilibriumof the structureasawholeoranyof itspartsorcomponents. 

 Lossofstabilityofthestructure(includingtheeffectofswaywhereappropriateand overturning)or any of 

its parts including supports and foundations. 

 Failurebyexcessive deformation,ruptureofthe structureoranyofitspartsorcomponents. 

 Fracturedue tofatigue. 

 Brittle fracture. 

b) Thelimitstateofserviceabilityinclude 

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

structure or may cause improper functioning of equipment or services or may cause damages to 

finishes and non-structural members. 

 Vibrations in the structure orany of its components causing discomfort to people, damages to the 

structure, its contents or which may limit its functional effectiveness. Special 

considerationshallbegiventofloorvibrationsystemssusceptibletovibration,suchaslarge 

openfloorareasfreeofpartitionstoensurethatsuchvibrationsisacceptablefortheintended use and 

occupancy. 

 Repairabledamageduetofatigue. 

 Corrosion and durability. 

LimitStatesofServiceability 

Tosatisfythelimitstateofserviceabilitythedeflectionandcrackinginthestructureshall not be excessive. 

This limit state corresponds to deflection and cracking. 

Deflection 

Thedeflectionofastructureorpartshallnotadverselyaffecttheappearanceorefficiency of the structure or 

finishes or partitions. 

Cracking 

Crackingofconcreteshouldnotadverselyaffecttheappearanceordurabilityofthestructure; the acceptable 

limits of cracking would vary with the type of structure and environment. The actual widthofcracks will vary 

betweenthe wide limits and predictions ofabsolute maximum width are 



notpossible.Thesurfacewidthofcracksshouldnotexceed0.3mm. 

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

effectsoftheweatherorcontinuouslyexposedtomoistureorincontactsoilorgroundwater,anupper limit of 0.2 mm is 

suggested for the maximum width of cracks. For particularly aggressive 

environment,suchasthe‘severe’category,theassessedsurfacewidthofcracksshouldnotingeneral, exceed 0.1 mm. 

CHARACTERISTICANDDESIGNVALUESANDPARTIALSAFETYFACTORS 

1. CharacteristicStrengthofMaterials 

Characteristicstrengthmeansthatvalueofthestrengthofthematerialbelowwhichnotmore 

than5percentofthetestresultsareexpectedtofallandisdenotedbyƒck.Thecharacteristicstrength 

ofconcrete(ƒck)isasperthemixofconcrete.Thecharacteristicstrengthofsteel(ƒy)istheminimum stress or 0.2 percent 

of proof stress. 

2. CharacteristicLoads 

Characteristic load means that value ofload which hasa95 percent probability of not being exceeded 

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

terms,forthepurposeofthisstandard,deadloadsgiveninIS875(Partl),imposedloadsgivenin IS 

875(Part2),windloadsgiveninIS 875(Part3),snowloadasgivenin IS875(Part4)andseismic forces given in IS 

1893-2002(part-I) shallbe assumed as the characteristic loads. 







Designvalues: 

Material: 

Thedesign strengthofmaterialfdis given by 

 
fd=𝒇 

𝜸𝒎 

 

where f=characteristicstrengthof materials 
ɣm=partialsafetyfactorappropriatetothematerial 

Loads: 

 

ThedesignloadFdisgivenby Fd = 

Fɣf 

Where F=characteristicload 

ɣf=partialsafetyfactorappropriatetothenatureofloading 

PartialSafetyFactors: 

1. PartialSafetyFactor fforLoads 

 

Sr.No. LoadCombination UltimateLimitState ServiceabilityLimitState 

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

 

 

2 

DL +WL 

i) DLcontributeto 

stability 

ii) DLassists 

overturning 

 

 

0.9 DL +1.5 WL 

1.5 (DL +WL) 

 

 

DL+WL 

DL +WL 

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

 

2. PartialSafetyFactor m for MaterialStrength 

 

Sr.No. Material UltimateLimit 

State 

ServiceabilityLimit 
State 

1 Concrete 1.50 Ec=5000fckMPa 

2 Steel 1.15 Es=2x105MPa 

 

When assessing the strength of a structure or structural member for the limit state of collapse, thevalues of 

partial safety factor, should betaken as 1.5 for concrete and 1.15 forsteel. 



ANALYSISANDDESIGNOFSINGLEANDDOUBLEREINFORCEDSECTION 

 

 

 

 

LIMITSTATEOFCOLLAPSE: FLEXURE 

AssumptionsforLimitStateofCollapse(Flexure): 

1) Plane section normal to the axis remains plane evenafterbending. i.e. strainat anypoint on the cross 

section is directly proportional to the distance from the N.A. 

2) Maximumstraininconcreteattheouter mostcompressionfibreistakenas0.0035inbending. 

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

concretemaybeassumedtoberectangle,trapezoid,parabolaoranyothershapewhichresults 

inpredictionofstrengthinsubstantialagreementwiththeresultsoftest.Anacceptablestress strain curve is 

shown below 

 

 

Fordesignpurposes,thecompressivestrengthofconcreteinthestructureshallbeassumedtobe 

0.67timesthecharacteristicstrength.Thepartialsafetyfactor m=1.5shallbeappliedinaddition to this. 

. 

 

 

 

 

 

NOTE– 



Fortheabovestress-straincurvethedesignstressblockparametersareas follows: 

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

= 0.17fckxu 

Areaofrectangularportion=0.446fck(3/7)xu 

=0.19 fckxu 

Totalareaofstressblock = 0.17fckxu+ 0.19fckxu = 0.36 fckxu 

Letȳbethedistanceofcentroidofstreeeblock fromtheextremecompression fibre 

3 x1 0.17fckxu(x1+x2)+0.19fckxu()  
ȳ =  8 2 

0.36fckxu 
substitutingx1=(3/7)xu 

x2= (4/7)xu 

Depthofcentreofcompressiveforce= ȳ=0.42xufromtheextremefibrein compression 

Wherefck=characteristiccompressivestrengthofconcrete,andxu=depthof neutral axis 

 

4) the tensile strengthoftheconcrete isignored. 

5) thestressesinthereinforcementarederivedfromrepresentativestress –straincurvefor the type ofsteel 

used. 

 



6) the maximumstrainintensionreinforcementinthesectionatfailure shallnotbe lessthan 

=
0.87𝑓𝑦

+0.002 
𝐸𝑠 

 

TYPESOFBEAMSECTIONS 

 Sectioninwhich,tensionsteelreachesyieldstrainsimultaneouslyastheconcrete reaches 

thefailure strain in bending are called, ‘Balanced Section’. 

 Sectioninwhich,tensionsteelreachesyieldstrainatloadslowerthanthe loadatwhich concrete 

reachesthefailure straininbendingarecalled,‘Under ReinforcedSection’ 

 Sectioninwhich,tensionsteelreachesyieldstrainatloadshigherthanthe loadatwhich concrete reaches 

the failure strain in bending are called, ‘Over Reinforced Section’. 

 

Analysisofsingle reinforcedrectangularbeam : 

Derivationofformula: 

 

 

 

Asinglyreinforcedrectangularbeamsectionwithstraindiagramandstressdiagramareshownin figure. 

TofindNeutralaxis: 

Totalcompression=totaltension 

0.36fckbxu = 0.87 fyAst 

Xu=
0.87fyAst 

0.36fckb 
 

 Ifxu<xumax,thesectionisunderreinforcedsection 

 Ifxu>xumax,the sectionisoverreinforcedsection,thenxu=xumax 

 Ifxu=xumax,the sectionisbalancedsection 



𝑓𝑦𝐴𝑠𝑡 
- 

 

Gradeof steel xumax/d 

Fe250 0.53 

Fe415 0.48 

Fe500 0.46 

 

 

 

Tofindleverarm: 

Fromthestressdiagram,theleverarm Z = d- 

0.42 xu 

Tofindmoment ofresistance: 

(1)Forabalanced section 

M.R= totalcompression × leverarm 

= total tension × lever arm 

Mu=0.36fckbxu(d-0.42xu) 

Forlimitingvalue substitute xumaxforxuandMulimforMu 

 
Mulim=0.36(

𝑥𝑢𝑚𝑎𝑥
)(1−0.42

𝑥𝑢𝑚𝑎𝑥
)𝑓 𝑏𝑑2 

𝑑 
 

= Qlimbd2 

𝑑 𝑐𝑘 

Qlim=limitingmomentofresistancefactorforbalancedrectangularsection. For under 

reinforced section 

Mu= 0.87fyAst(d-0.42 xu) 

 
= 0.87fAd(1 ) 

yst 𝑏𝑑𝑓𝑐𝑘 

Typeofproblem: 

Threedifferenttypesofproblemsare consideredforsinglyreinforcedrectangularbeams 

Type1: 

Tofindoutthe depthofneutralaxisandspecifyingthetype of thebeam 

 Foragivensection,equatetotaltensionandtotalcompressionandthusfindoutthedepthof neutral axis using 

Xu=
0.87fyAst 

0.36fckb 
 Alsofindoutthe limitingvalueofdepthof neutralaxisxumax,usingxumax/d 

 Thenif 

Ifxu<xumax,thesectionisunderreinforcedsection 

Ifxu>xumax,thesectionisoverreinforcedsection,thenxu=xumax If xu = xumax, 

the section is balanced section 



√ 

Type2: 

Tofind outmomentof resistanceofagivensection 

 Findoutdepthofneutralaxisandtype of thebeamasdiscussedintype1 

 Foroverreinforcedandbalancedsection,obtainmomentofresistancebyusingthe following 

equation 
Mulim=0.36(

𝑥𝑢𝑚𝑎𝑥
)(1 −0.42

𝑥𝑢𝑚𝑎𝑥
)𝑓𝑏𝑑2 

𝑑 𝑑 𝑐𝑘 

 Forunderreinforcedsectionobtainmomentofresistancebyusingthe following equation 

Mu= 0.36 fckbxu(d-0.42 xu) 

Or 

Mu= 0.87fyAst(d-0.42 xu) 

Type3: 

Todesignasinglyreinforcedrectangularsectionforgivenwidthand appliedfactoredmoment The width is 

usually decided by the functional or architectural requirement. 

d = 
𝑀  

𝑄𝑙𝑖𝑚×𝑏 
The steelarea canbe obtainedbyusingthe followingformula 

 
Ast= Mu 

0.87fy(d−0.42 x𝖚max) 

 

Question1: 

Arectangularbeam230 mmwideand 520 mmeffectivedepth is reinforced with4 nos. of16 

mmdiameterbars.Findoutthedepthofneutralaxisandspecifythetypeof beam.Thematerialsare M20 grade 

concrete and Fe415 grade steel. Also find out the depth of neutral axis if the reinforcement is increased to 4 

nos. of 20 mm dia bars. 

Solution: 

Case1: 

Ast= 4×201= 804mm2 

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

tension = 0.87 fyAst= 0.87 ×415×804 = 290284 Equating total 

compression = total tension 

1656 xu= 290284 

xu = 175.3 mm 

limitingvalueofneutralaxis=xumax=048d=0.48×520=250mm herexu<xumax, the 

section is under reinforced section 

Case2: 



xu = 175.3 mm 

Ast= 4×314= 1256mm2 

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

tension = 0.87 fyAst= 0.87 ×415×1256 = 453479 

1656 xu = 453479 

xu = 273.8 mm 

Herexu>xumax,thesectionisoverreinforcedsection xu = xumax = 

250 mm 

Question2: 

A rectangular beam 230 mm wide and 460 mm effective depth is reinforced with 3 nos. of 20 mm 

diameterbars.Findoutthefactoredmomentofresistanceofthebeam.ThematerialsareM20grade 

concreteandFe415gradesteel.Alsofindoutthefactoredmomentofresistanceifthereinforcement is increased to 

5nos. of 20 mm dia bars. 

Solution: 

Ast= 3×314= 942mm2 

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

tension = 0.87 fyAst= 0.87 ×415×942 = 340109 Equating total 

compression = total tension 

1656 xu= 340109 

xu = 205.4 mm 

limitingvalueofneutralaxis=xumax=048d=0.48×460=220.8mm Herexu<xumax, 

the section is under reinforced section 

Mu= 0.36 fckbxu(d-0.42 xu) 

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

Case2: 

Ast= 4×314= 1256mm2 

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

tension = 0.87 fyAst= 0.87 ×415×1256 = 453479 

1656 xu = 45347 

xu = 273.8 mm 

xumax=048d =0.48×460 =220.8 mm 



√ 

herexu>xumax,thesectionisoverreinforcedsection xu = xumax 

= 220.8 mm 

Mu= 0.36 fckbxu(d-0.42 xu) 

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

Question3: 

Design a singly reinforcedrectangular beam foran appliedfactored moment of 120Knm. 

Assumethewidthofsectionas230mm.ThematerialsareM20gradeconcreteandFe415 grade steel 

Solution: 

Mu=120Knm b = 

230 mm 

fck=20N/mm2fy = 

415N/mm2 

 

d=𝑀=√
120×106

=434.8mm 
𝑄𝑙𝑖𝑚×𝑏 2.76×230 

 

adoptD= 500mm 

d= 500 – 30 – (20/2)= 460 mm 

 
Ast= Mu 

0.87fy(d−0.42 
x𝖚max) 

 

Ast= 904.97 mm2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Doublyreinforcedbeam: 

= 
120×106 

0.87×415(460−0.42×0.48×460) 

Iftheappliedmomentisgreater thantheM.Rofasinglyreinforcedsection,therecanbe threealternatives 



(a) Ifpossibleincreasethedimensionofthesectionpreferablydepth 

(b) Highergradeconcretecanbe usedtoincrease theM.Rofthesection 

(c) SteelreinforcementmaybeaddedincompressionzonetoincreasetheM.Rofthesection.Thisisknown as doubly 
reinforced section. 

 

Derivationoftheformula: 

 

 

 

 

 

A doubly reinforced beam subjected to a moment Mu can be expressed as a rectangular section with tension reinforcement 

Astlimreinforced for balancedcondition giving moment of resistance Mulim+an auxiliary section 

reinforcedwithcompressionreinforcementAscandtensilereinforcementAst2givingmomentofresistanceMu2 such that 

Mu= Mulim+Mu2 



ForthemomentMulimthetensionsteelAstlimisfoundoutasexplainedforsinglyreinforcedbeams. 

Forthe additionalmomentMu2,the additionaltensionsteelandcompressionsteelare providedsuchthatthey give a couple of 

moment Mu2 

Letthecompressionreinforcementbeprovidedatadepthd’fromtheextremecompressionfibre.Thenlever arm for additional 

moment will be (d – d’) 

Considering tension steel Mu2 

= 0.87 ƒy.Ast2(d – d’) 

Consideringcompressionsteel Mu2 

=Asc.(ƒsc – ƒcc)(d – d’) 

Where, Ast2 = Area of additional tensile reinforcement Asc 

= Area of compression reinforcement 

ƒsc=Stressincompressionreinforcement 

ƒcc = Compressive stress in concrete at the level of compression reinforcement 

Sincetheadditionalreinforcementisbalancedbytheadditionalcompressiveforce. Asc.(ƒsc – ƒcc) 

=0.87 ƒy.Ast2 

Ast2=
𝐴𝑠𝑐(𝑓𝑠𝑐−𝑓𝑐𝑐) 

0.87𝑓𝑦 

Totalareaofreinforcementshallbe obtained by Ast= 

Ast1 + Ast2 

Ast1=AreaofreinforcementforasinglyreinforcedsectionforMu,lim 

ThevalueofƒscinN/mm2canbeobtainedfromthefollowingtablefordifferentvaluesofd/d’andgrade of steel 

 

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. 

Typeofproblem: 

Type1:Tofindout themoment ofresistanceofagivensection 

Totalcompression=totaltension C1+C2 

= T 



0.36fckbxu+ Asc.(ƒsc) = 0.87 

fyAstFind out xu 

Findxumaxandtypeofbeam 

Ifxu>xumax, thesectionisoverreinforcedsection,thenxu=xumaxMu= 

0.36 fckb xu(d- 0.42 xu) + Asc.(ƒsc)(d – d’) 

Type2: Tofindoutreinforcementforflexureforagivensectionandfactoredmoment Find out 

Mulimand reinforcement Astlimfor a given section by using the following equation Mulim= 0.36 

fckb xumax(d- 0.42 xumax) 

Astlim= 

 
Mulim

0.87f
y(d− 0.42 x𝖚max) 

ObtainMu2=Mu-Mulim 

Findcompressionsteelfromfollowingequation 

Mu2=Asc.(ƒsc)(d – d’) 

Asc=
𝑀𝑢2  

𝑓𝑠𝑐(𝑑−𝑑′) 

Correspondingtensionsteelcanbefoundoutbyfrom 

Ast2=
𝐴𝑠𝑐(𝑓𝑠𝑐−𝑓𝑐𝑐) 

0.87𝑓𝑦 
Ast=Astlim+Ast2 

Question1: 

Findthefactoredmomentof resistanceofabeamsection230mmwideand460 mmeffectivedepth 

reinforcedwith2nos.of16mmdiabarsascompressionreinforcementataneffectivecoverof40 

mmand4nos.of20mmdiabarsastensionreinforcement.ThematerialsareM20gradeconcreteand Fe250 grade steel. 

Solution: 

b=230mm 

d=460mm 

fck=20N/mm2fy 

= 250N/mm2d’ = 

40 mm 

Asc=2×201=402mm2 

Ast = 4×314 = 1256 mm2 

C1+C2= T 

0.36fckbxu+Asc.(ƒsc)=0.87fyAst 

Ford’/d=40/460=0.08,nexthighervalue0.1maybeadopted fsc = 217 

N/mm2 

0.36×20×230xu+402×217=0.87×250×1256 

1656xu = 273180 – 87234 = 185946 

xu= 112.29 mm 

xumax= 0.53d =0.53 × 460= 243.8 mm 

xu<xumax,the sectionisunder reinforcedsection 



xu = 112.29 mm 

Mu=0.36fckbxu(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: 

Arectangularbeamofsize230mmwideand500mmdepthissubjectedtoafactoredmomentof200 

Knm.Findthereinforcementforflexure.ThematerialsareM20gradeconcreteandFe415grade steel. 

Solution: 

Mu=200Knm 

Mulim =0.36 fckbxumax(d- 0.42 xumax) 

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

d’= 50 mm 

d’/d=50/500= 0.1 

fsc= 353N/mm2 

Mu2=Mu - Mulim= 200 –158.7 = 41.3 Knm 

 

A=
𝑀𝑢2 =

 
41.3×106 

=260mm2 

sc 𝑓𝑠𝑐(𝑑−𝑑′) 353(500−50) 

 

Ast2=
𝐴𝑠𝑐(𝑓𝑠𝑐−𝑓𝑐

𝑐) 
0.87𝑓𝑦 

=260×353=254.2mm2 
0.87×415 

 

 

Astli

m 

= 
Mulim 

0.87fy(d−0.42x𝖚m
ax) 

= 
158.7×106 

0.87×415(500−0.42×0.48×50
0) 

= 1101 mm2 

Ast= 1101+254 = 1355mm2 

 

 

 

 

 

 

 

 

ANALYSISANDDESIGNOFT-BEAM 

Introduction: 

Whenthere isareinforcedconcrete slabovera reinforcedconcrete beam,the slabandbeamcanbe designed and 

constructed in such a way that they can act together. 



Theconcreteintheslab,whichisonthecompressionsideofthebeam(inthemiddleportionofcontinuous beam)canbe made 

toresistthe compressionforce andthe tensioncanbe carriedbythe steelinthe tension side of the beam. These combined 

beam and slab units are called “flanged beam”. 

Theymaybe TorLbeamsdependingonwhethertheslabisonbothor onlyononeside of thebeam. 

TorLbeamsactasflangedbeamsonlybetweenthesupportswherethebending momentispositiveand the slabs are on the 

compression side of the beam. 

Over the support where the bending moment are negative the slabs are on the tension side then the beam 

actsonlyasarectangularbeamwith tensionsteelplacedinthe slabportionofthe beam.Thusatplacesof negative moment 

these beams have to be designed as singly or doubly reinforced rectangular beam. 

A‘T’ beamor ‘L’ beamcanbeconsideredasarectangular beamwithdimensionsbw.Dplusa flangeof size (bf - bw) X Df. 

Itis shown in the figure beam (a) is equivalent to beam (b) + beam (c). 

 

 

Theflangedbeamanalysisanddesignareanalogoustodoublyreinforcedrectangularbeam.Indoubly reinforced 

beamsadditional compressive is provided by adding reinforcement incompression zone, whereas in flanged 

beams, this is provided by the slab concrete, where the spanning of the slab is perpendicular to that of beam and 

slab is in compression zone. 

If the spanning of the slab is parallel to that of the beam,some portion of slab can be made to span inthe direction 

perpendicular to that of the beam by adding some reinforcement in theslab. 

Aflanged beamcanbealso doubly reinforced. 

 

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

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

requiredforbeam(a)shallbeequaltothesumofthesteelrequiredforthebeam(b)andthesteelarea required for beam 

(c). 

 

 

 

Position of neutralaxis: 

Fora flangedbeam,theNeutralAxiseither(a)liesinflange or(b)liesinweb. 

(a) Neutralaxisliesin flange(xu<Df) 



 
 

 

Whenthe neutralaxisliesintheflange,the size of the compressionzonebecomesbf×xu 

As concrete does notresist anytension, the width of tension zone has noeffect on the M.R of the section. 

Therefore thisbeamcanbe consideredasa rectangular beamof dimensionbf× dandthe formula derived for 

rectangular beams shall be applied. 

Forasinglyreinforcedrectangularbeam: 

Equatingtotalcompressionandtotal tension 

xu=
0.87fyAst 

0.36fckb 
Tofindoutthetypeofthebeam,xumaxshallbefoundoutandcomparedwithactualvalueofneutral axis xu 

Ifxu<xumax,thesectionisunderreinforcedsection 

If xu>xumax,thesectionisoverreinforcedsection,thenxu=xumaxIf xu= 

xumax, the section is balanced section 

 Forunder reinforcedsection 

Mu=0.36fckbfxu(d-0.42xu) Or 

Mu= 0.87fyAst(d-0.42 xu) 

 Forover reinforcedsection 

Mulim = 0.36 fckbfxumx(d-0.42 xumax) 

 

 

(b) Neutralaxisliesin web(xu>Df) 



 
The stressblockinconcreteshowsthatthestressisuniformupto (3/7) xuandthen parabolic 

Case I:Df≤(3/7)xu 

Inthiscasethestressesareuniforminflange. Total 

tension = 0.87fyAst 

Totalcompression =0.36fckbwxu+0.446fck(bf-bw)Df 

Momentof resistanceMu=0.36fckbwxu(d –0.42xu)+0.446fck(bf- bw)Df(d–Df/2) 

Case II: Df>(3/7)xu 

Therectangularstressblockinthiscaseisassumedtobeequaltoyf Total tension 

= 0.87fyAst 

Totalcompression =0.36fckbwxu+0.446fck(bf-bw)yf 

MomentofresistanceMu=0.36fckbwxu(d–0.42xu)+0.446fck(bf-bw)yf(d–yf/2) Where yf = 

0.15xu+0.65Df 

 

Problem 1: 

Ateebeamofeffectiveflangewidth1200mm,thicknessofslab100mm,widthofrib300 mm and effective 

depth of 560 mm is reinforced with 4 nos. of 25 mm dia bars. Calculate the factored moment of 

resistance. The materials are M20 grade co concrete and Fe415 grade steel. 

Solution: 

bf=1200mm Df 

= 100 mm 

bw=300mm d = 

560 mm 

Ast= 1964mm2 

AssumethatN.Aliesinflange(xu<Df) Total 

compression = 0.36 fckbfxu 

Totaltension = 0.87fyAst 

Equating,totalcompression=totaltension 



0.36fckbfxu = 0.87fyAst 

0.36 × 20 × 1200 xu = 0.87 × 415 ×1964 

xu= 82.07mm<Df 

hence N.A lies in the flange. 

xumax=0.48×560=268.8mm 

xu<xumax,thesectionisunderreinforcedsection Mu = 0.36 

fckbfxu(d- 0.42 xu) 

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

= 372.65 Knm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SHEARSTRESSINREINFORCEDCONCRETEBEAMS 

 

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

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

variationofBMattwosectionsdistancedxapart,thereareunequalbendingstressesatthesamefibre. 

Thisinequalityofbendingstressesproducesatendencyineachhorizontalfibretoslideoveradjacent 

horizontalfibrecausinghorizontalshearstress,whichisaccompaniedbycomplimentaryshearstress in 

verticaldirection. 

SHEARCRACKSINBEAMS:- 

 

Underthetransverseloading,atanysectionofthebeam,thereexistsbothBendingMoment(BM) and Shear 

Force(V).Depending upon the ratio of Bending Moment(BM) to Shear Force(V) at different sections, 

theremay be three regions of shear cracks in the beam as follows. 

 

(a) RegionI :RegionofflexureCracks. 

(b) RegionII:RegionofflexureshearCracks. 



(c) RegionIII:RegionofwebshearCracksordiagonaltensioncracks. 

 

 

DIFFERENTREGIONOFCRACKSINBEAMS 

 

 

(a) RegionI:Region offlexureCracks. 

 

This region normally occurs adjacent to mid-span where BM is large and shear force is either zero or 

verysmall.The principal planes are perpendicularto beam axis.When the principal tensile stress 

reachesthetensilestrengthoftheconcrete(whichisquitelow)tensilecracksdevelopvertically.The cracks are known 

as flexural cracks resulting primarily due to flexure. 

(b) RegionII:RegionofflexureshearCracks. 
Theseregionsarenearthequarterspan,to boththesides,whereBMisconsiderableandatthesame time Shear force is 

significant. The cracks in this region are initiated at the tension face, travel 

vertically(duetoflexure)andgraduallytendtodevelopintheinclineddirectiontowardstheNeutral Axis(N.A.),as the 

shear stress goeson increasing towards the N.A.Sincethe cracks developunder the combinedactionof BM and 

Shear,these cracks are knownas flexure-shearcracks 

(c) RegionIII:RegionofwebshearCracksordiagonaltensioncracks. 

 

ThisregionsareadjacenttoeachsupportofthebeamwhereS.Fispredominant.SinceShearstress is maximum at the 

N.A., inclined cracks starts developing at the N.A. along the diagonal ofan elementsubjecttothe actionof pure 

shear.Hence these cracksknownasdiagonaltensioncracksor web-shear cracks. 

DesignShearStrengthofReinforcedConcrete 

 

Recent laboratory experiments confirmed that reinforced concrete in beams has shear strength even without any 

shear reinforcement. This shear strength (τc) depends on the grade of concrete and the percentage of tension steel 

in beams. On the other hand, the shear strength of reinforced concretewith 

thereinforcementisrestrictedtosomemaximumvalue (τcmax) dependingonthe grade ofconcrete. These minimum and 

maximum shear strengths of reinforced concrete (IS 456, cls. 40.2.1 and 40.2.3, respectively) are given below: 



Designshearstrengthwithoutshearreinforcement(IS456,cl. 40.2.1) 

 
Table 19 ofIS 456 stipulates the design shearstrength ofconcrete τcfor different grades ofconcrete with a wide range of 
percentages of positive tensile steel reinforcement. It is worth mentioning that the reinforced 
concretebeamsmustbeprovidedwiththeminimumshearreinforcementaspercl.40.3evenwhenτvisless than τcgiven in Table 
3 

 

 

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 

 

Maximumshearstresswithshearreinforcement(cls.40.2.3,40.5.1and41.3.1) 

 
Table20ofIS456stipulatesthemaximumshearstress τcmaxofreinforcedconcreteinbeamsτcmaxasgiven below in Table . 
Under no circumstances, the nominal shear stress in beams τvshall exceed τcmaxgiven in Tablefor different grades of 
concrete. 
Maximumshear stressτ cmaxN/mm2 

 

Concretegrade M20 M25 M30 

τcmax 2.8 3.1 3.5 

 

 

 

CriticalSectionforShear 

 

 

Clauses22.6.2and22.6.2.1stipulatethecriticalsectionfor shearandareasfollows: 



Forbeamsgenerallysubjectedtouniformlydistributedloadsorwheretheprincipalloadislocatedfurther 

than2dfromthefaceofthesupport,wheredistheeffectivedepthofthebeam,thecriticalsectionsdepend on the conditions of 

supports as shown in Figs. a, b and c and are mentioned below. 

(a) When the reaction inthe direction of the applied shear introduces tension (Fig.a) intothe end region of the 

member, the shear force is to be computed at the face of the support of the member at that section. 

(b) Whenthe reactioninthe directionofthe appliedshearintroducescompressionintothe end regionof the 

member(Figs.bandc),the shearforcecomputedatadistance dfromtheface of thesupportisto be used for the design 

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

enhancedshearstrengthofsectionsclosetosupports,however,maybeconsideredasdiscussedinthe following section 

MinimumShear Reinforcement(cls.40.3,26.5.1.5and26.5.1.6ofIS 456) 

Minimumshearreinforcementhastobe providedevenwhen τvislessthanτcgiveninTable 19as 

recommendedincl.40.3ofIS 456.The amountofminimumshearreinforcement,asgivenincl.26.5.1.6, is given below. 

The minimumshearreinforcementinthe formofstirrupsshallbe providedsuchthat 
𝐴𝑠𝑣≥

0.4 

𝑏𝑠𝑣 0.87𝑓𝑦 
 

 

WhereAsv=totalcross-sectionalareaofstirruplegseffectiveinshear Sv = stirrup 

spacing along the length of the member 

b=breadthofthebeamorbreadthof the webofthe flangedbeam 

fy=characteristicstrengthofthestirrupreinforcementinN/mm2whichshallnotbegreaterthan 415N/mm2 

Further,cl.26.5.1.5ofIS456stipulatesthatthemaximumspacingofshearreinforcementmeasuredalong the axis of the 

nmember shall not be more than 0.75d for vertical stirrups and dforinclinedstirrupsat 

45°,wheredistheeffectivedepthofthesection.However,the spacing shall not exceed 300 mm in any case. 

 

Design ofShear Reinforcement (cl.40.4ofIS 456) 
Whenτvismore thanτcgiveninTable 19of IS 456:2000,shearreinforcementshallbe providedinanyof the three following 
forms: 

(a) Verticalstirrup 

(b) Inclinedstirrup 

(c) Bentup barsalongwithstirrups 



Inthe caseofbent-upbars,itistobe seenthatthecontributiontowardsshearresistance ofbent-upbars should not be more than 

fifty per cent of that of the total shear reinforcement. 

The amountofshearreinforcementtobe providedisdeterminedtocarrya shearforce Vusequalto Vus = Vu – 𝜏cbd 

Whereb isthebreadthof rectangular beamsorbwinthecase offlanged beams 

ThestrengthsofshearreinforcementVusfor thethreetypes ofshearreinforcementareas follows: 

 

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

 

(b) Inclinedstirrup,Vus 
=

0.87𝑓𝑦𝐴𝑠𝑣𝑑(𝑠𝑖𝑛𝛼+𝑐𝑜𝑠𝛼) 

𝑠𝑣 
(c) Bentupbars,Vus=0.87fyAsvsin𝛼 

 

 

 

 

 

 

 

 

Question1: 

A tee beam section having 230 mm width of riband 460mm effective depth is reinforced with 5 nos. of 

16mmdia.Barsastensionreinforcement.Thesectionissubjectedtoafactoredshearof52.5KN.Check the shear stress and 

design the shear reinforcement. The materials are M20 grade concrete and Fe415 grade steel. For stirrups mild steel 

bars may be used. 

 

Solution: 

Vu = 52.5KN 

Ast= 1005.31mm2 

 
Nominalshearstress,𝜏 

 

 

 

 

 

 

=
𝑣𝑢

=52.5×10
3

= 0.496 N/mm2 
𝑣 𝑏𝑑 

 
230×460 

 

Pt=
100𝐴𝑠==

100×1005.31
=0.95 

𝑏𝑑 𝑏𝑑 
Fromtable19 of IS456,𝜏𝑐=0.608 N/mm2 

Here𝜏𝑣<𝜏𝑐,thereforeonlynominalshearreinforcementisrequired. 



Select6mmdiaM.Sbarsforstirrups 

Asv =2×𝜋×6
2

=56mm2fortwoleggedstirrups 
4 

Forminimumshearreinforcement=𝐴𝑠𝑣≥
0.4 

 

 

56 

  
230×𝑠
𝑣 

 

 

≥ 
0.4 

0.87×41
5 

𝑏𝑠𝑣 0.87𝑓𝑦 

Sv≤132.4mm 

The spacingshallnotexceed 

(a) 0.75d = 0.75 × 460 = 345mm 

(b) 300 mm 

 

Provide6mmdiatwoleggedstirrup@130mmc/c 

 

 

Question2: 

Atee beamsectionhaving230mmwidthofriband460mmeffective depthisreinforcedwith5nos.of16 mmdia. Bars as tension 

reinforcement. The section is subjected to a factored shear of 90 KN. Check the shear stress and design the shear 

reinforcement. The materials are M20 grade concrete and Fe415 grade steel. For stirrup mild steel bars may be used. 

Solution: 

 

Vu = 90KN 

Ast= 1005.31mm2 

 
Nominalshearstress,𝜏 

 

 

 

 

 

=
𝑣𝑢=

90×103 

 

 

 

 
= 0.85 N/mm2 

𝑣 𝑏𝑑 
 

230×460 

 

Pt=
100𝐴𝑠==

100×1005.31
=0.95 

𝑏𝑑 𝑏𝑑 
Fromtable19 of IS456,𝜏𝑐=0.608 N/mm2 

Here𝜏𝑣>𝜏𝑐,thereforeshearreinforcementshallbedesigned. 

Shear resistance of concrete = Vuc=𝜏𝑐𝑏𝑑= 0.608×230× 460 ×10−3= 64.33 KN Vus = Vu – 𝜏cbd = 

90 – 64.33 = 25.67 KN 

Using6mmdiatwoleggedM.S barsforstirrups 

Asv =2×𝜋×6
2

=56mm2 
4 

 

S=
0.87𝑓𝑦𝐴𝑠𝑣𝑑

=
0.87×250×56.55×460 

v

 𝑣𝑢

𝑠 

  

25.67×103 

Sv=220mm 



The spacingshallnotexceed 

(a) 0.75d = 0.75 × 460 = 345 mm 

(b) 300 mm 

Provide6mmdiatwoleggedstirrup@130mmc/c 

Question3: 

A tee beam section having 230 mm width of riband 460mm effective depth is reinforced with 5 nos. of 16 mmdia. 

bars as tension reinforcement and out of which 02 nos. barare bent up at 45°.The section is 

subjectedtoafactoredshearof120KN.Checktheshearstressanddesigntheshearreinforcement.The materials are M20 

grade concrete and Fe415 grade steel. For stirrupsmild steel bars may be used. 

Solution: 

 

Vu = 120KN 

 
Nominalshearstress,𝜏 

 

 

=
𝑣𝑢

=120×10
3

=1.13N/mm2 

 

2 barsarebentup 

𝑣
 𝑏
𝑑 

 
230×460 

 

 

Ast 
= 2𝜋16

2
=402mm2 

4 

Vus= 0.87fyAsvsin𝛼= 0.87× 415× 402× sin 45° 

= 102.63 KN 

Forthe remaining3bars 

 
𝜋 2 

100𝐴𝑠
=

100×3×4×16 = 0.57 

𝑏𝑑 230 ×460 
𝜏𝑐=0.50N/mm2 

Vuc= 𝜏𝑐𝑏𝑑= 0.50×230×460 ×10−3= 52.90 KN Vus = Vu – 𝜏cbd 

= 120 – 52.90 = 67.10 KN 

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

Shearresistancetakenupbystirrups=67.10 –33.55=33.55KN Use 6 mm 

dia two legged stirrups to resist 33.55 KN 

Asv =2×𝜋×6
2

=56mm2 
4 

 

S=
0.87𝑓𝑦𝐴𝑠𝑣𝑑

=
0.87×250×56.55×460

=168.64mm v

 𝑣𝑢

𝑠 

  

33.55×103 

The spacingshallnotexceed 

(a) 0.75d = 0.75 × 460 = 345 mm 

(b) 300 mm 



Provide6mmdiatwoleggedstirrup@130mmc/c 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEVELOPMENTLENGTH 

 

Introduction: 

i) Oneofthemostimportantassumptioninthebehaviorofreinforcedconcrete structureisthatthereis proper bond 

between concrete and reinforcing bar. 

ii) Whena RCCelementisloaded,the loadisfirstborne byconcrete andisthentransferredto steel reinforcement. 

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

slidingbetweenthemwhenanyonethesetwoisstrained.Theforcewhichpreventtheslippagebetween the two constituent 

material is known as bond. 

iv) Whensteelbarareembeddedinconcrete,theconcreteaftersettingadherestothesurfaceofthebar and thus resists any 

force that tends to pull or push this rod. The intensity of this adhesive force is called bond stress. 

v) Thebondstressesarethelongitudinalshearingstressesactingonthesurfacebetweensteeland concrete along its 

length. 

vi) Bondstressisalsoknownasthe interfacialshear.Hencebondstressisthe shearstressactingparallel to the reinforcing 

bar on the interface between the bar and the concrete. 



Typesofbond: 

1. Flexuralbondorlocalbond 

2. Anchorage bondor developmentbond 

 

 

Flexural bond: 

(i) Flexuralbondisonewhicharisesfromchange intensile forcecarriedbythe bar,alongitslength,due to change in 

bending moment along the length of the member. Flexural bond will be more critical at points where shear 

force is significant. 

(ii) Anchorage bondisthatwhicharisesover the lengthofanchorage providedfora bar.Italsoarises near the 

endorcutoffpointofareinforcingbar.Theanchoragebondresistthe pullingoutofthe bariftisin tension or pushing in of 

the bar if it is in compression. 

 

Anchoragebond stress: 

 

 

 

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

tendencyofthe bartoslipoutandthistendencyisresistedbythe bondstressdeveloped over the perimeter of the bar 

along the length. 

Therequiredlengthnecessarytodevelopfullresistingforceiscalledanchoragelengthincaseof axial tension or 

compression and development length in case of flexural tension and is designated as Ld. 

Henceifφisthenominaldiameterofthebarwehave (π/4)φ2fy = 

τbdπφLd 

Ld= φfy/4τbd 



Wherefyisthedesignstressinsteel=0.87fyLd = 

0.87fyφ/4τbd 

Sothisindicatesthata barmustextenda lengthLdbeyondanysectionatwhichitisrequiredtodevelop its full strength so that 

sufficient bond resistance can be developed. 

 

Designbondstress: 

(i) The designbondstressinlimitstate methodforplainbarsintensionshallbe asgivenin clause no.26.2.1.1 of IS: 
456 

 

 

Gradeof 

concrete 

M20 M25 M30 M35 M40and 

above 

Design bond 

stressτbdin N/mm2 

     

(ii) Designbondstressfordeformedbarsintension– 

Fordeformedbarsthesevaluesshallbe increasedby60% 

(iii) Designbondstressforbarsincompression– 

Forbarsincompression,the valuesofbondstressforbarsintensionshallbe increasedby25%. 

 

Standardhooksandbendsforendanchorage:Anchoragelength: 

(i) The developmentlengthrequiredattheendofabar isknownasanchoragelength. 

(ii) Space availableatthe endofthe beamislimitedtoaccommodate the fulldevelopmentlength(Ld).In that case hooks 

or bends are provided. The anchorage value (Le) of hooks or bend is accounted as contribution to the 

development length (Ld). 

(iii) The minimumradiusspecifiedfor ahookis2φfor mildsteelbarand4φfor highyieldbar. 

(iv) Inthecaseofdeformedbarsthevalueofbondstressforvariousgradesofconcreteisgreaterby60% than the plain bars. 

Hence the deformed bars may be used without hooks provided anchorage requirements are satisfied. 

(v) The lengthofstraightbarsbeyondtheendofthecurve shouldbe atleast4timesthe diameterofthe bars. 

 

 

Coderequirementforanchoringreinforcingbars: 



(i) Anchoringbarsin tension: 

Deformed bars may be used without end anchorages provided development length requirement is satisfied. Hooks 

should normally be provided for plain bars in tension. The anchorage value of bend shall be taken as 4 times the 

diameter of bar for each 45 bend subjected to a maximum of 16 times the diameterofthe bar. The anchorage value 

of standard U- type hook shall be equal to 16 times the diameter of the bar. 

(ii) Anchoringbarsincompression: 

Theanchoragelengthofstraightbarincompressionshallbeequaltothedevelopmentlengthofbarsin compression. 

(iii) Anchoringshearreinforcement : 

Inclinedbars–The developmentlengthshallbeasforbarsintension:thislengthshallbe measuredas under : 

(i) Intensionzone fromthe endof the slopingorinclinedportionofthebar. 

(ii) Incompressionzone frommiddepthofthebeam 

 

 

 

 

Stirrups– 

When the bar isbent throughanangle ofatleast 90˚round a barof atleast it will continuedbeyondthe end of the curve for 

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

continuedbeyondtheendofthecurveforalengthofatleastsixbar diameterorwhenthe barisbentthroughanangle 

of180andiscontinued beyondthe endofthe curve fora length atleast four bar diameter. 



 
 

 

 

 

 

 

 

 

 

 

 

 

Checkingdevelopmentlengthoftensionbars: 

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

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

usuallyavailableatmidspanlocationwhere positive (orsagging)B.Mismaximumforsimplysupported beams. Similarly 

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

continuousbeamwherenegative(orhogging)B.Mismaximum.Hencenospecialchecking isnecessary for such locations. 

But special checking for development length is essential at following locations; 

i) Atsimplesupports. 

ii) AtCantileversupports. 

iii) Atpointofcontraflexure. 

iv) Atpointofbarcutoff. 

 

Requirementofdevelopment length: 

Thecodestipulatesthatatthesimplesupportthepositivemomenttensionreinforcementshallbelimited to a diameter such 

that 

Ld ≤(M1/V)+L0 

WhereLd=development length 



M1=M.Rofthesectionassumingallreinforcementatthesectiontobestressed tofyd V = shear force at 

the section due to design loads 

L0=sumofanchorage beyondthecentre ofsupportandthe value ofL0islimitedtodor12φ whichever isgreater 

The code furtherrecommendsthatthe value ofM1/Vmaybe increasedto30%whentheendsofthe reinforcementare 

confined by a compressive reaction. Such situation arises whena beam is simply supported over a wall. 

Thusatsimplesupportswherethecompressivereactionconfinestheendsofreinforcingbar,wehave Ld ≤ 1.3(M1/V)+L0 

Question1: 

Calculatetheanchoragelengthintensionandcompressionfor 

(a) Singlemildsteelbarofdiaφinconcrete ofgrade M20 

(b) AnHYSDbarofgrade Fe415ofdia #inconcrete ofgradeM20 

 

Solution: 

(a) M.Sbar 

Intension: 

DesignstressforM.Sbar=ơs=0.87fy=0.87×250=217.5N/mm2τbd =1.2 

N/mm2 

anchorage length=development length# 

= 0.87fyφ/4τbd 

= 217.5φ/4×1.2 

=45.3φor 46φ 

Compression: 

ơs= 0.87fy = 0.87×250 = 217.5 N/mm2 

τbd=1.2×1.25(forcompression)=1.5N/mm2Ld 

=0.87fyφ/4τbd = 217.5φ/4×1.5 

=36.3φ=37φ 

(b) HYSDbar 

Tension: 

ơs= 0.87fy= 0.87×415 = 361 N/mm2 

τbd= 1.2 ×1.6 (HYSDbar)= 1.92 N/mm2 



Ld=361#/4τbd=217.5φ/4×1.92=47# 

Compression: 

ơs= 0.87fy = 0.87×415 = 361 N/mm2 

τbd=1.2×1.6(HYSDbar)×1.25(comp)=2.4N/mm2Ld 

=361#/4τbd = 217.5φ/4×2.4 = 37.6# = 38# 

Question2: 

Asimplysupportednbeamis25cmby50cmandhas2-20mmHYSDbarsgoingintothe support.Ifthe shearforce atthecentre 

ofsupportis110KNatworkingloads,determine theanchorage length.Assume M20 mix and Fe415 grade steel. 

Solution: 

FactoredS.F=1.5×110=165KN 

Ast = 2×(π/4)d2 = 628 mm2 

Assuming25mmclearcovertothelongitudinalbar Effective 

depth = 500- 25 – (20/2) = 465 mm 

Fy=415N/mm2 

M1 = 0.87fyAst(d-0.42xu) 

Xu=
0.87fyAst 

0.36fckb 
 

=0.87×415×628=125.97=126mm 
0.36×20×250 

 

Xumax= 0.48d =0.48×465 = 223.2 mm 

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 

Ifthe barisgiven90° bendatthe centre ofthe supportitsanchorage value L0=8φ=8×20=160mm Ld≤1.3(M1/V)+L0 

47φ≤
1.3×93.45×106

+160 
165×103 

 

Φ≤19 mm 

since actualbar diameterof 20mmisgreaterthan19mmthere isa needtoincrease theanchorage 



lengthL0to12φi.e240mm 

Ld≤1.3(M1/V)+L0 

47φ≤
1.3×93.45×106

+240 
165×103 

 

Φ≤20.8 mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DESIGNOFBEAMS 

 

Designprocedure: 

Theprocedure fordesignof a beammaybe summarizedasfollows: 

(i) Estimationofload: 

 Thecorrectestimationofloads,abeamhastobear,leadstoaneconomicalandsafedesign of the beams. 

 Adesignershouldnotforgettoaccountforanypossible loadacting onthe structureasit leads to an 

under design of the member and subsequent failure of the beam. 

 Thedeadloadonthebeammaybeselfweightofthebeam,floorfinish,partitionsand some special 

fixed load if specified. 

 Theliveloadsshallbedifferentfordifferentstructuredependingonthefunctionaluseof the structure. 

(ii) Analysis: 

 Usingtheabovedeterminedloads,theshearforceandbendingmomentarefoundout and diagrams drawn. 

(iii) Design : 

Afteranalysis designthebeamas follows: 

 Usingthe maximummoment,calculate thedepthof beamrequiredforbalancedsection. 

 Findoutthesteelarearequiredfor design moment. 

 Checktheshearstressanddevelopmentlengthofbars. 

 Ifsome barsare curtailed,checkforcurtailmentusingcurtailmentrules. 

 Checkthedeflectionandcrackingusing rulesfor controlof deflectionand cracking. 

 Drawcomplete sketchesofdesignedbeamwithelevationandsection. 



Basicrulesfor design: 

(i) Effectivespan : 

Simplysupportedbeamorslab:Theeffective spanofamemberthatisnotbuiltintegrallywithits support shall be 

takenas clear span plus the effective depth of slab or beam or centre tocentre of support whichever is less. 

(IS:456clause no. 22.2 (a)) 

(ii) Controlof deflection: 

 
Thedeflectionof astructureorpartthereofshallnotadverselyaffecttheappearanceorefficiency of the structure or 

finishes or partitions. For beams and slabs the vertical deflection limit may generally be assumed to be 

satisfied provided that the span to depth ratios are not greater than the values obtained as below: 
(IS:456clause No. 23.2.1(a)) 

(a) Basicvaluesofspantoeffective depthratiosforspanupto10m: 

Cantilever ---------------- 7 

Simplysupported ------------------------ 20 

Continuous 26 

(b) Forspanabove10mthevaluein(a)maybemultipliedbyafactor10/spaninmeterexceptin case of cantilever. 

(c) Dependingontheareaandthetypeofsteelfortensionreinforcementthevalesin(a)&(b) shall be multiplied 
by modification factor as per graph on pg no.38 of IS: 456 

Fs=thesteelstressof serviceloads 

=0.58fy(areaof crosssectionof steelrequired/areaofcrosssectionof steelprovided) 

 

(iii) Reinforcementinbeams: 

(a) Tensionreinforcement: 

 

Minimumreinforcement–theminimumareaofthetensionreinforcementshallnotbelessthan that given by the 

following: (IS:456clause No. 26.5.1.1 (a)) 

 

 
𝐴𝑠𝑡=

0.85 

𝑏𝑑 𝑓𝑦 

Maximumreinforcement–themaximumareaoftensionreinforcementshallnotexceed0.04bD (IS:456clause No. 

26.5.1.1 (b)) 

 

(b) Compressionreinforcement: 

 

Maximumreinforcement–themaximumareaofcompressionreinforcementshallnotexceed 0.04bD 

(IS:456clause No. 26.5.1.2) 

 

(iv) Criteriafordevelopmentlength: 

 Accordingtoclause26.2ofIS:456,thecalculatedtensionorcompressioninanybaratany section shall be 

developed on each side of the section by an appropriate development length. 

 Nobarcanbebentuporcurtaileduptoadistanceofdevelopmentlengthfromthepointof maximum 

moment. 



u 

 For example for Fe415grade reinforcement,the developmentlengthinconcrete of grade 

M20intensionis47≠. If20mmdiameterbarisused,thebarscannotbe bentorcurtailed upto a distance of 

47× 20= 940 mm from the point of maximum bending moment. 

 Thecodestipulatesthatatthesimplesupportthepositivemomenttensionreinforcement shall be limited 

to a diameter such that 

Ld ≤(M1/V)+L0 

WhereLd=development length 

M1=M.Rofthesectionassumingallreinforcementatthesectiontobestressedto 

fyd 

V=shear forceatthesectionduetodesignloads 

L0=sumof anchoragebeyondthecentreof supportandthevalueofL0is limited 

tod or 12φwhicheverisgreater 

 ThecodefurtherrecommendsthatthevalueofM1/Vmaybeincreasedto30%whenthe ends of the 

reinforcementare confined by a compressive reaction. Such situation arises when a beam is 

simply supported over a wall. 

Thusatsimplesupportswherethe compressivereactionconfinestheendsofreinforcing bar, we have 

Ld ≤ 1.3(M1/V)+L0 

(v) Slendernesslimitfor beams: 

Toensurelateralstabilityofabeamasperclause23.3ofIS:456 For simply 

supported and continuous beam 

Clearspan𝛽60b 

𝛽
250𝑏2 

𝑑 
 

Forcantileverbeams 

Clear span 𝛽25b 

𝛽
100𝑏2 

𝑑 
 

Question1: 

Asimplysupportedrectangularbeamof6mspancarriesa uniformlydistributedcharacteristic load of24 KN/m inclusive of 

self weight. Design the beam. The materials are grade M20 concrete and HYSD reinforcement of grade Fe415. The 

beam is resting on RCC column. 

Solution: 

Factored load =1.5× 24 = 36KN/m 

M=36×6
2

=162KNm 
8 

Vu=36×6=108KN 
2 

 

(a) Calculationofdepth: 

Assume widthofthesectionb=300mm 



dreq=√
𝑀𝑢 

𝑄𝑙𝑖𝑚×𝑏 

=√
162×106

=442.32mm 
2.76×300 

 

Provideeffective depthd=500mm 

Assumeclearcoverof30mmand20mmdiaFe415bar Overall depth = D 

= 500+30+10 = 540 mm 

(b) Calculationof steelarea: 

 
Ast= Mu 

0.87fy(d−0.42 
x𝖚max) 

= 
162×106 

0.87×415(500−0.42×0.48×500) 

 

= 1123.97 mm2 

Provide4nos.of20mmdiabar givingAst=1256.64 mm2 

 

Let2 barsarebentat1.25D =1.25×540= 675mmfromthefaceofthesupport. 

 
TheremainingbarsshouldextendwithinthesupportforadistanceofLd/3=47×20=313mm 

3 
(c) Checkfordevelopment length: 

 

(i) Abarcanbe bentupata distance greaterthanLd=47≠fromthe centre ofthe supporti.e 47×20= 940 mm 

Inthiscase thedistanceis=3000– 940=2060mm (safe) 

(ii) Fortheremainingbars Ast 

= 628 mm2 
M=0.87fAd(1-

𝐴𝑠𝑡𝑓𝑦
) 

u1 yst 𝑏𝑑𝑓𝑐𝑘 

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

=103.62 KNm 

 

 

Vu = 108KN 

L0= 12≠(assumed) 

 

 

Asthereinforcementisconfinedbycompressivereaction Ld ≤ 

1.3(M1/V)+L0 

∅𝜎𝑠≤1.3
103.62×106

+12×20 
4𝜏𝑏𝑑 108×103 

47ϕ ≤1.3103.62×10
6

+12×20 
108×103 

Φ≤31.64 mm 

Φprovided = 20mm (safe) 



TheremainingbarsshouldextendwithinthesupportforadistanceofLd/3=47×20=313 
3 

mm.IfsupportWidthis300mm,the barsextendfor150+L0=150+(12×20)=390mmwithin the support 

(d) Checkforshear: 

Vu = 108KN 

 

τv=
𝑉𝑢 
𝑏𝑑 

=108×10
3

=0.72N/mm2 
300×500 

 
100As/bd=100×628=0.42 

300×500 
 

τc=0.44N/mm2<τv 

 

hencesheardesignisnecessary. At 

support , Vus = Vu – Vuc 

=(108×103) – (0.44×300×500) = 42000N 

= 42 KN 

Capacityofbentup barsto resistshear=0.87fyAsvsinα 

=0.87×415×628×sin45˚=160.33KN 

 

Bent up bars share 50% = 21 KN 

Verticalstirrupshare50%=21KN 

Atdistanced,wherebentupbarsarenotavailable Vus = 42 

KN 

Designstirrupforshear=42KN 

Using6mmdiamildsteelstirrup Asv = 

56 mm2 

 

 

Vus 
=

0.87𝑓𝑦𝐴𝑠𝑣𝑑 

𝑠𝑣 

 

42×103= 
0.87×250×56×500 

𝑠𝑣 
Sv=145mm 

Spacing shouldnotexceed 

 

(i) 0.75d = 0.75 × 500 = 375 mm 

(ii) 300 mm 

(iii) 145 mm 

 

Provide 6mmdiatwoleggedmildsteelstirrup@140mmc/c. 

(e) Checkfordeflection: 

Basicspan/dratio =20 



y 
Servicestress=0.58f

𝐴𝑠𝑡𝑟𝑒𝚐 

𝐴𝑠𝑡𝑝𝑟𝑜 
 

=0.58×415×1123.97 
1256.64 

 

= 215.29 N/mm2 

 
100As/bd=100×1256.64=0.84 

300×500 
 

Modificationfactor=1.15 

Span/dpermissible=20×1.15=23 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Detailingof beam: 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ANALYSISANDDESIGNOFSIMPLYSUPPORTEDSLAB 

 

 

Slab -Slabsare plate elementshavingthe depthDmuchsmallerthanitsspanandwidth.Theyusually carry a uniformly 

distributed road and form the floor or roof of the building. 

Theyare generallyof twotypes:- 

(1) Onewayspanningslab- 

(i) The slab supported onallfour edges butly/lx >2 . Here as ly is much more than lx then therewill 

beatendencyoftheslabtobendinonedirection(aboutlx)only.Hencetheslabwhere ly/lx>2is called one way slab 

provided that it is supported on all four edges. (as shown in fig . b) 

(ii) Theslabsupported ontwooppositesupportisaonewayspanning slab.(as shownin fig.a) 

 

(2) Twowaypanningslab- 

If the slab is supported on all four edges and if ly/lx≤2,thetendencyoftheslabistobendinboth direction. 

Such slabs are called two way spanning slab.(as shown in fig. 

c)  
Thefollowingconditionsshouldbe satisfied 

(i) Theslabshallbesupportedon allfouredges. 

(ii) ly/lx≤2. 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analysisof oneway slab:- 

Theanalysisoftheslabspanninginonedirectionisdonebyassumingittobeabeamof 1mwidth. 

Inadditiontothemainreinforcement,transversereinforcement(alsocalleddistributionreinforcement)is also provided in a 

direction at right angles to the main reinforcement. The transverse reinforcement is provided to serve the following 

purpose- 

(i) Itresiststhe temperatureandshrinkagestresses. 

(ii) Itkeepthe mainreinforcementinposition. 

(iii) Itdistributestheconcentratedandnonuniformsloadthroughouttheslabmoreevenlyand uniformly. 

 

Basicrulesfor design :- 

 

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

betweencentretocentreofsupportsorthecleardistancebetweenthesupportsplustheeffectivedepth of the slab 

whichever is less. 

(2) Controlof deflection -Th eb asicv alu es ofspanto effectiv ed ep thCantilever 7 



Simplysupported--------- 20 

Continuous ------- 26 

(3) ReinforcementRequirements: 

(i) Minimumreinforcement-The mildsteelreinforcementineitherdirectioninslabshallnotbe less than 0.15% of 

the total cross sectional area. 

ForHYSDbarthisvalue is0.12%ofthe totalcrosssectionalarea. 

 

(ii) Maximumdiameter- The diameterofthe barshallnotexceedoneeighthofthe totalthicknessof the slab. 

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

Accordingly,formainbarsthe minimumdiametershallbe 10mmforplainbarsand8mmfor deformed bars. For 

distribution bars, the minimum diameter shall be 6 mm in any case. 

 

 

 

(4) ShearStress-Innormalcasestheshearinslabsisnotcritical.Howevershearshallbecheckedin accordance with 

thecode requirements of clause 40.2. For solid slab the design shear strength in concrete shall be kτc . 

(5) Deflection-Thisshallbecheckedinthesamemannerasthebeams.Theslabsarethinelementsand deflection may 

govern the thickness of the slab. 

 

 

(6) Cracking-Toensurethatthecrackingoftheslabsisnotexcessive,spacingof thereinforcementshall be limited to the 
followings: 

Formainbars,spacing𝛽3d 

𝛽300mm 

Forsecondarybars,spacing𝛽5d 

𝛽450 mm 

Whered=Effectivedepthof slab.  
(7) Cover:Formildexposure,specifiedclearcoveris20mm.Thiscanbe reduced by5mmwhenthe reinforcement of 12 

mm diameter or less is used. 

(8) DevelopmentLength:Thedevelopmentlengthintheslabshallbecheckedinthesamemannerasfor beams. 

Forcheckingdevelopmentlength,L0maybe assumedas8#forHYSDbars(usuallyendanchorage isnot provided) and 12ϕ for 

mild steel. 

Question1: 

Asimplysupportedonewayslabofclearspan3.0missupportedonmasonrywallsofthickness350mm. slab is used for 

residential loads. Design the slab. The materials are grade M20 concrete and HYSD reinforcement of grade Fe415. Live 

load shall be 2 KN/m2. 

Solution: 

AssumeoveralldepthofslabD=130 m 

(a) Load calculation: 

Dead load= 0.13×25 = 3.25 KN/m2 

Floorfinish = 1.00kN/m2 

Liveload = 2.00 KN/m2 

Totalload = 6.25 KN/m2 



Factored load = 1.5×6.25 = 9.4KN/m2 

Effectivespan(1)3000+ 350 =3350mmc/csupport 

3000+110(effectivedepth)=3110mm Use3.11 m 

effective span. 

(b) Calculationofbendingmomentandshearforce: 

Consider 1 m length of 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 

 

=√
11.36×106

=64.15mm 
2.76×1000 

 

dprovided=130–15 (cover)–5(assume10ϕbar) 

= 110 mm 

 

(d) Calculationof steelarea: 

 
Ast= Mu 

0.87fy(d−0.42 
x𝖚max) 

 

 

 

= 
11.36×106 

0.87×415(110−0.42×0.48×110) 

 

= 358 mm2 

 

Spacing= 
𝑎𝑟𝑒𝑎𝑜𝑓𝑜𝑛𝑒𝑏𝑎𝑟×1000 

𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑𝑎𝑟𝑒𝑎𝑖𝑛𝑚𝑚2𝑝𝑒𝑟𝑚𝑒𝑡𝑟𝑒 
 

𝜋×82 

  
=4

×1000
=140mm 

358 

 

 

 
𝜋×82 

Provide8mmdia bar @140mmc/cgivingAst =
𝑎𝑟𝑒𝑎𝑜𝑓𝑜𝑛𝑒𝑏𝑎𝑟×1000

= 
𝑠𝑝𝑎𝑐𝑖𝑛𝑔 

4
×1000

=360mm2 
140 

Halfthebarsarebentat0.1l=0.1×3100=310mm Remaining bars 

provide 180 mm2 area. 

pt= 
100𝐴𝑠 
𝑏𝐷 

=100×180=0.13>0.12 
1000×130 

i.e remainingbarsprovide minimumsteel.Thushalfbarsmaybebentup. 

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

100 



Spacing= 
𝑎𝑟𝑒𝑎𝑜𝑓𝑜𝑛𝑒𝑏𝑎𝑟×1000 

𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑𝑎𝑟𝑒𝑎𝑖𝑛𝑚𝑚2𝑝𝑒𝑟𝑚𝑒𝑡𝑟𝑒 
 

𝜋×62 

=4
×1000

=145mm 
195 

Provide 6mmϕ@140mmc/c 

 

 

(e) Check for shear: 

Forbarsatsupport 

Correctd= 130– 15–4 

= 111 mm 

 

pt= 
100𝐴𝑠 
𝑏𝑑 

=
100×180

=0.16 
1000×111 

forslabupto150mmthickness,k=1.3 value of τc 

from IS:456 = 0.28 N/mm2 

design shearstrength = kτc= 1.3×0.28 = 0.364N/mm2 

 

actualshear stress= τv =14.1×10
3

=0.13N/mm2<0.364N/mm2 (safe) 
1000×111 

(f) Checkfordevelopment length: 

Forcontinuingbars,Ast=180mm2.Also,the endsofthereinforcementare confinedbycompressive reaction. 
M=0.87fAd(1-

𝐴𝑠𝑡𝑓𝑦
) 

u1 yst 𝑏𝑑𝑓𝑐𝑘 

 
=0.87×415×180×111(1-180×415) 

1000×111×20 
=7KNm 

Vu = 14.1 KN 

L0=12≠(assumed) Ld 

≤ 1.3(M1/V)+L0 

∅𝜎𝑠
≤1.37×10

6
+12×8 

4𝜏𝑏𝑑 14.1×103 

 

47ϕ ≤1.37×10
6 

14.1×103 

 

Φ≤15.77 mm 

+96 

Φprovided = 8mm (safe) 

(g) Checkfordeflection: 

 

Basicspan/dratio =20 



y 
Servicestress=0.58f

𝐴𝑠𝑡𝑟𝑒𝚐 

𝐴𝑠𝑡𝑝𝑟𝑜 
 

 
= 0.58×415×358 

360 
 

= 240 N/mm2 

 
100As/bd=100×360 

1000×111 
=0.32 

Modificationfactor=1.5 

Span/dpermissible=20×1.5=30 

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

 

 

Detailingofslab: 

 

 

 



x 

y 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Twowayslab: 

 Thetwo wayspanning slaboccurs whentheslabis supported onallfouredgesandly/lx<2. 

 Generallywhenatwo–wayslabisused,comparedtoonewayslab,thedeflectionandbendingofslabare reduced i.e bending 

moment is reduced. 

 Inthistypeofslabthebendingmomentisdistributedinboththedirection.Thisresultsinincreaseinload carrying capacity of 

the section. 

 Thetwowayslabcanbesimplysupportedor restrained slab. 

 Insimplysupportedslab,the cornerscanliftawayfromthe support. 

 Inrestrainedslab,thecornersarehelddownbyedgebeams.Thecornersarehelddownby meansofthe stiffness of the beam 

and therefore at corners torsion is induced. 

Analysisof simplysupportedtwowayslab: 

Computation ofbendingmoment: 

 Whensimplysupportedslabdon’thave adequate provisiontoresisttorsionatcornerandtopreventthe corner from 

lifting, the maximum moment per unit width are given by the following equation 

Mx=αxwl2 

 

My = αywl2 

WhereMxandMy=momentsonstripsofunitwidthspanninglxandlyrespectively αxand αy= 

coefficient given in table 

lxandly=lengthoftheshorterspanandlongerspanrespectively w = total 

design load per unit area 



Bendingmomentcoefficientforslabsspanningintwodirectionatrightangles,simplysupportedonfour sides 

 AsperIS :456recommendationatleast50%ofthe tensionreinforcementprovidedatmidspanshould extend to within 

0.1lx or 0.1ly of the support. 

Computationofshearforce: 

Shearforceare computedfollowingthe procedure statedbelowwithreference tothe figure given below. 

 

 

 

 



The two–wayslabisdividedintotwotriangularandtwotrapezoidalzonesbydrawinglinesfromeachcorner at an angle of 45°. 

The loads of triangular segment A will be transferred to beam 1-2 and the loads of trapezoidal segment B will be 

transferred to beam 2-3. The shear forces per unit width of the strips aa and bb are highest at the ends of strips. Moreover, 

the length of half the strip bb is equal to the length of the strip aa. 

Thus,the shearforcesinbothstripsareequalandwecanwrite, Vu = w (lx/2) 

τv=
𝑣𝑢 
𝑏𝑑 

 

Checkfor deflection: 

Thedeflectionoftwo-wayslabshallbecheckedasperone –wayslab.Forslabspanningintwodirections,the shorter of the two 

spans should be used for calculating the span to effective depth ratios. 

Question1: 

A drawing room of a residential building measures 4.3 m× 6.55 m. It is supportedon 350 mm thick walls on 

allfoursides.The slabissimplysupportedatedgeswitha provisiontoresisttorsionatcorners.Designthe slab using M20 concrete 

and HYSD reinforcement of grade Fe 415. 

Solution: 

Consider1 mwidestrip. 

Assume180mmthickslabwith160mmeffectivedepth. Lx = 4.3 + 

0.16 = 4.46 say 4.5 m 

Ly = 6.55 + 0.16 = 6.71 say 6.75m 

Loadcalculation: 

Deadload=0.18×25=4.5KN/m2 Floor 

finish = 1.0 KN/m2 

Liveload=2.0KN/m2 Total = 

7.5 KN/m2 

For1mwidestrip 

Pu= 1.5× 7.5= 11.25 KN/m 

ly/lx=6.75/4.5=1.5 

Mux = 0.104×11.25×4.52 = 23.7 KNm 

Muy = 0.046×11.25×4.52 = 10.48 KNm 

Calculationofdepth 

 

 

dre

q 

=√
23.7×106 

1000×2.76 

=92.7mm 



)×10 

)×10 

dshort = 180 – 15 (cover)– 5(assume10ϕbar) 

=160 mm>92.7 mmdlong 

= 160 – 10 = 150 mm 

Calculationofsteel area 

Alongshortspan=𝑀𝑢= 23.7×10
6 

=0.926 

 

pt= 0.273 

𝑏𝑑
2 

1000×160×160 

 

Ast=
0.273×1000×160

=437mm2 
100 

Alonglongspan=𝑀𝑢= 10.48×10
6 

 

 

 
=0.466 

 

pt= 0.129 

𝑏𝑑
2 

1000×150×150 

 

Ast=
0.129×1000×150

=194mm2 
100 

 
Minimumsteelarea=0.12×1000×180=216mm2 

100 
 

Provide 10mmdia about180mmc/c =436mm2inshortspanand8mmdia about230mmc/c =217mm2in long span. 

The barscannotbe bentorcurtailedbecauseif50%oflongspanbarsarecurtailed,the remainingbarswillbe less than minimum. 

Checkfordevelopment length 

Long span Vu= 11.25 ×2.25= 25.31KN 

Mu1=0.87×415×217×(150−
415×217 −6 

1000×20 
=11.40 KNm 

AssumingL0=8# 

=1.3×
11.40×106

+8≠≥47≠ 
25.31×103 

 

≠≤15.01 mm 

ShortspanVu= 11.25× 2.25=25.31KN 

Mu1=0.87×415×436×(160−
415×436 −6 

1000×20 
=23.76 KNm 

AssumingL0=8# 

=1.3×
23.76×106

+8#≥47# 
25.31×103 

 

#≤31.3 mm 



The bondisusuallycriticalalonglongdirection. 

Checkforshear 

Thisiscriticalalonglong span 

 

Shearstressτv =25.31×10
3

=0.169N/mm2 
1000×150 

 

pt=
100𝐴𝑠=

100×217
=0.145 

𝑏𝑑 1000×150 
τc= 0.28N/mm2 

kτc= 0.28×1.2 = 0.336N/mm2 (safe) 

Checkfordeflection: 

Thedeflection shallbecheckedalong shortspan 

 
Basic 𝑠𝑝𝑎𝑛ratio=20 

𝑑 
 

pt=
100𝐴𝑠=

100×448
=0.28 

𝑏𝑑 1000×160 
 

servicestress=0.58×415×435=234N/mm2 
448 

modificationfactor=1.5 

 
permissible𝑠𝑝𝑎𝑛ratio=20×1.5=30 

𝑑 
 

actual𝑠𝑝𝑎𝑛ratio=4480=28 (safe) 
𝑑 160 

 

 

ReinforcementDetailing: 

 



 

 

 

 

 

 

 

 

 

 



DESIGNOFCOLUMN 

Introduction: 

 Acompressionmember whoseeffectivelengthexceedsthreetimesitsleastlateraldimensionistermedas the column. 

 Ifthe effective lengthislessthanthreetimesitslateraldimensionstermedaspedestal. 

 The columnina buildingusuallycarryaxialcompressiveload. 

 The shapeofacolumnmaybesquare,rectangular,circularoranyothershapedependingupon architectural 

requirement. 

ClassificationofColumnsBasedonTypesofReinforcement 

 

Basedonthetypesofreinforcement,the reinforcedconcretecolumnsare classifiedintothreegroups: 

 

 

(i) Tiedcolumns:The mainlongitudinalreinforcementbarsareenclosedwithincloselyspacedlateralties. 

(ii) Columnswithhelicalreinforcement:Themainlongitudinalreinforcementbarsareenclosedwithinclosely spacedand 

continuously wound spiral reinforcement. Circular and octagonal columns are mostly of this type. 

(iii) Compositecolumns:Themainlongitudinalreinforcementofthecompositecolumnsconsistsofstructural steel sections or 

pipes with or without longitudinal bars. 

 

 

 

TiedColumn 



 

 
Columnwithhelicalreinforcement 

 

 

Composite column(steelsection) 

 

 

Composite column(steelpipe) 

Outofthe three typesofcolumns,the tiedcolumnsare mostlycommonwithdifferentshapesofthecross-sections viz. square, 

rectangular etc. Helically bound columns are also used for circular or octagonal shapes of cross- sections. 

ClassificationofColumnsBasedon Loadings 

Columnsareclassifiedintothethreefollowingtypesbasedonthe loadings: 

(i) Columnssubjectedtoaxialloadsonly(concentric) 

(ii) Columnssubjectedtocombinedaxialloadanduniaxialbending. 

(iii) Column subjected tocombined axialloadand bi-axialbending 



 
FigureAxialloading(concentric) FigureAxialloadingwithuniaxialbending 

 

 

 

 

Figure :Axialloadingwithbiaxialbending 

 

 

ClassificationofColumnsBasedonSlendernessRatios 

Columnsareclassifiedintothe followingtwotypesbasedontheslendernessratios: 

(i) Shortcolumns 

 

(ii) Slenderorlongcolumns 



LongitudinalReinforcement 

 

The longitudinalreinforcingbarscarrythecompressive loadsalongwiththe concrete.Clause 

26.5.3.1 stipulatestheguidelinesregardingtheminimumandmaximumamount,numberofbars,minimum diameter of bars, 

spacing of bars etc. The following are the salientpoints: 

(a) The cross sectional area of longitudinal reinforcement shall be not less than 0.8 percent nor more than 6% of the 

gross sectional area. 

(b) Fourandsixaretheminimumnumberoflongitudinalbarsinrectangularandcircularcolumns,respectively. 

(c) Thediameterofthelongitudinalbarsshouldbeatleast12mm. 

(d) Columnshavinghelicalreinforcementshallhaveatleastsixlongitudinalbarswithinandincontactwiththe helical 

reinforcement. The bars shall be placed equidistant around its inner circumference. 

(e) Thebarsshallbe spacednotexceeding300mmalongtheperipheryofthe column. 

 

(f) Theamountofreinforcementforpedestalshallbeatleast0.15percentofthecross-sectionalareaprovided. 

 

 

TransverseReinforcement 

Transversereinforcingbarsareprovidedin formsofcircularrings,polygonallinks(lateralties)withinternal 

anglesnotexceeding135orhelicalreinforcement.Thetransverse reinforcing bars are provided to ensure that every longitudinal 

bar nearest to the compression face has effective lateral support against buckling. Clause 

26.5.3.2 stipulatestheguidelinesofthearrangementoftransverse reinforcement. 

 

 

 

Lateraltie(Arrangement1) 

(a) Transversereinforcementshallonlygoroundcornerandalternatebars ifthelongitudinalbarsarenot spaced more than 

75 mmon either side as shown in above figure. 



 
Lateraltie(Arrangement2) 

 

(b) Longitudinalbarsspacedatamaximumdistanceof48timesthediameterofthetieshall betiedbysingletie and additional open 

ties for inbetween longitudinal bars as shown in above figure. 

 

 

Lateraltie(Arrangement3) 

 

(c) For longitudinal bars placed inmore than onerow : (i)transverse reinforcement isprovided for the outer-most 

rowinaccordancewith(a)above,and (ii)nobarofthe innerrowisclosertothenearestcompressionfacethan three times the 

diameter of the largest bar inthe innerrow. 



Lateraltie(Arrangement4) 

 
(d) Forlongitudinalbarsarrangedinagroupsuchthattheyarenotincontactandeachgroupisadequatelytied 

asper(a),(b)or(c)above,asappropriate,thetransversereinforcementforthecompressionmemberasawhole may be provided 

assuming that each group isa single longitudinal bar for determining the pitch and diameter 

ofthetransversereinforcement.The diameterofsuchtransversereinforcementshouldnot,however,exceed20 mm as shown in 

above figure. 

PitchandDiameter ofLateral Ties 

 

(a) Pitch:Themaximumpitchoftransversereinforcementshallbetheleastofthefollowing: 

(i) theleastlateraldimensionofthecompressionmembers; 

(ii) sixteentimesthe smallestdiameterofthelongitudinalreinforcementbartobetied;and 

(iii) 300mm. 

(b) Diameter:The diameterofthe polygonallinksorlateraltiesshallbe notlessthan one- fourthofthe diameter of the largest 

longitudinal bar, and inno case less than 6 mm 

 

Cover: 

Thelongitudinalreinforcing barinacolumn shallhaveconcretecover,notless than40 mm norlessthanthediameter of such bar. 

Assumptionsin theDesign ofCompression MembersbyLimitStateofCollapse 

 

Thefollowingaretheassumptionsinadditiontogivenin38.1(a)to(e)forflexureforthedesignofcompression members (cl. 39.1 of 

IS 456). 

(i) Themaximumcompressivestrain inconcrete inaxialcompressionistakenas 0.002. 

(ii) The maximum compressive strain at the highly compressed extreme fibre in concrete subjected to axial 

compressionandbendingandwhenthereisnotensiononthesectionshallbe0.0035minus0.75timesthestrain at the least 

compressed extreme fibre. 



MinimumEccentricity 

Inpracticalconstruction,columnsarerarelytrulyconcentric.Evenatheoreticalcolumnloadedaxiallywillhave accidental 

eccentricity due to inaccuracy in construction or variation of materials etc. Accordingly, all axially 

loadedcolumnsshouldbedesignedconsideringtheminimumeccentricityasstipulatedincl.25.4ofIS456and given below 

(Fig.3.2c) 

e
x min≥

greaterof (l/500+D/30) or 20mm 

e
y min≥

greater of(l/500+b/30)or 20mm 

where l,Dandbarethe unsupportedlength,largerlateraldimensionandleastlateraldimension,respectively. 

Shortaxiallyloadedtiedcolumns: 

 

Factoredconcentric loadappliedonshorttiedcolumnsis resistedbyconcrete ofarea A
c
andlongitudinalsteel 

ofareasA
sc

effectivelyheldbylateraltiesatintervals.Assumingthedesign strengthsofconcreteandsteelare 0.4f
ck 

and 0.67f
y
, 

respectively, we can write 

Pu=0.4fckAc+ 0.67fyAsc 

WherePu= axialloadon themember 

fck=characteristicstrengthofconcrete Ac = 

area of concrete 

fy=characteristicstrengthofthecompressionreinforcement,and A sc =area 

of longitudinal reinforcement for columns. 

 

Problem 1: 
AshortR.C.Ccolumnistocarrya factoredloadof1900KN.Ifthe columnistobe a square,designthecolumn. Assume emin< 0.05D. 
the materials are M20 grade concrete and mild steel. 
Solution: 

Assumeminimumpercentageofsteel=0.8percentofgrosssectionalarea(Ag) Area of 

longitudinal reinforcement = Asc = 0.008Ag 

Area of concrete Ac=Ag–Asc=0.992Ag Pu = 

0.4fckAc+ 0.67fyAsc 

1900×103=0.4×20×0.992Ag+0.67×250×0.008Ag Ag = 204830 

mm2 

Ifthecolumnistobeasquare,thesideofthecolumn=453mm Adopt 450 mm × 

450 m size column. Then 

Pu=0.4fckAc+ 0.67fyAsc 

1900 × 103 = 0.4 × 20 × (450 ×450-Asc)+ 0.67 × 250 ×Asc 

Asc= 1756mm2 

Provide4no.20mmdiameterbarsplus4nos.16mmdiameterbarsgiving Asc = 4(314+201) 

= 2060 mm2 



Lateralties: 

Use6 mmϕlateralties 

 

Spacing shouldnotexceed 

(i) 450mm(minimumcolumn dimension) 

(ii) 16 ϕ= 16 × 16 = 256 mm 

(iii) 300 mm 

Provide6mmϕlateraltiesabout250mmc/c. 

 

 

 

 

 

 

 

 



Designofisolatedfooting 

 

Introduction: 

 

Mostofthestructuresbuiltbyusaremadeofreinforcedconcrete.Here,thepartofthestructureaboveground level is called as the 

superstructure,wherethe part of the structurebelowthegroundlevelis called asthe 

substructure.Footingsarelocatedbelowthegroundlevelandarealsoreferredasfoundations.Foundationis 

thatpartofthestructurewhichisindirectcontactwithsoil.TheR.C.structuresconsistofvariousstructural 

componentswhichacttogethertoresisttheappliedloadsandtransferthemsafelytosoil.Ingeneraltheloads 

appliedonslabsinbuildingsaretransferredtosoilthroughbeams,columnsandfootings.Footingstransfer 

theverticalloads,Horizontalloads,Moments,andotherforcestothesoil. 

Theimportantpurposeoffoundationisasfollows 

1. Totransferforcesfromsuperstructuretofirmsoilbelow. 

2. To distribute stresses evenly on foundation soil such that foundation soil neither fails nor 

experiences excessive settlement. 

3. Todevelopananchorforstabilityagainstoverturning. 

4. Toprovideanevensurfaceforsmoothconstructionofsuperstructure 

Typesoffoundation: 

Basedonthepositionwithrespecttogroundlevel,Footingsareclassifiedintotwotypes; 

1. Shallowfoundation 

2. DeepFoundations 

ShallowFoundationsareprovidedwhenadequateSBCisavailableatrelativelyshortdepthbelowground 

level.Here,theratioofDf/B<1,whereDfisthedepthoffootingandBisthewidthoffooting. 

DeepFoundationsareprovidedwhen adequateSBCisavailableatlargedepthbelowgroundlevel.Herethe ratio of Df / B >= 1. 

TypesofShallowfoundation: 

Thedifferenttypesofshallowfoundationsareasfollows: 

 IsolatedFooting 

 Combinedfooting 

 StrapFooting 

 StripFooting 

 Mat/RaftFoundation 

 Wall footing 

(a)Isolatedcolumnfooting: 

Theseareindependentfootingswhichareprovidedforeachcolumn.Thistypeoffootingischosenwhen 

 SBCisgenerallyhigh 

 Columnsarefarapart 

 Loadsonfootingsareless 

The isolated footings can have different shapes in plan. Generally it depends onthe shape of columncross section Someof 

the popularshapes of footings are; 

 Square 



 Rectangular 

 Circular 

Theisolatedfootingsessentiallyconsistofbottomslab.ThesebottomSlabscanbeeitherflat,steppedor sloping in nature. Thebottom of 

theslab is reinforcedwith steel mesh to resist thetwointernalforcesnamely bending moment and shear force. 

 

(b) Combinedcolumnfooting 

 

 

 

 

 

 

These are common footings which support the loads from 2 or more columns. Combined footingsareprovided when 

 SBCisgenerallyless 

 Columnsarecloselyspaced 

 Footingsareheavilyloaded 

Intheabovesituations, thearearequiredto provideisolated footingsforthecolumnsgenerallyoverlap. Hence, it is advantageous to 

provide single combined footing. In some cases the columns are located on or close to property line. In such cases footings 

cannot be extended on one side. Here, the footings of exterior and interior columns areconnected by the combined footing. 

(c) Strapfooting: 



An alternateway ofprovidingcombined footing located close topropertylineisthestrap footing. Instrap 

footing,independentslabsbelowcolumnsareprovidedwhicharethenconnectedbyastrapbeam.Thestrap beamdoesnot remainin 

contactwiththesoil anddoesnottransferany pressuretothesoil.Generallyitisused tocombinethe 

footingoftheoutercolumntotheadjacentonesothatthefootingdoes not extend in the adjoining property. 

 

 

 

 

(d) Strip footing: 
Stripfootingisacontinuousfootingprovidedundercolumnsorwalls.Atypicalstripfootingforcolumns is shown in Fig 

 

 

 

 

 

 

 

 

(e) Matfoundation: 

Matfoundationcoversthewholeplanareaofstructure.Thedetailingissimilartotwowayreinforced solid floor slabs or flat slabs. 

It is a combined footing that covers the entire area beneath a structure and 

supportsallthewallsandcolumns.Itisnormallyprovidedwhen 

 Soilpressureislow 

 Loadsareveryheavy 

 Spreadfootingscover>50%area 



 

 
 

 

 

Typeofdeepfoundation: 

DeepfoundationsareprovidedwhenadequateSBCisavailableatlargedepthbelowGL.Thereare 

differenttypesofdeepfoundations.Someofthecommontypesofdeepfoundationsarelistedbelow. 

 PileFoundation 

 PierFoundation 

 WellFoundation 

 

 

Bearingcapacityof soil: 

The safe bearing capacity of soil is the safe extra load soil can withstand without experiencing shearfailure. The Safe 

Bearing Capacity (SBC) is considered unique at a particular site. But it also dependson the following factors: 

 Sizeoffooting 

 Shapeoffooting 

 Inclinationoffooting 

 Inclinationofground 

 Typeofload 

 Depthoffootingetc 

Based onultimate capacity,i.e.,shear failure criteria, the SBC iscalculatedas SBC = Total 

load / Area of footing 

UsuallytheAllowableBearingPressure(ABP)variesintherangeof100KN/m2to400KN/m2.Thearea of the footing should be so 

arrived that the pressure distribution below the footing should be less than the allowable bearing pressure of the soil. 

Designofisolatedfooting: 

Theobjectiveofdesignistodetermine 

 Areaoffooting 

 Thicknessoffooting 

 Reinforcementdetailsoffooting(satisfyingmomentandshearconsiderations) 

 Checkforbearingstressesanddevelopmentlength 

Thisiscarriedoutconsideringtheloadsoffooting,SBCofsoil,GradeofconcreteandGradeofsteel.Themethod of design is similar to 

the design of beams and slabs. Since footings are buried, deflection control is not important. However, crack widths should be 

less than 0.3 mm. 



Designsteps: 

 Findtheareaoffooting(duetoserviceloads) 

 Assumesuitable thicknessoffooting 

 Identifycriticalsectionforflexureandshear 

 Findthebendingmomentandshearforcesatthesecriticalsections(duetofactoredloads) 

 Checktheadequacyoftheassumedthickness 

 Findthereinforcementdetails 

 Checkfordevelopmentlength 

 Checkforbearingstresses 

Cover: 

Clearcovertomainreinforcementofthefootingbarsmaybeprovidedas50mmfornormalsoils. 

Size ofthefooting: 

Assume the weight of the footingas 10% of theaxial load on column. If column load is W,the loadon soil is 1.1 W. 

Areaofthe footing= 𝑙𝑜𝑎𝑑𝑜𝑛𝑠𝑜𝑖𝑙 
𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒𝑏𝑒𝑎𝑟𝑖𝑛𝑔𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒𝑜𝑛𝑠𝑜𝑖𝑙 

Fromthisarea,fixthesize of thefooting. 

Criticalsectionforbendingmoment: 

Thisisdeterminedinaccordancewithclause 34.2.3of IS:456asfollows: 

The greatest bending moment to be used in the design of an isolated concrete footing which supports a column, pedestal or 

wall, shall be the moment computed by passing through a vertical section which extends completely across the footing at 

sections located as follows: 

(i) At thefaceofthecolumn,pedestalorwall, forfootingssupportingaconcrete column,pedestal or wall 

(ii) Halfwaybetweenthecentre-lineandtheedgeofthewall,forfootingsundermasonrywalls 

(iii) Halfway between the face of the column or pedestal and the edge of the gussetted base, for footings under gusseted 

bases. 



 
 

 

Nominalreinforcement: 

 Nominal reinforcement equal to 0.15% of gross cross sectional area for mild steel and 0.12% of gross cross 

sectional area for HYSD bars shall be considered as minimum reinforcement. 

 The spacing of these reinforcement shall not exceed 3d or 300 mm whichever is smaller for main bars and 5d or 

450 mm whichever is smaller for secondary bars. 

CriticalsectionforShear: 

Twochecks for sheararerequired: 

Oneway shear: 

 The sum of the vertical forces due to soil pressure on footing outside the critical section is called one way shear. 

 The critical section for one way shear shall be assumed a vertical section located from the face of the column, 

pedestal or wall at a distance equal to the effective depth of footing in case of footing on soil and a distance equal 

to half the effective depth of footing for footing on piles. 

Twowayshear: 

 The sumofverticalloadsoutsidethe appropriateperimeterisknownastwo-wayshear. 

 Thecriticalsectionforshearinthiscaseisatadistanced/2fromtheperipheryofthecolumnorpedestal where d is the 

effective depth of footing. 

 The designshearstrengthinthiscase shallbetakenequaltoksτc 

Where ks=(0.5+ ᵝc)butnotgreaterthan1,ᵝc beingtheratioofshortside tolongside ofthe column τc = 0.25√fck 

 

Development length: 

The critical section for checking the development length in footing shall be assumed at the same plane as thosedescribed for 

bending moment and also at all other vertical planes where abrupt changes of section occur. 

 

 

Deflection: 

Itisnotimportantinfootingandmaynotbechecked. 



Reinforcementrequirement: 

Thefollwingarethegeneralreinforcementrequirementforfootings: 

Bending moment : The total tensile reinforcement shall be distributed across the corresponding resisting section as given 

below: 

(i) In one – way reinforced footing and two – way reinforced square footing the reinforcement should be distributed 

uniformly across the full width of the footing. 

(ii) In two-way reinforced rectangular footing, the reinforcement in the long direction shall be distributed uniformly 

across the full width of footing. 

For reinforcement in theshort direction, acentral bandequal to width offooting shall be markedalong 

thelengthoffootingandportionofthereinforcementdeterminedinaccordancewiththeequationgiven below should be 

uniformly distributed across the central band: 

𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡𝑖𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑙𝑏𝑎𝑛𝑑
𝑤𝑖𝑑𝑡ℎ 

  
𝑡𝑜𝑡𝑎𝑙𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡𝑖𝑛𝑠ℎ𝑜𝑟𝑡𝑑𝑖𝑟
𝑒𝑐𝑡𝑖𝑜𝑛 

= 
2 

𝛽+1 

Where𝛽istheratioofthelongsidetotheshortsideofthefooting.Theremainderofthereinforcement shall be uniformly 

distributed in the outer portion of the footing. 

Shearforce: 

One – way shear check is made at a distance d from the face of the column. From this point, the bar must extend upto a 

minimum distance of d1, where d1 is the effective depth of footing at a critical section for checking one – 

wayshear.Thisisrequiredasthedesignshearstrengthisbasedonpercentagereinforcementatasectioncontinuing at least for a 

distance of d1. 

Development length: 

From the point of maximum bending moment, the bar must extend in both diredctions for a length equal to its development 

length. Generally mild steel reinforcement is provided with U bend anchorage while HYSD reinforcement is provided without 

end anchorage. 

Question1: 

An R.C.C column of size 350 mm × 350 mm reinforced with 8 nos. 16 mm diameter bars carries a characteristic load of 800 

KN. Theallowable bearing pressure on soilis200 KN/m2. Designan isolated square footing.The materialsare grade 

M20concrete and HYSD reinforcement of grade Fe 415 for both the column and footing. 

Solution: 

Size of footing: 

Loadoncolumn=800KN 

Assume deadloadoffooting(10%ofcolumnload)= 80KN Total load 

on soil = 880 KN 

Areaoffootingrequired=880=4.4mm2 
200 

Adopt2.1m×2.1m footing 

Area=4.41 m2 

 

 

Netupward pressure: 
Netfactoredupwardpressure=1.5×800=272.1KN/m2 

2.1×2.1 



v 

Notethattheweightoffootingdoesnotinduceanyshearormomentasthefootingdeadloadisinoppositedirectionto the soil pressure. 

Thus in calculating the net upward pressure, only column load is considered. 

Momentsteel: 

 
Netcantilever=2100−350=875mm 

2 
 

Mu

x 

 

=Muy 
=

0.875

2 
2 

×272.1×2.1=218.74KN/m 

  

Balanceddepthrequired= √
218.74×106

=194.3mm 
2100×2.76 

Tryanoveralldepthof480mm. 

Assuming 12 mm diameter bars 

dx=480 – 50 – 6 = 424 mm 

dy=424–12=412 mm(secondlayer) 

𝑀𝑢
=

218.74×106
=0.614 

𝑏𝑑
2 

2100×2.76 

pt= 0.177 

Ast=
0.177×2100×412

=1531mm2 
100 

Minimumsteel=0.12×2100×500=1260mm2 
100 

Provide 14nos.of12mmdiameter=1582mm2onboththedirection. 

Development length: 

Developmentlength=47#=47×12=564mm 

Availableanchorage=875–50(cover)=825mm>564mm 

Onewayshear: 

Shearat412mmfromfaceofthecolumn=0.463×2.1×272.1=264.56KN 

τ=
264.56×103 

2100×41
2 

=0.306 N/mm2 (Safe) 

The bars extend 463 – 30 (side cover) = 413 mm,i.e more than d, beyond the critical section. Therefore, the steel iseffective in 

increasing the shear stress. 



v 

100𝐴𝑠
=

100×1582
=0.183 

𝑏𝑑 2100×412 
τc=0.306N/mm2 

 

 

Two –wayshear: 

Thisischeckedatd/2fromthefaceofthecolumn Here, dx= 

424 mm 

dy=412mm 

davg=0.5(424+412)=418mm 

Vu=(2.12–0.7682)×272.1=1040KN 

d=418mm 

b=4×768=3072mm 

τ=1040×10
3

=0.821N/mm2 
3072×412 

designshearstrength=ksτcwhere 

ks= 0.5 + 𝛽𝑐 

and𝛽=
𝑠ℎ𝑜𝑟𝑡𝑠𝑖𝑑𝑒𝑜𝑓𝑐𝑜𝑙𝑢𝑚𝑛

=
1

=1   𝑐 𝑙𝑜𝑛𝑔𝑠𝑖𝑑𝑒𝑜𝑓𝑐𝑜𝑙𝑢𝑚𝑛 1 
 

ks =0.5+1=1.5 

ks𝑘1 

ks =1 

τc=0.25√fck=0.25√20=1.12N/mm2 ksτc= 

1×1.12 = 1.12 N/mm2 

τv˂ksτc (safe) 



 
 

Spacingof bar: 

 
Spacingofbars=2100−100−12=152.92mm˂3×432(=1296mm)or300mm 

13 
 

Transferofload fromcolumn tofooting: 

Atthebaseofthecolumn 

Allowablebearing force= 0.45 ×20× 350×10-3 =1102.5KN< 1200 KN Force in 

dowel bars = 1200 – 1102.5 = 97.5 KN 

Atthetopoffooting: 

 

A1=2.1×2.1=4.41m2 

 

A1=(0.35+4×0.48)(0.35+4×0.48)=5.15m2,whicheveris smalli.e4.41m2 

A2=0.35×0.35=0.12m2 

√(A1/A2)=6𝑘2,thereforeuse2 

Allowablebearing force=2 ×(0.45× 20) × 350×350 ×10-3 =2205 KN (safe) 

Dowelarea=97.5×10
3

=313mm2 
0.75×415 

 
Minimumdowelarea=0.5×350×350=612.5mm2 

100 
 

Use 8 nos of 16 # column bars as dowelbars. 

Dowellengthinfooting=D+450=950mm Extend 

column bars for 950 mm in footing. 



 
 

 

 



Designof staircase 

Introduction: 

 Functionallythestaircaseisanimportantcomponentofabuildingandoftentheonlymeansofaccess between the various 

floors in the building. 

 Itconsists of aflight ofsteps, usually with one or more intermediate landings (horizontal slab platform)provided 

between the floor levels. 

 The horizontal top portion of a step (where the foot rests) is termed as tread and the vertical projection of the 

step (i.e the vertical distance between two neighbouring steps) is called riser. 

 Valuesof300mmand150mmareideallyassignedtothetreadandriserrespectively. 

 The widthofthestairisgenerallyaround1.1to1.6m. 

 The horizontal projection (plan) of an inclined flight of steps, between the first and last risers is termed as going. 

 Generallyrisersinaflightshouldnotexceedabout12innumber. 

 Thestepsintheflightcanbedesignedinanumberofways:withwaistslab,withtread–riser arrangement (without 

waist slab) or with isolated tread slab. 



 
Typesofstaircase: 

(a) Geometricalconfiguration: 

 

Theseinclude: 

(1) Straightstair 

(2) Quarterturnstair 

(3) Dogleggedstair 

(4) Openwellstair 

(5) Spiralstair 

(6) Helicoidalstair 



 
 

 

 

 

(b) StructuralClassification: 
Structurallystaircasesmaybeclassifiedlargelyintotwocategories,dependingonthepredominant direction in which the 
slab component of the stair undergoes flexure: 

(1) Stairslabspanningtransversely(stairwidthwise) 

(2) Stairslabspanninglongitudinally(alongthe incline) 

Stairslab spanningtransversely: 

Thiscategorygenerallyincludes: 

(1) Slabcantilevered fromaspandrelbeamorwall 

(2) Slabdoublycantileveredfromacentralspinebeam 

(3) Slabsupportedbetweentwostringerbeamorwall 



 
 

 

 

Stairslab spanninglongitudinally: 
In this case, the support to the stair slab are provided parallel to the riser at two or more location, casuing the slab to 
bend longitudinally between the supports. The slab arrangement mayeither be the conventional 
“waistslabtype”orthe“treadriser”type.Theslabthicknessdependsonthe“effectivespan”whichshould be taken as the 
centre to centre distance between the beam or wall support according to the code (Clause 33.1 a,c) 
Incertainsituations,beamor wallsupportsmaynotbe available paralleltothe riser atthe landing.Instead, 
theflightissupportedbetweenthelandings,whichspantransversely,paralleltotheriser.Insuchcases,the code (Cl. 33.1 b) 
specifies thattheeffective span for the stairs (spanning longitudinally) should be taken as the “going of the stair plus 
ateach endeither half the width of the landing or one metre, whichever is smaller” 



 
 

 

Loadson stairslabs: 

Stairslabsareusuallydesignedtoresistgravityloads,comprisingdeadloadand liveload. Dead loads: 

Thecomponentsofthedeadloadtobeconsideredcomprise: 

 Selfweightof thestair slab 

 Selfweightofstep 

 Selfweightoftreadfinish(usually0.5to1.0KN/m2) Live 

loads: 

 Live loads are generally assumed to act as uniformly distributed loads on the horizontal projection of the 
flight,i.eonthegoing.Theloadingcode(IS875:1987(partII))recommendsauniformlydistributedload of 5.0 KN/m2 on the 
going as well as landing. 

 However in buildings (such as residences) where the specified floor live loads do not exceed 2.0 KN/m2 andthe 
staircasesare notliable tobe overcrowded,the loadingcoderecommendsa lowerlive loadof3.0 KN/m2. 

 Furtherincase ofstructurallyindependentcantileversteps,the loadingcode requiresthe treadslabtobe 
capableofsafelyresistingaconcentratedliveloadof1.3KNappliedtothefreeendofeachcantilevered tread. 

 

Question1: 

Designa(waistslabtype)dogleggedstaircaseforanofficebuilding,giventhefollowingdata Height between 

floor = 3.2 m 

Riser =160 mm,tread =270 mm 

Widthofflight=landingwidth=1.25m Live load = 

5.0 KN/m2 



Finishload=0.6KN/m2 
Assumethestairstobesupportedon230mmthickmasonrywallsattheouteredgesofthelandingparalleltothe risers. Use M20 concrete 
and Fe415 grade steel 
 

Solution: 

GivenR=160mm T = 

270 mm 

√(R2+T2)= 314 mm 

Effective span=c/cdistance betweensupports=5.16m 

Assumeawaistslabthickness=l/20=5160/20=258or260mm Assuming 20 mm clear 

cover and 12 # main bars 

Effectivedepth = d =260– 20–(12/2)= 234 mm 

Theslabthicknessinthelandingregionsmaybe takenas200mmasthebendingmomentisrelativelylowhere. 

Loadsongoing:on projected planarea 

(1) Self weightofwaistslab= 25 × 0.26×(314/270)= 7.56KN/m2 

(2) Self weightof steps=25× (0.16/2) =2.00 KN/m2 

(3) Finishes=0.6KN/m2 

(4) Liveload(given)=5.00KN/m2 Total 

load = 15.16 KN/m2 

Factored load = 15.16×1.5 = 22.74KN/m2 

Loads onlanding: 

(1) Self weightofslab =25 × 0.2 = 5.00KN/m2 

(2) Finishes=0.6KN/m2 

(3) Liveloads=5.00KN/m2 

Total load = 10.60 KN/m2 

Factoredload=10.60×1.5=15.90KN/m2 Design 

moment: 

Reaction R= (15.90 ×1.365)+ (22.74 × 2.43)/2 = 49.33KN/m 

Maximummomentatmid span =Mu =(49.33 ×2.58)– (15.90× 1.365)×(2.58– 1.365/2) 

- (22.74)×(2.58–1.365)2 

= 69.30 KNm/m 

 

Mainreinforcement: 

Mu = 0.87fyAst(d-0.42xu) 

69.30×106=0.87×415×Ast(234–0.42×0.48×234) Ast = 1027.35 

mm2 

RequiredSpacing=
1000×𝑎𝑟𝑒𝑎𝑜𝑓𝑜𝑛𝑒𝑏𝑎𝑟 

𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑𝑎𝑟𝑒𝑎 
 

Provide12mmdiabars@110mmc/c 

𝜋 

=
1000×4𝑑 

𝐴𝑠𝑡 

=
1000×113

=110mm 
1027.35 

2 



Distributionreinforcement: 

Ast=
0.12×1000×234

=280mm2 
100 

 

Spacing=
1000×𝑎𝑟𝑒𝑎𝑜𝑓𝑜𝑛𝑒𝑏𝑎𝑟 

𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑𝑎𝑟𝑒𝑎 

 
𝜋 

=
1000×4𝑑 

𝐴𝑠𝑡 

 

=
1000×78.54

=280.5mm 
280 

Provide10mmdiabars@250mmc/c. 

Some nominal reinforcement (10 mm dia bars @ 110 mm c/c) is provided in the landing slab near the support at 

toptoresistpossible negative bendingmomentand8mmdia bars@250mmc/c are also providedasdistribution reinforcement

2 





 


