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Abstract  Since clear span-to-depth ratio is used to define what is so called a deep beam, it is an important parameter 

ratio for study about deep beam. Deep beams can be designed by flexure design method, and shear provided by 

concrete    and by steel    for deep flexure members are provided in ACI 318-99 [1]. But in later version of 

ACI (from ACI 318-02) it is not provided and deep beams shall be designed either by taking into account nonlinear 

distribution of strain or by Appendix A of Strut-and-Tie Models (STM). The trend of deep beam design seems to 

be familiar with strut-and-tie model, but ACI traditional design is not forgotten. By comparing these two method, there 

should a point which definitely explain the different between the two methods. In this study, 68 samples result of 

steel, after reinforcement arrangement, are taken to be analyzed. 

요 약 깊은 보는 지간-높이 비가 중요한 파라미터이다.깊은 보를 설계할 때,ACI318-02이후 버전에서는 응력의 비선형

분포로 인해서 고전적인 설계 방법이 아니라 스트럿-타이 모델을 부록에 수록하여,이 방법으로 설계하도록 하고 있다.본

연구에서는 ACI고전적인 설계방법과 스트럿-타이 모델을 비교,분석하였다.파라미터 연구로 지간-높이 비를 변화시켰으

며,총68개의샘플을분석하였다.결과로고전적인설계방법과스트럿-타이모델은빔의지간-높이비에따라서각각장단

점이 있으며,본 논문에 깊은 보를 설계할 때의 팁이 제시되어 있다.
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1. Introduction

Reinforced Concrete (RC) Deep beam is an

importantstructureelementwhichitsdesignmethodis

oneofthemostpopularsubjectsinresearch.Butthere

arerecommendationonclearspan-to-depthratioof

deepbeamexceptinACIwhichstatestheclearspan

rangefordeepbeam condition,Particularlyinthis

paper,weconductaresearchondeepbeam forits

appropriateclearspan-to-depthratiocompatiblewith

designmethodofACITraditionalandSTM.InACI

318-99M [1],clause11.8-Specialprovisionsfordeep

flexuralmembers,RCdeepbeamsasofdeepflexures

aredesignedbynonlineardistributionofstrainandit

providesspecificshearstrengthofnominalshear

strengthofconcrete  andnominalshearstrength
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providedbyshearreinforcement   andminimum

requirementofshearreinforcementperpendicularto

flexuraltensionreinforcement  andareaofshear

reinforcementparalleltoflexuraltensionreinforcement

  inclause11.8.7through11.8.10respectively

whereaslaterversionofACI318M[2]donotprovide

specificprovisionof and fordeepbeamsasdeep

flexures.Onlyareaofshearreinforcement  and

  areprovidedinclause11.7.4.1and11.7.4.2

respectively.However,RC deepbeam stillcanbe

designbyACIflexuredesignandinthisstudywebase

onACI318M-11[2]acceptdesignof  and 

thatarebasedonACI318M-99[1].Moreoverthis

designisstilltakenintoaccountformanydesigners

andresearchersinfieldofstudyandresearch.Another

designmethodtobementionedinthisstudy is

Strut-and-Tie Models (STM). This model is

recognizedinACIfromversionofACI318M-02,STM

ispartlydescribedinappendixA,andnumerous

investigationsandmodificationsofthemethodhave

beenperformed.A STM reducescomplexstatesof

stresswithinaD-regionofareinforcedorprestressed

concretememberintoatrusscomprisedofsimple,

uniaxialstresspaths.Eachuniaxialstresspathis

consideredamemberoftheSTM.Itconsidersthe

completeflowofforcesratherthantheforcesatany

oneparticularsection[3].Theinternalloadpathin

crackedreinforcedconcreteisapproximatedbyan

idealizedtruss,wherezonesofconcretewithprimarily

unidirectionalcompressivestressesaremodeledby

compressionstrut,tensiontiesareusedtomodelthe

principalreinforcement,andnodalzonesaretypically

determinedbyfindingtheproductoftheconcrete

compressivestrengthandareductionfactor[6].STM

donotseparateflexuralandsheardesign,unlikeACI

Traditionaldesign.The two methods have its

relationshipsintermofbeam’ssize,andthatshouldbe

another significant starting point for further

investigations.

2. Deep beam design

Beforestartingdesignadeepbeam,firstabeam

needtocheckedfordeepbeamconditionbasingonACI

themaximum length-to-depthratiosuchaD-region

wouldbeapproximately2,clearspansequaltoorless

thanfourtimesoverallmemberdepthorregionswith

concentratedloadswithinadistance2H[2]fromthe

faceofsupportoranotherwordshearspanless2times

ofdepth.Belowaretwomethodswhicharementioned

aboveofACITraditionalandSTM.

2.1 ACI Traditional design

First,designflexuralreinforcementEq.1(ACIR9.1)

and comparewith minimum ofsteelrequirement

providedby(ACI10.5)Eq.2.Second,designshear

reinforcementwhicharenotspecificprovidedbyACI

from versionof2002.Strengthofconcrete  and

strengthofsteel  herearequotedfromACI318-99,

section10.5.Incase  isrequired,itshoulddoneby

Eq.4.Although,bycalculation,  isnotrequired,it

shouldbeprovidedby .

 ≤     
   ×

 
Eq.1

    
′

 Eq.2

  ′  × 
≤′

Eq.3

 






















Eq.4

2.2 Strut-and-Tie Model

First, establish the strut-and-tie model and

determinetherequiredtrussforcesasshowninFig.1.

Second,checkbearingcapacityateverynodeandstrut.

Finally,determinereinforcement.Fortieelement,main

rebarareprovided,whereas,strengthofstrutsareused
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[Fig. 1] Strut-and-Tie Model in deep beam

forshearreinforcement.Checktheanchorageshouldbe

doneandincaseavailablelengthofanchorageis

smallerthanrequireanchorage,hookmustbeuse.But

inreality,hookshallbeusedformainrebar,so

althoughavailableofanchorageisbiggerthanrequire

anchoragehookshouldbeusedandsincewetryto

havetheresultofsteelrequirementisaccuratewith

therealofconstruction,allmainrebarareincluded

withhook[4].

3. Parameter study

Inthisstudy,therearetwoparametersofoverall

depthofbeamandloadlocation,seeTable1.Overall

depthofbeamstartsfrom1.1mto2m(10variations)

andloadlocation(fromcenterofsupport)variesfrom

1.1mto2m(10variations).Eachparameterofoverall

depthofbeamsarefixedandcombinewithparameter

ofloadlocation.Theseparametersconsistof100

samplesbutsince32beamsarenotconsideredasdeep

beambyACI,soonly

[Table 1] Beam dimensions (m) and material properties 

(MPa)

  ′ (kN)

3.6 0.5 0.5 0.5 1.1-2 1.1-2 28 410 2500

68resultofsteelrequirementinshear(verticaland

horizontalsteel)andinmoment(mainrebar)areused

tobeanalyzed.

ExcelVBAisusedforaddeddesignsotheresults

shouldbeacceptable.However,sincetheresultsare

takenfromthefinaldesign,usedforrealconstruction,

wemustacceptthatsomevariationsmakeless

difference.Forinstant,slightdifferencein shear

reinforcementsmayhavethesameamountofsteel

afterreinforcementarrangement.

4. Results and discussion

Ourpurposeistocompareresultswhichtaken

fromthefinaldesign.Soinsteadoffindingultimate

shear failure,the results ofsteelrequirements

(reinforcementarrangement)aretakentobeanalyzed.

Inaverageamong68samples,STM requiretotalof

steelmorethanACITraditionalabout1.1timesfor

totalsteel,1.03timesforstirrupand1.15timesfor

mainrebar.Deep beams change in overalldepth

ofbeamswhenclearspan-to-depthratio  is

largerthan2.6,itisnotadequatewithbearing

capacityforSTMsincebearingcapacityisnotsatisfy

bycoderequirement.

ForACITraditionalitshowsanabnormalresultsof
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[Fig. 2] Design chart flow; 

         (a) ACI Traditional design chart flow, (b) STM, design chart flow

droppingdownfrom ahighrequirementofsteelas

showninFig.5.Whenclearspan-to-depthratio 

islargerthan2.4,ACITraditionalandSTM arefar

differentwhileclearspan-to-depthratio  equal

to2.3bothdesignmethodsshowappropriateresultof

increasingofwhichhasitsclearspan-to-depthratioof

2.3ornearestpoints(canbefrom2.4)shouldbethe

mostappropriatedeepbeamforbothACITraditional

andSTM.
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[Table 2] Result of steel provided

Volumeofsteel

(ACITraditional) Volumeofsteel


(STM) STM/Traditional

H=1.4m

1.3 13,172.8 13,784.2 26,957.0 26,620.1 53,577.1 6,973.4 7,952.4 14,925.8 31,460.1 46,385.9 0.55 1.18 0.87

1.4 13,172.8 13,784.2 26,957.0 29,040.1 55,997.1 6,973.4 7,952.4 14,925.8 33,880.1 48,805.9 0.55 1.17 0.87

1.5 11,709.1 12,723.9 24,433.1 29,040.1 53,473.1 6,973.4 7,952.4 14,925.8 33,880.1 48,805.9 0.61 1.17 0.91

1.6 11,709.1 12,723.9 24,433.1 29,040.1 53,473.1 6,973.4 7,952.4 14,925.8 36,300.1 51,225.9 0.61 1.25 0.96

1.7 11,709.1 12,723.9 24,433.1 31,460.1 55,893. 6,973.4 7,952.4 14,925.8 36,300.1 51,225.9 0.61 1.15 0.92

1.8 11,709.1 12,723.9 24,433.1 31,460.1 55,893.2 6,973.4 7,952.4 14,925.8 36,300.1 51,225.9 0.61 1.15 0.92

1.9 11,709.1 12,723.9 24,433.1 31,460.1 55,893.2 6,973.4 7,952.4 14,925.8 38,720.1 53,645.9 0.61 1.23 0.96

2.0 11,709.1 12,193.7 23,902.9 31,460.1 55,362.9 6,973.4 7,952.4 14,925.8 38,720.1 53,645.9 0.62 1.23 0.97

H=1.5m

1.1 10,245.5 11,219.0 21,464.5 24,200.1 45,664.6 8,368.1 8,414.3 16,782.3 26,620.1 43,402.4 0.78 1.10 0.95

1.2 10,245.5 11,219.0 21,464.5 24,200.1 45,664.6 8,368.1 8,414.3 16,782.3 26,620.1 43,402.4 0.78 1.10 0.95

1.3 10,245.5 11,219.0 21,464.5 24,200.1 45,664.6 8,368.1 8,414.3 16,782.3 29,040.1 45,822.4 0.78 1.20 1.00

1.4 10,245.5 11,219.0 21,464.5 26,620.1 48,084.6 8,368.1 8,414.3 16,782.3 29,040.1 45,822.4 0.78 1.09 0.95

1.5 10,245.5 11,219.0 21,464.5 26,620.1 48,084.6 8,368.1 8,414.3 16,782.3 31,460.1 48,242.4 0.78 1.18 1.00

1.6 10,245.5 11,779.9 22,025.4 26,620.1 48,645.5 8,368.1 8,414.3 16,782.3 31,460.1 48,242.4 0.76 1.18 0.99

1.7 10,245.5 10,658.1 20,903.6 29,040.1 49,943.7 8,368.1 8,414.3 16,782.3 33,880.1 50,662.4 0.80 1.17 1.01

1.8 10,245.5 10,658.1 20,903.6 29,040.1 49,943.7 8,368.1 8,414.3 16,782.3 33,880.1 50,662.4 0.80 1.17 1.01

1.9 10,245.5 10,097.1 20,342.6 29,040.1 49,382.7 8,368.1 8,414.3 16,782.3 33,880.1 50,662.4 0.82 1.17 1.03

2.0 10,245.5 10,097.1 20,342.6 29,040.1 49,382.7 8,368.1 8,414.3 16,782.3 33,880.1 50,662.4 0.82 1.17 1.03

H=1.6m

1.1 8,781.9 8,876.1 17,657.9 21,780.1 39,438.0 8,368.1 8,876.1 17,244.1 24,200.1 41,444.2 0.98 1.11 1.05

1.2 8,781.9 8,876.1 17,657.9 21,780.1 39,438.0 8,368.1 8,876.1 17,244.1 24,200.1 41,444.2 0.98 1.11 1.05

1.3 8,781.9 8,876.1 17,657.9 21,780.1 39,438.0 8,368.1 8,876.1 17,244.1 26,620.1 43,864.2 0.98 1.22 1.11

1.4 8,781.9 9,467.8 18,249.7 24,200.1 42,449.7 8,368.1 8,876.1 17,244.1 26,620.1 43,864.2 0.94 1.10 1.03

1.5 8,781.9 8,876.1 17,657.9 24,200.1 41,858.0 8,368.1 8,876.1 17,244.1 29,040.1 46,284.2 0.98 1.20 1.11

1.6 8,781.9 8,876.1 17,657.9 24,200.1 41,858.0 8,368.1 8,876.1 17,244.1 29,040.1 46,284.2 0.98 1.20 1.11

1.7 8,781.9 8,876.1 17,657.9 26,620.1 44,278.0 8,368.1 8,876.1 17,244.1 29,040.1 46,284.2 0.98 1.09 1.05

1.8 8,781.9 8,284.3 17,066.2 26,620.1 43,686.3 8,368.1 8,876.1 17,244.1 31,460.1 48,704.2 1.01 1.18 1.11

1.9 8,781.9 8,876.1 17,657.9 26,620.1 44,278.0 8,368.1 8,876.1 17,244.1 31,460.1 48,704.2 0.98 1.18 1.10

2.0 8,781.9 8,284.3 17,066.2 26,620.1 43,686.3 8,368.1 8,876.1 17,244.1 31,460.1 48,704.2 1.01 1.18 1.11

H=1.7m

1.1 7,318.2 7,470.3 14,788.5 21,780.1 36,568.6 8,368.1 9,337.9 17,705.9 21,780.1 40,880.7 1.20 1.00 1.12

1.2 7,318.2 7,470.3 14,788.5 21,780.1 36,568.6 8,368.1 9,337.9 17,705.9 24,200.1 41,906.0 1.20 1.11 1.15

1.3 7,318.2 8,092.8 15,411.1 21,780.1 37,191.1 8,368.1 9,337.9 17,705.9 24,200.1 41,906.0 1.15 1.11 1.13

1.4 7,318.2 7,470.3 14,788.5 21,780.1 36,568.6 8,368.1 9,337.9 17,705.9 24,200.1 41,906.0 1.20 1.11 1.15

1.5 7,318.21 7,470.3 14,788.5 21,780.1 36,568.6 8,368.1 9,337.9 17,705.9 26,620.1 44,326.0 1.20 1.22 1.21

1.6 7,318.2 8,092.8 15,411.1 24,200.1 39,611.1 8,368.1 9,337.9 17,705.9 26,620.1 44,326.0 1.15 1.10 1.12

1.7 7,318.2 7,470.3 14,788.5 24,200.1 38,988.6 8,368.1 9,337.9 17,705.9 26,620.1 44,326.0 1.20 1.10 1.14

1.8 7,318.2 7,470.3 14,788.5 24,200.1 38,988.6 8,368.1 9,337.9 17,705.9 29,040.1 46,746.1 1.20 1.20 1.20

1.9 7,318.2 8,092.8 15,411.1 24,200.1 39,611.1 8,368.1 9,337.9 17,705.9 29,040.1 46,746.1 1.15 1.20 1.18

2.0 7,318.2 7,470.3 14,788.5 24,200.1 38,988.6 8,368.1 9,337.9 17,705.9 29,040.1 46,746.1 1.20 1.20 1.20



Design Comparison of Strut Tie Model and ACI Traditional by Clear Span-to-Depth Ratio

2411

H=1.8m

1.1 8,781.9 7,839.8 16,621.6 19,360.1 35,981.7 9,762.8 9,799.7 19,562.5 19,360.1 38,922.5 1.18 1.00 1.08

1.2 8,781.9 7,839.8 16,621.6 19,360.1 35,981.7 9,762.8 9,799.7 19,562.5 21,780.1 41,342.5 1.18 1.13 1.15

1.3 8,781.9 8,493.1 17,274.9 19,360.1 36,634.9 9,762.8 9,799.7 19,562.5 21,780.1 41,342.5 1.13 1.13 1.13

1.4 8,781.9 7,839.8 16,621.6 21,780.1 38,401.7 9,762.8 9,799.7 19,562.5 24,200.1 43,762.5 1.18 1.11 1.14

1.5 8,781.9 7,839.8 16,621.6 21,780.1 38,401.7 9,762.8 9,799.7 19,562.5 24,200.1 43,762.5 1.18 1.11 1.14

1.6 8,781.9 8,493.1 17,274.9 21,780.1 39,055.0 9,762.8 9,799.7 19,562.5 24,200.1 43,762.5 1.13 1.11 1.12

1.7 8,781.9 7,839.8 16,621.6 21,780.1 38,401.7 9,762.8 9,799.7 19,562.5 26,620.1 46,182.5 1.18 1.22 1.20

1.8 8,781.9 7,839.8 16,621.6 21,780.1 38,401.7 9,762.8 9,799.7 19,562.5 26,620.1 46,182.5 1.18 1.22 1.20

1.9 8,781.9 8,493.1 17,274.9 21,780.1 39,055.0 9,762.8 9,799.7 19,562.5 26,620.1 46,182.5 1.13 1.22 1.18

2.0 8,781.9 7,839.8 16,621.6 21,780.1 38,401.7 9,762.8 9,799.7 19,562.5 26,620.1 46,182.5 1.18 1.22 1.20

H=1.9m

1.1 8,781.9 8,209.2 16,991.1 19,360.1 36,351.1 9,762.8 10,261.5 20,024.3 19,360.1 39,384.3 1.18 1.00 1.08

1.2 8,781.9 8,209.2 16,991.1 19,360.1 36,351.1 9,762.8 10,261.5 20,024.3 19,360.1 39,384.3 1.18 1.00 1.08

1.3 8,781.9 8,893.3 17,675.2 19,360.1 37,035.2 9,762.8 10,261.5 20,024.3 21,780.1 41,804.3 1.13 1.13 1.13

1.4 8,781.9 8,209.2 16,991.1 19,360.1 36,351.1 9,762.8 10,261.5 20,024.3 21,780.1 41,804.3 1.18 1.13 1.15

1.5 8,781.9 8,209.2 16,991.1 19,360.1 36,351.1 9,762.8 10,261.5 20,024.3 24,200.1 44,224.3 1.18 1.25 1.22

1.6 8,781.9 8,893.3 17,675.2 21,780.1 39,455.2 9,762.8 10,261.5 20,024.3 24,200.1 44,224.3 1.13 1.11 1.12

1.7 8,781.9 8,209.2 16,991.1 21,780.1 38,771.1 9,762.8 10,261.5 20,024.3 24,200.1 44,224.3 1.18 1.11 1.14

1.8 8,781.9 8,209.2 16,991.1 21,780.1 38,771.1 9,762.8 10,261.5 20,024.3 24,200.1 44,224.3 1.18 1.11 1.14

1.9 8,781.9 8,893.3 17,675.2 21,780.1 39,455.2 9,762.8 10,261.5 20,024.3 24,200.1 44,224.3 1.13 1.11 1.12

2.0 8,781.9 8,209.2 16,991.1 21,780.1 38,771.1 9,762.8 10,261.5 20,024.3 24,200.1 44,224.3 1.18 1.11 1.14

H=2.0m

1.1 8,781.9 8,578.7 17,360.5 16,940.1 34,300.6 11,157.4 10,723.3 21,880.8 19,360.1 41,240.8 1.26 1.14 1.20

1.2 8,781.9 8,578.7 17,360.5 16,940.1 34,300.6 11,157.4 10,723.3 21,880.8 19,360.1 41,240.8 1.26 1.14 1.20

1.3 8,781.9 9,293.6 18,075.4 16,940.1 35,015.5 11,157.4 10,723.3 21,880.8 19,360.1 41,240.8 1.21 1.14 1.18

1.4 8,781.9 8,578.7 17,360.5 19,360.1 36,720.6 11,157.4 10,723.3 21,880.8 21,780.1 43,660.8 1.26 1.13 1.19

1.5 8,781.9 8,578.7 17,360.5 19,360.1 36,720.6 11,157.4 10,723.3 21,880.8 21,780.1 43,660.8 1.26 1.13 1.19

1.6 8,781.9 9,293.6 18,075.4 19,360.1 37,435.5 11,157.4 10,723.3 21,880.8 21,780.1 43,660.8 1.21 1.13 1.17

1.7 8,781.9 8,578.7 17,360.5 19,360.1 36,720.6 11,157.4 10,723.3 21,880.8 21,780.1 43,660.8 1.26 1.13 1.19

1.8 8,781.9 8,578.7 17,360.5 19,360.1 36,720.6 11,157.4 10,723.3 21,880.8 24,200.1 46,080.8 1.26 1.25 1.25

1.9 8,781.9 9,293.6 18,075.4 19,360.1 37,435.5 11,157.4 10,723.3 21,880.8 24,200.1 46,080.8 1.21 1.25 1.23

2.0 8,781.9 8,578.7 17,360.5 19,360.1 36,720.6 11,157.4 10,723.3 21,880.8 24,200.1 46,080.8 1.26 1.25 1.25

5. Conclusions

Thisstudycanbeconcludedthatdeepbeamwhich

hasitsclearspan-to-depthratio  equalto2.3

shouldbethemostappropriatedeepbeamswhichare

designedbyACITraditionalandSTM.Andwiththis

point,itiseasiertouseACITraditionalratherthan

STM byjustaddingabout10%oftotalsteelbecause

STMdesignproceduresaremorecomplicatedthanACI

Traditionalandneedtospendmoretime.However,
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[Fig. 3] STM-to-Traditional ratio steel

[Fig. 4] Volume of vertical stirrup             [Fig. 5] Volume of total stirrup  

STM shouldbemorerecommendedratherthanACI

Traditionalfordeepbeamwhichhas  lessthan

2.3.ACITraditionalmethodstillcanbeusedbutit

shouldbeavoidedoranotherwordsmorestudyon

deepbeamswhichhave  isgreaterthan2.3

shouldbeinvestigated.Wehopethissmallscopeof

studycouldbeausefulreferenceforfurtherresearch.

Finallywestronglyrecommendthatmorestudyon

deepfor  >2.3shouldbewidelydonesincethis

sizeofratiocanguideusforcomparingbetweenACI

TraditionalandStrut-tie-model.
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[Fig. 6] Volume of main rebar  

[Fig. 7] Volume of total steel  
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