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Abstract . Based on the systemntic analysis of the shear behavior for reinforced concrete beans ;the

paper presents an experi mental investigation involving 24 reinforced concrete beans subjected to

concenirated and unifor nly distributed loads - Four main factors are considered ; nanely shear span

ratio ( A=a /h ) » span depth ratio ([ o/k) - horizontal and vertical web reirforcenent ratio ( ©

& ) - According to the test results »the working behavior » shear failure modes > the action of con -

crete compression zone as well as shear (web) reinforcement (induding of horizontal and vertical

web reinforcenent ) are further elaborated - Further nore »the unified calculation method for shear ca -

pacity of beans is presented » which can be used to calculate the shear capacity of deep beans - short

beams and even normel beans - The proposed formilas ~ calculation results are in good agreement

with the test results -
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Introduction

Reinforced concrete short beans have a wide
range of applications in structural engneering » such as
pile caps » foundations » hridge grders » and dffshore
structures s as well as transfer girders intall buildings -

The current design practice * Design Code for
Concrete Structures ( GBI 10— 89)~[ 1 indicated that
deep beam was defined as span —depth ratio [ o/h is
less than 4si mply supported deep beam)or 2. X con -
tinuous span deep beam) snormal beam was defined as
span —depth ratio [ o/h is nore than 5 (i -e -
1 o/l =>5) short beam was defined as span —depth ra -
tio L o/h is between 2 or 2.5 and 5 ({o/h =2 or
2.9) ™) .The shear capacity of deep beans and nor -
mal beans can be calculated according to the relevant
GBJ 10—89equations - But there is no formuila can be
applied to calculate the short beam s shear capacity -

In this paper » the author tested 24simpy sup -
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ported beams which subjected to the top concenirated
load and uniformed distributed load - According to the
study of test results » the unified calculation nethod for
shear capacity of reinforced concrete beans was pre -
serted » which can be applied to esti nate the shear ca -

pacity of deep beans » short beans and normal beans -
1 Fxperi nental Program

1.1 Test sped nens

The 24si mply supported beam speci mens had the
sane across di mensions of 150 mm X 300 mm . all of
them had web reinforcement » 12 specinens of them
supported top concerirated loads and the others sup -
ported unifornly distributed loads - The relevant proper ~
ties of the beans are gvenin Tab - 1.

The notation adopted for identification of the beam
is as follows - The first letter “s” refers to the short
beam- The second letter refers to the type of load ;

namely » “c” for beans supported concernirated load
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“u” for beans supported a unifornly distributed load -
The third letter denotes horizontal or vertical web rein -

forcenent - The last two nunbers are span depth ratio
and shear depth ratio respectively -

Tab -1 Properties and test resuts of beamsped mens

beam 1o - Fou/MPa 0./ % 0,/ % V. AN vV, kN failwe node
sch—2—1 24.83 — 0.295 37.9 155.4 DC
sev —2—1 24.67 0.236 35.4 160.4 e
sch —4—2 24.79 0.295 33.2 50.7 sC
sov —4—2 25.48 0.236 28.2 85.7 sc
sch —5—1.5 26.12 0.295 30.9 85.9 sc
sev —5—1.5 32.67 0.236 35.93 120.93 sC
sch —5—2.5 27.23 0.295 18.4 53.4 DT
sev —5—2.5 23.78 0.236 28.4 73.4 sc
sch —6—3 27.63 0.295 33.5 46.0 DT
sev —6—3 28.67 0.236 18.5 68.5 sC
schy —5—1 31.66 0.236 0.295 35.9 170.9 DC
schy —5—1.5 23.53 0.236 0.295 36.0 101.0 sC
suh —2 27.72 0.295 61.1 316.1 DC
suv —2 26.89 0.236 70.9 295.9 e
suh —3 28.67 0.295 68.6 276.1 sc
suv —3 29.16 0.236 71.1 306.1 DC
suh —4 32.00 0.295 51.3 261.3 sC
suv —4 29.04 0.236 66.2 276.2 e
suh —5 27.01 0.295 58.7 156.2 sc
suy —5 25.97 0.236 56.2 216.2 sc
suh —6 28.52 0.295 46.6 151.6 sC
suv —6 32.98 0.236 31.2 176.2 sC
suh —8 25.88 0.295 36.9 81.9 sc
suv —8 27.29 0.236 36.9 161.9 FL

Note : fe, —cubic conpression strengh of concrete ; @, » €, =vertical and horizontal stirrup ratio respectively : 0= 2. 92%,longi -

tudinal reinforcenert ratio ify, ~fyn =336.9 MPa  the yied strength of web reinforcement ;V,, experi nental crackingload ; V, = ex -

peri nental shear force ; DC =diagonal compression failure ; SC =shear compression failure ; DT =diagonal tensile failure ; FL =failure in

flexure -
1.2 Test procedure

For the concentrated loading beans , we applied
symnetrically two points load on the top suface of
beans - For the unifornly distributed loading beams
we applied eight equal loading paints on the top suface
of beans - For longtudinal reinforcement , strain gages
were located at the midspan as well as 1/‘lspan posi ~
tion - As to web reinforcenent ; the strain gages were
laid out near the line connecting the support and the
loading point ( concentrated loading beams ) or 1/4
span position(unifornly distributed loading beams) -

The tests were all started with applying the one —
tenth esti mated failure load - Meanwhile ; the data from
the load cells ( 7v13) , and strain gages were captured
and stored in the computer -

2 Test Resdts and Discussions

Tab - Lshows the failure loads and failure nmodes -
Hq - lillustrates the relationship bet ween the strains of
web reinforcement and the shear capacity of spedi mens
beans -
2.1 Test phenonena

The first crack to form was al ways the flexural
crack - It started to propagate from the bottom of the
beamor at mdspan at aload of approxi mately 15% of
the ulti mate load -The first inclined crack ;in the nmd -
dle of the shear span ;formed at aload of approxi mate -
ly from 20%to 40%0 of the ulti mate load -

As the load increased , the first diagonal crack
would then appear at approxi nately from 30%to0 60%%
of the ulti mate load -
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In general » the flexural crack widths tended to
stahilize or even reduce slightly after the formation of
the diagonal crack - The formation of the diagonal crack

was rather sudden - The initial diagonal crack width was
at least 0.02 mm when first neasured » and it increased

rapidy with additional load -
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Kg-1l The rdationship bet ween the strains of web reinforcenent and the shear capadty of partial sped nen beans

In general ,the working of test beans experienced
three stages fromloading to failure - The first is elastic -
working stage - The second is working stage with crack
and the third is failure stage - The failure modes have to
do with shear span depth ratio and span depth ratio -
The diagonal compression failure usually occurs when
shear span depth ratio is less than 1.0or span —depth
ratio is less than 4. The shear conmpression failure usu -
aly occurs when shear span depth ratio is between 1
and 3or span —depth ratio is between 4and 8.

2.2 Concrete contribution to shear capadty

The shear capacity of concrete conpression zone is
affected by shear span depth ratio and span —depth ra -
tio 3.

The shear capacity without web reinforcement
beans decreases with the increasing of shear span -
depth ratio - Fg - Zshows the changing tendency of 581
beans cdlected' 7 . in which we can see that the
changngis not obvious when A<<1.0or A=3.0, but
the shear capacity decreases largely with the increasing
of shear span —depth ratio A, when Ais between 1.0
and 3.0. As for unifornly distributed loading beans
the shear capacity decreases with the increasing of
span depth ratio ([ o/h) -

Kg - 3illustrates the changng tendency of 201
beans collected’ I . When span depth ratio is Lo/h <=2

or [ o/h =8, there s litile changing of shear capacity ;
but [ o/h =275, the changng of shear capacity is
quite obvious -
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Fig.2 Variation of shear strength with A
Kg-2 Varation of shear strength vith 2
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Hg-3 Variation of shear strength vith 1o/h

2.3 Wb reinforce nent contribution to shear ca -
pacity

Kg - 1shows the curves of shear capacity versus
web reinforcenent strain of partial beans -

( 1) Before diagonal crack occurred - the strains of
web reinforcement were very small - For exanyle » the
strains of vertical stirrups of suv —Zbeam were nega -

tive , which indicated the vertical stirrups were com-
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pressive working stage - However ; the strains of hori -  lation nethod is proposed -
zortal web reinforcenent of suh — Zbeam were posi - Concentrated loading beans .
tive » which illustrated that the horizontal web reinforce - 3.5 5 Lo A
Vi =5 ibh ot - fn hoT

ment was tension —working stage - 2 >‘+1fl 12( h ) Sh

(2) Ater diagonal crack occurred > bath vertical %( 5— L U) fyh ho- (3
stirrups and horizontal web reinforcenent entered ten -
. . . . . Unifor med loadlng beams :
sile working stage gradually with load increasing > and ;
their action was al nost sane - Va _l fibho 12( ho Z)fyv h(Hr

( 3) When shear span depth ratio is between 1 +2 2
and 3( 1<<A<3) or span —depth ratio is greater than ( 571_0) (4
5(Lo/h =5) . the strains of vertical stirrups  were 6 fyh Sy ho-

greater than that of horizontal web reinforcement , ex -
cept for the vertical stirrups laid near the loading point
or the support - The stress of vertical stirrups across di -
agonal cracks can reach yielding strengh at the ulti -
nate load -

3 Calcdation for Shear Capacity

3.1  General prindpe
As for beams which are reinforced only for flexural
tension » the nominal shear capacity is equal to that
provided by concrete -
Vo = Ve (D
For a section with web reinforcenment , the total
nominal shear resistance is the sumof that provided by
concrete and that provided by web reinforce nent -
Vo =Ve TV TV (9
Where V,is ulti mate shear capacity ; V. is concrete s
contribution ; V,, and V, are the contribution of the
vertical and horizontal web reinforcement respectively -
3.2 Proposed cacuation nethod

Based on the above analyses the fdlovwing calcu -
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Where Ais shear span —depth ratio with a value from

Lo
1.0to 3.0; hl@ span —depth ratio with a value from

2.0to 5.0,is axial tensile strengh of concrete if, -
Sfynare yield strengh o vertical and horizontal web re -
inforcement respectively ;As - Asis area of vertical and
horizontal web reinforcement respectively ; Sp . Sy is
spacing of vertical and horizontal web reinforcenent re -
spectively ;b is width of section ;h s effective depth of

section -
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