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Abstract

The study habeen carried out tonderstand the performance of beam with slab specimen as a monolithic or composite
structure. These studies are usefudl@iining the yield point andnderstandinghe contribution of slabs. The concept

of effective width has been used in RC standards to evaluate ttrdaton of a slab to the beanrsterms of stiffness

and moment of resistancé&tiffness degradation coefficient after cracking is also affected by effective width
considerationThe ®ntribution of stiffness and moment capacity hade quantified. A precise definition of yield
deformation is very significant ithe context of seismic loadsnd seismic performance of an RC structiiteerefore,
accurate prediction of yield deformation is requir&ince, he yield pointis characterized bignificant energy
absorptiortherefore energy absorption is also a good index to défagield point of RCstructuresTherefore in this

study contribution of slab to stiffness and momerdhtined along with the use of energy absorptmdefine yield

point.

Keywords:RC bearrslab; Load-displacementyield point component contributigrenergyabsorgion

1. Introduction

The yield point characterizes the seismic performance of a structurbe Agetd pointis characterized by
significant energy absorptioitherefore,several studies are carried out to understandieikaral behavior
of the flexural members such as a bediherefore loadlisplacemenis a good index for measuringe
seismic performance of the structures. Since the slab affects the flexural perorofidhe beam, RC
standards have provisisfor the partial contribution ofthe slabfl.

This study isfocusedon the flexural performance othe RC beam with slab under static cyclic load. It
focuses orthe contribution ofthe slab to thdlexural behaviorof the beam.Huge stubs are used to provide
actual restraint conditiondn this study firstly loaetisplacement is studied followed by cracktems,
rotation and displacement alomgth the height. The impact ofthe slab over beam performance is studied
through its cotribution to the stiffness and capacity. The yield point has hiksEned through energy
absorption also.

2. Experimental outline
2.1. Specimen outline

The test specimen is a composite structure of two large beamshaauband slab as representeiol.
High strength rebars are used for large beams. The specimen was loadattefteater curing of 100 days
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Figure1: Specimen outline

2.2.Loading arrangements

The pecimen was loaded for 17 cycles witte first three cycles load controlled and then the rest were
displacementontrolled. The loading cycle followed the following steps +10 kN, +20 kN, £30 kN, +1/2000,
+1/1000, +1/400 (2 cyck, £1/200 (2 cyclg), +1/133 (2 cycls), £1/100 (2 cyclg), +1/50 (2 cycls) and
+1/25 (2 cycle). In this study positive loading is refed toasthe load applied outwards to the plandtaf
slabas represented by a blue arrowFig. 2 For positive loading slab &te bottom is in compression and
slab atthetop is in tension and vice versa for negative loading.

2.3. Measurement details

Moment distribution along the height varied linearly from the top (maximum +vevey to bottom
(maximum +ve orve). Somestrain gaugewere attached at the top and bottom of the specimseshown in
Fig. 3 Displacement gaugesereused to measure the vieal displacemenbn both sides of the specimen
which can beused to calculattherotationand bending displacemenitthe speomen.
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Figure 3: Strain gauge distribution

© The 17th World Conference on Earthquake Engineering - 3f-0026 -



The 17th World Conference on Earthquake Engineering

3f-0026

17" World Conference on Earthquake EngineeringVCEE
Sendai, Jpan- Septembet3th to 18th 220

2.4. Materialproperty

(1) Reinforcing materials
The material properties by direct tensile $ést the four types of rebar usedesummarized in table 1.

Tablel: Reinforcement details

Location Steel fy
type  (MPa)
D4 Slab SD345 357

D6 Stirrups SD345 420
D10 Subbeam SD345 360
D13 Large beam SD545 545

(2) Concrete

The property test for concrete which includes compressive strength, split tensile tieattamd energy testagcarried

at the time of loading test. The specimen used for propergvese as per RC standard. The compressive strength and
tensile strengtlfat age of 100 day$jowever show deviation fro@8-day strength(27 MPa)to beequalto 30 MPa and

2.5 MPa respectively.

2.5. Loaddisplacement simplified calculation

The capacity othe specimen is calculated assuming that both layers of cdhite slabcontribute to the

total capacitywhen the slab is in tensicaand the neutral axis is a straight liffthe capacityat the crack

yield and ultimate failurareevaluated as per Aktandard&! as shown in the equations. The capacity of the
specimenwhen the slab side is in tensiorcludes the contribution athe large beam, subeam and slab
Whentheslab side is in compression the capacity of the specimen is contributed only by the large beams and
subb e a m. Stiffness de)lia dsed forobmining dhe feffecticestiftness of the
specimen after cracking. The calculated to#placement relationship is shownFkig. 4 with the reddish

brown line.

Ocr = D'ﬁ'\-'.ﬂ D
I
M, = Oer
(2)

7

M, = 3 ® G0y X d

3)
M, = 0.9 % (a0, x L1) X d )

Wh e rce fu, Wy, 1, y, Mo, My and M, are the stress of concrete at crack characteristic strength of
concreg, characteristic strength of steel, Inertia, depth of outermost fibertfneutral axis, moment
capacity athecrack, yield and at failure

3. Test results

3.1. Loaddisplacement relationship

The load-displacementelationship is represented Kig. 4 The yielding of slab rebars started at 1/400
whereas large beam rebars (high strength rebars) yielding starts at 1/133. All theyiedtdadat 1/75. But

the loading cycle of 1/75 was not considered during loading tests. The yield capacity from test results is
comparatively higher in comparison to the calculated capa&#yper the calculation the assumed neutral

axis is close to @ slab. But for loading test results the neutral axis is at more distance for large beam as
compared to the calculation. Hence, the capacity of large beam increased thereby also increasing the capacity
of thespecimen.
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Figure 4. Load-displacement relatiotsp

3.2. Crack patterns

The cracks observed are mainly flexural cracks and are concentrated at the top and bottom of the specimen.
Moments at top and bottom are maximum for any applied horizontal load as discuskedpievious
sectiors. The cracks represented with green, bdimel red color are initial cracks, cracks due to positive
loading and negative loadingspectively On the slatside of the specimen the cracks for positive loading

are concentrated on top while for negative loadinth@bottom of the specimehese cacks are because

the surface is in tension which results in cracking.the beanside of the specimen cracks are observed at
both end of the specimen for positive and negative loadings. This mixed crack pattern is observed due to the
shifting of the neutal axisinto the slabThe depth othe neutral axis is such that the slab parttiomeast

side of the specimen is in tensifor both loading conditionsTherefore, cracks are observed fmth

positive loadings as well as negative loadifbe crack paerns forthe loading cycle of 1/2%reshown in

Fig. 5 After yielding the cracks extend in length and expand in width with each loading cycle. Diagonal
cracks weralsoobservedor both loadings. It is due to bulging outtbE slab.Cracks are observag to a

height of 2D, where D is the depth of beams
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Figure 5a: Crack patternsijeamside)
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Figure 5b: Crack patternsglabside)

3.3. Rotation alongvith the height and flexural displacement

Vertical displacementvas measured fothe beamside and slalside of the specimens using displacement
transducers as discussed in section 2.3. Segmental (local) rotation is obtained by dividing the difference of
vertical displacements by horizontal distance between corresponding transtiheerstation of specimen

along with the height is shown Kig. 6.

Flexural displacement is obtained by integration of rotation along with the hagghiming constant
curvature for eackegmentThe flexural displacement for each loading cycles is represented Fighe
The flexural displacement calculated is ab88% of total horizontal displacement at the yielding of large
beam reba(11.34mm /13.63nm). Thereforethe dominant displacement is flexural displacement
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Figure 7: Bending deflection
Figure 6: Rotation along height

3.4. Curvature distribution along the width

The curvatue distribution along the width of the specimen is represent&ir8 for slab in compression
but this pattern is equally true for slab in tension .diss observed that strain in slab rebars is higher as
compared to that of beam rebaffiese strainvaluesfrom bothsides of the specimeareused to calculate
the curvature for any given sectiby the equation shown belowhe curvaturalistribution represented in
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