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This paper deals with the nonlinear finite elemanalysis of two shear-critical concrete dapped-end
beams. Reinforced concrete dapped-end beams haeiminal shear span to depth ratio values of 0.5 an
0.59, concrete strength 32 MPa and 34 MPa, andfoedement ratio via yield strength 2.83 MPa and97\8Pa,
that failed in shear have been analyzed using H&SYS’ program. The ‘ANSYS’ model accounts for the
nonlinearity, such as, post cracking tensile stiffs of the concrete, stress transfer across thekexhblocks of
concrete. The concrete is modeled using ‘SOLID@&yht-node brick element, which is capable of sating
the cracking and crushing behavior of brittle madés. The internal reinforcements have been moddisd
cretely using ‘LINK8’ — 3D spar element. A paranestudy is also made to explain the effects ofatian of
some main parameters such as shear span to depth cancrete compressive strength, and the parant
main dapped-end reinforcement on the behavior efbsams. From the present modality the capabifitthe
model to capture the critical crack regions, loadsl deflections for various types of shear failuresinforced
concrete dapped-end beams have been illustratesl plrametric study shows that the beams sheargitien
affected by the shear span to depth ratio, conaretepressive strength and the amount of main reiafoent.

Notations
a - Shear span measured from the centesupiport to the center of hanger b@rs )

d - Effective depth of the nip mm
As- Area of the main dapped-end Reinforcen(ent anm

f.' — Compressive strength ¢fet concrete cylindef MBa

f, — Tensile strength of concrefe  MPa

f, - Yield stress of the steel reinforcing bas. NPa

P, - Failure load( kN

V, - Shear strength of dapped-end bgam) kN

V, s~ Shear sength of the dapped-end beam measured in th¢kigt

d, test
p - Ratio of the main dapped reinforcement

Introduction. The dapped-end concrete beams enable the coitstrdepth of a precast concrete floor or roof
structure to be reduced, by recessing the suppartirbels into the depth of the beams supported fHy are mainly
used in drop-in beams between corbels Fig, &s part of beam-to-beam connection Fidp dnd in suspended spans
between cantilevers Fig. 4, The use of dapped-end beams facilitates the@reafta precast concrete structure, due to
the greater lateral stability of an isolated dapged beam than that of an isolated beam suppdritsdbattom face [2].

A series of studies on dapped-end beams have igatsd the influence of effective span to deptiorat
and different main, anchorage, and web reinforcésnen the behavior of reinforced concrete dappet-en
beams [1- 4, 7-9].

Mattock and Chan, (1979) [1], tested eight dappatldeeams. Four beams being subjected to vertical
load only and four to a combination of vertical dndizontal loads.

{a) Drop in beam

Fig. 1. Application of dapped-end beams
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The dimensions of beams and amount of reinforcelmeafch specimen are listed in Table 1. From the
test results the authors’ inclusions were the foilhgs:

1. The reduced depth part of the dapped end may hgnaekas if it were a corbel, using the design pro-
posal of Mattock, providing the shear spai ysed in design is taken equal to the distance fitee center of
action of vertical load to the center of the gnawf the hanger reinforcement.

2. The full depth part of the beam should be desigseds to satisfy moment and force component
across inclined cracks, in addition to carrying tatt the usual design of sections normal to thgitadinal axis
of the beam for flexure, shear, and axial force.

3. As shown in Fig. 2.

4. The main nib reinforcement should be provided withositive anchorage as close to the end face of
the beam as possible.

5. A group of closed stirrups having yield strength l&ss than the nominal shear strength should be
provided close to the end face of the full deptarbéeo resist the vertical component of the inclinechpression
force in the nib.

6. The horizontal (hoop) stirrups should be positivehchored near the face of the beam by wrapping
around vertical bars in each corner. As shown @n Ei

Table 1. — Specimen reinforcement details and eteatrength [1]

Main dapped-end Hoops hornzonial Hanger Concretie ald ¥
spec., reinforcement reinfpreement reinforcement sine Py
no. | Bars | Afmonc) | G eMPa) | Sto. | Aumm) | GiMPal | Str | Awfeec) | fMPa) | 5 (MPal | mwdmm | MP
a
1A 2#3 1419 4764 182 fid.5 4619 3#3 25.8 4516 LEN 059 1.59
1B 286 567.7 4123 152 129.0 455.0 383 4258 66,7 0.5 0.5% 554
1A 383 229 47H 5 282 1290 619 2483 2Ri R Wl b 32.9 [ 5% 285
2B 2ith 567.7 4123 22 129.0 A6l 5 243 2R3 8 4702 iR (3% .54
A i3 2813 4702 e
H3 5 i & 4 282 29 48, T (.2 4,
EER 2l19 41 129.0 8.1 12 +64.5 448 1 370 59 &3
3B | . = = = 343 | 2838 | 4888 ] =
256 5677 4385 22 1290 434.0 L1483 64 5 4840 LG R 6,95
A . — — - 343 | 2838 | 4888 R o |21
143 229 476 4 282 1200 4357 e +64.5 4840 s (.59 283
4B . - . . 243 JRi R 488 % - -
£ R kT 3 i £
it 51T 4383 2a2 129.0 4619 18 64§ 1840 LG 054 .53
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Fig. 2. Dimensions and reinforcement details oihh&b6,a/d = 0.56 [2]

Twelve high-strength concrete dapped-end beams t@sted by Wen-Yao Lu, et al, (2003) [2], as listed
in Table 2, to study the shear strength of dappebieeams of the concrete strength, the amountaif m
dapped-end reinforcement, and the nominal shear-tgpdepth ratio. The details of the tested spensrare
listed in Table 2. The test results indicate thatshear strength of dapped-end beams increadetheiincrease
of the concrete strength, the amount of main dapeed reinforcement, and the decrease of nomiregrsépan-
to-depth ratio.
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Table 2. — Specimen reinforcement details and etaatrength [2]

spec Main dapped-end Hoops horontal Hanger Concrete wid of

- reinforcement reinforcement reinforcement sirempth =&

fw. | Bars | Adjoon’) | f0MPa) | Stir, | dyfwer) | fMPa) | Stir, | Agfomr) | £ MPa) | £ (MPa) | mmfmm | MPa

| 386 E559.6 46018 JH3 2853 368 apd 1266.8 430,14 4.0 0.56 1.39

2 186 k596 461.8 283 2853 368 il 15202 430.14 a1.6 0.59 7.39

3 186 £59.6 4618 243 2853 368 il 1520.2 430,14 692 0,59 7.39

4 36 k596 4618 243 2853 3ok i3 B56.0 416,14 4.0 0.89 7.39

5 386 E55.6 46018 283 JR5.3 368 2ad 10134 430,14 61.6 0.83 7.39

f 36 k596 4618 143 2853 368 S 10134 430,14 69,2 .81 1.39

7 26 5730 4618 263 2853 368 44l 10134 430.14 337 0.52 5.08

8 6 573.0 4618 243 2853 368 4ad 10134 430,14 6.6 0.54 5.08

9 2ép 5730 461.8 243 2853 368 Si 10134 430,14 692 0.54 5.08

o | 2é6 573.0 4618 263 2853 36 S#3 7133 416,14 3317 .83 5.08

1] 286 5730 4618 263 2853 36 S#3 713.3 416,14 62.6 0.84 5.08

12 | 286 5730 4618 243 2853 j6k SH3 7133 416.14 a2 0.85 5.08
Stir.= Stirrupso
f, = As/ bd* f

y

The comparison between test results and an arallpiioposed model given by Lu, et al. [2] shows tha
can predict the shear strength of reinforced cdaatapped-end beams more accurately than the apodahe
PCI-Design Handbook [2].

Ronnie R.H. and et al, (2003) [3], are proposed matihility-aided trut-and-tie model (CASTM), for
predicting the diagonal crack widths at re-enti@rhers of dapped ends of bridge girders and tthgeke of in-
verted T bent caps. The validity of this modelupported by tests of seven full-scale specimer@amrrompari-
son CASTM with tests large diagonal cracks occuhatre-entrant corners of dapped ends of bridgkeg and
the ledges of inverted T bent caps. These diagmaak widths can be predicted by the proposed CASamnd
the proposed CASTM is calibrated by large test ispexss simulating bridge structures. They proposed the
calibrated gage length should be applicable toacrete bridges.

1. ResearchObijective. The objective of this paper is to study the ultienshear behavior of a reinforced
concrete dapped-end beams using three-dimensimital élement analysis approach on the reinforaettiete
dapped-end beams ultimate shear behavior. Fopthizose, two reinforced concrete dapped-end beaths w
span to depth ratio (0.56, 0.59) were analysidnitef element solutions were obtained by using Al$SXfo-
gram [10]. The experimental and finite element nioderesults are compared numerically and graphical

2. Description of Analyzed BeamsTwo experimental reinforced dapped-end beams apatyzed in
this study. The first beam has shear span to defitha/d equal to 0.56, and the second beam with sheartspan
depth ratice/d equal to 0.59, as illustrated below:

2.1. Details of Dapped-End Beam B56lhe first was tested by Lu et al. [2] dapped-erdrb had con-
stant span and width of 3000mm and 200mm, respdygtiThe overall depth was 600mm, and the shear &pa
depth ratio was 0.56 (i.e.= 150 mmd = 268 mm). The beam sample B56 refer to beam (aith= 0.56). The
reinforcement of beam and properties are summaiizdéble 2 and Fig. 2. The beam notation (1) desitie
beams from reference (2). The typical beam dessitsgeometry is shown in Fig. 2 [2].

2.2. Details of Dapped-End Beam B59 he second beam was tested by Mattock and ChamagLEon-
stant span and width of 3000 mm and 127 mm, raespctThe overall depth was 610 mm, and the skpan to
depth ratio of the beam is 0.59 (ge= 165 mmd = 280 mm), The beam sample B59 refer to beam(aith= 0.59).
The reinforcement of beam and properties are sumethin Table 2 and Fig. 3. The beam notation (d&)
notes the beams from reference (1). The typicaibeéetails and geometry is shown is shown in Fig.]3
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Fig. 3. Dimensions and reinforcement details ofbeld59,a/d = 0.59 [1]
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3. Finite Element Analysis and Nonlinear Solution €chnique.Finite element analysis has been per-
formed in the present work using the ANSYS progfa] which is capable of handling dedicated nuradric
models for the nonlinear response of concrete ustagic and dynamic loading.

3.1. Element TypesThe element type of concrete is eight-node sdiicktelement (SOLID 65) used for
modelling the concrete. This element type incluglssneared crack analogy for cracking in tensioreg@nd a
plasticity algorithm to account for the possibilifconcrete crushing in compression regions. stdight corner
nodes with three degrees of freedom for each: lxtoss in x, y, and z directions. The eight-nodkdselement,
SOLID 45, has been used for the steel plates,pesent the load plates and the beam supportsel€hwent is
also defined by eight nodes with three translatiole@rees of freedom for each node in x, y, andtections,
with plasticity, creep, swelling, stress stiffenitarge deflection, and large strain capabilitieseduced integra-
tion option with hourglass control is available.r Feteel reinforcement the 3D spar element (LINKw8lich
allows the elastic — perfectly plastic responsghefreinforcing bars has been used. Two nodeseggred for
this element. Each node has three degrees of fneadanslations in the nodal x, y, and z directions

Three material models have been adopted in theprsesudy the; Material Model Number 1 refers t® th
SOLID 65 element for concrete. The SOLID 65 elenmequires linear isotropic and multi-linear isotiomate-
rial properties to properly model concrete. Thetivlirlear isotropic material uses the von Miseduia criterion
along with the William and Warnke [12] model to ithef the failure of the concrete. EX is the modwéielas-
ticity of the concrete (Ec), and PRXY is the Porssaatio {). The modulus of elasticity was based on Equation

(2) [5]
E. =4730/ 1/ (e P} 1)

A nonlinear elasticity model was adopted for coterghe compressive uniaxial stress-strain relatign
for the concrete model was obtained using theWotlg equations to compute the multi-linear isotoogtiress-
strain curve for the concrete (MacGregor 1992) [14]

£ 2§/ f
]‘:EC—2 ,EO:_C, E.=— (2
1_ _—
€
wheref = stress at any strain MPa;
¢ = strain at stresf,

gy = strain at stress'.
For our concrete, the obtained stress—strain med#lown in Fig. 4.
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Fig. 4. Uni-axial stress-strain curve for concrete
The Poisson ratio is taken as 0.2. The ultimateaxidl compressive strength of concrete is takemfr

the mean value of cylinder concrete compressivength. The tensile strength of concrete is assuimduk
equal to the value given below [12].

f, =062/t (+c mPh. 3)

The implemented multi-linear isotropic stress—straiationship requires the first point of the @ite be
defined by the user. It must satisfy Hooke’s Law.
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The shear transfer coefficient for open cragksiepresents the conditions at the crack face.vahee of
Bt ranges from 0.0 to 1.0, with 0.0 representingnaath crack (complete loss of shear transfer) afAddpre-
senting a rough crack (no loss of shear transBear transfer coefficient of 0.3 is used to detinetheoretical
load—displacement relationship for comparison witperimental results [12, 13].

During transition from elastic to plastic or elastb brittle behavior, two numerical strategies evegc-
ommended [16]: proportional penetration, which suldés proportional loading into an elastic andlaséc
portion which governs the failure surface usinggnation, and normal penetration, which allowsdlastic path
to reach the yield surface at the intersection Withnormal therefore solving a linear system afagipns. Both
these methods are feasible and give stress vdlaesdtisfy the constitutive constraint conditia6]f

3.2. Material Properties. Steel reinforcement in the experimental beam wasstcocted with typical
steel reinforcing bars as motion in Table 3. Etastbdulus and yield stress for the steel reinfoer@nused in
tests were considered in the finite element modatihreinforcement. A 50 mm thick steel plate medelising
SOLID45 elements, is added at the support locatiad,load applied position in order to avoid sti@sscentra-
tion problems. This provides a more even stredsilulision over the support area and position ofllo&n elas-
tic modulus equal to 200 GPa and Poisson’s ratimktp 0.3 are used to plate.

The steel for the finite element models is assutoduk an elastic—perfectly plastic material anahiatal
in tension and compression. Poisson’s ratio vafug ®is used for the steel reinforcement. Matepiaperties
for the concrete and steel reinforcement are suimethin Table 3.

Table 3. — Material properties of the tested behn2]

BeamNo. | E. MPa | A, mn’ | fo MPa | f, MPa | f, MPa | E,MPa
B36 27580 | 2129 34.0 3.6 4618 | 200.000
B39 26,757 859.6 316 34 4764 | 200,000

3.3. Modeling by ANSYS CodeThe dimension of the full-size beam B56 is 200*68@30 mm. The
span between the two supports was 2321 mm. As showig. 2 by taking the advantage of the symmefry
the beam, a half of the full beam was used fotdielement modeling. The half of the entire modealtiown in
Fig. 5.

To obtain satisfactory results from the SOLID65na&d@t, a square or rectangular mesh is recommended.
Therefore, the mesh was setup such that squareets were created as shown in Fig. 6. Each cananesh
element is a prism dimensions of 25 x 25 x 25 mnsfecimen B56 [14]. The necessary element divisame
noted. The meshing of the reinforcement is a speeise compared to the volumes to be omittediasitepe-
tition.

00mm

Steel
support

support

Fig. 5. The half of beam model B56 Fig. 6. Finite element mesh of ltaf beam B56

In nonlinear analysis, the total load applied tinde element model is divided into a series addan-
crements called load steps [13]. At the completibeach incremental solution, the stiffness madfixthe model
is adjusted to reflect nonlinear changes in strattstiffness before proceeding to the next loamiément. The
Newton—Raphson equilibrium iterations for updatthg model stiffness were used in the nonlineartisois.
Prior to each solution, the Newton—Raphson appreasksses the out-of-balance load vector, whitheislif-
ference between there storing forces (the load®sponding to the element stresses) and the afpheld [15]
subsequently.

The program carries out a linear solution usingdbeof-balance loads and checks for convergerice. |
convergence criteria are not satisfied, the outalénce load vector is re-evaluated, the stiffmeatrix is up-
dated, and a new solution is carried out. Thisttee procedure continues until the results coreerg
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In this study, convergence criteria for the reinéat concrete SOLID elements were based on force and
displacement, and the convergence tolerance liwgte initially selected by analysis program. It vi@snd that
the convergence of solutions for the models waficdIf to achieve due to the nonlinear behaviorehforced
concrete. Therefore, the convergence tolerancdslimere increased to a maximum of five times thiaule
tolerance limits 0.5% for force checking and 5% d@placement checking) in order to obtain the evgence
of the solutions [11, 13].

4. Comparison of experimental and analytical data.

4.1. Load-Deflection Relationship.The load—deflection responses for the two reirddrconcrete
dapped-end beam B56, and B59 computed by the présga element model are plotted in Fig. 7 batied
corresponding relationships drawn from the previexjgerimental investigations [2], and [1], respesdij.
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Fig. 7. Experimental [1, 2] and FEM loadfideflectr@sponses

For the dapped-end beam B56 the ultimate loads ttenfinite element and experimental models are
694 kN and 703 kN, respectively, and the ultimafiedtion are 7.8 mm, and 8.1 mm, respectively. dapped-
end beam B59 the ultimate loads from the finitenglet and experimental models are calculated akR0fhd
275 kN, respectively, and the ultimate deflectioa 42 mm, and 5.21 mm, respectively. With refeeetacTa-
ble (4) and Fig. 7 deflections at beam soffits urizhel positions given by the previous experimetetsis of Ref.
[2] and [1], and those computed by the presentefieiement model are very close to each other.

Table 4. — Comparison of test result [1, and 2§, BR solution

Bo Experimental FE Load EXP Uhimate PFE U]tinjiate
Notation Load (EXP) (kN) FE / EXP Deflection Deflection
(kN) (rmam) (mm)
B56 703 694 0.98 8.1 7.8
B39 275 300 1.09 42 521

The ratio between the experimental and theoretieflections at ultimate load are 0.99 and 1.09, for
beams B56, and B59 are 1.09, respectively. On tiner diand, the degree of correlatiohi®0.99 for both the
measured deflection and the applied load for betimts.

In general, the load—deflection plots for the bdeom the present finite element analysis agreesquill
with the previous experimental data of Ref. [1, @hdThe finite element load—deflection curve iglstly differ-
ent from the experimental curve. There are seadfatts that may cause this situation. First gfmicrocracks
are present in the concrete for the tested beant@ud be produced by drying shrinkage in the cetecand/or
handling of the beam. On the other hand, the figiéenent models do not include the microcracks. gther is
that perfect bond between the concrete and stedbreing bars is assumed in the finite elemeralgsis, this
assumption would not be true for the tested beanANSYS model, stresses and strains are calcukst¢ide
integration points of the concrete SOLID elements.

4.2. Stress Distribution.The behavior of beams B56 and B59 is considerasdfaetory, both at service
and ultimate loads. For all specimens the geneoalgss of cracking is similar. The first crackiatié¢s at the re-
entrant corner at about 12.4%, and 8.45% of uléniaad for beams B56 and B59, respectively. Thislcr
propagated at approximately 4t the horizontal. It extends to about 2/3 theghtbf the nib. At this time
additional diagonal tension cracks take place @t and in the full depth of the beam. Maximunesstes for
the last converging load step are shown for thenisda Fig. 8 and 9 where the maximum stress logatio the
reinforced concrete dapped-end beams as determjnie: present finite element model are shown.
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Fig. 8. Maximum stress distribution for beam B56 @)lRyiven by the present finite element
model:a — Maximum compressive and tensile stressesMaximum shear stress
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Fig. 9. Maximum stress distribution for beam B59 @)iRyiven by the present finite
element modela — Maximum compressive and tensile stressesMaximum shear stress

4.3. Crack Patterns.The crack patterns obtained from the presentfieiement analysis at the last con-
verged load steps are shown in Fig. 4@ndb, from which it can be observed that that numeryasks occur
at midspan of the finite element model at four Itekls, the cracks begin at the re-entrant coohéne dapped
end beams at load values 56, and 35.5 kN for sgesB56 and B59, respectively.

As the load is further increased additional crdoksn and existing cracks lengthen. The diagonaditan
crack in the nib assumes a flatter trajectory @tinéng the hanger reinforcement, propagating towledoad-
ing plate. This is in agreement with the simulatafnstrut and ties modeling for deep beam, and elownth
struts (concrete) and ties (the tension steelwahsalmost constant stress).

In all cases the main reinforcement yields befoeimum load is reached. At that time, the crackssr
ing this reinforcement widen noticeably. Shortlyfdye failure, compression spalling and crushing ttye face
of the beam occurred adjacent to the loading pktside face of the half beam model is used to desinate
cracking sign. As shown in Fig. 10, at the nibtef beam at bottom, cracking signs refer to devedspimormal
tensile stresses in thxglongitudinal) direction, and shear stresses inxdhglane. Consequently, the direction of
tensile principal stresses becomes inclined froerhibrizontal.

Once the principal tensile stresses exceed thmati tensile strength of the concrete, tensileksraer-
pendicular to the directions of the principal stessappear at integration points of the concretefelements.
These are referred as diagonal tensile cracks.

Principal tensile stresses occur mostly in the ikodgnal direction. When the principal stresseseext
the ultimate tensile strength of the concrete, kirersigns appear perpendicular to the principasses in that
direction. Therefore, the cracking signs showrrign 10 appear as vertical straight lines occuranghe inte-
gration points of the concrete solid elements. &hae referred as flexural cracks. For a concretetsre sub-
jected to uni-axial compression, cracks propagéatagily parallel to the direction of the appliedrpressive
load since the cracks resulting from the tensiieirss developed due to Poisson’s ratio effect 18, Similar be-
havior is seen in Fig. 10 based on the finite efgraealysis. Loads in thedirection result in tensile strains in the
direction by Poisson’s effect. Thus, circles apgespendicular to the principal tensile strainthmy direction at the
integration points in the concrete elements nealodding location referring to as compressivettirac

In all cases the main reinforcement yields befoeimum load is reached. At that time, the crackssr
ing this reinforcement widen noticeably. Shorthfdre failure, compression spalling and crushing ttye face
of the beam occurred adjacent to the loading plkateide face of the half beam model is used to destnate
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cracking sign. As shown in Fig. 10, at the niblef beam at bottom, cracking signs refer to devedspgmormal
tensile stresses in thxe(longitudinal) direction, and shear stresses @xttplane. Consequently, the direction of
tensile principal stresses becomes inclined froerhibrizontal.
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Fig. 10. Finite Element cracks at different loadwes!:
a — For specimen B5®,— For specimen B59

Once the principal tensile stresses exceed thmati tensile strength of the concrete, tensileksraer-
pendicular to the directions of the principal stessappear at integration points of the concretefelements.
These are referred as diagonal tensile cracks.

Principal tensile stresses occur mostly in the ikndgnal direction. When the principal stresseseext
the ultimate tensile strength of the concrete, kirersigns appear perpendicular to the princip@sses in that
direction. Therefore, the cracking signs showrrign 10 appear as vertical straight lines occurahghe inte-
gration points of the concrete solid elements. €tae referred as flexural cracks. For a concetetsire sub-
jected to uni-axial compression, cracks propageteapily parallel to the direction of the appliedropressive load
since the cracks resulting from the tensile strdeeloped due to Poisson’s ratio effect [12, B&hilar behavior
is seen in Fig. 10 based on the finite elementyaigalLoads in the z direction result in tensikaisis in the y direc-
tion by Poisson’s effect. Thus, circles appear @edular to the principal tensile strains in thdirection at the
integration points in the concrete elements neataading location referring to as compressivettnac

5. Parametric Study.Using the developed the FE model that has beefieeeagainst the previous test
results for reinforced concrete dapped end begmayametric study is conducted to beam B56 onlgviuate
the effects of shear span to depth ratio, compresdrength of concrete, and parameter of the happed end
reinforcement. The details are described in Table 5
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Table 5. — Results summary of the parametric study

Parameter Value Ultimate load FEM (kN)
0.78 650
Shear span / depth 0.03 675
() 1.12 725
’ 25 660
Cnnc.rete strength 30 32
(o) (MPa) 40 600
Parameter main dapped-end 7.39 694
reinforcement 3 275
(nfy) (MPa) 5 570

5.1. Effect of Nominal Shear Span to Depth RatioFig. 11 Shows effect of the nominal shear span to
depth ratica/d on the shear strength for dapped-end beam. It is seen that the sheargitr of the beam increases
with decreasing the nominal shear span to depthafat The shear strengiy, of beam B56 decreased from 482 kN
for a/d = 0.56, to 383 kN foa/d = 1.12. This decrease in the shear strength isaltie cracks across depth of the
nib of the beam, because when the shear span sesréfze flexural behavior becomes the controlktead of the
shear failure, and cracks in the re-entrant cashtiie beam develope. When the load further ineeasore cracks
spread along depth of the nib and full depth ofitbam, so that the beam should collapse at loadl lkess than the
beam with short shear span. Fig. 12 Shows the dedfldetion relationship for B56 with different vasi ofa/d .
Also it can be seen that the shear strength dexgedith increasing the nominal shear span to dafitha/d .
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Fig. 11. — Effect of a/d ratio on the shear strhngt Fig. 12. — Load-deflection cusfer beam
of beam B56 B56 for different valuefsa/d ratio

5.2. Effect of Compressive StrengthA parametric study is conducted using the preéSentodel with various
concrete compressive cylinder strength values 08@5and 40 MPa. The other parameters are the fearipeam B56.
The effect of compressive strength on the sheangitn of beam B56 is illustrated in Fig. 13. Theashstrength of
dapped-end beams increases with the increase obtiveete compressive strength. Shear stréngtbf the beam in-
creases from 452 kN fdi, = 25 MPa, to 504 kN fdi, = 40 MPa.The amount of increase in shear strémgimost line-
arly proportional to compressive strength. The-deftection behavior is illustrated in Fig. 14 @fferent values of con-
crete compressive strength. For all cases thalimdiues of deflection for the FE models are #mes Then when the
load increases further differences is begin todieable but less than the experimental valuggatxor the case of
f.=40 MPa. In general load—deflection curves ofitfie element models are almost upper then theraxrental curve.
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Fig. 13. — Effect of Concrete compressive strength d-ig. 14. — Load-deflection curves for beam B&6 different
the shear strength of beam B56 values of concrete compressive stfengt
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5.3. Effect of Main Dapped-End ReinforcementThe parameter of main dapped-end reinforcemgnt
is one of the most significant factors effecting 8hear strength of reinforced concrete dappedeadhs. The
FE models with varioupfy values of 3, 5, and 7.39 MPa are illustratedrig. 15. Shear strength of the beam
increases with the increase of the main dapped@ntbrcement. Higher shear strength values ardigtexl for
larger pf, values. The shear strendify of the beam increase from 313 kN fafy = 3 MPa, to 482 kN for
pf, = 7.39 MPa. The load-deflection relationship iswh in Fig. 16 for different values of,, from which it is
noticed that the shear strength values for the BHefs are less than the experimental values.

On the other hand the deflection values in theiealdad applications are the same but when load in
creases further the difference begins to increesgecially forpf, = 3 MPa, due to the small amount of area of
reinforcement in the beam. In general and for adles the main dapped-end reinforcement yieldeddeéach-
ing the maximum applied load. Thus the load—deftecturve for FE models is slightly different frotme ex-
perimental curve.
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Fig. 15. — Effect of main dapped-end reinément Fig. 16. — Load-deflectinmves for beam B56
on the shear strength of beam B56 for differemtount of main reinforcement

Conclusions.A Finite element model has been developed to sitauhe load—displacement behavior of
the reinforced concrete dapped-end beams undéc stanotonic loading. The model takes into accaimet
linear and nonlinear material properties for coteand steel reinforcement. The FE model compasdtiwith
the results of previous experimental studies.

Parametric studies using this model has been daori¢ to investigate the effects of shear sparefthd
ratio, concrete compressive strength, and the abtbermain dapped-end reinforcement on the behafitre
reinforced concrete dapped-end beams. From thapaadson, and the parametric studies, the Followimgciu-
sions are drawn.

— The predicted loads of the reinforced concrete ddgmd beams by the present FE models at various

stages were found to be in good agreement witprgous test data.

— The failure mechanism of reinforced concrete dapg@atibeams is modeled quite well using the pre-
sent FE model, and the failure load predicted iy etose to the failure load of previous experinaént
studies.

— Shear strength of the dapped-end beams increaties@dreasing the nominal shear span to depth ra-
tio (a/d). The shear strength Vd, of beam B56 & KIS for a/d = 0.56, and decreases to be 383 kN for
a/d=1.12.

— Shear strength of the dapped-end beams lineartgases with the increase of the concrete strength
for the studied beams.

— Shear strength of the dapped-end beams lineartgases with the increase of the main dapped-end
Reinforcement for the studied beams.

REFERENCES

1. Mattock, A. H. Design and Behavior of Dapped-EndiBs / A. H. Mattock, T. C. Chan // Journal of
Structural Engineering, PCI Journal. 1979. — V.12d, 6. — P. 28-45.

2. Shear Strength of High-Strength Concrete Dapped&eaains / W. Y. Lu [et al.] // Journal of the Chi-
nese Institute of Engineers. — 2003. — V. 26, Ne: B. 671-680.

3. Crack Width Prediction Using Compatibility-Aidedr&t-and-Tie Model / R. H. Ronnie // ACI Struc-
tural Journal. — 2003. — V. 100, No. — P. 413-421.

36



ELECTRONIC COLLECTED MATERIALS OF IX JUNIOR RESEARCHERS’ CONFERENCE 2017

10.
11.

12.

13.

14.

15.

16.

Architecture and Civil Engineering

Foster, S. J. The Design of Nonflexural Membersiwdbrmal and High-Strength Concretes / S. J. Fos-
ter, R. I. Gilbert // ACI Structural Journal. — 9- V. 93, No. 1. — P. 3-10.

Building Code Requirements for Structural Conc(&€l 318-2008) and Commentary (318R-2008) /
American Concrete Institute. — Farmington Hills,chili, 2008.

Marti, P. Basic Tools of Reinforced Concrete Beaasign / P. Marti // ACI JOURNAL, Proceedings.
—1985. - V. 82, No. 1. — P. 46-56.

Mirza, S. A. Strength Criteria for Concrete Inverfe-Girders / S. A. Mirza, R. W. Furlong // Journa
of Structural Engineering, ASCE. — 1983. — V. 188, 8. — P. 1836-1853.

Mirza, S. A. Design of Reinforced and Prestressedc@ete Inverted T-Beams for Bridge Structures /
S. A. Mirza, R. W. Furlong // PCI Journal. — 1985v. 30, No. 4. — P. 112-136.

Siao, W. B. Shear Strength of Short Reinforced @atecWalls, Corbels, and Deep Beams / W. B. Siao
/I ACI Structural Journal —1994. — V. 91, No—»P. 123-132.

Swanson Analysis System / ANSYS. — US, 2003.

Schlaich, J. Towards a Consistent Design of Strattoncrete / J. Schlaich, K. Schafer, M. Jennewei
/ PCI Journal. — 1987. - V. 32, No. 3. — P. 78:15

Willam, K.J. Constitutive model for triaxialbehavioof concrete. In: Seminar on concrete structures
subjected to triaxial stresses / K.J. Willam, BARrnke // International association of bridge atmdcs
tural engineering conference. — Bergamo, 1974.17R.

Wolanski, A. J. Flexural Behavior of Reinforced dhestressed Concrete Beams Using Finite Element
Analysis / A. J. Wolanski // Master thesis, Marti@éJniversity. — Milwaukee, Wisconsin, 2004.
MacGregor, J.G. (1992) “Reinforced concrete meatsaand design / J.G. MacGregor // Englewood
Cliffs. — NJ : Prentice-Hall, Inc., 1992.

Job, T. Finite Element Analysis of Shear Criticaéfressed SFRC Beams / T. Job, R. Anath // Com-
puters and Concrete. — 2006. — Vol. 3, No. 1. 65277.

Shah, S.P. Fracture mechanics of concrete / S&h, ShE. Swartz, C. Ouyang. — NY : John Wiley &
Sons, Inc., 1995.

37



