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ABSTRACT: Test results of nine reinforced concrete continudesp beams are
presented and analyzed. The main variables stwdéed shear span-to-depth ratio (a/d),
vertical web reinforcement ratig.j), horizontal web reinforcement ratip,), and concrete
compressive strengthc(f. The results of this study show that the stiffnesduction was
prominent in case of lower concrete strength agtidri shear span-to depth ratio and that
the variation of strains along the main longitudliteg and bottom bars was found to be
dependent on the shear span-to depth ratio. Fendeaving small (a/d) ratio, horizontal
shear reinforcement was always more effective tratical shear reinforcement. Finally,
the obtained test results are compared to thegireds of finite element analysis using the
ANSYS 10 program and a well agreement betweenstperenental and analytical results
was found.
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INTRODUCTION

Reinforced concrete (RC) continuous deep beamdainly commonly used as load
distribution elements such as transfer girderse pihps, tanks, folded plates, and
foundation walls, often receiving many small loamsd transferring them to a small
number of reaction points. There have been extenskperimental investigations of
simply supported RC deep beams [1-8] but very feststare presented on continuous RC
deep beams [9-13]. Continuous deep beams diffen feither simply supported deep
beams or continuous shallow beams. In continuoep theams, the regions of high shear
and high moment coincide and failure usually océnrthese regions. In simple RC deep
beams, the region of high shear coincides with bgion of low moment. Failure
mechanisms for continuous RC deep beams are thersignificantly different from
failure mechanisms in simply supported beams. Despns develop a truss or tied arch
action more marked than in shallow beams wherersiseransferred through a fairly
uniform diagonal compression field.

The present paper reports test results of ninesppam RC deep beams [10]. The tested
variables were shear span-to-depth ratio, vertied reinforcement ratio, horizontal web
reinforcement ratio, and concrete compressive gtherThe specimens were tested in a
compression machine where increasing monotoni $tetds were at each mid-span. All
tested beams were loaded until failure. The faiplemes evolved along the diagonal crack
formed at the concrete strut along the edges ofahe and intermediate support plates.
The test results were measured at different loaldiwels for the mid-span deflection, mid-
span bottom steel strain, middle-support top saln, middle-support stirrups strain, and
end-support stirrups strain. Also, the crackingtggas were identified. The effects of
testing variables on the first diagonal crack laalttmate shear load, deflection, stiffness,
and failure mechanisms were studied. Finally, thi@ioed test results are compared to the
predictions of finite element analysis for contineodeep beams and a well agreement
between the experimental and analytical resultsfouasd.

EXPERIMENTAL PROGRAM

Test Specimensand Materials

Nine two-span RC deep beams were tested. The bwbBnaénsions of each series are
shown in Fig. 1. All tested beams had the same payth and width. The overall length L
was 2000 mm divided by two spans of 1000 mm foheawd the width b was 150 mm.
The locations of center lines of loads and suppomse the same for all test beams.
According to the beam height (h) and shear spatepdh (a/d) ratios, the beams were
divided into three groups. For tested beams (BSH2,BS3, BS6, and BS9), the height
was 500 mm and (a/d) ratio was one. For testethbdBS4, BS5, and BS7) the height
was 650 mm and (a/d) ratio was 0.77. The heighasifbeam (BS8) was 400 mm to give
(a/d) ratio as 1.25. The details of reinforcemertt Beight for each beam are shown in Fig.
2 and table (1). The main longitudinal top and drottreinforcement was sufficient and
kept constant for all tested beams in order to gmepremature flexural failure. All
longitudinal bottom steel reinforcement extendesl filll length of the beams and through
the depth to provide sufficient anchorage lengifise vertical web reinforcement was
closed stirrups and the horizontal web reinforcenasnlongitudinal bars in both sides of
the beam. All longitudinal top and bottom reinfarent was 16-mm diameter high-
strength steel bars with yield stress of 400 MA@ Web reinforcement was normal mild
steel of 8-mm diameter with yield stress of 280 MHRae amount of vertical and
horizontal web reinforcement included three levBisveral trial mixes have been tested to
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achieve the target compressive concrete strendtBs dMPa and 35 MPa at 28 days with
water/cement rationfc) 0.6 and 0.475, respectively.

Testing Procedure and I nstrumentation

Fig. 3 shows the test setup. Special arrangemexttsbken taken to obtain two point
loads and three support reactions. A top steelaggrebeam was used to divide the total
applied load from the machine head into two eqaattdoads, one in each span. Another
stiffer steel beam was placed underneath the tdstedns to collect the three support
reactions to the other head of the machine. Eaeimbgas tested as a continuous beam
under two vertical concentrated loads using a earthydraulic jack. The three supports
rested on flat plates to combat instability outtled beam plane as shown in Fig. 3. All
tested beams were painted by a thin white coat aflithte the observation and
determination of cracks at different stages of ilegdwith regard to the two vertical loads,
they were similar in their acting position, valuelavere separated by a distance equal 1000
mm. During testing, the vertical loads were appliethcrements equal to about 5% of the
expected ultimate load and up to failure. Afterhrebxad increment, marking of cracks was
made and the results were recorded automaticaltg tise data logger.

The loads and reactions have been measured udwagdacell of capacity 2000kN and
0.1kN accuracy. The load cell readings were reabedgomatically using the data logger.
The corresponding vertical deflections of test beatthe locations of the mid-span point
were measured using LVDT's of 100 mm capacity afd éhm accuracy. Electrical strain
gauges of length 10 mm, with resistance 120.4 i00m, and a gauge factor of 2.11 were
used to measure the strains in the main longitlidapaand bottom flexural steel, vertical
stirrups, and horizontal shear reinforcement. Téneggs were fixed on the steel bars before
casting. The surface of the steel was cleaned mdthed, and the gauges were installed
on the steel bars using adhesive material andttiegnwere covered with a water proofing
material for protection. For all beams, two gaugese fixed on the top bar at the interior
support and on the bottom bar at the mid spandditian, four gauges were fixed on two
vertical stirrups and horizontal shear reinforcetranintersection points of these stirrups
and horizontal reinforcement with the strut linesing the point load with the internal and
external supports. The load, deflections, and st&eins were measured and recorded
automatically by connecting the load cell, LVDTasd the electrical strain gauges to data
acquisition system.
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Fig. 1. Geometrical Dimensions of the Tested Deearss (mm)
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Fig. 2. Details of Tested RC Deep Beams
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Fig. 3. Typical test setup and instrumentationdibtested beams

Table (1) Details of Reinforcement for the Test Bea

BEAM | h(mm) | (a/d)| VLRFT| py (%) | HL RFT| py (%) | f.{(MPa)
BS1 500 1 | Y8@209Q 0.33 | 2Y8 | 0.33 25
BS2 500 1 - 0.0 2Y8 | 0.33 25
BS3 500 1 | Y8@10Q 0.66 | 2Y8 | 0.33 25
BS4 650 | 0.77 - 0.0 2Ys | 0.24 25
BS5 650 | 0.77 Y8@20( 0.33 | 2Y8 | 0.24 25
BS6 500 1 | Y8@20Q 0.33 - 0.0 25
BS7 650 | 0.77 Y8@20( 033 | 4Ys8 | 048 25
BS8 400 | 1.25] Y8@200 033 | 2Y8 | 0.44 25
BS9 500 1| Y8@209Q 033 | 2Y8 | 033 35

EXPERIMENTAL RESULTS

Specimen Behavior

Fig. 4 shows the cracking patterns at failure fiertested beams (BS1, BS4, and BS8) with
(a/d) of 1.0, 0.77, and 1.25 respectively. In tigure, each crack is marked by a line
representing the direction of cracking. The craakppgation was significantly influenced
by the (a/d) ratio as shown in Fig. 4. Specimenth Warger (a/d) showed earlier
development of flexural cracks, and a less welindef shear cracks.



University of Tripoli, Libya The 12" Arab Structural Engineering Conference

[ T—T—
BS1 R e e ] \ \
e ar W% o BT 1 | el e
bl { | ﬁ\*‘lt} \ 4‘ il : \7

Jw

07,

Fig. 4. Crack Patterns and Failure Zones of TeBtaims BS1, BS4, and BS8

Generally, the first crack suddenly developed ire thexural sagging region at
approximately 25% of the ultimate strength, anchthecrack in the diagonal direction at
approximately 30% of the ultimate strength at thd-depth of the concrete strut within
the interior shear span immediately followed. Tingt flexural crack over the intermediate
support generally occurred at approximately 80%hef ultimate strength. As the load
increased, more flexural and diagonal cracks wereméd and a major diagonal crack
extended to join the edges of the load and interaedupport plates. A diagonal crack
within the exterior shear span occurred suddendy tiee failure load. Just before failure,
the two spans showed nearly the same crack patiifrtiested beams developed the same
mode of failure as observed in [11]. The failutangs were traced along the diagonal
crack formed at the concrete strut along the edddbe load and intermediate support
plates. Two rigid blocks separated from originahins at failure due to the significant
diagonal cracking. The influence of shear reinforeat on the tested beams behavior was
not significant as mentioned before in [14]. In tweaithout stirrups (BS2), the failure was
sudden and was due to crushing of the concrete w®sipn struts. When sufficient
stirrups are present, crack fans develop undeloties, and over the interior support; these
cracks diminish the effective width of any direongpression strut which might develop.

Mid-Span Deflections

The measured load-deflection curves for all testedms are shown in Fig. 5. Also, the
measured first flexural cracking load at mid-sp8gxf), the first flexural cracking load at
internal support (&), the first diagonal cracking load £, and the ultimate total load
(Py) are given in Table (2). It can be seen from Big@and Table (2) that the decrease of
(a/d) leads to an increase in the load carryin@cidyp and stiffness at different levels. The
measured deflections indicate that beams with emédl/d) ratio exhibit less deformation
and ductility than that of higher (a/d) ratio, amsl (a/d) ratio decreased; the deflection at
the same load level is reduced.
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Table @) Experimental Results of the Tested Beams (kN)

BEAM | BS1| BS2| BS3] BS4 BSY BSBp BSy BS$8BSC
Parm | 200 | 200 | 250| 300] 320 200 370 18025C
P | 600 | 585 | 660| 680] 740 550 860 54075C
Pee | 250 | 240 | 280| 290] 340 240 390 224030C
P, | 819 782 | 939| 889 1001 735 1145 71801¢
Roe | 148 | 141 | 169| 161 181] 133 206 12918%
Rimme | 523 | 500 | 601| 567| 639 469 738 45764C
Quime | 262 | 250 | 301| 284] 320 235 36y 22932F
Quaci | 215 | 201 | 255| 267| 280 175 350 17424F
Quecr | 204 | 191 | 218] 262] 277] 178 330 18923¢

Increasing (a/dratio from 1.0 for beam BS1 to 1.25 for beam B&&ulted in a decrecin
Perims Pers @and B by about 25.0%, 12.0%, and 13.0%, respectivelythiéamore, the
enhancement in Pcrfm,,Pand R is respectively 60.0%, 36.0%, and 22.0% dut
decreasing (ajdratio from 1.0 for beam BS1 to 0.77 for beam BB3Xan be seen th
increasing the concrete compressive strength tsagn#icant improvement effect on tl
load-deflection response. Increasing the concrete cosape strength led to a more brit
behavior with increased load carrying capacitied stiffness at differet load levels. The
Perims Pers @and B were increased respectively by 25.0%, 20.0%, and@%4or beam BS'
with (f.,) of 35.0 MPa when compared to beam BS1 wi,) of 25.0 MPe

The examination of measured results in Fig. 5 andable (2) showed thihe load
carrying capacities at different levels increasthwan increase in the ratio of vertical sh
reinforcement,). The tested beam BS2 without stirrups showedreonmeduction in ¢
and R by 4.0% and 5.0% when compared to beam B$§,= 0.00385), while the firs
flexural cracking load was kept the same. On tlhemband, the increase ilgrm, Pers and
Py, was found 25%, 12.0%, and 15.0% respectively fanbé&S3 havingp,) as 0.0067
when compared to beam BS1wit,= 0.00335. Fig. 5 also inclites that beam witho
vertical stirrups had very little ductility and doruous deep beams with heavy stirr
were ductile while those with light stirrups weegrly brittle.

The horizontal shear reinforcement has generathoderate effect on thmprovement of
the measured loadeflection response of tested deep beams. Fromarigop of results i
Fig. 5 and Table (2), it was found that there i®@duction in ls and F, by 4% and 10%
respectively for beam tested BS6 wifly) of 0.00 when compad to beam BS1 withpy)
of 0.0033 with the sameuc) while the first flexural cracking load was foutite same fo
both beams. In other comparison, beam BS7 wi,) of 0.0048 showed an increase
Perims Pers @and R by 16.0%, 15.0%, and 14.5% respectively when coethéw beam BS
with (pn) of 0.0024 while the other parameters were kepstamt
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Sted Strains

Figs. 6 and 7 show respectively the I-steel strain curves for bottom and top longitud
flexural reinfacement of the tested beams. These figures alscatedthat tested bear
with the samed/d) ratio shows almost the same total applied -strain gradient witl
major strains redistribution in the bottom stea€iathe first diagonal cracking. The tc

applied loadstrain gradient shows minor strains redistribuiiothe top steel after the fir
diagonal cracking and shows also the same sinyiléoit the beams with the sama/d)

ratio. The bottom longitudinal reinforcement wastémsion throughotthe length of the
beam, and the top reinforcement was also in terthicoughout the length of the interi
shear span.
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Fig. 6. Total Applied_oad and Bottom Steel Strain Relationship for thetédBeams
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Fig. V. Total Applied Load anTop Steel Strain Relationship for the Tested Be

Neither bottom nor top longitudinal flexural reinfement was yielded up to failure lo
for the tested beams due to the over reinforcedydes flexural reinforcement. Strains
bottom reinforcement werbligher than in top steel due to stress redistrioutivhich
increases the field moment and decreases the mambhentermediate support. In be:
without stirrup (BS2), the flexural reinforcementasns are constant along the b
between point loads arslipports and a compression struts develop in therete whict
carry the loads directly to the suppc

The total loadsteel strain curves for vertical and horizontalasheeinforcement at tt
interior shear span for the tested beams are sloWwiys.8 and 9, respectively. A min
redistribution of strains occurred at the vertistédel after the occurrence of the f
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diagonal crack for beams BS5 and BS1 having theldoxalues of a/d) ratio as 0.77 an
1.0 respectively and did not yield. A majctrain redistribution occurred for beam B
having @/d) ratio of 1.25 and reached vyield at failure. Fbe thorizontal steel,
redistribution of strains occurred after first dda@l cracking for these three beams but
redistribution was higher for am BS5 having the lowesa/l) ratio of 0.77. None of th
horizontal reinforcement for the three test beaeached yield up to failure. Comparis
of test results indicate that the influence of waeel on the ultimate shear strengtt
influenced by theg/d) ratio, the lower thea/d) ratio; the more effective the horizon
steel and the less effective the vertical steely @re vertical steel of beam BS3 havini
heavy vertical steel ratio reached vyi
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Fig. A. Total AppliedLoad and Vertical Shear Reinforcement Stra@taRonshij

1200

1oy

o0
=)
g

[
&
g

L
=}
=]

TOTALLOATHEN)

K
I
g

U ey o 1100 1600 oo 2400 800
STRAIN {Micro-Srain

Fig. 4. Total Applied Load anHorizontalShear Reinforcement Strain Relation:

It was also concluded that tested beam BS6 withouwizontal reinforcement showed
higher values of strains in the vertireinforcement than beam BS1 with,) of 0.0033 at
the same load level. A major redistribution of stseoccurred for the vertical steel at ab
70.0% of the ultimate load for beam BS9 but didyield as the vertical reinforcement 1
beam BS1. For thlorizontal reinforcement, while major strain redigition was occu
for beam BS1 at the first diagonal cracking, simitdrain redistribution have be:
occurred in beam BS9 with higher value ¢,) but at about 50.0% of the ultimate Ic
and this idue to the expected higher value of concrete stwdribution. Horizontal stet
for beam BS9 almost reached yield point while b&81 did not reach that poi

Reaction of Supports

The measured amount of load transferred to thesepgort is listed i Table (2) for all
tested beams. From external equilibrium of foraed symmetry, the measured reactiol
intermediate support is evaluated in the tableearirelastic analysis was performed us
SAP program for beams in order to assess the oeactf supports. From elastic analys
the reactions of the exterior and intermediate suppdue to the total applied load (P)



University of Tripoli, Libya The 12" Arab Structural Engineering Conference

0.175P and 0.65P respectively. It was stated b¢i@jethat the differential settlement had
no significant effect on the elastic behavior oftiouous deep beams, and would have less
significance at higher loads in any case. Fig. iOws the measured amount of the load
transferred to the end and intermediate suppomspgthe total applied load for beams
having constanta(d) value of 1.0 and different web reinforcementastiOn the same
figure, the reactions at support are obtained frelastic analysis are also presented.
Although the amount of web steel influences the imarn reaction at support, it has no
effect on the total load-support reaction gradiddefore the first diagonal crack, the
relationship of the end and intermediate supp@ttrens against the total applied load in
all tested beams shows good agreement with elaséidiction. The amount of loads
transferred to the end support, however, was $jighigher than that predicted by the
elastic analysis after the occurrence of the filisigonal crack within the interior shear
span. At failure, the difference between the meas@nd support reaction and prediction
of the elastic analysis was in order of 8%, 10%, &%, for beams witha(d) of 0.77, 1.0,
and 1.25, respectively.
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Fig. 10. Total Applied Load versus Support Readtifor Beams Having (a/d = 1.0)

The internal redistribution of forces is limitedlsad, the distribution of applied load to

supports is independent of the amount and configureof shear reinforcement. This

means that the occurrence of diagonal cracks redineebeam stiffness and the hogging
moment over the central support, and increasesdgging bending moment within the

span.

Experimental Shear Force Capacitiesand Comparison with Current Codes

The most critical shearing force in continuous dbepms occurs at the interior support.
The shear forces at inner supports of tested deap® (Qnnep are calculated as half the
vertical support reactions, and are listed in TgB)e It can be seen that the ultimate shear
strength of beams with constant shear reinforcensmt concrete strength increase
significantly with the decrease dad/{) ratio. The decrease ad/¢) ratio from 1.25 (beam
BS8) to 1.0 (beam BS1) increases the shear capagiti4.4%. For beams with vertical
shear steel, the drop a/{) ratio from 1.0 (beam BS1) to 0.77 (beam BS5) anka the
shear capacity by 22.1%. For tested deep beamsuwtitrertical shear reinforcement, the
drop of @d) ratio from 1.0 (beam BS2) to 0.77 (beam BS4) anba the shear capacity by
13.6%. Table (2) indicates that the shear strefatibeams with constan&/@) ratio and
shear reinforcement increases remarkably with tieease of concrete compressive
strength. The shear capacity of beam BS9 with 85 MPa is higher than that of beam
BS1 with £~ 25 MPa by 24%. The analysis of experimental tesuldicates that the
ultimate shear strength increases with the increbaenount of vertical or horizontal shear
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reinforcement for different (a/d) ratios. For beamth (a/d)= 1.0, the increase @f, from
zero (beam BS2) to 0.0033 (beam BS1) and to 0.@gbéé&m BS3) enhances the shear
capacity by 5% and 20.4%, respectively. For bedd®}(& BS5) with &/d) = 0.77, the
increase inp, by 0.0033 increases the shear capacity by 12.f&wideis test results of
simple deep beams [2] have suggested that horizeimar reinforcement has little effect
on the shear strength improvement. In current testlts, horizontal shear steel has a
moderate effect on shear carrying capacity, esipeéom beams with &d) < 1. For beams
(BS5 & BS7) with &/d) = 0.77, the shear strength improvement was 14lidésto 0.0024
increase irph ratio. For beams (BS1 & BS6) with/¢) = 1, the same increase pp ratio
improves the shear capacity by 12.7%.

The prediction of shear capacity of tested beansshawn in Table (2) using two design
codes; namely ACI 318-08 [15] and the Egyptian ceteccode of practice [16]. The shear
contributions from concrete, horizontal, and vetishear reinforcement were evaluated
with all safety factors removed. Both design methastiow that the amount of shear
resisted by horizontal steel is higher than thaisted by vertical steel (contrary to testing
results). This prediction indicates that ACI aslvasl ECP underestimate the shear capacity
for continuous deep beams. The average ratio® @&/ Quac) and (Qinner/ Quecp are
1.21 and 1.27 with standard deviations of valuekl Gand 0.12, respectively. The
discrepancy in codes predictions may be attributedhe fact that the shear strength
equations in both design methods for continuougp deams are derived from simple deep
beam tests.

FINITE ELEMENT PREDECTIONS

The nonlinear finite element program; ANSYS 10 waed to predict the behavior of
tested deep beams. A correlative study based dodlde deflection response as well as the
cracking patterns was conducted to verify the dmal model with the obtained
experimental results. In the finite element digeegion of the tested beams, a 50x50 mm
mesh of eight-node brick elements (Element 65) usesl for concrete. The top & bottom
flexural steel bars and the horizontal & verticabareinforcement were represented by bar
elements. The area and spacing of such bar elements similar to the experimental
specimens. The concentrated loads were also dpplighe top surface at mid-span of the
tested beams. The supports were represented byinest nodes at the corresponding
locations. To model concrete behavior, nonlineaesststrain curves were used in
compression and tension. Such models account forpssion & tension softening,
tension stiffening and shear transfer mechanismeracgked concrete. An elasto-plastic
model was used for steel in compression and tendibe initial Young’'s modulus in
concrete was taken as 22 GPa and the steel modiss200 GPa. An incremental-
iterative technique was employed to solve the me@li equilibrium equations. The load
increment was set at 5% of the experimental uléni@dd. The load increment was subject
to adjustment to obtain results at certain speddfad levels. The maximum number of
iterations was set to 20 in each load step anéduéibrium tolerance of 0.5% was chosen.

The computed cracking patterns at different loadexgls are presented for tested
beams BS5 and BS8 respectively. Both specimenghedhinimum amount of stirrups
with (a/d) ratio as 0.77 and 1.25 respectively. Bify shows the development of the crack
pattern in tested beam BS5. First flexural crackanhgnid-span (load level 250 kN) was
predicted first by the simulation. Beyond this fleal crack, a shear crack band developed
(load level 290 kN). After the formation of the ckaband, a rather stable crack pattern is
formed. The width of shear crack band increaset wit increase of the load (load levels:
400-800 kN) in a stable manner.
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At 25% F,

At 5% F,

At 9% F,

Fig. 11. Simulated Crack Propagation for TestednBB&5

At 25% F,

At 50% F,

At 90% F,

Fig. 1¥. Simulated Crack Propagation for Tested Beam BS8

Later, flexural cracking takes place over the medslipport. At ultimate stage, failure is
initiated by crushing of the concrete in the regialjacent to the middle support (load level
910 kN). There is a good agreement between thelaietlicrack patterns and the obtained
experimental ones. The simulation also successhrilicted the sequence in the crack
patterns development and the failure mechanism.

As shown in Fig. 12, the development of the craakgmn for tested beam BS8 with
(a/d) ratio of 1.25 is nearly the same as thatdsted beam BS5 with (a/d) ratio of 0.77.
Compared to BS5, the load levels at which crackesglace are lower due to increasing
(a/d) ratio. First flexural cracking was firstly \adoped at the mid-span (load level 130
kN) and later over the middle support. At a loaekleof 170 kN, inclined flexural cracks
develop. Afterwards, shear cracking takes placethWurther load increase, some
secondary flexural cracks are detected. At ultimstege, the deep beams failed by
crushing of the concrete in the regions adjacenth& middle support and the loading
point. The simulated and the experimental crackepas are compared at ultimate load
level and it is clear that the finite element as&\simulates the experimental results very
well. This can be seen in the internal shear sgaimg from the middle support to the
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loading point, the crack direction changes fromtigal to inclined, stays constant, and
changes back to vertical again.

In Fig. 13, test results of total load- deflectmurves are compared to the predictions of
finite element analysis for tested beams BS1, B®PEBE8. A good agreement between the
experimental and analytical results was obtainedifégrent levels. In simulated curves,
there is a sudden increase in the deflection aisdgtback to formation of the first flexural
crack. Also, formation of the first diagonal craginificantly reduced the beam stiffness.
Similar to experimental results, simulated curves significantly affected by the shear
span-to-depth ratio. It can be seen from Fig. 1& the decrease of (a/d) leads to an
increase in the load carrying capacity at differlaviels. All analyzed beams exhibited
limited displacement ductility at failure. The degrof ductility varied depending on the
(a/d) ratio where the lower (a/d) ratio, the lougeamount of ductility.

900

750

600

—&— BS1(SIMULATED)
—=— BS1(EXPERIMENTAL)
—a— BS2(SIMULATED) H
—&— BS2(EXPERIMENTAL)
—e— BS3(SIMULATED) H
—e— BSB(EXPERIMENTAL)

300

TOTAL LOAD (KN)

150 B#

2 4
DEFLECTION (mm)

Fig. 1¥. Simulated and experimental load-deflection cufee8S1, BS2, and BS8

Increasing either vertical or horizontal shear fi@icement led to an increase in the
analytical load carrying capacity and ductility ctahg with the experimental results.
Increasing the concrete compressive strength leagn#icant improvement effect on the
load-deflection response and there is an increaseeifirst flexural cracking, first diagonal
cracking, and ultimate loads.

CONCLUSIONS

From the experimental and the analytical studieshe present work, the following
conclusions are drawn:

1. Deep RC beams with smaller (a/d) ratio exhibit bigload carrying capacity, less
deformation, and lower ductility than that of high@/d) ratio. Increasing concrete
compressive strength leads to a more brittle benhawath increased load carrying
capacity and stiffness at different levels. Deep B€ams with different variables
developed the same mode of failure. The failuregdawvere traced along the diagonal
crack formed along the edges of load and intermediapport plates.

2. Tensile strains in bottom flexural reinforcementrevigher than in top flexural steel
due to internal stress redistribution. The lowee (a/d) ratio, the less variation is
observed. For the vertical web reinforcement, aomigdistribution of strains occurred
for tested deep beams with (a/d) > 1 only. Forhbezontal web reinforcement, major
strain redistribution occurred for beams with (ad).

3. The ultimate shear strength of continuous beamseases significantly with the
decrease of the (a/d) ratio, and the increase rérete compressive strength or vertical
web reinforcement. The shear capacity of horizowel steel was more prominent in
continuous beams than that in simple ones, espetmlbeams with (a/d) < 1. Due to
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the limited internal redistribution of forces, teapport reaction at interior support is
slightly lower than that predicted by linear an&ys

4. The comparison between the obtained experimensaltseand the predictions of the
ACI-318-08 and ECP-203-2007 codes indicated thatatidesign codes underestimate
the shear capacity of continuous deep beams. Taysha attributed to the fact that the
shear strength equation in both codes was deriveah Simple deep beams tests.
Contrary to testing results, current design methpoddict that shear resistance of
horizontal web steel is higher than that of veftstael.

5. The predictions of load-deflection response as waglthe cracking patterns using the
nonlinear finite element program, ANSYS 10, shogoad agreement with the testing
results. The finite element predicted successftilg ultimate loads, displacement
ductility, stiffness changes and failure mechanidarsdeep RC beams with different
variables.
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