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Abstract—Test results of nine reinforced concrete continuous
deep beams are presented and analyzed. The main \ales
studied were shear span-to-depth ratio (a/d), vertal web
reinforcement ratio (p,), horizontal web reinforcement ratio @),
and concrete compressive strength {f). The results of this study
show that the stiffness reduction was prominent irtase of lower
concrete strength and higher shear span-to depth te and that
the variation of strains along the main longitudind top and
bottom bars was found to be dependent on the sheapan-to
depth ratio. For beams having small (a/d) ratio, hdzontal shear
reinforcement was always more effective than vertal shear
reinforcement. Finally, the obtained test results @ compared to
the predictions of finite element analysis using #& ANSYS 10
program and a well agreement between the experimeait and
analytical results was found.

Keywords-continous beams; deep beams; deflection; reinforced
concrete; shear strength; web reinforcement

. INTRODUCTION

Reinforced concrete (RC) continuous deep beam&ahe
commonly used as load distribution elements suctnamsfer
girders, pile caps, tanks, folded plates, and fatiod walls,
often receiving many small loads and transferringm to a
small number of reaction points. There have bedrnsive
experimental investigations of simply supported RE€ep
beams (Bircher et al. 2011) but very few testspaesented on
continuous RC deep beams (Ashour et al. 2008). iQanis
deep beams differ from either simply supported desssgims or
continuous shallow beams. In continuous deep bedines,
regions of high shear and high moment coincide faiidre
usually occurs in these regions. In simple RC desgms, the
region of high shear coincides with the regionavf Imoment.
Failure mechanisms for continuous RC deep beams
therefore significantly different from failure meafisms in
simply supported beams. Deep beams develop a drussd
arch action more marked than in shallow beams wiieear is
transferred through a fairly uniform diagonal coeg®ion
field.

The present paper reports test results of ninespemn RC
deep beams (Mustafa 2012). The tested variables slezar
span-to-depth ratio, vertical web reinforcement iorat
horizontal web reinforcement ratio, and concretmp@essive
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strength. The specimens were tested in a compressggchine
where increasing monotonic static loads were ah ea-
span. All tested beams were loaded until failuree Tailure
planes evolved along the diagonal crack formed hat t
concrete strut along the edges of the load andniediate
support plates. The test results were measuredffatemt
loading levels for the mid-span deflection, mid+sgzottom
steel strain, middle-support top steel strain, rheigipport
stirrups strain, and end-support stirrups strailsoA the
cracking patterns were identified. The effects ebtihg
variables on the first diagonal crack load, ultiemahear load,
deflection, stiffness, and failure mechanisms wshadied.
Finally, the obtained test results are compared the
predictions of finite element analysis for contiogodeep
beams and a well agreement between the experimanthl
analytical results was found.

. EXPERIMENTAL PROGRAM

A. Test Specimens and Materials

Nine two-span RC deep beams were tested. The overal
dimensions of each series are shown in Fig. 1teslied beams
had the same span length and width. The overalithebh was
2000 mm divided by two spans of 1000 mm for eadth the
width b was 150 mm. The locations of center linelads and
supports were the same for all test beams. Accgrtinthe
beam height (h) and shear span-to-depth (a/d)statie beams
were divided into three groups. For tested bean&l(BS2,
BS3, BS6, and BS9), the height was 500 mm and (aft)
was one. For tested beams (BS4, BS5, and BS7hdiggt
was 650 mm and (a/d) ratio was 0.77. The heighasifbeam
(BS8) was 400 mm to give (a/d) ratio as 1.25. Thmits of
reinforcement and height for each beam are showrign 2
and table (1). The main longitudinal top and bottom

arginforcement was sufficient and kept constant dibrtested
beams in order to prevent premature flexural failuAll
longitudinal bottom steel reinforcement extendee thull
length of the beams and through the depth to peosidficient
anchorage lengths. The vertical web reinforcemeatt elosed
stirrups and the horizontal web reinforcement agitodinal
bars in both sides of the beam. All longitudinagd snd bottom
reinforcement was 16-mm diameter high-strengthl dbees
with yield stress of 400 MPa. The web reinforcemesats
normal mild steel of 8-mm diameter with yield sgas¥ 280



MPa. The amount of vertical and horizontal web fagitement
included three levels. Several trial mixes havenbiested to
achieve the target compressive concrete strendt2$ d/1Pa
and 35 MPa at 28 days with water/cement ratio (@/6)and
0.475, respectively.

B. Testing Procedure and Instrumentaion

Fig. 3 shows the test setup. Special arrangematdéen
taken to obtain two point loads and three suppattions. A
top steel spreader beam was used to divide thé d@ptdied
load from the machine head into two equal point$pane in
each span. Another stiffer steel beam was placerapath
the tested beams to collect the three supportiogacto the

other head of the machine. Each beam was tested as

continuous beam under two vertical concentrateddasing a
vertical hydraulic jack. The three supports resiedlat plates
to combat instability out of the beam plane as showFig. 3.

All tested beams were painted by a thin white ¢odacilitate

the observation and determination of cracks atrbfit stages
of loading. With regard to the two vertical loadsgy were

similar in their acting position, value and werpamted by a
distance equal 1000 mm. During testing, the vdrticads

were applied in increments equal to about 5% ofetkgected
ultimate load and up to failure. After each loadrément,

marking of cracks was made and the results wererded

automatically using the data logger.

The loads and reactions have been measured udoaga
cell of capacity 2000kN and 0.1kN accuracy. Thedlaall
readings were recorded automatically using the dziger.
The corresponding vertical deflections of test beaah the
locations of the mid-span point were measured usMDT's
of 100 mm capacity and 0.01 mm accuracy. Electrtadin
gauges of length 10 mm, with resistance 120.4 106r, and
a gauge factor of 2.11 were used to measure thmstin the
main longitudinal top and bottom flexural steel,rtigal
stirrups, and horizontal shear reinforcement. Taeggs were
fixed on the steel bars before casting. The surfddbe steel
was cleaned and smoothed, and the gauges werdesta
the steel bars using adhesive material and they wWere
covered with a water proofing material for proteoti For all
beams, two gauges were fixed on the top bar aintegior
support and on the bottom bar at the mid spanddiitian, four
gauges were fixed on two vertical stirrups andzmnial shear
reinforcement at intersection points of these wgtsr and
horizontal reinforcement with the strut lines joigithe point
load with the internal and external supports. Tload)
deflections, and steel strains were measured aodrded
automatically by connecting the load cell, LVDTand the
electrical strain gauges to data acquisition system
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Figure 1. Geometrical dimensions of the tested deep beamms (m
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Figure 2. Details of tested RC deep beams
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Figure 3. Typical test setup and instrumentation for alledsbeams

TABLE I. DETAILS OF REINFORCEMENT FOR THETESTBEAMS
BEAM (mhm) (@d) | VLRFT | B g o | fetMPa)
BS1 | 500 | 1 | vs@zod 038 2v8 o0d3 25
BS2 | 500 | 1 - 00| 2ve| 03 25
BS3 | 500 | 1 | vs@iod 066 2v8 o0d3 25
BS4 | 650 | 0.77 00| 2vd o2i 25
BS5 | 650 | 077| Y8@20§ 033 2v8 o044 25
BS6 | 500 | 1 | vs@20d 038 | 04 25
BS7 | 650 | 077| vs@20§ 033 4v8 o0ds 25
BS8 | 400 | 1.25| vs@20§ 033 2v8 o044 25
BS9 | 500 | 1 | vs@2od 033 2v8 o0d3 35

I1l.  EXPERIMENTAL RESULTS

A.  Specimen Behavior

Fig. 4 shows the cracking patterns at failure fer tested
beams (BS1, BS4, and BS8) with (a/d) of 1.0, 0afw] 1.25
respectively. In the figure, each crack is markegdabline
representing the direction of cracking. The craodppgation
was significantly influenced by the (a/d) ratiosgm®wn in Fig.
4. Specimens with larger (a/d) showed earlier dgraknt of
flexural cracks, and a less well defined shearksrac
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Figure 4. Crack patterns and failure zones of tested beamisB$3,and BS8

Generally, the first crack suddenly developed anftexural
sagging region at approximately 25% of the ultimgttength,
and then a crack in the diagonal direction at apprately
30% of the ultimate strength at the mid-depth @& tloncrete
strut within the interior shear span immediatelijofeed. The
first flexural crack over the intermediate suppggnerally
occurred at approximately 80% of the ultimate gitbnAs the
load increased, more flexural and diagonal crackseviormed
and a major diagonal crack extended to join theegdy the
load and intermediate support plates. A diagoraticmwithin
the exterior shear span occurred suddenly nedaiiuee load.
Just before failure, the two spans showed neaglys#tme crack
patterns. All tested beams developed the same wiofadure
as observed in (Ashour et al. 2007). The faildengs were
traced along the diagonal crack formed at the @iacstrut
along the edges of the load and intermediate stippates.
Two rigid blocks separated from original beamsagdufe due
to the significant diagonal cracking. The influenck shear
reinforcement on the tested beams behavior wasigiificant
as mentioned before in (Singh et al. 2006). In bedthout
stirrups (BS2), the failure was sudden and wastdweushing
of the concrete compression struts. When sufficgéinups are
present, crack fans develop under the loads, art the
interior support; these cracks diminish the effextwidth of
any direct compression strut which might develop.

B. Mid-Span Deflections

The measured load-deflection curves for all testedms
are shown in Fig. 5. Also, the measured first fteakeracking
load at mid-span (&), the first flexural cracking load at
internal support (), the first diagonal cracking load (¥,
and the ultimate total load (Pare given in Table (2). It can be
seen from Fig. 5 and Table (2) that the decreage/dj leads
to an increase in the load carrying capacity aifthess at
different levels. The measured deflections indichte beams
with smaller (a/d) ratio exhibit less deformatiomdaductility
than that of higher (a/d) ratio, and as (a/d) rdgereased; the
deflection at the same load level is reduced.
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Figure 5. Total applied load and mid-span deflection relathop for the
tested beams

TABLE II. EXPERIMENTAL RESULTS OF THETESTEDBEAMS (KN)

BEAM | BS1 | BS2 | BS3 | BS4 | BS5 | BS6 | BS7 | BS8 | BS9
Perim 200 | 200 | 250| 300 320 20 37 150 250
Perts 600 | 585| 660| 680 740 55 860 540 750
Pere 250 | 240 | 280 290 340 24 390 220 300

Py 819 | 782 939| 889 1001 73p 1145 715 1Q15
Router 148 141 169 161 181 138 206 129 183
Rinner 523 | 500 | 601 567 639 469 738 457 649

Quinne 262 | 250 | 301| 284 320 23% 367 229 325

Quact 215 | 201 255| 267 280 17% 350 1714 245
Quecr 204 191 218| 262 277 178 330 169 238

Increasing (a/d) ratio from 1.0 for beam BS1 to51f@r
beam BS8 resulted in a decrease g.PP..s and R by about
25.0%, 12.0%, and 13.0%, respectively. Furthermdie,
enhancement incR., P.sand R is respectively 60.0%, 36.0%,
and 22.0% due to decreasing (a/d) ratio from lIr®&am BS1
to 0.77 for beam BS3. It can be seen that incrgatie
concrete compressive strength has a significantaugment
effect on the load-deflection response. Increafiiggconcrete
compressive strength led to a more brittle behawidth
increased load carrying capacities and stiffneskfferent load
levels. The Bm, Pus and R were increased respectively by
25.0%, 20.0%, and 24.0% for beam BS9 wit}) @f 35.0 MPa
when compared to beam BS1 with X bf 25.0 MPa.

The examination of measured results in Fig. 5 antiable
(2) showed that the load carrying capacities dediht levels
increase with an increase in the ratio of vertichlear
reinforcement ¢,). The tested beam BS2 without stirrups
showed a minor reduction in,Pand R by 4.0% and 5.0%
when compared to beam BSg,£ 0.00335), while the first
flexural cracking load was kept the same. On themohand,
the increase in K., Pys and B was found 25%, 12.0%, and
15.0% respectively for beam BS3 having) (@s 0.0067 when
compared to beam BS1with= 0.00335. Fig. 5 also indicates
that beam without vertical stirrups had very liectility and
continuous deep beams with heavy stirrups wereldughile
those with light stirrups were fairly brittle.

The horizontal shear reinforcement has generally a
moderate effect on the improvement of the measioad-
deflection response of tested deep beams. Fromarisop of
results in Fig. 5 and Table (2), it was found thare is a



reduction in Bsand R by 4% and 10% respectively for beam

Neither bottom nor top longitudinal flexural reinfement

tested BS6 withg,) of 0.00 when compared to beam BS1 withwas yielded up to failure load for the tested bednns to the

(pr) of 0.0033 with the same (a/d) while the firstxfieal
cracking load was found the same for both beamsother

over reinforced design of flexural reinforcementrafis in
bottom reinforcement were higher than in top stieel to stress

comparison, beam BS7 withp] of 0.0048 showed an increase redistribution which increases the field moment dedreases
in Py, Pys and B by 16.0%, 15.0%, and 14.5% respectivelythe moment at intermediate support. In beam withgbintup

when compared to beam BS5 with,)(of 0.0024 while the
other parameters were kept constant.

C. Sed Srains

Figs. 6 and 7 show respectively the load-steeirstrarves
for bottom and top longitudinal flexural reinforcent of the
tested beams. These figures also indicate thaitdstams with
the same (a/d) ratio shows almost the same topdieapload-
strain gradient with major strains redistributionthe bottom
steel after the first diagonal cracking. The tatpplied load-
strain gradient shows minor strains redistributionthe top
steel after the first diagonal cracking and shoise the same
similarity for the beams with the same (a/d) rafibe bottom
longitudinal reinforcement was in tension throughdbe
length of the beam, and the top reinforcement was @
tension throughout the length of the interior shegem.

1200

1000

800

600

00

TOTALLOAD (KN}

[E3
=3
=

0 400 800 2400

1200
STRAIN (Micro-Strain)

1600

Figure 6. Total applied load and bottom steel strain relatiop for
the tested beams
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Figure 7. Total applied load and top steel strain relatiopdor
the tested beams

(BS2), the flexural reinforcement strains are camsalong the
bars between point loads and supports and a cosipnestruts
develop in the concrete which carry the loads diyeo the
supports.

The total load-steel strain curves for vertical &odizontal
shear reinforcement at the interior shear spanttertested
beams are shown in Figs. 8 and 9, respectively.miAor
redistribution of strains occurred at the vertistdel after the
occurrence of the first diagonal crack for beam$ BSd BS1
having the lower values of (a/d) ratio as 0.77 ahd
respectively and did not yield. A major strain stdbution
occurred for beam BS8 having (a/d) ratio of 1.28 eeached
yield at failure. For the horizontal steel, a rédlsition of
strains occurred after first diagonal cracking tbese three
beams but this redistribution was higher for bea®b Biaving
the lowest (a/d) ratio of 0.77. None of the horizbn
reinforcement for the three test beams reachedl yig@l to
failure. Comparison of test results indicate that influence of
web steel on the ultimate shear strength is inflednby the
(a/d) ratio, the lower the (a/d) ratio; the mordeetive the
horizontal steel and the less effective the vdrtatael. Only
the vertical steel of beam BS3 having a heavy caristeel
ratio reached yield.
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It was also concluded that tested beam BS6 without The internal redistribution of forces is limitedlsa, the

horizontal reinforcement showed a higher valuestadins in
the vertical reinforcement than beam BS1 wif) ¢f 0.0033 at
the same load level. A major redistribution of stsaoccurred
for the vertical steel at about 70.0% of the ultenkboad for
beam BS9 but did not yield as the vertical reirdonent for
beam BS1. For the horizontal reinforcement, whifganstrain
redistribution was occur for beam BS1 at the fitgtgonal
cracking, similar strain redistribution have beertwared in
beam BS9 with higher value of.{f but at about 50.0% of the
ultimate load and this is due to the expected higladue of
concrete shear contribution. Horizontal steel fearmn BS9
almost reached yield point while beam BS1 did meich that
point.

D. Reaction of Supports

The measured amount of load transferred to thesepdort
is listed in Table (2) for all tested beams. Frowiemal
equilibrium of forces and symmetry, the measurexttien at
intermediate support is evaluated in the tableeainelastic
analysis was performed using SAP program for baarosder
to assess the reactions of supports. From elasélyss, the
reactions of the exterior and intermediate suppduts to the
total applied load (P) are 0.175P and 0.65P resgdctit was
stated before (Ashour et al. 2000) that the diffead
settlement had no significant effect on the elasébavior of
continuous deep beams, and would have less signde at
higher loads in any case. Fig. 10 shows the medsam®unt
of the load transferred to the end and intermedsafgports
against the total applied load for beams havingstzort (a/d)
value of 1.0 and different web reinforcement rati@s the
same figure, the reactions at support are obtdimed elastic
analysis are also presented. Although the amoumtebf steel
influences the maximum reaction at support, ittagffect on
the total load-support reaction gradient. Before tfirst
diagonal crack, the relationship of the end an@rmediate
support reactions against the total applied loadlintested
beams shows good agreement with elastic predicfidre
amount of loads transferred to the end support,elrew was
slightly higher than that predicted by the elastialysis after
the occurrence of the first diagonal crack withir tinterior
shear span. At failure, the difference betweemibasured end
support reaction and prediction of the elastic ysiglwas in
order of 8%, 10%, and 14%, for beams with (a/d).G@f7, 1.0,
and 1.25, respectively.
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Figure 10.Total applied load versus support reactions for
beams having (a/d = 1.0)

distribution of applied load to supports is indegemt of the
amount and configuration of shear reinforcemenis Theans
that the occurrence of diagonal cracks reduces bibgm
stiffness and the hogging moment over the centapart, and
increases the sagging bending moment within the.spa

E. Experimental Shear Force Capacities and Comparison
with Current Codes

The most critical shearing force in continuous deepms
occurs at the interior support. The shear forcésnatr supports
of tested deep beams Q.) are calculated as half the vertical
support reactions, and are listed in Table (ait be seen that
the ultimate shear strength of beams with constim@ar
reinforcement and concrete strength increase gignity with
the decrease of (a/d) ratio. The decrease of (afid) from 1.25
(beam BS8) to 1.0 (beam BS1) increases the shpacita by
14.4%. For beams with vertical shear steel, the dro(a/d)
ratio from 1.0 (beam BS1) to 0.77 (beam BS5) endaribe
shear capacity by 22.1%. For tested deep beamsowtith
vertical shear reinforcement, the drop of (a/d)ordtom 1.0
(beam BS2) to 0.77 (beam BS4) enhances the shearitaby
13.6%. Table (2) indicates that the shear strefgttbeams
with constant (a/d) ratio and shear reinforcememtreases
remarkably with the increase of concrete compressikength.
The shear capacity of beam BS9 with=f35 MPa is higher
than that of beam BS1 with£ 25 MPa by 24%. The analysis
of experimental results indicates that the ultimateear
strength increases with the increase of amountedtfical or
horizontal shear reinforcement for different (ardjios. For
beams with (a/d)= 1.0, the increasgpfrom zero (beam BS2)
to 0.0033 (beam BS1) and to 0.0066 (beam BS3) eelkahe
shear capacity by 5% and 20.4%, respectively. Eants (BS4
& BS5) with (a/d)= 0.77, the increasegnby 0.0033 increases
the shear capacity by 12.7%. Previous test resiltsimple
deep beams (Brown at al. 2007) have suggestedhdhiaontal
shear reinforcement has little effect on the shstagngth
improvement. In current test results, horizont@aststeel has a
moderate effect on shear carrying capacity, esleciar
beams with (a/d) < 1. For beams (BS5 & BS7) withd)a
0.77, the shear strength improvement was 14.7%al0€024
increase irpy, ratio. For beams (BS1 & BS6) with (a/d) = 1, the
same increase i, ratio improves the shear capacity by 12.7%.

The prediction of shear capacity of tested beansssliawn
in Table (2) using two design codes; namely (AC3-88) and
the Egyptian concrete code of practice (ECP-203#200he
shear contributions from concrete, horizontal, ardtical
shear reinforcement were evaluated with all safeitors
removed. Both design methods show that the amdusiear
resisted by horizontal steel is higher than thaisted by
vertical steel (contrary to testing results). Thusediction
indicates that ACI as well as ECP underestimate stear
capacity for continuous deep beams. The averatigs raf
(Quinner/ QuACI) and (Qinner/ QJECF) are 1.21 and 1.27 with
standard deviations of values 0.11 and 0.12, ré¢ispbc The
discrepancy in codes predictions may be attribtwethe fact
that the shear strength equations in both desigiade for
continuous deep beams are derived from simple dteam
tests.



IV. FINITE ELEMENT PREDECTIONS

The nonlinear finite element program; ANSYS 10 wasd
to predict the behavior of tested deep beams. Aelative
study based on the load- deflection response ak asethe
cracking patterns was conducted to verify the ditalymodel
with the obtained experimental results. In theténélement
discretization of the tested beams, a 50x50 mm roésfight-
node brick elements (Element 65) was used for edecihe
top & bottom flexural steel bars and the horizo&abertical
web reinforcement were represented by bar elem&htsarea

and spacing of such bar elements were similar t® th

experimental specimens. The concentrated loads a0
applied to the top surface at mid-span of the desams. The
supports were represented by
corresponding locations. To model
nonlinear stress-strain curves were used in corsipresand
tension. Such models account for compression &idans
softening, tension stiffening and shear transfechmaisms in
cracked concrete. An elasto-plastic model was fmesteel in
compression and tension. The initial Young’'s moduin
concrete was taken as 22 GPa and the steel modaki200
GPa. An incremental-iterative technique was empmloye
solve the nonlinear equilibrium equations. The lgadement
was set at 5% of the experimental ultimate loade Tdad
increment was subject to adjustment to obtain testlcertain
specific load levels. The maximum number of itenasi was
set to 20 in each load step and the equilibriurerémice of
0.5% was chosen.

The computed cracking patterns at different loadevgls
are presented for tested beams BS5 and BS8 resggcBoth
specimens had the minimum amount of stirrups veétt)(ratio
as 0.77 and 1.25 respectively. Fig. 11 shows tlveldement
of the crack pattern in tested beam BS5. Firstuflaixcracking
at mid-span (load level 250 kN) was predicted fiogt the
simulation. Beyond this flexural crack, a shearckrdband
developed (load level 290 kN). After the formatimfrthe crack
band, a rather stable crack pattern is formed. With of
shear crack band increased with an increase oot (load
levels: 400-800 kN) in a stable manner.

At 25% F,

At 50% F,

At 90% F,

Figure 11.Simulated crack propagation for tested beam BS5

restrained nodes at th
concrete behavior

At 25% Fy

At 50% Fy

At 90% Fy

Figure 12.Simulated crack propagation for tested beam BS8

Later, flexural cracking takes place over the neddl
support. At ultimate stage, failure is initiated dyshing of the
concrete in the region adjacent to the middle supfload

level 910 kN). There is a good agreement between th

simulated crack patterns and the obtained expetahemes.
The simulation also successfully predicted the sage in the
crack patterns development and the failure mechanis

As shown in Fig. 12, the development of the craaktgon
for tested beam BS8 with (a/d) ratio of 1.25 isrlyethe same
as that for tested beam BS5 with (a/d) ratio o¥ 0Gompared
to BS5, the load levels at which cracks takes phxeeclower
due to increasing (a/d) ratio. First flexural criagkwas firstly
developed at the mid-span (load level 130 kN) atdrlover
the middle support. At a load level of 170 kN, inel flexural
cracks develop. Afterwards, shear cracking takeseplWith
further load increase, some secondary flexural keraare
detected. At ultimate stage, the deep beams faiecrushing
of the concrete in the regions adjacent to the haiddpport
and the loading point. The simulated and the erpamtal
crack patterns are compared at ultimate load keweélit is clear
that the finite element analysis simulates the expmtal
results very well. This can be seen in the intestmar span;
going from the middle support to the loading potht crack
direction changes from vertical to inclined, stagsstant, and
changes back to vertical again.

In Fig. 13, test results of total load- deflectiourves are
compared to the predictions of finite element asialjor tested

beams BS1, BS2 and BS8. A good agreement between th

experimental and analytical results was obtainedifé¢rent
levels. In simulated curves, there is a suddereas® in the
deflection and this is back to formation of thesffiflexural
crack. Also, formation of the first diagonal crasignificantly
reduced the beam stiffness. Similar to experimergalilts,
simulated curves are significantly affected by shear span-
to-depth ratio. It can be seen from Fig. 13 thatdkcrease of
(a/d) leads to an increase in the load carryingaciyp at
different levels. All analyzed beams exhibited tieoi
displacement ductility at failure. The degree ottility varied
depending on the (a/d) ratio where the lower (aatp, the
lower is amount of ductility.
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Figure 13.Simulated and experimental load-deflection curee8fS1, BS2,

and BS8

Increasing either vertical or horizontal shear faricement
led to an increase in the analytical load carryéagacity and
ductility matching with the experimental resultscieasing the
concrete compressive strength has a significantawgment
effect on the load-deflection response and thesmimcrease
in the first flexural cracking, first diagonal ckacg, and
ultimate loads.

CONCLUSIONS

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

Deep RC beams with smaller (a/d) ratio exhibit
higher load carrying capacity, less deformation,
and lower ductility than that of higher (a/d) ratio
Increasing concrete compressive strength leads to
a more brittle behavior with increased load
carrying capacity and stiffness at different levels
Deep RC beams with different variables
developed the same mode of failure. The failure
planes were traced along the diagonal crack
formed along the edges of load and intermediate
support plates.

Tensile strains in bottom flexural reinforcement
were higher than in top flexural steel due to
internal stress redistribution. The lower the (a/d)
ratio, the less variation is observed. For the
vertical web reinforcement, a major redistribution
of strains occurred for tested deep beams with
(ald) > 1 only. For the horizontal web

reinforcement, major strain redistribution occurred
for beams with (a/d) < 1.

The ultimate shear strength of continuous beams
increases significantly with the decrease of the
(a/d) ratio, and the increase of concrete
compressive  strength  or  vertical web
reinforcement. The shear capacity of horizontal
web steel was more prominent in continuous
beams than that in simple ones, especially for
beams with (a/d) < 1. Due to the limited internal
redistribution of forces, the support reaction at
interior support is slightly lower than that
predicted by linear analysis.

The comparison between the obtained

experimental results and the predictions of the

ACI-318-08 and ECP-203-2007 codes indicated

that current design codes underestimate the shear
capacity of continuous deep beams. This may be
attributed to the fact that the shear strength

equation in both codes was derived from simple

deep beams tests. Contrary to testing results,
current design methods predict that shear

resistance of horizontal web steel is higher than

that of vertical steel.

The predictions of load-deflection response as
well as the cracking patterns using the nonlinear
finite element program, ANSYS 10, show a good
agreement with the testing results. The finite
element predicted successfully the ultimate loads,
displacement ductility, stiffness changes and
failure mechanisms for deep RC beams with
different variables.
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