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ABSTRACT

Test results of nine reinforced concrete continudesp beams are presented and
analyzed. The main variables studied were shear-gpalepth ratio (a/d), vertical web
reinforcement ratio p{), horizontal web reinforcement ratiopnf, and concrete
compressive strength.{f. The results of this study show that the stiffnesduction
was prominent in case of lower concrete strengthldgher shear span-to depth ratio
and that the variation of strains along the mamgitudinal top and bottom bars was
found to be dependent on the shear span-to defith For beams having small (a/d)
ratio, horizontal shear reinforcement was alwaysemeffective than vertical shear
reinforcement. Finally, the obtained test resules@mpared to the predictions of finite
element analysis using the ANSYS 10 program andel agreement between the
experimental and analytical results was found.

Keywords. continuous beams; deep beams; deflection; raiatbrconcrete; shear
strength; web reinforcement.

1- INTRODUCTION

Reinforced concrete (RC) continuous deep beamdaatg commonly used as load
distribution elements such as transfer girderse pihps, tanks, folded plates, and
foundation walls, often receiving many small loadsl transferring them to a small
number of reaction points. There have been extensikperimental investigations of
simply supported RC deep beams [1-11], but very fesis to our knowledge, are
performed on continuous RC deep beams. [12-16]tiQwyus deep beams differ from
either simply supported deep beams or continuoaBosh beams. In continuous deep
beams, the regions of high shear and high momentide and failure usually occurs in
these regions. In simple RC deep beams, the ragidngh shear coincides with the
region of low moment. Failure mechanisms for candins RC deep beams are therefore
significantly different from failure mechanisms simply supported RC beams. Deep



beams develop a truss or tied arch action more edattkan in shallow beams where
shear is transferred through a fairly uniform diaglacompression field.

The present paper reports test results of ninesppam RC deep beams [17]. The tested
variables were shear span-to-depth ratio, vertigglh reinforcement ratio, horizontal
web reinforcement ratio, and concrete compressreagth. The specimens were tested
in a compression machine where increasing monotstaiic loads were at each mid-
span. All tested beams were loaded until failuree Tailure planes evolved along the
diagonal crack formed at the concrete strut albwegetdges of the load and intermediate
support plates. The test results were measuredfatetit loading levels for the mid-
span deflection, mid-span bottom steel strain, meiddpport top steel strain, middle-
support stirrups strain, and end-support stirrdpErs Also, the cracking patterns were
identified. The effects of testing variables on firet diagonal crack load, ultimate
shear load, deflection, stiffness, and failure na@edms were studied. Finally, the
obtained test results are compared to the predstmf finite element analysis for
continuous deep RC beams.

2- EXPERIMENTAL PROGRAM
2-1 Test Specimensand Materials

Nine two-span RC deep beams were tested. The bdemansions of each series are
shown in Fig. 1. All tested beams had the same $magth and width. The overall
length L was 2000 mm divided by two spans of 1000 for each and the width b was
150 mm. The locations of center lines of loads suygports were the same for all tested
beams. According to the beam height (h) and shmar-s0-depth (a/d) ratios, the beams
were divided into three groups. For tested beansl (BS2, BS3, BS6, and BS9), the
height was 500 mm and (a/d) ratio was one. Faeddseams (BS4, BS5, and BS7) the
height was 650 mm and (a/d) ratio was 0.77. Thghtesf last beam (BS8) was 400
mm to give (a/d) ratio as 1.25. The details of fiamicement and height for each beam
are shown in Fig. 2 and Table (1), respectivelye fain longitudinal top and bottom
reinforcement was sufficient and kept constantalbtested beams in order to prevent
premature flexural failure. All longitudinal bottosteel reinforcement extended the full
length of the beams and through the depth to peosidficient anchorage lengths. The
vertical web reinforcement was closed stirrups tredhorizontal web reinforcement as
longitudinal bars in both sides of the beam. Alinddudinal top and bottom
reinforcement was 16-mm diameter high-strengthl diaes with yield stress of 400
MPa. The web reinforcement was normal mild steé-aim diameter with yield stress
of 280 MPa. The amount of vertical and horizontebweinforcement included three
levels. Several trial mixes have been tested teemehthe target compressive concrete
strengths of 25 MPa and 35 MPa at 28 days with nestienent ratio (w/c) of 0.6 and
0.475, respectively.

2-2 Testing Procedure and I nstrumentation

Figure 3 shows the test setup. Special arrangenhadtdeen taken to obtain two point
loads and three support reactions. A top steebsigrebeam was used to divide the total
applied load from the machine head into two eqoaitdoads, one in each span.
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Fig. 1. Geometrical Dimensions of the Tested R€@DBeams (mm)
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Fig. 2. Details of Tested RC Deep Beams

Table (1) Details of Reinforcement for the TestehiBs

BEAM (mhm) (a/d) | VL RFT (op/(V)) F:'F"T (% fo(MPa)
BS1 | 500| 1| Y8@2000.33| 2v8 |0.33] 25
BS2 | 500| 1 0 0.0 2v§8 033 25
BS3 | 500| 1 | Y8@1000.66| 2v8 | 0.33] 25
BS4 | 650| 077 O 0d 2v8 024 25

BS5 650 | 0.77 Y8@20p0.33| 2Y8 | 0.24 25
BS6 500 1| Y8@2000.33] O 0.0 25
BS7 650 | 0.77 Y8@20p0.33| 4Y8 | 0.48 25
BS8 400 | 1.25 Y8@20p0.33| 2Y8 | 0.44 25
BS9 500 1| Y8@2000.33| 2Y8 | 0.33 35
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Another stiffer steel beam was placed underneathtabted beams to collect the three
support reactions to the other head of the machite&h beam was tested as a
continuous beam under two vertical concentrateddassing a vertical hydraulic jack.
The three supports rested on flat plates to conms#bility out of the beam plane as
shown in Fig. 3. All tested beams were painted kiia white coat to facilitate the
observation and determination of cracks at diffestages of loading. With regard to
the two vertical loads, they were similar in theicting position, value and were
separated by a distance equal 1000 mm. Duringhtgstie vertical loads were applied
in increments equal to about 5% of the expectedate load and up to failure. After
each load increment, marking of cracks was made thrdresults were recorded
automatically using the data logger.

The loads and reactions have been measured usigl @ell of capacity 2000 kN and
0.1 kN accuracy. The load cell readings were remdrdutomatically using the data
logger. The corresponding vertical deflectionsestt thbeams at the locations of the mid-
span point were measured using LVDT's of 100 mnaciép and 0.01 mm accuracy.
Electrical strain gauges of length 10 mm, withstsice 120.4 £ 0.4 ohm, and a gauge
factor of 2.11 were used to measure the straitisenmain longitudinal top and bottom
flexural steel, vertical stirrups, and horizontakar reinforcement. The gauges were
fixed on the steel bars before casting. The surfaiceéhe steel was cleaned and
smoothed, and the gauges were installed on thélse® using adhesive material and
then they were covered with a water proofing matdor protection. For all beams, two
gauges were fixed on the top bar at the interippsut and on the bottom bar at the mid
span. In addition, four gauges were fixed on twdieal stirrups and horizontal shear
reinforcement at intersection points of these wghisrand horizontal reinforcement with
the strut lines joining the point load with theamial and external supports. The load,
deflections, and steel strains were measured arwdded automatically by connecting
the load cell, LVDT's, and the electrical straiuges to data acquisition system.
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Fig. 3. Typical Test Setup and Instrumentationdibil ested Beams



3- EXPERIMENTAL RESULTS
3-1 Specimen Behavior

Figure 4 shows the cracking patterns at failurethar tested beams (BS1, BS4, and
BS8) with (a/d) of 1.0, 0.77, and 1.25 respectivétythe figure, each crack is marked
by a line representing the direction of crackinge Track propagation was significantly
influenced by the (a/d) ratio as shown in Fig. pe@mens with larger (a/d) showed
earlier development of flexural cracks, and a lgefi defined shear cracks. Generally,
the first crack suddenly developed in the flexwadging region at approximately 25%
of the ultimate strength, and then a crack in tgahal direction at approximately 30%
of the ultimate strength at the mid-depth of thaearete strut within the interior shear
span immediately followed. The first flexural cracker the intermediate support
generally occurred at approximately 80% of themdtie strength. As the load increased,
more flexural and diagonal cracks were formed antbgor diagonal crack extended to
join the edges of the load and intermediate suppates. A diagonal crack within the
exterior shear span occurred suddenly near theréaibad. Just before failure, the two
spans showed nearly the same crack patterns. gbdebeams developed the same
mode of failure as observed in [13]. The failutengs were traced along the diagonal
crack formed at the concrete strut along the edféise load and intermediate support
plates. Two rigid blocks separated from originahine 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 [13,1dbeam without stirrups (BS2), the
failure was sudden and was due to crushing of dmerete compression struts. When
sufficient stirrups are present, crack fans deveioger the loads, and over the interior
support; these cracks diminish the effective wiltlany direct compression strut which
might develop.

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



3-2 Mid-Span Deflections

The measured load-deflection curves for all tebaims are shown in Fig. 5. Also, the
measured first flexural cracking load at mid-sp@x), the first flexural cracking load
at internal support (&), the first diagonal cracking load £&, and the ultimate total
load (R) are given in Table (2).
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Fig. 5. Total Applied Load and Mid-Span Deflecti@elationship of the Tested Beams

Table (2) Experimental Results of the Tested Beams
BEAM BS1 | BS2| BS3| BS4 BS5 BS6 BS7 BS8 B$9

Perfm(KN) 200 | 200| 250| 300 320 200 370 150 250
Perts (KN) 600 | 585| 660| 680 740 550 860 540 7H0
Pers (KN) 250 | 240 | 280| 290 34( 240 390 220 300
Pu (KN) 819 | 782| 939 889 1000 73p 1145 715 1015
Router (KN) 148 | 141| 169 161 181 138 206 129 183
Rinner (KN) | 523 | 500| 601, 567 639 469 733 457 649
Quinner (KN) | 262 | 250 | 301| 284 32( 235 367/ 229 325
Quaci (kN) | 215 | 201 | 255 267 28( 175 350 174 245
Quecpr(kN) | 204 | 191 | 218 262 271 173 0 169 238

w
LW

It can be seen from Fig. 5 and Table (2) that #@ehse of (a/d) leads to an increase in
the load carrying capacity and stiffness of tesbemhms at different levels. The
measured deflections indicate that beams with s&malb/d) ratio exhibit less
deformation and ductility than that of higher (arddio, and as (a/d) ratio decreased; the
deflection at the same load level is reduced. bwirgy (a/d) ratio from 1.0 for beam



BS1 to 1.25 for beam BS8 resulted in a decreas®qin P.s and B by about 25.0%,
12.0%, and 13.0%, respectively. Furthermore, tHeeocement in 8, Pysand R is
respectively 60.0%, 36.0%, and 22.0% due to deicrgda/d) ratio from 1.0 for beam
BS1 to 0.77 for beam BS3. It can be seen that asong the concrete compressive
strength has a significant improvement effect or tload-deflection response.
Increasing the concrete compressive strength lec tmore brittle behavior with
increased load carrying capacities and stiffnesdifedrent load levels. ThecRn, Pers
and R were increased respectively by 25.0%, 20.0%, ah@% for beam BS9 with
(fcy) of 35.0 MPa when compared to beam BS1 wigh) ¢ff 25.0 MPa.

The examination of measured results in Fig. 5 anddble (2) showed that the load
carrying capacities at different levels increaséhvain increase in the ratio of vertical
shear reinforcementpf). The tested beam BS2 without stirrups showed aomi
reduction in Bs and R by 4.0% and 5.0% when compared to beam BS10.0033),
while the first flexural cracking load was kept teme. On the other hand, the increase
in Peim, Pors @and B was found 25%, 12.0%, and 15.0% respectively feanb BS3
having p,) as 0.0066 when compared to beam BS1with 0.0033. Figure 5 also
indicates that beam without vertical stirrups hagryv little ductility, but tested
continuous deep beams with heavy stirrups werelldughile those with light stirrups
were fairly brittle.

The horizontal shear reinforcement has generathoderate effect on the improvement
of the measured load-deflection response of tedémgp beams. From comparison of
results in Fig. 5 and Table (2), it was found tiatre is a reduction incRand R by 4%
and 10% respectively for tested beam BS6 wif) ¢f 0.00 when compared to beam
BS1 with pp) of 0.0033 with the same (a/d) while the firsixfieal cracking load was
found the same for both beams. In other compariseam BS7 with ) of 0.0048
showed an increase iRdR, Pasand B by 16.0%, 15.0%, and 14.5% respectively when
compared to beam BS5 witlpyf of 0.0024 while the other parameters were kept
constant.

3-3 Stedl Strains

Figures 6 and 7 show the load-steel strain cureesbbttom and top longitudinal
flexural reinforcement of the tested beams. Thegeds also indicate that tested beams
with the same (a/d) ratio shows almost the sans éqplied load-strain gradient with
major strains redistribution in the bottom ste¢trthe first diagonal cracking. The total
applied load-strain gradient shows minor straimsstébution in the top steel after the
first diagonal cracking and shows also the samdagity for the beams with the same
(a/d) ratio. The bottom longitudinal reinforcemevds in tension throughout the length
of the beam, and the top reinforcement was algerision throughout the length of the
interior shear span. Neither bottom nor top lordjital flexural reinforcement was
yielded up to failure load for the tested beams tu¢he over reinforced design of
flexural reinforcement. Strains in bottom reinfare@nt were higher than in top steel
due to stress redistribution which increases thle finoment and decreases the moment
at the middle support. In beam without stirrup (BSBe flexural reinforcement strains
are constant along the bars between point loadsapports and a compression struts
develop in the concrete which carry the loads tliyeo the supports.
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The total load-steel strain curves for vertical d&mdizontal shear reinforcement at the
interior shear span for the tested beams are slowigures 8 and 9, respectively. A
minor redistribution of strains occurred at thetieat steel after the occurrence of the
first diagonal crack for the beams BS5 and BS1rwathe lower values of (a/d) ratio as
0.77 and 1.0 respectively and did not yield. A mawain redistribution occurred for
beam BS8 having (a/d) ratio of 1.25 and reacheltl ya¢ failure. For the horizontal
steel, a redistribution of strains occurred afiestfdiagonal cracking for these three
beams but this redistribution was higher for bea®b Baving the lowest (a/d) ratio of
0.77. None of the horizontal reinforcement for theee test beams reached yield up to
failure. Comparison of test results indicate thae influence of web steel on the
ultimate shear strength is influenced by the (edtld, the lower the (a/d) ratio; the more
effective the horizontal steel and the less effecthe vertical steel. Only the vertical
steel of beam BS3 having a heavy vertical ste& raached yield.
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It was also concluded that tested beam BS6 withotizontal reinforcement showed a
higher values of strains in the vertical reinforeginthan beam BS1 witlpy{) of 0.0033
at the same load level. A major redistribution toéisis occurred for the vertical steel at
about 70.0% of the ultimate load for beam BS9 bigt mbt yield as the vertical
reinforcement for beam BS1.
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For the horizontal reinforcement, while major straedistribution was occur for beam
BS1 at the first diagonal cracking, similar stragdistribution have been occurred in
beam BS9 with higher value of.{f but at about 50.0% of the ultimate load and this

due to the expected higher value of concrete sbeatribution. Horizontal steel for

beam BS9 almost reached yield point while beam &8hot reach that point.

3-4 Reaction of Supports
The measured amount of load transferred to thesapgdort is listed in Table (2) for all

tested beams. From external equilibrium of foraes$ symmetry, the measured reaction
at intermediate support is evaluated in the tdbleear elastic analysis was performed



using "SAP" program for beams in order to assessréfactions of supports. From
elastic analysis, the reactions of the exterior @mtermediate supports due to the total
applied load (P) are 0.175P and 0.65P respectiitelyas stated before [12-15] that the
differential settlement had no significant effect the elastic behavior of continuous
deep beams, and would have less significance &ehigads in any case. Figure 10
shows the measured amount of the load transfesrdtetend and intermediate supports
against the total applied load for beams havingstaon (a/d) value of 1.0 and different
web reinforcement ratios. On the same figure, daetions at support are obtained from
elastic analysis are also presented. Although theuat of web steel influences the
maximum reaction at support, it has no effect oa tbtal load-support reaction
gradient. Before the first diagonal crack, the tieteship of the end and intermediate
support reactions against the total applied loadalintested beams shows good
agreement with elastic prediction. The amount aflktransferred to the end support,
however, was slightly higher than that predicted thg elastic analysis after the
occurrence of the first diagonal crack within tmeerior shear span. At failure, the
difference between the measured end support reaeia prediction of the elastic
analysis was in order of 8%, 10%, and 14%, for keeanth (a/d) of 0.77, 1.0, and 1.25,
respectively. Therefore, the internal redistribntiof forces is limited. Also, the
distribution of applied load to supports is indegent of the amount and configuration
of shear reinforcement. This means that the ocooer®f diagonal cracks reduces the
beam stiffness and the hogging moment over theralestipport, and increases the
sagging bending moment within the span.
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3-5 Experimental Shear For ce Capacitiesand Comparison with Current Codes

The most critical shearing force in continuous deeams occurs at the interior support.
The shear forces at inner supports of tested deamd (Qnne) are calculated as half

the vertical support reactions, and are listedabl& (2). It can be seen that the ultimate
shear strength of beams with constant shear remfioent and concrete strength
increase significantly with the decrease of (a&tjor The decrease of (a/d) ratio from
1.25 (beam BS8) to 1.0 (beam BS1) increases thar slapacity by 14.4%. For beams



with vertical shear steel, the drop of (a/d) rdtam 1.0 (beam BS1) to 0.77 (beam BS5)
enhances the shear capacity by 22.1%. For testepl lbeams without vertical shear
reinforcement, the drop of (a/d) ratio from 1.0 give BS2) to 0.77 (beam BS4)
enhances the shear capacity by 13.6%. Table (yated that the shear strength for
beams with constant a/d ratio and shear reinforoenmereases remarkably with the
increase of concrete compressive strength. The sheacity of beam BS9 withQ,£ 35
MPa is higher than that of beam BS1 witfrf25 MPa by 24%. The analysis of
experimental results indicates that the ultimatasistrength increases with the increase
of amount of vertical or horizontal shear reinfonaat for different (a/d) ratios. For
tested beams with (a/d) ratio of 1.0, the incre#sg from zero (beam BS2) to 0.0033
(beam BS1) and to 0.0066 (beam BS3) enhances #a shpacity by 5% and 20.4%,
respectively. For tested beams (BS4 & BS5) witk&d 7, the increase i by 0.0033
increases the shear capacity by 12.7%. Previotgdsslts of simple deep beams [7]
have suggested that horizontal shear reinforcetmstittle effect on the shear strength
improvement. In current test results, horizontatéaghsteel has a moderate effect on
shear carrying capacity, especially for beams with< 1. For beams (BS5 & BS7) with
a/d= 0.77, the shear strength improvement was 14740 0.0024 increase ppratio.
For tested beams (BS1 & BS6) with a/d= 1, the senoiease irph ratio improves the
shear capacity by 12.7%.

The prediction of shear capacity of tested beam® whown in Table (2) using two
design codes; namely ACI 318-08 [18] and the Egyptioncrete code of practice ECP-
203-2007 [19]. The shear contributions from corerétorizontal, and vertical shear
reinforcement were evaluated with all safety factoemoved. Both design methods
show that the amount of shear resisted by horitastgal is higher than that resisted by
vertical steel (contrary to testing results). Fegad compares the obtained experimental
results (Qinne), ACI predictions (Qac)), and ECP predictions (&p. The figure
indicates that ACI as well as ECP underestimateshtigar capacity for continuous deep
beams. The average ratios of(Rr/ Quac)) and (Qinner/ Quecp are 1.21 and 1.27 with
standard deviations of values 0.11 and 0.12, réispéc The discrepancy in codes
predictions may be attributed to the fact thatghear strength equations in both design
methods for continuous deep beams are derived $iople deep beam tests.
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4- FINITE ELEMENT PREDECTIONS

The nonlinear finite element program; ANSYS 10 waed to predict the behavior of
tested deep beams. A correlative study based oloake deflection response as well as
the cracking patterns was conducted to verify thalygical model with the obtained
experimental results. In the finite element diseegion of the tested beams, a 50x50
mm mesh of eight-node brick elements (Element 6&9 used for concrete. The top &
bottom flexural steel bars and the horizontal &tieat web reinforcement were
represented by bar elements. The area and spacsuglo bar elements were similar to
the experimental specimens. The concentrated loads also applied to the top
surface at mid-span of the tested beams. The sigppere represented by restrained
nodes at the corresponding locations. To model rebedoehavior, nonlinear stress-
strain curves were used in compression and tensButh models account for
compression & tension softening, tension stiffenamgl shear transfer mechanisms in
cracked concrete. An elasto-plastic model was usedsteel in compression and
tension. The initial Young’s modulus in concreteswaken as 22 GPa; and the steel
modulus was 200 GPa. An incremental-iterative tegleawas employed to solve the
nonlinear equilibrium equations. The load incremeas set at 5% of the experimental
ultimate load. The load increment was subject fosichent to obtain results at certain
specific load levels. The maximum number of itenasi was set to 20 in each load step
and the equilibrium tolerance of 0.5% was chosen.

I __\li -H
| i
At 20% R,
‘HZ - +
At 25% R,
TR
i
At 50% R,
At 90% R,
':;g :‘E':.‘"H:

Fig. 12. Simulated Crack Propagation for TestedB8S5



The computed cracking patterns at different loadexgls are presented for tested
beams BS5 and BS8, respectively. Both specimenshieachinimum amount of stirrups
with (a/d) ratio as 0.77 and 1.25, respectivelgufeé 12 shows the development of the
crack pattern in tested beam BS5. First flexuracking at mid-span (load level 250
kN) was predicted first by the simulation. Beyohdtflexural crack, a shear crack band
developed (load level 290 kN). After the formatiohthe crack band, a rather stable
crack pattern is formed. The width of shear cramhkdincreased with an increase of the
load (load levels: 400-800 kN) in a stable manhater, flexural cracking takes place
over the middle support. At ultimate stage, failuseinitiated by crushing of the
concrete in the region adjacent to the middle supfpoad level 910 kN). There is a
good agreement between the simulated crack patterdsthe obtained experimental
ones. The simulation also successfully predictezl gaquence in the crack patterns
development and the failure mechanism.
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Fig. 13. Simulated Crack Propagation for Beam BS8

As shown in Fig. 13, the development of the craaktgwn 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 crackedaplace are lower due to
increasing (a/d) ratio. First flexural cracking wastly developed at the mid-span (load
level 130 kN) and later over the middle support.aAload level of 170 kN, inclined
flexural cracks develop. Afterwards, shear crackiages place. With further load



increase, some secondary flexural cracks are @ete&t ultimate stage, the deep beams
failed by crushing of the concrete in the regiodmeent to the middle support and the
loading point. The simulated and the experimentakk patterns are compared at
ultimate load level and it is clear that the finidement analysis simulates the
experiment results very well. This can be seeméninternal shear span; going from the
middle support to the loading point, the crack cim changes from vertical to
inclined, stays constant, and changes back toce¢egain.

In Fig. 14, test results of total load- deflectmurves are compared to the predictions of
finite element analysis for tested beams BS1, B®PES8. A good agreement between
the experimental and analytical results was obthiaedifferent levels. In simulated
curves, there is a sudden increase in the defteetnal this is back to formation of the
first flexural crack. Also, formation of the firgiagonal crack significantly reduced the
beam stiffness. Similar to experimental resultsnutated curves are significantly
affected by the shear span-to-depth ratio. It aaeden from Fig. 14 that the decrease of
(a/d) leads to an increase in the load carryingcigyat different levels.
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Fig. 14. Simulated and Experimental Load-Deflat@urves for BS1, BS2, and BS8

All tested beams exhibited limited displacementtiitic at failure. The degree of
ductility varied depending on the (a/d) ratio whéne lower (a/d) ratio, the lower is
amount of ductility. Increasing either verticallarizontal shear reinforcement led to an
increase in the analytical load carrying capacihd auctility matching with the
experimental results. Increasing the concrete cesgive strength has a significant
improvement effect on the load-deflection resposise there is an increase in the first
flexural cracking, first diagonal cracking, andimiate loads.

5- CONCLUSIONS

From the experimental and the analytical studiesha 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 thathigher (a/d) ratio. Increasing
concrete compressive strength leads to a mordebbéhavior with increased



load carrying capacity and stiffness at differezxels. Deep RC beams with
different variables developed the same mode ofifailThe failure planes were
traced along the diagonal crack formed along tlgeeaf load and intermediate
support plates.

Tensile strains in bottom flexural reinforcementevhigher than in top flexural
steel due to internal stress redistribution. Theelothe (a/d) ratio, the less
variation is observed. For the vertical web rein@ment, a major redistribution
of strains occurred for tested deep beams with ¢/t only. For the horizontal
web reinforcement, major strain redistribution aced for beams with (a/d) < 1.

The ultimate shear strength of continuous beameases significantly with the

decrease of the (a/d) ratio, and the increase mérete compressive strength or
vertical web reinforcement. The shear capacityasfzontal web steel was more
prominent in continuous beams than that in simplesp especially for beams
with (a/d) < 1. Due to the limited internal redistition of forces, the support

reaction at interior support is slightly lower thanat predicted by linear

analysis.

The comparison between the obtained experimensaltseand the predictions
of the ACI-318-08 and ECP-203-2007 codes indictitedl current design codes
underestimate the shear capacity of continuous desgms. This may be
attributed to the fact that the shear strength tguan both codes was derived
from simple deep beams tests. Contrary to testegults, current design
methods predict that shear resistance of horizomdél steel is higher than that
of vertical steel.

The predictions of load-deflection response as wsllthe cracking patterns
using the nonlinear finite element program, ANSY% dhow a good agreement
with the testing results. The finite element présticsuccessfully the ultimate
loads, displacement ductility, stiffness changes falure mechanisms for deep
RC beams with different variables.
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