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ABSTRACT- Cracks of reinforced concrete beams may be exgpecte
under a certain service load because of low tersilength of concrete.
In other hand, cracking of reinforced concrete stuwes is considered
undesirable, not only aesthetic reasons, but aleoabse it adversely
affects durability and leads to corrosion of embedideinforcement. So
distribution of longitudinal reinforcement is reged along the side faces
of large concrete beams to control cracking. Mostnational codes
recommended provision of large beams with side added at both sides
of the beam cross-sections. Some of these bardienatycompression or
tension zones according to their arrangement. Thess contribute to
the overall shear strength and useful in the desafirthe reinforced
concrete cross-sections. The aim of this work isttmly the response of
short beams as affected by side bars location, atmaf area and
arrangement along the side face of the beams abhj&ied to repeated
loading. For this purpose an experimental programsvset up and tests
on ten large reinforced concrete short beams weagied out under
transverse service repeated loading followed byticstibading up to
failure. The patterns of cracks were traced, thedesoof failure were
observed, the crack widths were measured, and d&fierrdations were
recorded as well as both cracking and ultimate badre also measured.
The results show that providing side bars to shbeams have a
significant and considerable effect on shear respoof such beams and
hence it should be recommended to be taken intouatdn designing of
such beams.

KEYWORDS: Side face reinforcement, repeated loading, Shean $p
depth ratio, Deformation.

INTRODUCTION
Cracking is one of the important serviceability itirstate to be considered in the
design of reinforced concrete members. First crstogngth should be estimated
accurately by giving consideration to the variapiin dimensions and strength of
materials, thus there is a need to consider thdoraness of the cracking strength of
the reinforced concrete. Cracks in the large cdadieams are caused primarily by
flexural or shear stresses, but also, to some elterestrained shrinkag8&hrinkage
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often causes a considerable deformation as welpaseciable stress change in
concrete structures.

Many factors affect on crack width in reinforcednceete beams as grade and
quality of concrete, space between main steelogefment, the stress in main steel,
concrete cover, distance from crack to neutral aris area of concrete around each
reinforcing bar. The cracks can be controlled bgrelasing of space between main
steel bars, diameter of steel bars, maximum stressin steel and concrete cover
thickness.

The arrangement of longitudinal reinforcement iguieed along the side faces of
large concrete beams to control cracking, [1 tolérge amount of side-faces
reinforcement leads to smaller cracks. Steel fibas also beneficial in controlling

diagonal cracks at higher shear stress value, Héjvever controlling diagonal

cracks is a more complicated phenomenon that depsotdonly on the amount and
arrangement of longitudinal reinforcement but atso the amount of transverse
reinforcement and the shear stress level as wetinathe concrete cover to the
reinforcement, [4]. So, the national codes recomiednmany rules to control the
cracks width.

The ECCS 203-2001 code, [5], recommended thabdams with total depth higher
than 700 mm, side bars must be provided with minimarea 8% of the tension
reinforcement and the distance between side bast mat exceed 300 mm. The
German Code Din 1045 Absch 21.1.2, sited from fdduires the same amount of
side bars that recommended by ECCS 203-2001<fgle

The Canadian concrete code CSA A23.3, sited fromrehuires side face skin
reinforcement in beams with overall depths gredtem 75 cm. For exterior
exposures, a reinforcement ratio of 1.0 % requinethe Canadian concrete code in
the outer skin, which is assumed to be twice thee cover plus the diameter of
side bar, thick on each side of the beam web. Qdmadian Highway Bridge code
CHBDC, sited from [4], requires reinforcement with area equal to 1.0 % of the
total web area, distributed over 70 % of the wetlllewhich results in a minimum
of 1.4 % longitudinal reinforcement in effectivenso In calculating the required
area of reinforcement, the width of the web needoeotaken greater than 25 cm as
the side face reinforcement is assumed to act as reinforcement in wider
members.

For controlling the cracks that initiated by shagk, the ACI 318 Building Code
[6], and AASHTO Bridge code, requires special sfdee reinforcement in all

beams deeper than 91.4 cm (36 inch). In earligroadof the Code this amount of
side reinforcement was assumed to be taken 10 ®btfre tension reinforcement. In
1989 edition, the ACI Code adopted procedure baseal proposal from Frantz and
Breen [7]. They proposed that the amount of side fainforcement in large beams
be independent of the amount of flexural reinforeatrand depend primarily on the
member depth, but also on the clear concrete dovére side face reinforcement
and the diameter of the side face reinforcing baine ACI 318 Building Code [6],

adopted a procedure in which the amount of side famforcement depends only
on the member depth, except that it need not exaeedalf of the flexural tension
reinforcement. The current AASHTO Bridge code regmients are similar to the



SHEAR RESPONSE OF LARGE R.C. BEAMS PROVIDED.... 1115

current ACI Building code requirements and both sireilar to Frantz and Breen
[6], as shown irFig. 1.
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CSA (1) for (2c+db) = 12.5 cm
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Din 1045 for p=1.0 %
ECCS 203 for p=1.0 %
Frantz & Breen for :
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Fig. 1. Comparison of different codes requirements for side reinforcement.

The British Code CP114 [8], recommended that totrobrihe crack width skin
reinforcement must be distributed over 2/3 the kiebtthe beam for beams having
depth higher than 70 cm. The diameter of the sides Ishould not be less

than /S, b/f, , where:

S distance between side bars,

b beam width, and;

fy yield strength of side bar reinforcement.

The diameter of the side bars must not be less @ty times the diameter of the

largest bar in the section 0(/ S fy /b. A comparison between the requirements

of different codes for side reinforcement is givaerFig. 1. It is obvious from the
figure that there are considerable differences haweh side face reinforcement is
appropriate.

Ultimate strength criteria alone may not be a sidfit basis for design for shear, as
crack widths at service loads must be controlldee ACI 318 building code [6],
evaluates the crack width in both cases, vertinaflexural beams and inclined
cracks in shear beams. For flexural beams theviollp equation is considered:



1116 Yehia A. Hassanean

W, =0.0763 tbA% f.x10°, 1)
1
For internalelement 3} tbA%2175 and w,,, <0.40mm (2)
1
For externalelement ,3/tbA% 2145 and w,, <0.33mm (3)

1

For shear beams the following equation is constlere

_ ssina v 'Vcr

Ymax™ 6 < \1/3" )

10~ r (fc ) bd

Where:

Wmax Maximum crack width in inch;

1y distance from extreme tension fiber to the ceot¢he adjacent bar in inch;

A average effective area of concrete in tensionrat@aach reinforcing bar in
inch?;

fs steel stress in psi;

h; distance from concrete of the tension steel tnthéral axis in inch;
h, distance from extreme tension fiber to the newtxa in inch;

s spacing of shear reinforcement measurditection of span in inch;
a angle between the shear reinforcementdandtion of span in degree;
V shear force in Ib;

Ver shear force causing shear cracking in Ib;

r ratio of shear reinforcement;
fe cylindrical concrete compressive strength in psd;a
d effective depth in inch.

Side bars arrangement not only to resist shrinkagtealso to contribute in the
overall resistance of such beams, Zainab et-alTBgy study the contribution of
shrinkage bars on the behavior of reinforced cdacbeams under static loading.
This paper summarizes the results of an experirheptagram about the
contribution of the side bars in the shear respomsé behavior of the short
reinforced concrete beams subjected to repeatedintpa For this aim an
experimental program of ten large reinforced catecteeams provided with side
bars were prepared and tested under one pointtegbkmding. The main variables
that considered in this work are the location dedbars to tension steel, amount of
area of side bars and arrangement of the sideabamng the height of each side of
the beam depth. The considered area of side banésistudy was varied from zero
(beams without side bars) to five times the area tbcommended in the Egyptian
ECCS 203-2001 code, [5].
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TEST PROGRAM, FABRICATION OF THE TESTED BEAMS
AND TEST PROCEDURE

The experimental program was carried out in reoddrconcrete laboratory, Assiut

University. Through testing ten beams, the effe€txisting side reinforcement on the

shear response of R.C beams cross-section undepant repeated loading were

studied. The main variables taken into considenaticthis study were arrangement of
side bars along side face of the beam, locatiaidef bars with respect to tension steel
and the amount of area of side bars.

The testing program was designed to investigaténfheence of the previous variables
on the reinforced concrete short beams failed malok to shear stresses (a/d= 1.50),
under repeated loading. All tested beams were gafncm total depth, 12 cm beam
width, 4pl9 tension reinforcement,@23 top reinforcement ang6 each 15 cm
stirrups. Beam Band beam Bwere taken as reference beams (without side bars).
the rest beams side bars were arranged in diffmeations as shown irig. 2.
Concrete mix was designed to produce a concretegnd@8-days cubic strength of
about 27.5 MPa, this mix was used for all testedni®e The constituent materials
were:
a- Ordinary Portland cement.
b- Local gravel of 10 mm maximum nominal size, 2.6®afic gravity and
1.68 t/nivolume weight.
c- Local sand of medium grading, 2.50 specific gratyd 1.56 t/rh volume
weight.
d- Potable water was used for mixing and curing.
e- Plain bars of nominal mild steel were used as oeaifig bars and stirrups. The
used steel confirms with the limits of ECCS 203-P(0€keTable 2.

Table 1: Details of the Tested Beams.

BeamNo. | fo (MPa) Side Bars U % Use Yo W
B 29.5 - 0 0 0
B, 29.0 - 0 0 0
B3 28.4 2¢13 0.70 0.235 0.117
B. 28.1 4¢10 0.83 0.277 0.139
Bs 28.2 6¢8 0.79 0.266 0.133
Bs 28.7 2¢13 0.70 0.235 0.047
B, 28.0 2¢13 0.70 0.235 0.094
Bs 28.5 2¢13 0.70 0.235 0.141
Bo 28.3 2¢13 0.70 0.235 0.188
Bio 28.5 6¢10 1.27 0.416 0.208

Where:

f.. cube compressive strength, in MPa;

4 skin reinforcement ratio = total area of side ba¢gc+d) d
c concrete cover;

dy side bar diameter;
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Mlss total area of side bars/ total area of tension;stee
%  side bar parameter Y A, Y/ A d

A;s area of one row of side bars;
y distance from side bars row to center of tensierlsaind
A, area of tension steel.

The concrete was mixed mechanically and cast ial $tgms. Control specimens
including cubes of 15 cm side length were cast femmh mix. The beams and control
specimens were sprayed with fresh water two tingaly dintil the day before testing;
all beams were tested at age of 28 days. Compéttéisiof the tested beams are given
in Table 1 andFig. 2.
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Fig. 2: Details of the cross-sections of tested beams.

The beams were tested over a freely simply supp@pan of 194 cm under one point
loading. The load was applied in increments, befmacking each increment was
1.0 ton but after cracking each increment was @r0 The load was kept constant
between two successive increments for about fiveutes. During this period the

cracks were traced, the mid span deflection arainsin both steel and concrete were
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recorded. The Beam;Bested under static loading while the other beame tested
under repeated loading. The beams loaded until 80% e ultimate static load of
reference beam ,;B(25 ton), then the load is removed gradually luréro loadafter
that the beams loaded gradually up to 70 % of thenate load of B. Then the
dynamic load is started with 500 cycle/minute wdttoke 0.20 mm up to one million
cycles. Then the load is removed gradually untibzead, after that the beam is loaded
statically up to failure. The scheme of the loadsghown irFig. 3.

Load (ton

y /i

Deflection in mm.

Fig. 3: Scheme of the loading.

Table 2: Mechanical properties of the used steel.

Commercial diameter (mm) 6 8 10 13 19
Actual diameter (mm) 6.02 7.97 9.98 12.9% 19.0L
Yield stress (MPa) 259.8| 262.1| 2834 2775 269(8
Ultimate stress (MPa) 383.6 | 392.4( 401.3 396.2 389|7
% of elongation 24.7 25.2 23.6 26.1 26.7

RESULTS AND DISCUSSION

Examination of the test results givenTiables 3, 4 and5 as well as investigation of
Fig. 5 toFig. 8, declare the following:

Pattern of Cracks, Mode of Failure and Width of cracks

The first flexural and inclined cracks appearedhat same time in beams Bnd B
(beams without side bars), also these crack atiatgd in the same region. The first
crack in beams without side bars was flexural crabKe it was shear crack in beams
provided with side bars. Meanwhile the flexural ok® stopped its propagation at
certain height in beams provided with side barserTlthe inclined cracks firstly
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extended and secondly widened gradually upward ribwhe loading point and
downward towards the bottom surface of the beamtheasupports.

Comparison of pattern cracks of beamswBthout side bars, and tested under static
loading with pattern of cracks of bearp Biithout side bars and tested under repeated
loading showed that the cracks width were highebéams subjected to repeated
loading than that subjected to static loading,FRge4.

Pattern of cracks of beam B Pattern of cracks of beam B

Pattern of cracks of beam B Pattern of cracks of beam B
Pattern of cracks of beam; B Pattern of cracks of beagn B
Pattern of cracks of beam B Pattern of cracks of beagn B

Pattern of cracks of beary B Pattern of cracks of bearp B

Fig. 4: Patterns of cracks of the tested beams.
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Comparing pattern of cracks for beam Bithout side bars to pattern of cracks of
beams B, B, and B provided with %13, 4p10 and @8 side bars respectively, showed
that in beams having side bars the numbers of sraeke higher and the widths were
lower. This observation was more clearly when tlde ®ars were arranged in several
rows. Meanwhile the widths of the cracks were highiaen the side bars were
provided in one row. Another observation is tha #ngles of inclination of major
cracks were lower when the side bars were provideseveral rows, se€able 3.
When the side bars were located in one row, theéamie from the tension
reinforcement has a pronounced effect on the pattecracks. The number and width
of cracks were increased as this distance increased

The tested beams were subjected to high sheasasrgsth low flexural stresses; it is
likely that the maximum principal tensile stres$oisated at the neutral axis level at an
inclination of 45; the resulting cracks were diagonal tension cracks

Shear cracks extended upward to the neutral axisame times into the compression
zone. Presence of side bars prevents longitudipl@tiisg failures of compression
struts. So, all the tested beams failed in shealidgyonal tension failure nearly along a
line joining the support and the load. Providing #ide bar reinforcement in the beam
cross section provides additional restraining feraeross the crack that reduce the
crack width as shown imable 3.

The crack widths of the tested beams were calalléte using equation 4 and
presented imable 3. The measured values of crack width of the beaimgighed with
side bars distributed in several rows or in one n@ar the tension zone are lower than
the crack width that calculated from equation 4e Experimental crack width value
was 0.42 of the calculated crack width of beamsigenl with five times the side bars
area that recommended in ECCS 203. This ratio was @When the side bars were
located at the middle of the section depth; thismsethat distribution of side bars in
several rows decreased the crack width to 55 %.

Table 3. Test results of the tested beams.

BeamNo. 7 Wexp | Wegna) 6° 5%
B, 0 3.00 2.76 44.3 1.09
B, 0 3.20 2.94 46.7 1.09
Bs 0.117 2.85 3.79 44.3 0.75
B, 0.139 2.0 3.72 42.2 0.54
Bs 0.133 1.6 3.78 41.2 0.42
Bs 0.047 1.75 3.51 38.6 0.50
B, 0.094 2.65 3.82 44.8 0.69
Bs 0.141 2.85 3.63 44.8 0.79
By 0.188 3.10 3.18 44.1 0.97
Bio 0.208 1.45 3.86 40.8 0.38

Where: W, maximum experimental crack width in mm;
Wegn. 4y maximum crack width calculated based on Eqn. (4) in mm;
6° angle of slope of major cracks with horital direction, and;
Av} experimental crack width/ crack widthccdatedbased on Eqn. (4);
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In Fig. 5 the relation between the ratio of side bars apethé area of side bars that
recommended in ECCS 203 against the ratio betweeaxperimental crack width and
calculated crack width by using equation 4 is pldttFrom this figure it is clear that
the area of side bar has pronounced effect inrdekavidth and the crack width of the
beams without side bars are higher than that cakedl]

Cracking and Ultimate Loads

Regarding to the investigation 6fg. 6a to Fig. 6c andTable 4, the cracking load
increases as the side bars were provided in thedtdseams. The cracking load
increases as the area of side bars increases sidthbars arrangement in several rows
or in one row near the tension steel. When the Bats are located in one row the
cracking load increases as the distance betweersittee bars and tension steel
decreases. The maximum cracking loads were recdaidibams B B; and By that
provided with side bars arrangement in three romia one row at distance 0.20 of the
effective depth from the tension steel. The maximneoneasing in cracking load was
about 32 % (beamdp The increasing of cracking loads is mainly doehte fact that
the existing of bars in the side face of the beabtaykd the appearance of cracks and
increasing the elastic stiffness of the cross spcti

The cracking loads of the tested beams are cagmllbased in flexural cracking or
inclined cracking by using the following ACI equats [6], and presented Trable 4.

v, :[1.90,/ f +%%MJ bd (5)
fo

Mcr __¢°ot g (6)
Y,

f, =7.50 | f, (7)

Where: V., cracking shear force;
P percentage of main reinforcement;
V, ultimate shear force;
Mg cracking bending moment;
My ultimate bending moment;
Fo+ concrete tensile strength;
g gross moment of inertia, and;
y:  distance between the neutral axis and extterson fiber.

The flexural cracking loads were calculated takimg consideration the influence of
side bars in the values of gross moment of indgtieromTable 4 it is clear that the
experimental cracking loads are higher than theutaed cracking loads. This is
because the influence of existing side bars whethye@d appearance of cracks.

The experimental values of ultimate loads are erited by the studied parameters.
From Table 4 it is clear that the ultimate loads are increaasdthe side bars are
arranged in several rows or located in one row nbartension zone as well as
increasing of side bar area. In general, this abse providing the beam with side
bars affected the crack pattern and helps in angetlte growth of diagonal cracks and
hence increasing the ultimate loads of the testedns.
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Comparison of ultimate load of beam &1d beam Bshow that the repeated loading
has no tangible effect on the ultimate load. Buhwespect to the ultimate load, side
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Fig. 6¢: Influence of area of side bar
on cracking and ultimate loads.

bars which were arranged in three rows was the sitgition; the ultimate loads of
beam B and B, were higher than the ultimate load of beambB 31 % and 35 %

respectively.

The position of the longitudinal side bars on tkain cross-section appeared to have a
tangible effect on the ultimate load. Displacing side bar toward the tension zone

seemed to have increasing the ultimate load. Thiemate loads of beam ¢Bthat

provided by side bars in one row at distance frioenténsion steel equals to 0.20 of the

effective beam depth were higher than that of bBamithout side bars by 31.0%.
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When the side bars displacing towards the compmeszone, beams gBand B
decreased the cracked zone on the beam sides tiddé part between the tension
tie reinforcement and two diagonal concrete striisis leaded to strengthening
diagonal strut and hence to an increase in thenalé load.

Table 4. Cracking and ultimate loads of the tested beams.

Beam w Cracking load (ton) Py 4 4 yin

No. Exp. | Eqn.5| Eqgn. 6| ton

B, 0 12.9| 14.26 8.45 35.0 1.0 1.11 0.97
B, 0 13.0| 14.26 8.45 36.0 101 1.14 1.00
Bs 0.117| 13.0] 14.26 8.70 434 101 137 121
B, 0.139| 16.6] 14.26 8.42 464 129 147 129
Bs 0.133| 16.9] 14.26 8.42 474 131 149 131
Bs 0.047| 17.0] 14.26 8.79 449 132 142 125
B, 0.094| 13.6] 14.26 8.44 435 1.05 137 11
Bs 0.141| 12.9| 14.26 8.53 420 100 183 117
Bg 0.188| 13.2| 14.26 8.55 408 1.02 129 1/13
Byw | 0.208| 17.2| 14.26 8.61 487 133 154 1;35

P, experimental ultimate load;
A, cracking load of the tested beams / cracking lmfebeam B;

A; experimental ultimate loads/theoretical ultimateads calculated based on
equation 8, and;

A, experimental ultimate load / experimental ultienad of beam B

The theoretical shear load of the tested beamsestimated by using equation of
ECCS 203 [5], as follows:

vu=1 {2+0'i"“} (0.70 fqu bd (8)

3 Ve
Where: L, clear span of the beam;

f., cube compressive strength in N/fmmand;
Ye material reduction factor for concrete sgtén

Taking into account the shear span to depth rajicaks to 1.50 because the tested
beams were short beams, the ultimate shear loada¢stl by equation (7) was 31.67
ton. Also the ultimate flexural load was estimated the tested beams by using
Egyptian code ECCS 203, [5] and it is equal to 84dh. The experimental loads were
higher than the theoretical loads; the maximum increasing was 54 % for beam B, that
provided with @10 side bars in three rows. The comparison betweerxperimental
ultimate load of beam Breference beam, (without side bars), and beagndhowed
that the ultimate load is increased by 35.0 %. Thisecause after cracking the side
bars strengthen the two struts and the tensiléotimed in the beams when the side
bars distributed in three rows along the side tddbe beam.
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DEFLECTION

Figures 7a to 7j show the relation between the applied load and réesrded
deflection at position of maximum deflection, (ngidan section), while ifiable 5 the
maximum values of deflection at 90 % ultimate |laael presented for all tested beams.
Generally the repeated loading increases the dmileof the beams because the
repeated loading reduces the effectiveness of lotrensferring stresses from steel to
concrete causing secondary cracks to form.

From investigation of these figures it is cleartttiee flexural stiffness increases as the
side bars arranged in several rowsg(7d, 7e and7j); or located in one row near the
tension steel; Rig. 7f). When the side bars were distributed in seveoalsr the
ductility of the beam was increased. Usually thackr numbers and maximum
deflection increased as a result of increasingltiatility.

Table 5: Maximum deformations of the tested beams.

Beam No.| & mm | &yxi® | &xi | &sxad
B 6.96 176 91 -
B, 786 | 184 | 98 i
Bs; 6.76 196 81 20
B, 4.86 149 75 112
Bs 4.99 156 93 118
Bs 4.75 141 90 127
B, 441 | 134 | - 60
Bs 4.63 152 224 45
Bg 4.50 187 106 38
B¢ 4.96 140 90 119

Where: 4,  maximum deflection at 90% of the ultimate load;
&  maximum induced strain in main steel at 90 % of the ultimate load;
& maximum induced strain in concrete at 90 % of the ultimate load;
&s maximum induced strain in side bars, (in nea@stto tension steel in
case of using more than one row), at 90 % of the ultimate load;

48 48
~—~~ E -
c T;/rq--
g 32 S ~
o o) =)
S S
= 3
-

16 16

0 ‘_!)—J"—’ 0%
0 2 4 6 8 0 6 8
Deflection in mm Deflection in mm.

Fig. 7a: Relation between applied load Fig. 7b: Relation between applied load
and deflection at mid span for beam B;. and deflection at mid span for beam B,.
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Fig. 7i: Relation between applied load Fig. 7j: Relation between applied load
and deflection at mid span for beam By.  and deflection at mid span for beam By,.

STRAINS

In Figs. 8a to 8d the induced strain in tension steel were plottersws the applied
load for beams B Bs, Bs and B. Also the repeated loading has slightly affectesl t
induced steel strain compared with static loadiftge induced strain in tension steel
increased when the side bars were arranged inadawsvs, (Beam B, or positioned

in one row near the tension steel, (Beagh Bhis because the side bars lies in the
tension zone and sharing in resistance of the mdiuension stress and hence
improving the ductility of the beams. In anothentiawhen the beams provided with
side bars in several rows or in one row near theit@ steel the ultimate loads were
higher than other beams. When the side bars diephlapwards to the compression
zone the maximum steel strain was decreased.

48 48
= =
S R S

o = (@]
- fls -

Ah

100 150 200 o 50 100 150 200
Strain x10® Strain x107®
Fig. 8a: Induced steel strain in Fig. 8b: Induced steel strain in

tension steel of beam B;. tension steel of beam Bs.
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48
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w
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16 = f A

0 50 100 150 200

150 200
Strain x107® Strain x107®
Fig. 8c: Induced steel strain in

Fig. 8d: Induced steel strain in
tension steel of beam Bs.

tension steel of beam Bg.

At failure the measured induced strain in side lbafseams B Bs, Bs and Byreached
almost the yield point of the used steel. The membinduced strain in side bars of
beam B that provided with side bars in one row at 0.8&rain tension steel was
compression in the beginning of loading up to dertamit. After that the measured
strain was tension, this means that the side bessr compression zone up to certain

limit of loading and due to up warding of neutradisathe induced strain become
tension strain, seég. 8f.

The maximum strain induced in concrete increase=wihe side bars were arranged in
several rows also, (beamy)Bor in one row displaced towards the compressmmez
beam B. This is due to the distribution of side bars gldhe depth which is usually

improves the stiffness and ductility of the beanss well as strengthens the
compression zone, s€&ys. 8g andsh.

48

48

2%

32

Load (ton)
Load (ton)

16

150 -10

Strain x10 Strain x10

Fig. 8e: Induced steel strain in

Fig. 8f: Induced steel strain in
Side bars of beam Bg.

side bars of beam B,
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48 48

32 =

Load (ton)
Load (ton)

60 90 60 90
Strain x10® Strain x10™
Fig. 8g: Induced concrete strain Fig. 8f: Induced concrete strain
in beam Bs. in beam Bg.

CONCLUSIONS

An experimental work was under taken to investigheeeffectiveness of arrangement
of side bars, their position from tension steel antbunt of their area to tension steel
on the shear response of short beams failing dushéar stresses and subjected to
repeated loading. The following conclusions cannede from the experimental
results.

1- There are considerable differences regarding hoshmside bars reinforcement
appropriate. ECCS 203 and DIN 1045, recommendedathest area of side
bars.

2- The repeated loading has a slight effect in tharsbieength of the tested beams;
meanwhile it has a pronounced effect in their degdions.

3- Providing of side bars to short beams failing dushear stresses increases the
crack numbers however decreases crack widths addlopes to horizontal.
The crack widths for beams provided with side baese lower than the crack
widths of beams without side bars. Using area @é¢ $iars equal to five times
which recommended in ECCS 203 reduced the crackhwal 0.38 times that
calculated by ACI code, equation 4.

4- Arrangement of side bars in several rows alongsitie face of the beam cross-
section is the best situation for positioning t@mwve both overall load capacity
and deformation. The cracking load of beams progdiith side bars arranged
in three rows was 1.30 times the cracking loadeafrb providing with side bars
arranged in one row at the middle half of beamseestion.

5- After cracking the side bars tends to redistribibte internal forces and hence
increasing the shear capacity. The experimentmhate loads were higher than
the theoretical ultimate loads by 49 % and 54%beams provided with side
bars area equals to three times or five timesrdmmmended in ECCS 203 in
three rows, respectively.
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6- The contribution of side bars on shear strengtshafrt large R.C beams was
significant effect that it is recommended to beetalnto account in designing
such beams.
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