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Behavior of deep beams is different than that of ordinary beams. In
addition the effectiveness of the biaxial state of stresses is more
pronounced in deep beams. So, sixteen reinforced concrete deep beams
with compressive strengths from 250 to 650 kg/cm® were tested to study
their shear behavior under two-point static loading. The tested beams
have shear span to depth ratio a/d from 0.5 to 1.25. All beams was singly
reinforced with ratio p from 0.0113 to 0.0254, vertical reinforcement ratio
py from 0.1 to 0.31, and horizontal reinforcement ratio p, from 0.19 to
0.56.

The patterns of cracks were traced, the modes of failure were observed,
and the deformations were recorded as well as both cracking and ultimate
loads were also measured. Test results indicate that both the concrete
compressive strength and shear span to depth ratio have a pronounced
effect on the cracking and ultimate load of high strength concrete. The
values of the cracking shear strength of the tested beams show a
remarkable difference in comparison with the corresponding
recommended values given in ACI Code equation (11-29).

KEYWORDS: High strength concrete, Shear span to depth ratio,
Longitudinal steel ratio, Web reinforcement ratio.

INTRODUCTION

Reinforced concrete deep beams are used as load-destributing structural elements such
as transfer girders, pile caps, and foundation walls. According to span-depth ratio, the
strength of deep beams is usually controlled by shear rather than flexure if normal
amounts of longitudinal reinforcement are used. In addition, shear strength of deep
beams is significantly greater than predicted values using equations developed for the
selender beams because of their special capacity that redistributes internal forces befor
failure and developing mechanisms of force transfer quite differently from slender
beams. A number of parameters affecting shear behavior have led to a limited
understanding of shear failure mechanisms and predicting of exact shear strength of
deep beams. These parameters include concrete compressive strength f;, shear span to
depth ratio a/d, amount of reinforcement, arrangement of tensile, compressive, and
shear reinforcement p, py, pn, respectively, as well as the shape of beam, loading and
support conditions.
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Among these parameters, the effects of a/d, and p,, pn were considered and
tested as important variables in the previous investigations. Currently, with increasing
the use of high-strength concrete on modern construction, additional information on the
behavior of deep beams made of high-strength concrete is needed for a better
understanding of the effect of f., a/d, and others.

In ACI Building Code [1], shear contribution of concrete V. in beams with a/d
higher than 2.5 is given by ACI Eqg. (11-5). ACI Eq. (11-29), the design equation for
deep beams, is the equation multiplying term 3.5-2.5(M./V,.d) to account for the
increase of shear strength due to arching action in beams with an a/d less than 2.5. ACI
Eq. (11-5) is based on the testing results of beams with compressive strengths range of
14 to 40 Mpa (140 to 400 kg/cm?). As a result, ACI Eq. (11-29) seems to be based on
test results of beams with relatively lower compressive strengths.

Previous works [2] and [3], studied the effect of f. on the shear strength of
beams restricted to tests of the slender or short beams. Test results of experimentaly
investigation [6], showed much greater variation on the measured ultimate shear
strength and evaluated the effect of concrete strength by using strength of lower bound
only. Experimental investigation [8], studied the effect of f. on shear strength of deep
beams showed compressive strength ranges from 160 to 230 kg/cm?. Another previous
investigation [10], for deep beams has not shown the effect of f. in spite of test
specimens with high-strength concrete. Susanto Teng, and others [9] concluded that
performance or strength of damage deep beams can be fully restored as long as their
damaged failure mode is the diagonal splitting shear failure. This type of failure mode
is most common for deep beams with little to moderate web reinforcements.
Ramakirshman, V. [7], get that the mode of shear failure in deep beams are nearly the
same as those in shallow beams under low shear span depth ratio (a/d<2). The shear

failure in deep beams is always initiated by splitting action, the phenomenon of failure
being similar to that in a cylinder under diametral compression. Jung.K., and
Sung.W.S. [4], concluded that ultimate shear strength was determined predominantly
by the a/d, but that of deep beams was slightly affected by the le/d. ultimate shear
strength of tested beams was increased slightly due to web reinforcement. In deep
beams with high strength concrete, ultimate shear strength was increased slightly with
addition of vertical shear reinforcement as a/d increased. Kong [5], conducted an
experimented investigation using 35 simply supported deep beams, he concluded that
in general, the primary cause of failure was diagonal cracking; crushing of concrete
was usually only a secondary effect and failure in compression of the concrete “strut”
between diagonal cracks occurred a few times only.

Effect of longitudinal steel reinforcement on shear strength is another
important parameter in deep beams. An experimental investigation [2], that studied the
effect of longitudinal steel reinforcement in beams with a/d less than 2.5. Test results
of the investigation were compared to ACI Eg. (11-5) for short beams, without any
comparison with ACI Eq. (11-29) for deep beams. As a result, there has been relatively
little information on the effect of concrete strength f. and longitudinal steel content p
on shear strength of deep beams made of high-strength concrete.

This work was initiated to find more information about the effect of concrete
compressive strength f., shear span to depth ratio a/d, longitudinal reinforcement ratio
p, and web reinforcement ratio p,, pn, on shear strength of deep beams with
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compressive strengths up to 650 kg/cm?. Test results were compared with current
design equations to assess the adequacy of ACI Eq. (11-29) for deep beams and
Zsutty’s equation using high strength concrete.

TEST PROGRAM, MATERIALS, FABRICATION OF THE
TESTED BEAMS AND TEST PROCEDURE

TEST PROGRAM

Through testing sixteen deep beams, the shear behavior of high strength R.C deep
beams under two point static loading were studied. Beam specimens were planned in
five series according to studied parameters: concrete compressive strength f., shear
span to depth ratio a/d, longitudinal reinforcement ratio p, vertical and horizontal
reinforcement ratios p, and py, respectively. Concrete compressive strength was 250,
400, 650 kg/cm?, a/d at 0.5, 0.75, 1.0, and 1.25, Longitudinal reinforcement ratio p at
1.13, 1.69, and 2.54 %, Vertical shear reinforcement ratio p, at 0.1, 0.15, 0.21, and 0.31
%, and horizontal shear reinforcement ratio py, at 0.19, 0.34, 0.45, and 0.56 %. Figure 1
shows the details of beam specimen. All beams tested in this study have a rectangular
cross section with 14 x 70 cm. Longitudinal steel reinforcement consisted of a straight
bar with a 90 degree hook to provide adequate anchorage. Vertical shear reinforcement
has closed stirrups with 6 mm bars, while the horizontal shear reinforcement consisted
of straight 8 mm bars. For the restraining of local failure, in the top compressive face
and support of tested beams, steel plates with widths of 18 and 13 cm, respectively,
were used.

MATERIALS

Assiut Portland cement and river fine aggregate were used to prepare the specimens.
Maximum aggregate size was 16 mm (0.63 in.). The mixture proportion by weight per
m® is presented in Table 1. A concrete mixes were designed and cast to produce
concrete of compressive strength 250, 400, and 650 kg/cm? at 28 day. Deformed bars
of high tensile steel were used as tension and compression reinforcements, as well as
plain bars of normal mild steel were used as a web-reinforcement.
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Fig. 1: Details of beams Ag, A, Az
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Table 1 : Amount of constituent materials for the different mixes.
Amount of constituent materials/m® by weight
Mix Coarse Aggr i £
No. | Cement | Sand (kg) Water ?LIJIFIT?: Add. ¢
(k) | D Foravel [ Bazat | ()| () | (KO
1 350 618 1237 - 192.5 - - 250
2 450 591 - 1200 152 67.5 6.5 400
3 500 496 - 1240 160 75 9.5 650
Table 2 : Details of the tested beams
Series | Beam I Iy a a/d fc p Py Ph
No. No. Cm | Cm | Cm Kg/cm?
Al 172 13 48 0.75 250 1.69 0.15 0.34
A A2 172 13 48 0.75 400 1.69 0.15 0.34
A3 172 13 48 0.75 650 1.69 0.15 0.34
B1 140 13 32 0.5 650 1.69 0.15 0.34
B B2 204 13 64 1.0 650 1.69 0.15 0.34
B3 236 13 80 1.25 650 1.69 0.15 0.34
C1 172 13 48 0.75 650 1.69 0.1 0.34
C C2 172 13 48 0.75 650 1.69 0.21 0.34
C3 172 13 48 0.75 650 1.69 0.31 0.34
D1 172 13 48 0.75 650 1.69 0.15 0.19
D D2 172 13 48 0.75 650 1.69 0.15 0.45
D3 172 13 48 0.75 650 1.69 0.15 0.56
E El 172 13 48 0.75 650 1.13 0.15 0.34
E2 172 13 48 0.75 650 254 | 0.15 0.34
= F1 204 45 32 0.5 650 1.69 0.15 0.34
F2 236 61 32 0.5 650 1.69 0.15 0.34
Where :

Pv

Ph

Length of the beam.
Length of anchorage length beyond the support to the end of the beam.
Shear span.
Shear span to depth ratio.
Concrete compressive strength, average of 3 cubes.

Longitudinal main steel ratio, =

Vertical reinforcement ratio, =

Web reinforcement ratio, =

Ash

bxd’

As
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FABRICATION OF THE TESTED BEAMS

The concrete was mixed mechanically and cast in steel forms. Control specimens
including cube of 15 cm side length were cast from each mix. The beams and control
specimens were sprayed with fresh water two times daily until the day before testing;
all beams were tested at age of 28 days. Complete details of the tested beams are given
in Table 2.

TEST PROCEDURE

Each tested beam was loaded directly with two equally concentrated loads according to
the considered a/d. The load was applied in increments, before cracking each
increment was 2.0 ton but after cracking each increment was 5.0 ton. The load was
kept constant between two successive increments for about five minutes. During this
period cracks were traced, the mid span deflection and strains in both main steel and
concrete were recorded.

ANALYSIS AND DISCUSSION OF THE TEST RESULTS

Pattern of Cracks and Mode of Failure

All beams failed in shear, in spite of the tested beams are reinforced with different
amount of reinforcement. In the early stages of loading, no flexural cracks were
observed in the region of pure bending moment. With a further increase of load,
diagonal cracks formed in the shear span zone and developped towards the loading
points and supports.

All beams failed in diagonal tention, the inclination of the major crack making
an angle between 38°to 63° depend on shear span to depth ratio. The inclination of the
main cracks decreases by 9.0 degrees as a/d ratio increases from 0.5 to 0.75 as shown
in Fig. 2.

The failure modes of the tested beams are presented in Table 3. The most
common failure for the tested beams is a diagonal tension failure. The failure of the
beams is always initiated by splitting action, and no significant change in the failure
mode was observed.

The concrete compressive strength has a considerable effect on pattern of
cracks, especially for beam having higher longitudinal steel ratio. For normal strength
concrete, there was a crushing of concrete under the load points. For high strength
concrete, there was a vertical sliding between the two adjacent portions of the beam
just to the left and right of the two load points preceded by diagonal crack. The
inclination of the major crack is not effected by the concrete strength.

The number of cracks decreases as the amount of longitudinal steel ratio
increases, and hence affects the inclination of the main crack in the manner that the
later increased slightly as it increased as shown in Fig. 2.

The presence of web reinforcement has a considerable effect on pattern of
cracks. The web reinforcement importance once already appeared at instant of the first
inclined crack formation. Once the crack opens, web reinforcement works to prevent
the crack widenning and propagation in the shear zones. Web reinforcement must be
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arranged to ensure that any potential diagonal tension crack encounters and does not
open excessively and consequently the risk of the beam at the level of tention steel or
the sudden failure without warning is prevented.

A shear failure in the tested deep beams took place through the destruction of

the inclined strut that formed between the load point and the support. The failure of this
strut in compression was accompanied by the shearing off of the unloaded part of the
beam. The observed failure which accompanied by a vertical displacement as well as
vertical sliding between the two adjacent portions of the beam just to the left and right
of the two load points preceded by diagonal crack is denoted by diagonal tention

failure.
Table 3 : Results of the beams tested under vertical static loading
Series | Beam Per Pu Ocr du & &s Mode Of
No. No. (ton) | (ton) | (mm) | (mm) | x10®° | x107 Failure

Al 33 48 1.62 2.15 30 27 D.T.

A A2 40 65 151 1.93 37 56 D.T.
A3 45 85 1.2 1.67 48 67 D.T.
B1 47 102 0.95 1.63 71 60 D.T.

B B2 43 80 1.3 2.1 51 75 D.T.
B3 38 72 15 2.65 46 83 D.T.
C1 43 82 1.07 1.62 16 55 D.T.

C C2 45 89 1.35 1.75 20 74 D.T.
C3 47 92 1.48 1.8 35 79 D.T.
D1 43 75 1.09 1.65 43 56 D.T.

D D2 45 87 1.33 1.72 48 72 D.T.
D3 47 90 1.42 1.85 58 77 D.T.

£ El 43 67 1.6 2.15 34 73 D.T.
E2 47 92 1.0 1.40 56 50 D.T.

F F1 48 87 14 2.15 34 79 D.T.
F2 50 92 1.62 2.91 41 49 D.T.

Note that the values of strains are measured at 85 % of the ultimate loads.

Where:

U O
c g = ©

Jre O O

D.T.

Initial cracking load.

Ultimate load.

Deflection at cracking load.

Deflection at ultimate load.
Concrete strain.

Steel strain.

Diagonal tension failure.
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Cracking and ultimate loads

The experimental values of recorded cracking and ultimate loads for the tested beams
are given in Table 3. These results indicate that, the cracking shear strength depends
on the shear span to depth ratio, percentage of main steel reinforcement as well as
concrete compressive strength. From investigation of Fig. 3a, it is clear that, the
cracking and ultimate loads increases with the increase of concrete compressive
strength. Increasing concrete compressive strength from 250 to 650 kg/cm?, increasing
the cracking and ultimate loads by 36.36% and 77.08% respectively, for a/d ratio of
0.75. That indicates, the primary cause of failure was diagonal cracking; crushing of
concrete was usually only a secondery effect in high strength concrete beams. The
concrete compressive strength had a significant effect on the cracking and ultimate
shear strength.

Also, test results show that, beams with small a/d ratios have higher values of
cracking and ultimate loads than that for beams having larger a/d ratios. From Fig. 3b,
it appears that as shear span to depth ratio increased from 0.5 to 1.25, the cracking and
ultimate load decreased by 23.68% and 41.67% respectively, for high strength
concrete. The cracking and ultimate loads are dependent on the a/d ratio. This can be
illustrated by the fact that the tied arching action becomes less effective with an
increasing of a/d ratio, because of the reduced angle between the inclined strut and
longitudinal axis of the beam.

The effect of longitudinal steel ratio on the cracking and ultimate loads is
shown in Fig. 3c. Increasing of longitudinal steel ratio increases the cracking and
ultimate loads. Increasing longitudinal steel ratio from 0.0113 to 0.0254 increasing the
cracking and ultimate load by 9.3% and 37.31% respectively. The increasing of
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cracking and ultimate loads is mainly due to the fact that the increasing of longitudinal
reinforcement in the beam increase the elastic stiffness of the beam. Increasing
longitudinal steel ratio usually increases both the dowel capacity of the member and
the aggregate interlock capacity. Beams with low longitudinal steel ratio had wide
cracks in contrast to the narrow cracks found in beams with high longitudinal steel
ratio. Since the aggregate interlock mechanism depends on the crack width, an increase
in the aggregate interlock force is to be expected with an increase in longitudinal steel
ratio. Also, increasing longitudinal steel ratio increases the shear strength, which
carried by compression zone. As the area of tension reinforcement increases, the
neutral axis moves towards the steel, hence the area of compression zone increases,
and then, the shear force increases.

The relationship between measured cracking and ultimate loads versus amount
of vertical reinforcement ratio is shown in Fig. 3d. With an increasing ratio of vertical
reinforcement, the cracking and ultimate load tends to increase slightly due to shear
contribution of vertical reinforcement. Additional amount of vertical reinforcement
ratio have a small effect on the ultimate load, and seems to have a relatively small
effect on the strength of the tested beams.

Variation of cracking and ultimate loads versus horizontal reinforcement ratio
for tested beams with constant p, is shown in Fig. 3e. The effect of horizontal
reinforcement ratio on the cracking and ultimate loads in deep beams is less than the
effect of vertical reinforcement ratio. As a result, it seems that shear capacity due to
dowel action by horizontal reinforcement has a little effect on ultimate load of deep
beams. The maximum increase in cracking and ultimate load was about 9.3% and 20%,
respectively as the horizontal reinforcement ratio increased from 0.0019 to 0.0056. The
increasing of cracking load is mainly due to the fact that the existing of bars in the side
face of the beam delayed the appearance of cracks and increasing the elastic stiffness
of the cross section. In general, this is because providing the beam with horizontal bars
affected the crack pattern and helps to stop the growth of diagonal cracks and hence
increasing the ultimate loads of the tested beams.
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Fig. 3a: Effect of concrete strength Fig. 3b : Effect of shear span to depth ratio

on cracking and ultimate loads. on cracking and ultimate loads.to depth ratio.
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Figure 3f, indicate that bond length have a minor effect on the cracking and
ultimate load. The cracking and ultimate loads are increased slightly as the bond length
increases.
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Fig. 3e : Effect of horizontal reinforcement ratio ~ F19- 3f - Effect of anchorage length
on cracking and ultimate loads. on cracking and ultimate loads.

Maximum Deflection

Figure 4, shows the relationship between the applied load and the recorded deflection
at position of maximum deflection, (mid span deflection), while in Table 3. the
maximum values of deflection are presented for all tested beams. Generally the
maximum deflection at different loads changed distinctly by changing concrete
strength, shear span to depth ratio, longitudinal steel ratio, vertical reinforcement ratio,
and bond length.
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Figure 4a, show how the cracking and ultimate deflection are influenced by
concrete strength. The maximum deflection decreases as the concrete compressive
strength increases. The maximum deflection was increased from 1.67 mm to 2.15 mm,
when the concrete compressive strength (f.) decreased from 650 kg/cm? to 250 kg/cm?.
Increasing of concrete compressive strength increases the modulus of elasticity which
means that the increase of stiffness of the beam decreases the corresponding maximum
deflection.

The maximum deflection at any load depends mainly on the shear span to
depth ratio. For constant load, the maximum deflection increases as shear span to depth
ratio increases. Also, it is noticed that as a/d ratio increased from 0.5 to 1.25, the
inclination of the tangent of the curve at the origin decreases by 62.58% for high
strength concrete. When the shear span to depth ratio increased, the maximum
deflection increased as a result of reduction in flexural stiffness of the beam due to the
increased numbed of formed cracks and their widening. See Fig. 4b.

The maximum deflection of the tested beams decreased as the longitudinal
reinforcement ratio increased. The maximum deflection decreased by 34.88%, as the
longitudinal reinforcement ratio increased from 0.0113 to 0.0254. Increasing
longitudinal steel ratio means increasing the stiffness of the beam. This is true since,
increasing (p), increases the neutral axis depth that caused a reduction in the strain in
the tention reinforcement and consequently decrease the number, length, and width of
the cracks and consequently the corresponding deflection. See Fig. 4c.

Figure 4d, indicates that, the maximum deflection increases slightly as the
vertical reinforcement ratio increases. The slope of midspan deflection curves seems to
be independent of the amount of vertical reinforcement. This is because the vertical
reinforcement contributes in the shear rigidity of the beam and the shear deformation is
very small.
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Fig. 4b : The relation between cracking and

Fig. 4a : The relation between cracking and ultimate deflections with shear span to depth
ultimate deflections with concret strength ratio.
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Fig. 4d : The relation between cracking and
ultimate deflections with vertical
reinforcement ratio.

The maximum deflection increases slightly as the horizontal reinforcement
ratio increases. The slope of midspan deflection curves seems to be independent of the

amount of horizontal reinforcement. When the

horizontal reinforcement ratio increases,

the ductility of the beam increases. Usually the crack numbers and maximum
deflection increase as a result of increasing the ductility. See Fig. 4e.

The maximum deflection increases, by the increase of bond length of the beam
beyond supports for I, >20 d,. This is because the increase of the ultimate load. See

Fig. 4f.
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Strain in both Main Steel and Concrete

The values of strain in both main steel and concrete at extreme fibers of compression
zone were measured under loading point of the tested beams and shown in Fig. 5. The
values of the induced strain at load level about 85% of the ultimate load were given in
Table 3.

From the relations between the applied load and induced concrete compressive
strain of all tested beams, it can be noticed that, the concrete strain increases with the
increasing of concrete compressive strength, longitudinal steel ratio, web
reinforcement ratio and decreases with the increase of shear span to depth ratio. While
no clear relation in the observed results with the change of bond length. The effects of
the studied parameter are shown in Figs. 5a. to 5f.

From the relations between the applied load and induced main steel strain of
all tested beams, it can be noticed that, the maximum main steel strain increases by
increasing concrete strength, shear span to depth ratio, web rainforcement ratio.
Meanwhile decreases by increasing of longitudinal steel ratio. The effects of the
studied parameter are shown in Figs. 5a. to 5f.
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steel strain with hc_;rizontal reinforcement
Comparison of Shear Strength of the Tested Beams with Important

Equations

The aim of this part is to make a comparison between the obtained results and those
proposed in ACI-code [1], and Zsutty® [11].

a—American concrete institute [1]

In the ACI Code [1], the value of v, is calculated from the formula ;

M V.d
«= (35-25 ——) (1.9 /f +2500 p ——
ver= e T p )

or Vg=(35-25 VM—d) (1.9 f°, +2500 p, 9) byd  ACIEq.(11-29)
. a
Where v, and f.° are in p.s.i.

b — Zsutty equation [11]
Zsutty derived an equation for predicting the cracking shear strength for ordinary
beams. The derived equation is given below in p.s.i.

0.33
Ug =59 (f‘c-p-gj
a

4\
or Vcr=59[f‘c-p‘—j b, d
a

M
If Zsutty equation multiplied by a constant term (3.5-2.5 n) which is in the ACI
Eq.(11-5) to obtain ACI Eq.(11-29) for deep beams. The derived equation will be:
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M d 0.33
Va= (35-25 ——) 59| f.p-—| bud
( V-d) ( P aj

The values of (P) from test results, the predicted values by ACI. Code, and
modefied Zsutty® equation are given in Table 4. From Table 4, and Fig. 6, it appears
that ACI Code equation (11-29) is conservative for most values and underestimates the
importance of concrete compressive strength, longitudinal steel ratio, web
reinforcement ratio, and it tends to be unconservative for high values of shear span to
depth ratio. Also it can be noticed that Zsutty's equation is conservative for most
values and underestimates the importance of concrete strength, longitudinal steel ratio,
web reinforcement ratio, and it tends to be unconservative for high values of shear span
to depth ratio.

Comeparing the test results by the predicted results, it appears that ACI Code
equation (11-29) and Zsutty's equation is unconservative for a/d ratio > 0.75 for high
strength concrete. While it is conservative for 0.5 < a/d ratio < 0.75 for high strength
concrete. The difference between experimental and theoretical values given by ACI
Code and Zsutty™ equation may be attributed to the effect of vertical, horizontal
reinforcement ratios and anchorage length ( p, %, pn %, and |, ) respectively which is
not included in the theoretical equations. However, the vertical, horizontal
reinforcement ratios and anchorage length has a minor effect upon the cracking load.

60
ald =0.75 0 5
e |
ph =0.34%
0t /
0t / g
0t / *
+Prr
0k +ACl
75Uy
0 | |
130 300 450 600 750
f.  kglcm? a/d

the cracking load. the cracking load.

Fig. 6b : Influence of shear span to depth ratio on
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the cracking load.
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Table 4 : Comparison between the experimental values of P, of the test and that

expected by ACI equation and Zsutty'® equation.

Series | Beam | P test | P, ACl | Py zsutty | Pe(1) / Pc(2) Pe(1) /
No. No. (ton) | (ton) (2) | (ton) (3) Per(3)
1)
Al 33 17.58 25.97 1.88 1.27
A A2 40 20.70 30.42 1.93 1.31
A3 45 24.80 35.71 1.81 1.26
Bl 47 38.37 56.39 1.22 0.83
B B2 43 14.37 19.94 2.99 2.16
B3 38 5.19 6.95 7.32 5.47
C1 43 24.80 35.71 1.73 1.20
C C2 45 24.80 35.71 1.81 1.26
C3 47 24.80 35.71 1.90 1.32
D1 43 24.80 35.71 1.73 1.20
D D2 45 24.80 35.71 1.81 1.26
D3 47 24.80 35.71 1.90 1.32
E El 43 22.88 31.27 1.88 1.38
E2 47 27.71 40.85 1.70 1.15
£ F1 48 38.37 56.39 1.25 0.85
F2 50 38.37 56.39 1.30 0.89

CONCLUSIONS

In this study the effect of compressive strength (f.), shear span to depth ratio (a/d),
longitudinal steel ratio (p), web reinforcement ratio (p, pr), and bond length (I,) on the
shear strength of high strength reinforced concrete deep beams under static loading was
investigated experimentally.

1-

The concrete compressive strength has a pronounced effect on the cracking and
ultimate load of high strength concrete. Increasing concrete compressive strength
from 250 to 650 kg/cm?, increasing the cracking and ultimate loads by 36.36%
and 77.08% respectively, for a/d ratio of 0.75.

The shear span to depth ratio (a/d) has a pronounced effect on the cracking and
ultimate load of high strength concrete tested deep beams. The ultimate shear
strength is increased significantly with a decreasing of a/d.

The longitudinal steel reinforcement have a significant effect on the diagonal
cracking and ultimate loads.

Additional amount of vertical reinforcement ratio seems to have a relatively small
effect on the strength of the tested beams, no effect of development of inclined
crack.

Horizontal reinforcement has relatively minor effect on the cracking and ultimate
loads, as well as the detailing of the main steel since mainly vertical tensile forces
are required to be carried.

No significant change in the failure mode was observed between normal and high
strength concrete deep beams.
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10-

11-

12-

13-

[1]
[2]

[3]

[4]

[5]
[6]

[7]

Ultimate shear strength of tested beams was increased slightly due to web
reinforcement ratio. In deep beams with high strength concrete, ultimate shear
strength was increased slightly with increasing of web reinforcement.

The maximum measured deflection decreses, with the increase of concrete
compressive strength and longitudinal steel ratio. Also the maximum measured
deflection increases, with the increase of shear span to depth ratio and web
reinforcement ratio.

The higher the shear span to depth ratio, the smooth the load-deflection curve, i.e,
with increasing a/d, the beam becomes flexible. With an increasing of a/d, the mid
span deflection tends to decrease due to increase of moment span.

Horizontal reinforcement ratio has a pronounced effect in controlling deflection;
widely spaced horizontal reinforcement was not effective in controlling deflection.
The maximum concrete strain increases, with the increase of concrete
compressive strength and longitudinal steel ratio, and decreases with the increase
of shear span to depth ratio. Also the maximum steel strain increases, with the
increase of concrete compressive strength, shear span to depth ratio, and decreases
with the increase of longitudinal steel ratio.

The values of the cracking load of the tested beams show a remarkable difference
in comparison with the corresponding recommended values given in ACI Code
equation (11-29).

The predicted values of v by modified Zsutty’s equation slightly agree with that
achieved from the tests. If Zsutty™® equation multiplied by a constant term of (3.5

-25 VM—d), it can better predict the trend, for 0.5 < a/d ratio < 0.75 for high

strength concrete.
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