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Abstract

This study investigates experimentally and theoretically the strengthening of
reinforced concrete deep beams using steel fibers. The experimental work could be
divided in two parts, the first part consists of casting and testing twelve solid deep
beams to show the effect of volume of steel fibers on the behavior of the solid deep
beams, ultimate load, cracking load, deflection, and concrete strain, with various
parameters. The parameters are the shear span to depth (a/d) ratio [variable of clear
shear span], and the total depth (h) of the deep beams [variable (h/b) ratio]. On the
other hand, the effects of these parameters on the behavior and capability of solid
deep beams with constant steel fiber —volume fraction are obtained by using three
groups of beams having steel fiber—volume fractions of 0.0%, 0.5%, 1.0%.

The second part consists of casting and testing six deep beams with web openings
to study the effect of the presence of steel fibers in deep beams with web openings
on ultimate load, cracking load, strain of concrete and deflection. As well as
studying the effect of opening in the web of deep beams on these parameters in
comparison with deep beams with solid web in different (a/d) ratios [with constant
fiber content] in three groups A, B, and C, which have a steel fiber —volume

- fraction 0f 0.0%,0.5% and 1.0% respectively,
. The results obtained from the experimental work [solid deep beams and deep
~ beam with web openings], demonstrates that when the steel fiber volume- fraction
is increased, the ultimate and the cracking loads are also increased. The effect of
steel fibers increases as the (a/d) ratio is decreased [for beam with (h/b)=3, the
percentage of increases in ultimate load 14%, 26.3% for (a/d)=0.7 and 23.2%,
32.3% for (a/d)=0.6 when increasing fiber content from 0.0% to 0.5% and 1.0%
. respectively] . For solid deep beams, the effect of the steel fibers is increased when
the total depth (h) is increased [increasing the (h/b) ratio]. In addition, the
experimental work on solid deep becams showed that when the steel fiber volume-
fraction is kept constant, the ultimate and cracking loads are increased as the (a/d)
ratio is decreased. On the other hand, the percentage of increase in cracking and
ultimate loads become higher as the steel fiber volume- fraction is increased from
0.0%to 0.5% and 1.0%. The effect of decreasing the (a/d) ratio on the ultimate load
[decreasing the Shear span(a) from 196 to 168 mm] become significant when the
- total depth (h) is increased from 240 mm to 320 mm [increasing (h/b)ratio from 3
to 4]. However, the eflect of decreasing the (a/d) ratio on the ultimate and cracking
- loads of the deep beams with web openings was not significant. The effect of
increasing the total depth (h) from 240mm to 320mm [increasing (h/b) ratio from 3
to 4]Jon the ultimate and cracking loads become higher when steel fiber volume-
fraction is increased from 0.0% to 0.5% and 1.0%.
The effect of web opening on ultimate and cracking loads of deep beams
depends on the degree of interruption of the natural load path joining the loading
and support reaction point. For all deep beams under testing, the concrete strain at

mid -span section of the tested deep beams is measured over the depth of each
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In the present theoretical research work an attempt has been made to analyze
reinforced concrete deep beams [solid deep beams and deep beams with web
openings] using a three-dimensional nonlinear finite element model in the pre and
post cracking levels and up to the ultimate load. The 20-node isoparametric brick
element has been used to model the concrete, while the reinforcing bars are
modeled as axial members embedded within the concrete brick element. Perfect
bond between the concrete and the reinforcing bars was assumed to occur. The
behavior of concrete in compression is simulated by an elasto-plastic work
hardening model followed by a perfectly plastic response that is terminated at the
onset of crushing. In tension, a fixed smeared crack representation has been used
with a tension-stiffening model to represent the retained post-cracking tensile
stresses and a shear retention model that modifies the shear modulus after cracking.

The nonlinear cquations of the equilibrium have been solved using an
incremental-iterative technique operating under load control. The solution
algorithms used were the modified Newton-Raphson methods. The numerical
integration has been conducted using the 27-point Gauss-quadrature integration
rule. The convergence of the solution was controlled by a force convergence
criterion. In general, good agreement between the predicted finite element load-
deflection curves and the ultimate load capacity and experimental results have been
obtained.

Numerical studies have been carried out on reinforced concrete deep beams
[solid deep beams and deep beams with web openings] to investigate the influence
of increasing total depth (h), changing the width of the web (b), and amount of the
longitudinal reinforcement on the predicted response and ultimate load capacity
with two steel fiber volume- fraction [0.0% and 1.0%)]. It was found that the effect
of these paramelers becomes more significant when the steel fiber volume- fraction

o "

1s increased. The effect of these parameters on ultimate load of deep beams with

. web openings is smaller than that of solid deep beams. In addition, a numerical

investigation has been carried out on reinforced concrete deep beams with web
openings to study the influence of the variation in size and location of the web

opening on load-deflection response and the ultimate load with two steel fiber

volume- fraction values [0.0% and 1.0%]. This study revealed that the percentage
of decrease in the ultimate load depends on the interscction of the load path with

the opening, besides, this percentage increases with the decrease in steel fiber
volume- fraction.
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