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Eleven deep beams were constructed and tested under symmetrically two
points top loading to investigate the influence of the transverse circular opening on
their behavior. The beams had 1400 mm in total length, 400 mm in depth, and 150
mm in width. The flexural reinforcement consisted of three bars with a nominal size of
16 mm while the web reinforcement was made with steel wires of 4 mm diameter
spaced at 60 mm in both horizontal and vertical directions. All beams have the same
concrete compressive strength of 65.57 MPa. The beams were classified into four
groups in addition to solid one according to the parameters investigated. The first
group was to examine the influence of shear span to the effective depth ratio a/d (a/d
=0.8, 1 and 1.2). The second group was to study the varying of openings diameter D
(D=75, 110 and 160 mm). While, the third group was to study the influence of opening
location (center of the load path, the upper left, and the lower right panels of the shear
span). The last group was assigned to study the effectiveness of the inclined
reinforcement around openings. Three amounts of inclined reinforcement were used
2, 4 and 6 steel wires of 8 mm diameter positioned above and below the openings to
make 45 degrees with the longitudinal axis of the beams. Measurements were made
for the first cracking load, midspan vertical deflections, concrete surface strains and
the ultimate load capacity. Also, the crack patterns were marked, and the mode of
failure was observed.

All the beams failed in shear except one beam which failed in flexure. In beams
with openings, the failure occurred along a diagonal crack joining the bearing plates
edges and opening tangents opposite to them. The obtained results indicated that,
when a/d was increased the ultimate load capacity decreased linearly while the
deflection was increased. Furthermore, increasing the opening size reduced the cracking
and failure loads but the deflection was not significantly affected. Also, it was found
that, positioning of the opening in the lower right panel of the shear zone was better
than when it was located in the upper left shear region of the shear span. The inclined
reinforcement was found to be very effective in improving the ultimate shear capacity
and the deflection response of the tested beams, where the ratio of the increment was
more than 100 % for the shear strength and the deflection was similar to that of a
corresponding solid deep beam response .Finally, it was observed that, the available
design equations gave underestimate prediction for the shear strength of deep beams
with inclined reinforcement.
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