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ABSTRACT

Failure of a structural member under torsion is brittle in
nature and should be avoided as it compromises the ductile behavior
of the structure. Under various cases of loading and geometric
configuration, concrete structural members are subjected to
significant torsion accompanied by either bending, or shear and
bending. A limited number of experimental studies were conducted
to study torsional behavior of reinforced concrete (RC) beams
strengthened with Fiber-Reinforced Polymers (FRP). None were
conducted to investigate the strengthening RC beams under combined

action of torsion and bending moment.

An experimental study has been conducted to investigate the
behavior of reinforced concrete beams strengthened with Carbon
Fiber-Reinforced Polymer (CFRP) under combined torsion and
bending moment effect. The beams were tested while subjected to
different torsion to moment ratio. A total of twenty beams were tested.
The beams were divided into four groups. Each group consisted of a
reference unstrengthened beam and four beams with different
strengthening schemes to identify the contribution of CFRP sheets on
the strengthened beams. Four strengthening schemes were proposed
and implemented. The effectiveness of proposed schemes was
evaluated. . Variables investigated in the test program included: the

torsion to bending moment ratio (7/M) and the strengthening schemes.
Different torque to bending moment ratios (7/M) of 0.0, ©0, 0.3 and 0.6

were reported, analyzed, and discussed for each testing group.
Variables considered in the test program for strengthening schemes
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include the number of strengthened faces of the beam (three sides, i.e.
U-wrap, or four sides, i.e. full wrap) and width of used CFRP (i.e.,
stirrup form or continuous wrapping). Strengthening schemes were

chosen based on the practical needs and the field conditions.

Employing externally bonded CFRP sheets resulted in an
increase in ultimate strength. The amounts of increases in ultimate
strength were mainly dependent on the strengthening configuration
and type of loading. The increase in ultimate strength of the
strengthened beams reached values of about 73% for strengthening in
pure torsion and between 19% and 54 % for strengthening in combined
loading. Moreover, strengthening changes the mode of failure of the

beams.

A finite element model, using the ANSYS program release 11.0
was presented in this study to predict the overall behavior of reinforced
concrete members strengthened with CFRP sheets under combined
torsion and bending effect. The general behaviors of the finite element
models represented by the load-deflection and torque-twist show
quantify agreement with the test data. However, the finite element
models show a slightly stiffer response than the test data in both the

linear and nonlinear ranges.

Finally, the design guidelines for FRP- strengthening suggested
by fib- Bulletin 14 and ACI 440.2R-08 were evaluated based on the

comparison made along with the present experimental results.
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