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ABSTRACT

This M.Sc. thesis presents a nonlinear finite element analysis of thirty-eight
rectangular cross-section RC beams subjected to pure torsion. A numerical study
carried out through a simulation of RC beams designed to fail in torsion
presented by experimental study. A verification procedure was performed on
three specimens by finite element analysis with ANSYS APDL software. The
verification with the experimental work revealed a good agreement through the

torque-rotation relationship, ultimate torque, rotation, and crack pattern.

The studied parameters included three strengthening methods such as the
wrapping by CFRP sheets for twenty-two models besides the strengthening by
near-surface mounted steel and carbon bars for sixteen specimens. The
strengthening by CFRP sheets included two secondary variables such as the
wrapping configuration and a number of confinement layers. While the
strengthening by near-surface mounted bar included spacing variable beside the

number of the used bars.

The strengthening configuration of CFRP methods included wrapping of
the beam with several ways such as (full wrapping sheet around the beam, U-
shaped sheet, two sides sheets, ring strips 65 and 130 mm, two and three
longitudinal sided strips, longitudinal strips at the top and bottom faces, U-
shaped strips in addition to the number of layers variable. The results revealed
that use of full wrapping with one layer enhanced the ultimate torque when
compared with the control beam. The strengthened beams showed enhancement
in torsional strength when compared with the control specimen. The use of U-

shaped jacket provided enhancement in the ultimate torque higher than the full

II



wrapping and less rotation. Replacing the U-jacket by U-shaped strips revealed
improvement in the ultimate torque less than the U-jacket. The effect of the
number of CFRP layers was significant on the ultimate behavior of the twisted
strengthened beam which increased the ultimate strength capacity of such
beams. The increment ratio varied according to the wrapping method which
enhanced the ultimate torque capacity for the full jacket with higher
enhancement ratio and with less enhancement for the other strengthening
method. Maximum enhancement occurred at the full jacketed beam which
scored improvement by (49.3%) when the number of the CFRP sheet doubled.
The first crack cracking appeared at (53%) for the control beam and at average
of (48.2%) for the strengthened beams were the first cracking was slightly

affected by the wrapping existence.

The strengthening by NSM bar provided a good confinement to the beam
against the torsion and enhanced the ultimate torque capacity when compared
with the reference strengthened beam. Concerning the NSM strengthening, the
CFRP bar provided a higher enhancement when compared with the beams that
were strengthened by NSM steel rebar especially for the strengthening spacing
equal to 130 mm. The ultimate torsional strength increased by (3.5%) and
rotation decreased by (4%) approximately when the steel rebar was replaced by
the carbon fiber bars. The ductility of the tested beams showed that the
strengthening enhanced the ductility of the twisted reinforced concrete
strengthened beams. The ductility values varied according to the method of used
strengthening, as it showed the highest values of the beam that was reinforced
with CFRP sheet more than the NSM by CFRP bar and steel rebar. Concerning
the NSM strengthening method, carbon CFRP mounted rebar gave the highest
value of ductility. The energy absorption showed that the varying in the values
according to the strengthening method were the more enhancement in the energy
absorption for the CFRP sheets is higher than that variation offered by NSM
carbon bar and steel rebar.
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