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Abstract

This thesis deals with the problem of openings in two-way concrete slabs
and the use of carbon fiber polymer bars as reinforcement instead of
conventional steel reinforcement. The project comprises eleven test
specimens of simply supported square slabs with square openings. The
slabs are loaded with concentrated point load up to failure. The aim of the
research is to obtain knowledge concerning the influence of opening size
and carbon fiber polymer reinforcement ratio on the load carrying
capacity and the stress distribution. Two slabs with opening reinforced by
steel bar was casted as control specimen and nine slabs with opening are
reinforced with Carbon Fiber Reinforced Polymers Bars (CFRP). The
experimental results indicated that, deflections of concrete slabs
reinforced with FRP bars are larger in the range of ( 21%-29%) than
slabs reinforced with steel bars . This is due to the low modulus of
elasticity and the different bond characteristics of the FRP
reinforcements. The ultimate capacity of slabs increases between (8% —
56%) with increase in the amount of CFRP bars. Concrete slabs with
central opening reinforced with CFRP behave linearly up to cracking,
and bilinear after cracking with greatly reduced stiffness. The
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experimental results show that the square opening significantly affected
the behavior of two way reinforced concrete slabs. It was found that the
ultimate load decrease with the increase in size of the opening. The
decrease in load carrying capacity for medium opening slabs from small
opening slabs with same FRP reinforcement ratiois 42 %, and of about
52% for large opening slabs .Finite element analyses of tested RC slabs,
with a non-linear concrete model are also presented. The Eleven slab
specimens have been analyzed with the help of two finite element
programs (ANSYS , Owen and Figueiras) . The numerical tests show that
the Ansys program predicted the experimental behavior of the slab with
opening better than the program presented by Owen and Figueiras. The
displacements of slabs at failure form Ansys program was about 3.5%
higher in average compared with experimental results, and 2% higher in
terms of failure loads. While the difference in displacements between
Owen and Figueiras program and the experimental results was
approximately 11% higher in average, and of about 5% higher in average
for failure loads. This difference between the two programs is due to in
the method of idealization of reinforcement.
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