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Ttitle of Thesis

STRUCTURAL BEHAVIOR OF SELF COMPACTING CONCRETE BEAMS STRENGTHENED WITH
CARBON FIBER REINFORCED POLYMER SHEETS(EXPERIMENTAL AND ANALITICALSTUDY)

Abstract of Thesis

The main objective of the work in this thesis is to study the structural behavior of self compacting concrete beams
strengthened with carbon fiber reinforced polymer sheets.

The study consists of two parts: the first part is an experimental work through casting and testing SCC beams, while in
the second part an analysis has been conducted to the tested specimens by using a three dimensional nonlinear finite
element method by ANSYS program.

The experimental work consists of fabrication and testing of thirty two simply supported reinforced concrete self
compacting concrete(SCC) beams divided into two groups, the first group consists of five beams failed in flexure and
each beam had 2100 mm length and (175x300)mm cross sectional dimensions, the second group consisted of twenty
seven beams failed in shear ,this group is subdivided in to three groups depending on the ratio of shear span (a) to the
effective depth (d) .Three (a/d) ratios were used 1,2,and 3.The cross sectional dimensions of the beams were
(175x300)mm with length according to the (a/d) ratio .All beams were cast with self-compacting concrete with
compressive strength of about 45 MPa at 28 days.

For beams designed to fail in flexure, the investigation studied how the number of layers and configuration of CFRP
sheets affect the flexure behavior and the load carrying capacity. The results, show that the beams strengthened
externally with CFRP sheets provided improvement in ultimate loads. The increase in ultimate loads reached (33.30 %)
,the strengthened beams showed lower deflection and lesser crack width compared with unstrengthened beams.

For beams design to fail in shear the variables considered are the (a/d) ratio, and the amount and configuration of
CFRP sheets used in the strengthening of beams. For strengthened beams with (a/d) ratio of 3(slender beams), the
increase in the ultimate load depend on the amount and configuration of the CFRP sheets and it reached 50% compared
to unstrengthened beam. The strengthened deep beams with (a/d) ratio of 2 and 1 showed on increase in ultimate load
of 33% and 45% respectively compared with unstrengthend beams. The increase in ultimate load also depend on the
amount and orientation of the CFRP sheets. As beams failed in flexure , strengthened beams failed in shear showed
lower deflections and lesser crack width compared to unstrengthened beams.

A three-dimensional finite element model is adopted to study the structural behavior of SCC beams strengthened with
CFRP sheets. Nonlinear finite element analysis is performed using the (ANSYS- Version 14) finite element program
(Version 14).Solid 65, Solid 185, Link 180, Shell 41, are used to represent concrete, steel bearing plates, steel reinforcing
bars, CFRP sheets respectively.

Good results were observed from the adopted finite element models, where the ratios of numerical to experimental
ultimate load range from 1.04 to 1.10 for all analyzed SCC beams. The adopted finite element analysis shows good
agreement with experimental results throughout the load-deflection curves. However, the finite element models show a

slightly stiffer response.




