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for the slab SHS6 strengthened with only six parallel and two layer of CFRP strips 
installed on the tension bottom face of the reinforced high strength concrete slab. 
Failure was observed at load 58.2 kN for SHS5 and 62.8 KN for SHS6 by CFRP 
debonding due to propagation of diagonal flexural cracks at bottom face of the 
concrete slab. It is interesting to note that when increasing the numbers of layers all 
these slabs fail at the same load levels 
    The two repaired slabs designated as SHS7 and SHS8, these slabs were similar to 
slab SHS2 in their strengthening patterns, the slabs were repaired by CFRP strips 
after loading to different percentages of ultimate load of the control slab SH. These 
load levels were (67.4%) and (80.2%) of ultimate load of the control slab SH for 
SHS7 and SHS8 respectively. The percentages increase in the ultimate loads for 
SHS7 and SHS8 were 25% and 22% with respect to the ultimate load of the control 
slab SH. Furthermore, Figures (9.1) to (9.2) show the crack width development and 
the CFRP effect on the reduction of crack width. 
 
Numerical Applications  
     A nonlinear finite element analysis has been carried out to analyze the concrete 
slabs , which are reinforced by CFRP strips and tested in this study. The analysis is 
performed by using ANSYS computer program (Version 13) which is running under 
system manager program (Windows seven) with applying the geometrical and 
material modeling . 
In this section, verification is done in order to check the validity and accuracy of the 
finite element procedure. The ability of the constitutive finite element analysis 
method to simulate the behavior of this type of members is demonstrated through the 
analysis of the tested beams.  
 
SHELL41 Element Description 
   SHELL41 is a 3-D element having membrane (in-plane) stiffness but no bending 
(out-of-plane) stiffness. It is intended for shell structures where bending of the 
elements is of secondary importance. The element has three degrees of freedom at 
each node: translations in the nodal x, y, and z directions. This element has variable 
thickness, stress stiffening, large deflection, and a cloth option [7], This element is 
used to simulate CFRP shear for all slabs. 
 
SOLD65 Element Description 
     SOLID65 is used for the 3-D modeling of solids with or without reinforcing bars 
(rebar). The solid is capable of cracking in tension and crushing in compression. In 
concrete applications, for example, the solid capability of the element may be used to 
model the concrete, while the rebar capability is available for modeling reinforcement 
behavior. Other cases for which the element is also applicable would be reinforced 
composites (such as fiberglass), and geological materials (such as rock). The element 
is defined by eight nodes having three degrees of freedom at each node: translations 
of the nodes in x, y, and z-directions. Up to three different rebar specifications may 
be defined. The most important aspect of this element is the treatment of nonlinear 
material properties. The concrete is capable of cracking (in three orthogonal 
directions), crushing, plastic deformation, and creep. The rebars are capable of 
tension and compression, but not shear. They are also capable of plastic deformation 
and creep. This 8-node brick element is used in this study, to simulate the behavior of 
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concrete (i.e. plain concrete). The element is defined by eight nodes and by the 
isotropic material properties [7]. 
 
Numerical Result 
1-Loads at Failure  
   In general, the predicted ultimate load obtained by ANSYS-13 gives agreement 
with experimental result. In most of the slabs, the finite element ultimate load 
overestimated the experimental results by (3% - 12%). Table (3) shows the 
compression between experimental and numerical results. 
       There are several factors that may cause the higher stiffness in the finite element 
models. Microcracks produced by drying shrinkage and handling are presented in the 
concrete to some degrees. These would reduce the stiffness of the actual slabs, while 
the finite element models do not include microcracks. Perfect bond between the 
concrete and steel reinforcing are assumed in the finite element analyses, but the 
assumption would not be true for the actual slabs. As bond slip occurs, the composite 
action between the concrete and steel reinforcing  is lost. 
2- Crack Patterns 
        In ANSYS computer program, the cracking or crushing types of fracture in 
concrete elements appear as circles at locations of these cracking or crushing, the 
shape of each crack and crush in concrete element is summarized as follows 
1- Cracking is shown with a circle outline in the plane of the crack, 
2- Crushing is shown with an octahedron outline. 
3- If the crack has been opened and then closed, the circle outline will have 
an X designation through it. 
       A cracking sign appears when a principal tensile stress exceeds the ultimate 
tensile strength of the concrete and perpendicular to the direction of the principal 
stress.  
    To obtain good results from the Solid65 element, the use of a rectangular mesh is 
recommended. Therefore, the mesh was set up such that square or rectangular 
elements were created Figure (10). The volume sweep command was used to mesh 
the steel plate and support. This properly sets the width and length of elements in the 
plates to be consistent with the elements and nodes in the concrete portions of the 
model. Figure (10.1) to (10.2) show the evolution of crack patterns in ANSYS 
program of load level (0.9 Pu) for control slab SH. On the other hand, the variations 
in strain and stress in the X and Z directions for control slab (SH) are shown in 
Figures (11). 
 
Conclusions  
         Based on the overall results obtained from the experimental work and the finite 
element analysis for the externally strengthened or repaired reinforced concrete 
highly strengthened slabs by CFRP strips, the following conclusions can be drawn as 
follows: 
1. The externally strengthened reinforced high strength concrete one-way slabs 
with bonded CFRP sheets show a significant increase in ultimate loads and the 
capacity of the slabs, this increase is about (8-64%) compared with the 
unstrengthened (control)(slab). 
2. The external CFRP strips attached to the tension faces of reinforced concrete slabs 
increase the stiffness of the slabs at all stages of loading, and consequently reduce the 
deflection at corresponding loads. 


