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Abstract 
          Nonlinear analysis of reinforced concrete Bridge Deck Panels strengthened by carbon fiber reinforcement 

sheets has been investigated in this paper. The ANSYS 12.1 computer program was used for this purpose. The finite 

element models are developed using a smeared crack approach for concrete , three dimensional  solid elements(solid 

65) for concrete, One dimensional solid elements(Link8) for steel reinforced bars , and three dimensional layered 

elements(solid 46) for carbon fiber sheets (CFS). Three-dimensional finite element analysis was conducted to obtain 

the response of the strengthened Bridge Deck Panels with CFS in terms of applied load –deflection. Comparison 

with previous experimental studies shows about 90% agreements. 

 

The effects of some influencing parameters including steel reinforcement ratio and carbon fiber sheets thickness on 

the behavior of strengthened Bridge Deck Panel were studied. The main conclusion was the steel reinforcement ratio 

is main factor affecting the structural strength. 
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 الخلاصة 
ؾليمخات الكاربؾن حيث تؼ استخجام طخيقة العناصخ المقؾاة باستخجام ب لألؾاح سظح الجدؾر الخخسانية المدلحةاللاخظي  التحليلتؼ في هحا البحث دراسة 

تؼ  اصخ المحجدة الحالي.تؼ استخجام مبجأ التذققات الغيخ منتغمة للخخسانة في نمؾذج العن(.ANSYS 12.1المحجد للتحليل و ذلػ بدتخجام بخنامج )
( لتمثيل حجيج التدليح كما استخجم العنرخ الرلج link 8) حادي البعجأ العنرخ و ) Solid 65تمثيل الخخسانة بالعنرخ الرلج الثلاثي الابعاد )

رسؼ الابعاد لتحجيج قؾة الالؾاح حيث تؼ التحليل بظخيقة العناصخ المحجد ثلاثي  لقج. ( لتمثيل بؾليمخات الكاربؾن Solid 46الظبقي ثلاثي الابعاد ) 
تظابق  المقارنة مع النتائج التجخيبية لبحؾث سابقة اعهخت هحه الالؾاح.المنحنيات التي تؾضح العلاقة ما بيؽ الاحمال المدلظة والهظؾل الحاصل في 

  .%09 حؾالي
 

 .على ترخف ألؾاح الدظح الخاصة بالجدؾر مخات الكاربؾن ندبة حجيج التدليح اضافة الى سمػ طبقات بؾلي ت تأثيخات بعض العؾامل مثل درس
 هحا النؾع مؽ الالؾاح.العامل الخئيدي الحي يؤثخ على التحمل الانذائي ل ؾه ندبة حجيج التدليحالاستنتاج الخئيدي في هحا البحث هؾ كؾن 

 

1. Introduction 
     Reinforced concrete bridge decks receive traffic loads directly. Structural damage can 

increase, such as residual deformation and numerous cracks, which eventually decreases the life 

of the deck as well as its load carrying capacity (Sim J. and Oh H., 2004).  

     Permanent deformations of decks caused by excessive repeated heavy traffic loads are one of 

the main deterioration phenomena leaded to failure of decks. The deteriorated bridge decks then 

fail either due to sapling of the concrete or a punching shears failure. During the last decade, 

many studies have focused on repair and rehabilitation techniques for concrete structures, and 

more efficient strengthening techniques and design methods have been reported (Sim J.et al., 

2005). 

     Normally, carbon fiber polymer was used for strengthening of RC structures due to high 

strength and stiffness-to-weight ratio, corrosion resistance, utilization within various factors of 

design, simple organization of the surface just before applying, decreased duration of the 
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construction time and lots of time remaining after strengthening scheme. Carbon fiber polymer 

has the essential requirement characteristics which make it usable for installation on the RC 

elements for structural behavior strengthening by considering de-bonding failure management 

(Far M. R. et al., 2011). 

     Modeling the complex behavior of reinforced concrete is a difficult task in the finite element 

analysis of civil engineering structures. Only recently have researchers attempted to simulate the 

behavior of reinforced concrete strengthened with FRP composites using finite element method, 

Kachlakev et al. in 2001 used the ANSYS finite element program to model the RC beams 

strengthened with FRP composites. Comparisons between the experimental data and the results 

from finite element models showed good agreement (Santhakumar R. et al., 2004). 

 

2. The Material Model: 
     The finite element code ANSYS, version 12.1, has been used. Where the concrete, reinforced 

bars and carbon fiber are modeled as following:   

2.1. Concrete Modeling: 
     The Solid 65 element was used to model the concrete; the solid element has eight nodes with 

three degrees of freedom at each node – translations in the nodal x, y, and z directions. The 

element is capable of plastic deformation, cracking in three orthogonal directions, and crushing. 

The geometry and node locations for this element type are shown in Figure (1) (ANSYS Guide), 

the multi-linear isotropic material uses von Mises failure criterion. Ec is the modulus of elasticity 

of the concrete, and ν is the Poisson’s ratio.  

 
 

Figure (1) The geometry of Solid 65  

 

     The compressive uniaxial stress–strain values for the concrete model was obtained using 

equations (1), (2) and (3) with which are computed the multilinear isotropic stress–strain curve 

for the concrete (Kachlakev D. and Miller T., 2001). 
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                                                                                                                                    (1) 

 

                                                                                                                                         (2) 

 

                                                                                                                                            (3) 

 

 

     The compressive uniaxial stress–strain curve (Figure - 2) is defined by five points where the 

first point is defined as 0.3  and is calculated in linear range. 

The second Point and the next two points are calculated from eq. (1) with ε0 obtained from eq. 

(2). The last Point is defined at  and corresponding it strain . 

 

 
 

Figure (2) The compressive Uniaxial stress–strain curve for concrete 

 

     Implementation of the Willam and Warnke (1975) material model in ANSYS requires that 

different constants be defined. These constants are: 

1. Shear transfer coefficients for an open crack; 

2. Shear transfer coefficients for a closed crack; 

3. Uniaxial tensile cracking stress; 

4. Uniaxial crushing stress (positive); 

5. Biaxial crushing stress (positive); 
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6. Ambient hydrostatic stress state for use with constants 7 and 8; 

7. Biaxial crushing stress (positive) under the ambient hydrostatic stress state (constant 6); 

8. Uniaxial crushing stress (positive) under the ambient hydrostatic stress state (constant 6); 

9. Stiffness multiplier for cracked tensile condition (default 0.6, ANSYS Guide). 

     Typical shear transfer coefficients range from 0.0 to 1.0, with 0.0 representing a smooth crack 

(complete loss of shear transfer) and 1.0 representing a rough crack (no loss of shear transfer) 

(Wolanski A J, 2004). 

     In this paper the Shear transfer coefficients for an open crack assumed 0.4 and Shear transfer 

coefficients for a closed crack assumed 1. 

The uniaxial tensile cracking stress obtains from equation (4) (ACI 318M-08): 

 

                                                                                                                                (4) 

 

     A value of 1 for constant 3 or 4 also removes the cracking or crushing capability, 

respectively. If constants 1-4 are input and constants 5-8 are omitted, the ANSYS using it 

defaults, the defaults of ANSYS are using the following equations to obtain the constants 

(ANSYS Guide): 

 

                                                                                                                                    (5) 

 

                                                                                                                                   (6) 

 

                                                                                                                                 (7) 

    

     Where : Biaxial crushing stress, : Ultimate compressive strength for a state of biaxial 

compression superimposed, : Ultimate compressive strength for a state of uniaxial compression 

superimposed. These stress states are only valid for stress states satisfying the condition 

, where : Ambient hydrostatic stress state where it defined by equation (8). 

 

                                                                                                                   (8)  

 

Where   ,  and  are the principal stresses in the principal directions. 

 

2.2.  Reinforcing Steel Modeling: 
     A 3-D spar element is a uniaxial tension-compression (link8 element) is used to modeling the 

reinforcement Steel bars, this element has three degrees of freedom at each node: translations in 

the nodal x, y, and z directions. As in a pin-jointed structure, no bending of the element is 

considered. Plasticity, creep, swelling, stress stiffening, and large deflection capabilities are 

included (ANSYS Guide). The geometry, node locations, and the coordinate system for this 

element are shown in Figure (3). 
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     The stress-strain curve of reinforcing steel bar is assumed to be elastic perfectly plastic. The 

bilinear kinematic hardening model was used to simulate the stress–strain curve of steel as 

shown in Figure (4) (Belakhdar K., 2008). This model required the modulus of elasticity of steel, 

the Poisson’s ratio of steel, the yield stress (fy), and tangent modulus where the tangent modulus 

be assumed zero. 

 

 
Figure (4) Stress–strain curve of reinforcement steel bars 

2.3. Carbon Fiber Modeling: 
       The SOLID46 element is used to modeling the CFS, this element is 3-D modeling of 

Layered solid structures. The element is defined by eight nodes having three degrees of freedom 

at each node: translations in the nodal x, y, and z directions. This element allows up to 250 

different material layers.  The geometry, node locations, and the coordinate system for this 

element are shown in Figure (5). The element is defined by eight nodes, layer thicknesses and 

layer material direction angles (ANSYS Guide). 

Figure (3) The geometry of Link8  
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Figure (5) The geometry of Solid 46  

 

 

     The carbon fiber assumes a Linear Isotropic model (Büyükkaragöz A., 2010), where the 

poison ratio assumed 0.35. The bond between carbon fiber and concrete was assumed perfect. 

 

3. Nonlinear Analysis 
     ANSYS employs the "Newton-Raphson" approach to solve nonlinear problems. In this 

approach, the load is subdivided into a series of load increments. The load increments can be 

applied over several load steps illustrates the use of Newton-Raphson equilibrium iterations in a 

single DOF nonlinear analysis. Before each solution, the Newton-Raphson method evaluates the 

out-of-balance load vector, which is the difference between the restoring forces (the loads 

corresponding to the element stresses) and the applied loads. The program then performs a linear 

solution, using the out-of-balance loads, and checks for convergence. If convergence criteria are 

not satisfied, the out-of-balance load vector is reevaluated, the stiffness matrix is updated, and a 

new solution is obtained. This iterative procedure continues until the problem converges. A 

number of convergence-enhancement and recovery features, such as line search, automatic load 

stepping, and bisection, can be activated to help the problem to converge. If convergence cannot 

be achieved, then the program attempts to solve with a smaller load increment (ANSYS Guide). 

 

4. Finite Element Model Verification: 

     The Load–displacement curves obtained from the ANSYS solutions are confirmed by the 

experimental results of Sim J. et al. (2006) where the Structural Assessment of Externally 

Strengthened Bridge Deck Panels studied. A deck panel with dimensions of 160 by 240 cm was 

supported by two girders, as shown in Figure (6). The slab thickness was 18cm; the compressive 

strength of the concrete was 24MPa and the elastic modulus of concrete was 23.2GPa. The 

reinforcement was φ16 at 10 cm in the transverse direction and φ16 at 15 cm in the longitudinal 
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direction, the Figure (7) shown the Reinforcements modeling specimen by ANSYS. The yield 

strength of steel was 300MPa and elastic modulus of steel was 196GPa. 

 
Figure (6) Deck Panel specimen (Sim J. et al., 2006) 

 

All dimensions are in centimeter 
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Figure (7) The reinforcements modeling specimen by ANSYS 

     The carbon fiber sheets with width 10 cm and thickness 0.11mm are place at the bottom of 

the deck with spacing 10 cm in two directions; the first one along the transfer direction and the 

other along the longitudinal direction as shown in Figure (8). Carbon fiber sheets attached to the 

epoxy coated concrete surface by pressing them were completely immersed and no air voids 

remained between the concrete and the sheet. The ultimate strength of carbon fiber was 

3500MPa and the elastic modulus was 231GPa. 
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Figure (8) The Carbon Fiber Sheets arrangement 

 

     The static load was applied to an area of 25 X 50 cm at the deck center to simulate the tire 

contact area of an actual vehicle (Sim J. et al., 2006).  

From the comparisons shown in Fig (9), it shows that the predictions are in close agreement with 

the experimental curves this indicates that the actual behavior of Deck Panel strengthened by 

Caron Fiber sheets can be accurately predicted by the ANSYS. Figure (10) shown at (a) the 

failure pattern of (Sim J. et al., 2006) while at (b) the deformed and un-deformed shape obtain by 

ANSYS. 

 

 

 

 

 

 

 

 
 

Figure (9) Comparisons of experimental results of (Sim J. et al., 2006) with ANSYS 
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                        (a)                                                                                                   (b) 

 

Figure (10) a-the failure pattern of (Sim J., 2006), b-deformed and un-deformed shape obtain by 

ANSYS 

 

 

 

 

 

5. Parametric Studies: 

     In the present work, the effect of steel reinforcement ratio is investigated as well as the effect 

of carbon fiber sheets thickness on the Load-Displacement curve, there for a slab having 

dimensions of 240 cm length, 160cm width and 18cm thickness was taken as the reference for 

the parametric studies that the same one that used by Sim J. et al. (2006), with the same material 

properties. 

     First, the effect of steel reinforcement ratio “SRR” on the Loads–Displacement as shown in 

Figure (11), where the area steel in the transverse direction decreased. The letter H indicate the 

SRR at the original specimen while the letter M point to a SRR that decrease by 43%,  then letter  

L are used  to identify a SRR that decrease by 61%,  It can be observed that loads at similar 

Displacements decrease when the SRR decrease.  
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Figure (11) Effect of steel reinforcement ratio 

 

     Second, the effect of carbon fiber sheets thickness on the Load-Displacement curve as shown 

in Figure (12), where three different thicknesses of carbon fiber sheets studied. The first carbon 

fiber sheet (CFS) with thickness 0.11 mm , the second CFS have thickness 0.8mm the last one 

have thickness 1.2mm. It can be observed that loads at similar Displacements increase when the 

CFS thicknesses increase.  

 

 
Figure (12) Effect of carbon fiber sheets thickness 

 

6. Conclusions: 
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1- The general behavior of the finite element models represented by the load-deflection 

plots show good agreement with the experimental results. 

2- Parametric studies showed that the steel reinforcement ratio is important factor affecting 

the descending region of the loads –Displacements curves for Bridge Deck Panels. 

3- Form Parametric studies showed that the loads at similar Displacements increase when 

the CFS thicknesses increase. 

4- The use of Carbon Fiber Sheet is effective for strengthening or repair the reinforcement 

concrete Bridge Deck Panels. 
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