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Abstract: A nonlinear finite element analysis carried out to investigate the behavior of a simply 

supported reinforced concrete deep beams to study their shear behavior after being strengthened by 

externally bonded carbon fiber composites materials (CFRP). Seven identical porcelanite lightweight 

aggregate concrete deep beams were analyzed numerically by using ANSYS computer program, two of 

them were unstrenghtened to serve as reference beams while the remaining five were strengthened using 

carbon fiber strips in different orientations (vertical, horizontal and inclined) and different number of 

layers (one and two layers). The locally available natural porcelanite aggregate (from western region of 

Iraq) was used to produce a structural lightweight aggregate concrete. Two different values of the shear 

span to depth ratio were adopted. The finite element analysis covers load-midspan deflection behavior, 

first shear crack and ultimate loads, and the crack pattern of the tested deep beams. Good agreement is 

obtained with available results which indicate the efficiency of the finite element method used to model 

the problem.  
 

Keywords: deep beams, CFRP strengthening, lightweight concrete, shear failure, nonlinear analysis, 

finite element analysis.       

 

البورسيلانايج خفيفت  تلعتباث خرسان باستخذام طريقت العناصر المحذدة اللاخطيالتحليل  

 الياف الكاربون شرائح ب خارجيا الوزن المسلحت العميقت والمقواة

 

انًسهحت بسيطت الاسُاد نبحث ايكاَيت صيادة لابهيت ححًهٓا لاخٓاد انمص  انخشساَيتْزا انبحث انخحهيم انلاخطي نهعخباث  يخضًٍ  الخلاصت:

بعذ اٌ يخى حمٕيخٓا خاسخيا باسخعًال ششائح انياف انكاسبٌٕ. حى في ْزا اانبحث ححهيم سبع عخباث عًيمت خفيفت انٕصٌ يخًاثهت ٔ يصُٕعت 

خاسخيا بانياف انكاسبٌٕ ٔرنك  يمٕاة( . اثُاٌ يٍ ْزِ انعخباث كاَخا غيش ANSYSج باسخخذاو بشَايح ال )يٍ حدش انبٕسسيلاَاي

ٔيائم(  شالٕنيخاسخيا  بانياف انكاسبٌٕ بٕضعياث يخخهفت )افمي,  انًمٕاةلاسخخذايٓا لاغشاض انًماسَّ يع انعخباث انخًس انًخبميت  

انًخٕفشة في انًُطمت انغشبيت )طبمت ٔاحذة أ طبمخيٍ(. حى اسخخذاو صخٕس انبٕسسيلاَايج ٔبعذد طبماث يخخهف يٍ انياف انكاسبٌٕ ) 

حى اسخعًال ليًخيٍ يخخهفخيٍ نُسبت فضاء انمص انى انعًك انفعال في في اَخاج خشساَّ خفيفت انٕصٌ راث يمأيّ يمبٕنّ اَشائيا.  (نهعشاق

خطي  دساست  حغيش انٓطٕل نًُخصف انعخبت  يع حغيش يمذاس انحًم انًسهظ عهى انعخباث, شًم انخحهيم انلا ححهيم انعخباث انًسهحت انعًيمت. 

ٔيمذاس انحًم انًسبب لأل شك لص ٔحثبيج يمذاس انحًم الالصى نهعخباث, ٔكزنك دساست حغيش شكم انشمٕق انًخكَّٕ عُذ انخحًيم 
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ئح انُُائح انًسخحصهّ يٍ خلال انًماسَت يع انُخائح انخدشيبيت انًخاحت حى حمييى دلت انُخا ٔدساست ثاحيش انياف انكاسبٌٕ عهى ْزِ انشمٕق.

ٔانخي حى اخشائٓا في سياق ْزِ انذساست. ٔحى انحصٕل عهى حٕافك خيذ ٔيمبٕل يع انُخائح انعًهيت انًخاحت ٔانخي حشيش أيضا انى كفاءة 

  طشيمت انعُاصش انًحذدة انًسخخذيت في حًثيم انعخباث ليذ انبحث. 

  

 
 Introduction1.  

 

      Deep beam are defined as a structural element which has a large depth to span ratio 

such that a considerable amount of the applied loads are transferred to beams' supports 

by a compression thrust joining the supports and the applied load points. According to 

ACI 318M-14[1], deep beams should satisfy one of the following conditions (Fig. 1). 

1) Clear span (measured face to face of supports) does not surpass four times the 

overall depth of the deep beam (h), or           

2) Concentrated loads are applied within twice the depth of the deep beam, 

or                              

  

 

 

 

 

 

Figure 1. Deep beam dimensions 

 

     Deep beams are found as transfer girders in high-rise buildings, water tanks, pile 

caps, foundation walls, floor diaphragms, folded plate roof structures, shear walls or 

corbels. They have width that is small compared to their depth or span length and they 

basically loaded in their plane [2, 3]. Because of the small value of span to effective 

depth ratio, the strength of deep beams is usually controlled by shear rather than 

flexural strength. The internal stresses cannot be determined by ordinary beam theory 

and the common design procedures even in the elastic range. The strain or stress 

distribution along the depth of the deep beams is no longer a straight line, and the 

variation of the strains is dependent mainly on the shear span to depth ratio [4].In deep 

beams, unlike the slender one, the assumption that plane section before bending remains 

plane after bending is no longer applicable. 

Shear strength of deep beams may be as much as two to three times greater than that 

calculated by using the ordinary equations which are used for the slender beams [5]. 

The most effective way to improve the shear strength of deteriorated deep beams is that 

externally bond FRP composite materials in the form of complete warps, U-jackets and 

side strips [6]. The use of carbon fiber composite material (FRP) in civil engineering for 

the strengthening or repairing of reinforced concrete structures and also for new 

constructions has become widespread practice. This strengthening system has several 

advantages like: high stiffness to weight ratio, corrosion resistance, improved durability 

and available in long lengths, flexibility in its use over steel plates, low thermal 
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expansion coefficient, rapid execution on site, high elastic modulus, high dynamic 

strength and no need for special equipment [7, 8].  

This work is aims to using ANSYS computer program (version 15) to analyze seven 

lightweight aggregate deep beams made by the locally available porcelanite lightweight 

rocks and to present a numerical comparative study concerning the behavior of 

lightweight aggregate reinforced concrete deep beams strengthened by various 

orientations of CFRP strips. Shear response, load-deflection curves and crack patterns 

were elaborated. The model uses a smeared cracking approach.      

  
2. Specimens Details 
 

2.1 Properties of Materials and Specimens Configuration 
 

     All the seven lightweight aggregate concrete deep beams are having a rectangular 

cross section of (150 mm wide * 400 mm deep), with an overall length of (1400 mm). 

The effective depth is (350 mm). The adopted a/d ratios were (0.8, and 1.0) which 

satisfied the definition of the ACI 318M-2014 [1] Building Code for deep beam (a/d 

less than 2).  The geometry, dimensions and the steel reinforcement details of the deep 

beams are given in Fig. 2. 316 mm and 5 @100 mm steel reinforcement bars were 

used for the main and shear reinforcement ( in the vertical and horizontal directions) 

respectively, Table 1 gives the properties of the reinforcing bars used in this work. 

  

Table 1: The properties of used steel reinforcing bars. 
  

Elongation 

% 

Ultimate strength  

(fu) 

MPa 

Yield stress 

(fy) 

MPa 

Bar 

Dia.  

(mm) 

Elastic 

modulus 

GPa 

Reinforcing bar 

15.8 695 573 16 200 
Main 

reinforcement 

4.61 578 476 5 200 
Shear 

reinforcement 

  

      From Table 1 above, the steel bars test results are complying with the ASTM 

A1064-14[9] and ASTM A615-05[10]. Steel ratio was equal to (s=0.01148) which is 

close to (max =0.0125) per ACI 318M-2014 [1] for avoiding flexural failure so that 

the failure is governed by shear. 

     As recommended by ACI 213.2R-03 Committee [11], a concrete shall be deemed to 

be a structural lightweight concrete if its compressive strength is greater than (17 MPa) 

at 28 days and the oven dry density less than (2000kg/m
3
). Hence, several trial mixes 

were made in order to satisfy these two conditions and reach to an acceptable concrete 

compressive strength of 26.34 MPa at 28 days with an oven dry density of about 1950 

kg/m
3
.  
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  Figure 2.Deep beam geometry and reinforcement details 

 
2.2 Strengthening Configuration 
 

     Five of the seven deep beams were strengthened by using carbon fiber strips in 

vertical, horizontal and inclined strips, the width and the thickness of theses strips were 

kept constant of 50 mm and 0.166 mm respectively. Table 2 gives the details of the 

specimens considered in this numerical investigation. 

 

Table 2: Details of the deep beams specimens considered in this numerical investigation. 

Beam 

designation 

a/d Beam Type Shea reinforcement No. of  CFRP layers 

and orientation Shear 

reinforcement 

CFRP Strips 

DB2 1.0 Control 5 @ 100mm none - 

DB4 wrapped 5 @ 100mm U-wrap one layer/vertical  

DB5 wrapped 5 @ 100mm horizontal 

wrapping 

one layer/ horizontal 

DB7 wrapped 5 @ 100mm Inclined  one layer/inclined  

DB8 wrapped 5 @ 100mm U-wrap two layer/vertical  

DB11 0.8 Control 5 @ 100mm none - 

DB12 wrapped 5 @ 100mm U-wrap one layer/vertical  

 

     DB4, DB8, and DB12 were strengthened by vertical CFRP strips as a U-shaped 

configuration as could be seen in Fig. 3a. These strips were spaced at 100mm c/c, 

knowing that DB8 was strengthened with double layers of CFRP strips. DB5 was 

strengthened by three longitudinal strips oriented horizontally with 100mm c/c spacing 

(Fig. 3b). In DB7, four isolated carbon fiber strips of 300mm and 200mm in lengths 

were bonded perpendicular to the diagonal connecting the loading and the supports 

points in a symmetrical manner with the 400 mm strip at the middle as shown in Fig. 3c. 

Decreasing in the strips length was adapted to be analogous to a decrease in the bottle 

shape representation of the strut and tie region (the load path).  The Young's modulus 

and tensile strength of the used CFRP strips was of 330 GPa and 9.3 GPa respectively
 

[12].  
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Figure 3. The CFRP wrapping Configuration 

 

3. Ansys Finite Element Modeling 
  

     This paragraph will outline finite element analytical details for the shear deficient 

lightweight aggregate concrete deep beams after being strengthened with externally 

bonded CFRP strips. The widespread well-known ANSYS (version15) program is used 

for this purpose.  

  
3.1 Material Modeling 
 

3.1.1 Compressive Behavior of Concrete 
  

     In ANSYS, Drucker–Prager yield criterion was used to define the stress-strain 

behavior of the lightweight concrete. This curve is described by a piecewise linear 

stress-strain model. The uniaxial compressive stress-strain curve for the concrete was 

constructing by using (1) and (2) which were adopted by Desayi and Krishnan [13], 

along with (3) adopted by Gere and Timoshenko [14]. 

 

                                      (
 

  
)
  
   ,                                        (1) 

                               
    

  
                                                                         (2) 

                                                                                               (3) 

                                                          

                                                               

                                           

 Here; f is t e stress at a strain ε (MPa), ε0 = strain at the ultimate compressive strength 

f'c. The value of modulus of elasticity of concrete (Ec) in the present study was taken 

(a):Horizontal wrapping of DB5  (b): Vertical wrapping of DB4, DB8, DB12 

(c): Inclined wrapping of DB7 
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from experimental results as 17850.06 MPa. The multilinear stress-strain diagram for 

concrete could be seen in Fig. 4. 

 

 

 

 

 

 

 

 
 

Figure 4: Uniaxial stress-strain relationship for the lightweight concrete 

  
3.1.2 Steel Reinforcement Modeling  
 

     Elastic-perfectly plastic behavior is assumed to the steel reinforcement bars used in 

the present study. This behavior is identical in compression and tension. This model 

required the values of the steel modulus of elasticity, yield stress (fy) and t e Poisson’s 

ratio to be defined. The adopted elastic bilinear stress-strain curve of the reinforcing 

steel is shown in Fig. 5. 

 
3.1.3 Frp Composites Modeling 

 

     Linear elastic properties for the CFRP strips were assumed as could be seen in Fig.6. 

The local coordinate system for the CFRP solid elements which was represented by 

shell 41 finite element is defined where the y-direction is the same as the fiber direction, 

and the x- and z-directions are perpendicular to the y-direction. 

 

 

                                                        
 

 

3.2. Elements for Meshing 

  

     Lightweight aggregate concrete was modeled using Solid65 element. This element is 

a 3D structural reinforced concrete solid element. It has eight nodes with three degrees 
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Figure 5: Stress-strain curve for steel 
reinforcement [15]. 

Figure 6: Linear Stress-strain curve for CFRP 
composite in the direction of the fiber.  
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of freedom per node; Solid65 can translate in the nodal x-, y- and z-directions. This 

element has the ability of plastic deformation, crushing and cracking in three orthogonal 

directions (Fig. 7a). Steel bars were modeled by using Link180 element for both the 

main and shear reinforcement in vertical and horizontal directions. It is a 3D spar 

element having two nodes with three degrees of freedom which were identical to those 

for solid65 and also this element has the capacity of plastic deformation (Fig. 7b). The 

bond between the concrete and the reinforcing bars is assumed to be perfect so the two 

materials shared the same nodes; the same approach was adopted for the bond between 

CFRP composite with the concrete. 

     In the finite element models as well as in the actual beams, four bearing steel plates 

were provided at the two points of loading and supports to avoids stress concentration 

and to prevent bearing failure of concrete at these zones. Solid185 finite elements were 

used to simulate the loading and supports steel bearing plates. It has eight nodes and 

three degrees of freedom per each node; translation in the nodal x-, y- and z- directions 

(Fig.7c). 

     The CFRP fabric strips were modeled using shell 41 element. This element is a 3D 

element with four nodes and three degrees of freedom per node; shell 41 can translate in 

the nodal x, y, and z directions (Fig. 7d). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7: types of elements used in the present study [16]. 

 
3.3. Real Constants 
  

     Table 3 presents the real constants for the present model.  Real Constant Set 1 is 

used for the Solid65 element in which, no real constant set exists for the element. In this 

work, modeling is bases on discrete reinforcement, and then zero values were entered 

for all real constants which switch off the smeared reinforcement capability of the 

Solid65 element. Values for cross-sectional area and initial strain were entered for the 

(a): Solid 65 element  

(c): Solid 185 elements  

(b): Link 180 element  

(d): Shell 41 element  
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Link180 element which was used to represent the steel reinforcement. No real constant 

was set for the solid 185 element which was used for bearing plates. 

 

Table3: Real constant values. 

Real 

constant set 
Element  Description Parameter Value 

1 Solid65 Concrete 

 Real constant for rebar 

rebar 1  rebar 2 rebar 3 

Material No. 0 0 0 

Volume ratio 0 0 0 

Orientation angle 0 0 0 

Orientation angle 0 0 0 

2 Link 180 
Main steel 

bars 

(316mm) 

Cross sectional area 

(mm
2
) 

201.06 

 
Initial strain 

(mm/mm) 
0 

3 Link 180 
Shear 

reinforcement 

(V and H)  

Cross sectional area 

(mm
2
) 

19.635 
 

Initial strain  0 

5 Shell 41 Carbon fiber 

Shell thickness at 

node I   TK(I) 
0.166 

 node J    TK(J) 0.166 

node K    TK(K) 0.166 

node L    TK(L) 0.166 

 

3.4. Material Properties 
  

     Table 4 illustrates the parameters needed to define the properties of the material used 

in the present work. 

Material model No. 1 refers to the Solid65 element. To exactly model the concrete, 

Solid65 element required linear isotropic and multilinear isotropic material properties. 

T e value of Poisson's ratio (ν) was assumed to be 0.15. Compressive uniaxial stress-

strain relationship for the concrete model was obtained as explained in the paragraph (3-

1-1). The uniaxial cracking stress was based upon the modulus of rupture. This value 

was found to be 3.12MPa by the experimental work done by the researchers. The 

material properties of Link180 (used for all the reinforcement) was assumed to be 

bilinear isotropic. Poisson’s ratio for t e steel reinforcement of t e in t is study was 0.3. 

 
3.5. Meshing (Finite Element Discretization)  
 

     The mesh was set up such that rectangular elements were created in order to obtain 

good results from Soild65 element. The beams were represented by eight elements 

along the height, fifty-six elements along the length, while six elements were taken 

along the width of the beam. The finite elements representation and the typical steel 

reinforcement for the deep beam modeling in the present work are illustrated in Fig.8. 

No mesh of the reinforcement is needed because individual elements were created in the 

modeling through the nodes created by the mesh of the concrete volume. The advantage 

of geometrical symmetry was not utilized in the beam modeling in the present work  
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To simulate the strengthening system, CFRP strips are connected to the concrete 

elements as shown in Fig. 9. Full interaction theory was adopted to simulate the 

relationship between CFRP elements and concrete elements so that there is no slip 

between them. Also, Full bond was assumed between all reinforcement types embedded 

in concrete.   

Table4: Material properties used in the present numerical work 

Material 

model No. 

Element 

type 
Material properties 

1 Solid 65 

Linear Isotropic 

EX 17850.06 

PRXY 0.2 

 

 

Multilinear Isotropic 

 Strain  Stress  

Point 1 0.000443 7.902 

Point 2 0.000944 15.291 

Point 3 0.001446 20.811 

Point 4 0.001947 24.208 

Point 5 0.00245 25.879 

Point 6 0.00295 26.340 
 

Concrete 

ShrCf-Op 0.1 

ShrCf-Cl 0.7 

UnTensSt 3.12 

UnCompSt 26.34 

BiCompSt 0 

HydroPrs 0 

UnTensSt 0 

TenCrFac 0 
 

2 Solid 185 

Linear Isotropic 

EX 200000 

 PRXY  0.3 
 

 

3 Link 180 

Linear Isotropic 

EX 200000 

PRXY 0.3 
 

Bilinear Isotropic 

Yield stress 573 

Tang Mod 0 
 

4 Link 180 

Linear Isotropic 

EX 200000 

 PRXY  0.3 
 

Bilinear Isotropic 

Yield stress 476 

 Tang Mod  0 
 

5 

 

Shell 41 

 

 

Linear isotropic 

Elastic modulus Poisson’s ratio Shear modulus 

E 230000 PRXY .25 Gxy 94262.29 

 

 

 

 

 

 

 

 

 

 

                     Figure 8: Finite element model and steel reinforcement representation for the analyzed  

deep beams 

 

 

 

 

 

 

Figure 9: FRP layered solid elements configuration on the external surface of the deep beam 
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3.6. Loading and Boundary Conditions  
 

     Numerical model for the deep beams along with boundary conditions is shown in 

figure.10. To simulate the hinge support of the deep beam, single lines of nodes on the 

plate were given constraint in the UY, and UX directions and to simulate the roller 

support, the DOF in the UY was constraint. The load was applied to the load steel plate 

across the entire centerline in such a way that the concentrated force at each mid nodes 

on the centerline is (1/6) of the actual applied force and for the edge two nodes was 

(1/12) of the actual applied force as could be seen in figure 10.   

 

 

 

 

 

 

 

 

 
 

Figure 10: Applied loads and boundary conditions of the deep beams 

 

3.7. Nonlinear Solution 
 

      Newton-Raphson approach was employs to solve the nonlinear equation in ANSYS 

computer program. In this approach, the total applied load is subdivided into a series of 

load steps. Newton-Raphson equilibrium iterations supply convergence at the end of 

each load increment within tolerance limits. The convergence tolerance limit was 0.005 

for displacement checking in order to obtain convergence of the solutions.  

 
4. Results and Discussion  
  

4.1 First Crack Load and Ultimate Load Capacity 
 

     The results of the comparative verification study are presented in Table 5 for the first 

shear crack loads of the experimental tested deep beams (Pcr) Exp. with its corresponding 

results from the numerical analysis by using ANSYS, (Pcr) FEM . The ultimate loads 

results of the experimental work (Pu) Exp, together with the final loads from the finite 

element models (Pu) FEM. are also given in Table 5.  The results are clear enough to 

reflect the acceptable conformity between the analytical and experimental data. In 

general, the first cracking load for the finite element analysis is somewhat higher than 

the experimental work. As an example, the first crack load of the control deep beam 

DB2 was 108.863 kN, which is about 9% higher than that of the experimental ones. The 

final loads for the finite element models are the last applied load steps before the 

solution begin to diverge due to numerous cracks and large deflections. The percentage 

difference for all the analyzed deep beams in case of first crack load was less than 19 %. 
The maximum deviation between the numerical and experimental results for the 
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ultimate load was about 15 %.   Results of the Table 5 are also presented by bar charts 

as shown in Fig. 11 and Fig.12 for more illustration. 

 

Table 5: Comparison between the experimental results and finite element analysis results 

Deep 

Beam 

No. 

a/d 

First crack load 

(kN) 
% 

difference  

Ultimate load 

(kN) (% 
difference 

(Pcr)FEM 

/ 

(Pu)FEM. 

% 
(Pcr)FEM (Pcr) Exp (Pu)FEM (Pu) Exp 

DB2 

1.0 

108.86 100 9 435.45 440 1.03 25 

DB4 171.60 160 7 484.67 520 6.79 35 

DB5 106.95 120 10 465 500 7.00 23 

DB7 161.92 140 16 578.3 580 0.29 28 

DB8 96.93 120 19 520 560 7.14 19 

DB11 
0.8 

94.39 100 6 524.36 620 15.43 18 

DB12 163.59 170 4 605.88 680 10.90 27 

 

  
Figure 11: comparative verification study for the 
first shear crack loads of the experimental and 

numerical results 

Figure 12: comparative verification study for 
ultimate loads of the experimental and numerical 

results 

  

4.2 Load-Midspan Deflection behavior 
  

     The load-deflection curves of the numerical model compared with the experimental 

values for the unstrenghtened control deep beams (DB2 and DB11) and CFRP 

strengthened beams (DB4, DB5, DB7, DB8, and DB12) are shown in figure 13. 

Knowing that the experimental work was carried out by the researchers in the structural 

engineering laboratory/Building and Construction Engineering Department/ University 

of Technology. The strengthening details of these deep beams are given in Table 2. The 

deflections were measured at midspan length in the center of the bottom face of the 

deep beams. The curves showed clearly the acceptable agreement between the finite 

element and the experimental results throughout the entire range of behavior. In general, 

the finite element model of the analyzed deep beams were stiffer in behavior compared 

with the actual beams, that may be clarified as; perfect bond between the concrete 

elements and the reinforcement is assumed in the ANSYS analysis, but for the actual 

beams the assumption would not be true because the slip may occurs. Therefore, in the 

actual beams, the composite action between the steel reinforcing and concrete is lost. In 

addition to that, the presence of the microcracks (which is generated by drying 
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shrinkage and handling) would reduce the stiffness of the actual beams, while the finite 

element models do not include such cracks as result to factors that are not incorporated 

into the models. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Load-midspan deflection relationship of the analyzed deep beams 

 

 

     Table 6 illustrates the comparison between the midspan deflection of the 

experimental tested deep beams, () Exp. measured at ultimate load and the maximum 

midspan deflection from the finite element models () FEM. it can be concluded from 

this table that the finite element analysis agrees well with the experimental results.  

 

Table 6: Comparison between the experimental and finite element results of deflections 

 for the deep beams at ultimate load. 
 

Deep 

Beam 

No. 

a/d 
Deflection (mm) ()FEM / 

()Exp. () Exp. 
() FEM. 

DB2 

1 

8.3 8.57 1.03 

DB4 3.6 2.59 0.72 

DB5 8.3 8.95 1.08 

DB7 7.35 7.31 0.995 

DB8 7.2 7.36 1.02 

DB11 
0.8 

7.6 8.02 1.06 

DB12 8.54 8.49 0.994 
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4.3. Crack Pattern 
 

    The crack patterns obtained by ANSYS program at failure load for the tested deep 

beams are shown Fig.14 to 20. The crack pattern in DB2 (which is the control beams 

with a/d =1) is distributed in a large area within the strut path zone. At the load of 

(108.863 kN) first crack appeared. Later with the increase in loading values the crack 

propagated further. DB2 failed completely in shear showing frame type failure. The 

deflections obtained using ANSYS are in good agreement when compared with 

experimental results.  It is noticed from the crack pattern figures that many adjoining 

diagonal cracks extend from the loading point towards the bottom nodes and crushing of 

concrete occurs below the loading plate. These cracks are simulating the bottle shape of 

the strut zone and they are in good agreement with the mode of failure obtained in the 

experimental work.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: crack pattern of unstrenghtened 
control deep beam DB2, a/d=1.0 

 

Figure15: crack pattern of DB4 
strengthened by one layers vertical CFRP 

strips, a/d=1.0 

  

Figure 16: crack pattern of DB5 
strengthened by one layer horizontal CFRP 

strips, a/d=1.0 

 

Figure 17: crack pattern of DB7 
strengthened by one layer inclined CFRP 

strips, a/d=1.0 

 

Figure 20: crack pattern of DB12 strengthened by 
one layer vertical CFRP strips, a/d=0.8 

 

Figure 19: crack pattern of unstrenghtened 
control deep beam DB11, a/d=0.8 

 

Figure 18: crack pattern of unstrenghtened 
control deep beam DB8, a/d=0.8 
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5. Summary and Conclusions 
 

     Although the number of tested deep beams was limited, a consistent tendency in 

their response is observed. Nonetheless, further experimental and numerical research 

may be needed to confirm the reproducibility of this study. Based on the numerical and 

experimental results discussed in this paper, the following conclusion are drawn   

1- The general behavior of the finite element model shows a reasonable agreement 

with the experimental data obtained in this work on the same deep beams in the 

same geometry, internal steel and material properties. The added CFRP external 

strips to the deep beams improved the behavior and load carrying capacity of the 

strengthened deep beams compared the control ones.       

2- The slight difference between the experimental and numerical results indicates 

that the finite element models assumptions of full interaction between the CFRP 

strips and concrete was reasonable.     

3- The failure mechanism of the tested lightweight reinforced concrete deep beams is 

modeled quite well using ANSYS software. The failure load measured as well as 

overall behavior of the analyzed deep beams was close to the experimental results. 

4- Bonded CFRP system in the shear span considerably delayed the formation of 

diagonal shear cracks and provided positive restraint to the subsequent growth of 

cracks. Furthermore, more distribution and smaller crack amplitude were detected 

at mid depth within the shear span of the strengthened beams with respect to the 

control deep beams.   

5- It is verified that the finite element analysis can accurately predict the load-

deformation, load capacity and failure mode of the deep beam. It can also capture 

cracking process for the shear-flexural peeling and end peeling failures, similar to 

the experiment. 
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