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Abstract 

This paper presents the numerical study to simulate the flexural behavior of normal strength, high 
strength and hybrid reinforced concrete beams, under two points load with two different 
reinforcement ratio. The hybrid beam consists of two layers: the compressive layer is made of high 
strength concrete, and the tension layer is made of normal strength concrete. The simulation was 
done with a finite element model using the commercial finite element code, ANSYS (v.9.0). The 
concrete component material is modeled, the internal steel reinforcement modeled using ''LINK'' 
elements. The modeled behavior shown a good agreement with the experimental data. The 
maximum percentage difference in ultimate load-carrying capacity is 8% at the ultimate load level. 
Analytical study also included the effect of increasing the depth of the normal strength concrete for 
the hybrid reinforced concrete beam and the effect of increasing the compressive strength for high 
strength concrete and normal strength concrete respectively on the behavior and the load carrying 
capacity of the hybrid reinforced concrete beams. 
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 امتحويل بطريلة امؼنارص احملددة نوؼتبات اخلرساهية املسوحة الاغتيادية امللاومة وامؼامية امللاومة وامهجينة

 

 

 اخلالصة
املهجننة تن   وامؼامينة امللاومنة واملصنوػة منن اخلرسناهة الاغتيادينة ان هذا امبحث يلدم دراسة ػددية همتثيل سووك الاهثناء مامنذج من امؼتبات اخلرساهية املسوحة 

ال وىل مكوهنة منن اخلرسناهة الاغتيادينة يف منطلنة املند وامثاهينة منن  طبلتنني املهجنة تتكون منن  امتسويح. الاغتابتأ جري امحلل يف هلطتني ومنس بتني خمتوفتني من 

(.ملند مت ثثينل اخلرسناهة  سن تمدام 9الاصندار )  ANSYSد مت تطوير منوذج امتحوينل امؼندداب  سن تمدام منر م اخلرساهة ػامية امللاومة يف منطلة الاهضغاط. مل

وكند اههنرت امنتنا  غنارص جالجية الابؼاد تأ خذ بنظر الاغتبار تأ جري امتصدػات و  يق اخلواص امالخطينة . امنمت مت اسن تؼمتل غننارص ربني همتثينل لديند امتسنويح 

امرث امؼموية. حبيثحويل امؼدداب تلارب جيد مع امنتا  املس تخرجة من امت  %.8فرق يف امتحمل ال كىص جاء  أ 

ػن   واخلرساهة الاغتيادينةملاومة اهضغاط اخلرساهة ػامية امللاومة  وتأ جري زايدةاممت تضمن  ادلراسة امنظرية تأ جري زايدة معق اخلرساهة الاغتيادية يف الاغتاب املهجنة 

  كىص مع غتاب اخلرساهية املهجنة.سووك وكمية امحلل الا

 

1- INTRODUCTION: 

                AAddvvaanncceess  iinn  ccoonnccrreettee  tteecchhnnoollooggyy  hhaavvee  nnooww  mmaaddee  pprraaccttiiccaall  tthhee  uussee  ooff  ccoonnccrreettee  ffoorr  ssttrreennggtthh  uupp  

ttoo  ((9900  ––  110000  NN//mmmm22))..  TThhiiss  ccoonnccrreettee,,  wwiitthh  vveerryy  hhiigghh  ccoommpprreessssiivvee  ssttrreennggtthh  iiss  cchhaarraacctteerriizzeedd  bbyy  iittss  

hhiigghh  ccoosstt  ccoommppaarreedd  ttoo  nnoorrmmaall  ssttrreennggtthh  ccoonnccrreettee..  TThhuuss,,  tthhee  uussee  ooff  ssuucchh  ttyyppee  ooff  ccoonnccrreettee  mmuusstt  bbee  

jjuussttiiffiieedd  ffrroomm  tthhee  eeccoonnoommiiccaall  ppooiinntt  ooff  vviieeww  ((11))..    

HHyybbrriidd  llaayyeerreedd  ssyysstteemmss  ooff  vvaarriioouuss  ssttrreennggtthh  mmaatteerriiaallss  iinn  tthhiiss  ssttuuddyy,,  aass  tthhee  hhyybbrriidd  bbeeaammss  ccoonnssiisstt  ooff  

ttwwoo  llaayyeerrss::  tthhee  ccoommpprreessssiivvee  llaayyeerr  wwhhiicchh  iiss  mmaaddee  bbyy  HHSSCC,,  aanndd  tthhee  tteennssiioonn  llaayyeerr  wwhhiicchh  iiss  mmaaddee  ooff  
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NNSSCC..  TThhee  ffiinnaall  ((hhyybbrriidd))  ccrroossss--sseeccttiioonn  ccoommbbiinneess  bbootthh  ttrraaddiittiioonnaall  ((ccoonnccrreettee))  aanndd  nneeww  hhiigghh  ssttrreennggtthh  ttoo  

ccrreeaattee  aa  hhiigghhllyy  ooppttiimmiizzeedd  ssttrruuccttuurree  ((22))..  

This paper presents three dimensional material nonlinear finite element (FE) model, developed with 

commercial finite element package, ANSYS 9, to simulate the behavior of reinforced concrete 

beam specimens of normal strength, high strength and hybrid reinforced concrete beams tested by 

two concentrated point load. The obtained results from the FE analysis are compared with 

experimental data for the RC beams (Kareem Sh. 2006(2)). The results are presented in terms of 

ultimate load carrying capacity and deformationa characteristics. Finally, the accuracy and validity 

of the model were investigated.  

 

2- GEOMETRY:   

SSiixx  ssppeecciimmeennss  ooff  KKaarreeeemm  SShh..  bbeeaammss  22000066((22))  aarree  cchhoosseenn  ffoorr  tthhee  ffiinniittee  eelleemmeenntt  aannaallyyssiiss  aass  sshhoowwnn  iinn  

FFiigguurree  ((11))..  TThhee  bbeeaammss  aarree  mmaaddee  ooff  nnoorrmmaall  ssttrreennggtthh  ccoonnccrreettee    ((BBNN))  ((2222..55  NN//mmmm22)),,  wwhhiillee    bbeeaammss  

mmaaddee  ooff  hhiigghh  ssttrreennggtthh  ccoonnccrreettee    ((BBHH))  ((7722..55  NN//mmmm22)),,  aanndd  tthhee  bbeeaammss    mmaaddee  ooff  ttwwoo  ddiiffffeerreenntt  ccoonnccrreettee  

mmiixxeess    ((BBHHYY))  ((2222..33  aanndd  7733..77  NN//mmmm22)),,  tthhee  ((2222..33  NN//mmmm22))  mmiixx  iiss  ffoorr  ccaassttiinngg  tthhee  lloowweerr  ((118855  mmmm))  ooff  

tthhee  bbeeaammss  aanndd  tthhee  ootthheerr  iiss  hhiigghh  ssttrreennggtthh  ccoonnccrreettee    ((7733..77  NN//mmmm22))  ffoorr  tthhee  uuppppeerr  ((9900  mmmm))  ooff  tthhee  

bbeeaammss..  

TThhee  bbeeaammss  aarree  ddeessiiggnneedd  ttoo  ffaaiill  iinn  fflleexxuurree,,  ttwwoo  ddiiffffeerreenntt  rreeiinnffoorrcceemmeenntt  rraattiiooss  ((11..4433%%  aanndd  33..5566%%))  aanndd  

rreeiinnffoorrcceemmeenntt  iinn  tthhee  ffoorrmm  ooff  vveerrttiiccaall  ssttiirrrruuppss  iiss  uusseedd  ttoo  pprreevveenntt  sshheeaarr  ffaaiilluurree..    

TThhee  ddiimmeennssiioonnss  ooff  aallll  tthhee  bbeeaammss  aarree  ggeeoommeettrriiccaallllyy  ssiimmiillaarr,,  hhaavviinngg  rreeccttaanngguullaarr  ccrroossss--sseeccttiioonn,,  ooff  

ddiimmeennssiioonn  ((117755××227755 × ×33000000))  mmmm..  AAss  sshhoowwnn  iinn  FFiigguurree  ((11))..  TThhee  bbeeaammss  tteesstteedd  aarree  ssiimmppllyy  ssuuppppoorrtteedd  

oovveerr  ((22880000))  mmmm  ssppaann  aanndd  llooaaddeedd  aatt  ttwwoo  ppooiinnttss  hhaavviinngg  aa  ddiissttaannccee  ooff  ((993333..33))  mmmm  bbeettwweeeenn  tthheemm..  
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Figure (1): Loading and Specimen Details (All dimensions are in (mm) 

 

3- FINITE ELEMENT MODEL: 

3- 1- Element types: 

3-1-1 Concrete: 

An eight-node solid element, Solid65, was used to model the concrete. Each node has three degrees 

of freedom in x, y, and z directions. Plastic deformation, cracking in three orthogonal directions, 

and crushing of the elements are allowable. Figure (2) show the geometry and node locations for 

this element. 

 

Figure (2): Solid65 – 3-D solid 
(3)

. 

For reinforced concrete, ANSYS requires input data for material properties as follows:  

 Elastic modulus (Ec). 

 Ultimate uniaxial compressive strength (f’c). 

 Ultimate uniaxial tensile strength (modulus of rupture, fr). 

 Poisson’s ratio (ν). 

 Shear transfer coefficient (βo, ). 

the modulus of elasticity, , can be calculated with a reasonable accuracy from the empirical 

formula (ACI code 318-2005) 
(4)

. 

CC fE 4700  …………………………………………………… (1) ( f  c in MPa) 
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The modulus of rupture fr is taken as (  ). A shear transfer coefficient (β) is introduced in 

order to estimate the ability of concrete to transfer shear force across the crack interface. This 

coefficient represents a shear strength reduction factor for concrete across the crack face 
(3)

. The 

shear transfer coefficient used in this study were 0.2 and 0.3  for the case of open crack ( ) and 

closed crack ( ) respectively.  

 

The uniaxial stress-strain relationship for concrete in compression is required by the program. The 

numerical expressions equations (2, 3, and 4) were used along to construct the uniaxial compressive 

stress-strain curve of concrete in this study (Desayi and Krishnan 1964)
(5)

, and  stress-strain curve 

for normal weight concrete are shown in figure (3). 

 

               for      …………………………….... (2) 

2
o

c

f c

E



 ..………………………………………………………. (3)    

cE



    for       ……………………………….. (4) 

Where: 

  = stress at any strain , N/mm
2
. 

  = strain at stress f .  

o  = strain at the ultimate compressive strength f c . 

 1=strain corresponding to stress 0.3 f c . 

 

Figure (3): Simplified Compressive Uniaxial Stress- Strain Curve for Concrete [6] 
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For the convergence nonlinear solution algorithm, the multi-linear curves were used. The summary 

of Material properties for all concrete types is shown in Table (1). 

Table (1): The summary of Material properties for all concrete types 

Material Properties 
Concrete Types 

BN BH HYB 
NSC HSC NSC HSC 

Compressive strength cf '  (MPa ) 22.5 72.5 22.3 73.7 

Young’s  modulus Ec(MPa ) 23640 38820 24220 42530 

Tensile strength rf (MPa ) 3.6 21.75 3.64 6 

Poisson’s  ratio* 0.2 0.2 0.2 0.2 

* Assumed 

3-1.2 Steel reinforcement: 

 

To model the steel reinforcement we used Link8 element. This element has two nodes with three 

degrees of freedom in nodal x, y and z directions and capable of plastic deformation. A perfect bond 

between the concrete and steel reinforcement is considered. Figure 4 shows the geometry and load 

locations of the element.  

 

Figure (4): Link8 – 3-D spar 
(3)

 

The steel reinforcement was connected between nodes of each adjacent concrete solid element, so 

the two materials shared the same nodes. The steel reinforcement for the FE model is assumed to be 

elastic- perfectly plastic and identical in tension and compression as shown in Figure (5). Tables 2 

reports material properties for the steel reinforcement for all beams models. 

Table (2): Material properties of the steel reinforcement 

Nominal  
diameter (mm) 

Poisson’s ratio  ν * Modulus of elasticity 
(GPa)* 

fy  

(MPa) 

fu  

(MPa) 

6 0.3 200 382.5 545.4 
16 0.3 200 420 635.3 
25 0.3 200 444.9 708.6 

      *Assumed 
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Figure (5): Stress-strain curve for steel reinforcement 

4- FINITE ELEMENT IDEALIZATION: 

By taking advantage of the symmetry of the three beam’s geometry and loading, a half of the entire 

model beam was used for the finite element analysis. 

In order to represent the concrete material, the reinforced concrete beams are modeled by (5760) 8-

node brick elements. While (2263) three-dimensional two-node bar elements (link8) were used to 

model the reinforcement bars which share with concrete elements in the same nodes. 

Perfect bond was assumed between normal and high strength concrete for hybrid reinforced 

concrete beams. 

The final step is applying the boundary conditions and the loads. There are two boundary conditions 

one for supports and the other for symmetry. For the support, the point of supports is constrained in 

the x and y-directions (hinge support). For the symmetry, one plane of symmetry exist, and at a 

plane of symmetry the displacement in the direction perpendicular to that plane was held at zero 

value (Uz=0). The external load is represented by equivalent nodal loads.  

The boundary conditions and loading of hybrid reinforced concrete beam of the finite 

element mesh, are shown in Figure (6) and Figure (7).  

 

Figure (6): FE mesh, boundary condition and loading for hybrid reinforced concrete beam 
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   a. (3φ25mm) 

 

b. (3φ16 mm) 

Figure (7): modeling of steel reinforced of hybrid reinforced concrete beams 

 

To carry out the nonlinear analysis, the calculation was conducted by using 8-point ( 222  ) 

integration rule, and full Newton-Raphson method, and a convergence tolerance of (1%) is used. 

For applying the external load we used the uniform increments load. The last applied load steps 

represents the final loads for the finite element models before the solution diverges due to numerous 

cracks and large deflections.  

 

5- RESULTS AND DISCUSSION: 

The validation of the FE models was conducted by comparing the modeled load carrying capacity 

and load-deflection with the experimental results for normal, high and hybrid reinforced concrete 
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beams specimens. The finite element load-deflection response, obtained for the beams, BN, BH and 

BHY for two reinforcement ratios (1.43% and 3.95%) are shown in Figures (8), (9) and (10) 

respectively along with the corresponding experimental results. The behavior of the numerical 

models agrees well with the reported experimental observations throughout the whole loading 

process as can be seen from the load – deflection curves, some differences between the 

experimental and finite element beams appeared in curves and this may be caused by several factors 

that lead to higher stiffness in the finite element models. The finite element analyses assumes the 

bond between the concrete and steel reinforcing is perfect, but in the reality the assumption would 

not be true because slip may occurs, therefore the composite action between the concrete and steel 

reinforcing is lost in the actual beams. Also the microcracks formed by drying shrinkage and 

handling are also may be present in the concrete to some degree. The aforementioned reasons would 

reduce the stiffness of the actual beams, while the finite element models do not take in 

consideration the microcracks which is not incorporated in the models. Also, the perfect bond 

between the two concrete types for hybrid beams which appeared especially after yield point may 

lead to different results. The experimental and the analytical load-carrying capacity for the beams 

and the ratio between them are shown in Table (3). 

 

a. BN with 3φ16mm                                                        b.BN with 3φ25mm 

Figure (8):Load-deflection behavior of BN beams 
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a. BH with 3φ16mm                                                 b.BH with 3φ25mm 

Figure (9): Load-deflection behavior of BH beams 

 

a. BHY with 3φ16mm                                                 b.BHY with 3φ25mm 

Figure (10): Load-deflection behavior of BHY beams 

Table (3): Experimental and predicted failure loads for beams BN, BH and BHY 

Beam 
Ultimate load (kN) 

FE/Exp. 
Max. Deflection 

FE/Exp. 
Exp. FE Exp. FE 

BNφ25 228 240 1.05 22 26.88 1.22 
BHφ25 428 435 1.01 50.3 56.1 1.11 
BHYφ25 388 380 0.98 28.75 44.9 1.56 

BNφ16 152 140 0.92 23.5 17.8 0.75 
BHφ16 175 170 0.97 34 44.7 1.31 

BHYφ16 175 172 0.98 32 25.3 0.79 
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6- Effect of some parameters on behavior of hybrid beams  

The behavior of a hybrid beams are affected by many parameters. In the current study the beams 

(BHY) have been employed in a numerical study to demonstrate the effects of some parameters on 

the nonlinear finite element solution. These parameters include the following: 

 The effect of changing depth of normal strength concrete.  

 The Effect of Increasing Compressive Strength of Concrete.   

The effects of each of the above-mentioned parameters are discussed below. 

6-1 The Effect Of Changing The Depth Of Normal Strength 

Concrete: 

In order to investigate the effect of changing the depth of normal strength concrete (h) on the 

behavior of hybrid reinforced concrete beams, the hybrid beams BHY have been analyzed with 

different values of (h). Figure (11) and Figure (12) show the study of this effect on the Load-

Deflection behavior.  

 

Figure (11):The change in depth of NSC 

 

A.BHY with 3φ25mm 
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B.BHY with 3φ16mm 

Figure (12): The effect of changing depth of normal strength concrete on the BHY beams 

According to the results of the analysis, the following observation may be noted for BHY with 3ϕ25 

(3.56% steel ratio): 

 Increasing the depth of normal strength concrete for the hybrid reinforced concrete beam from 

(h=185mm) to (h= 200 mm), decreased the ultimate load by (7.2%).  

 Decreasing the depth of normal strength concrete for the hybrid reinforced concrete beam from 

(h=185mm) to (h= 137.5 mm) , decreased the ultimate load by (9.6%). 

According to the results of the analysis, the following observation may be noted for HBY with 3ϕ16 

(1.43% steel ratio): 

 Increasing the depth of normal strength concrete for the hybrid reinforced concrete beam from 

(h=185mm) to (h= 200 mm), increased the ultimate load by (11.3%).  

 Decreasing the depth of normal strength concrete for the hybrid reinforced concrete beam from 

(h=185mm) to (h= 137.5 mm), increased the ultimate load by (1.67%). 

6-2 The Effect of Increasing the Compressive Strength of 

Concrete: 

Figure (13), (14),(15) and(16) shows the effect of increasing the compressive strength of normal 

and high strength concrete for HYB beams with (ρ=3.56 % and 1.43%) respectively on the 

behavior of the hybrid reinforced concrete beam BHY. Based on the results of the analysis for 

HBY with ρ= 3.56, the following observation may be recorded: 

 With respect to the beam BHY with originally cf '
 =22.3MPa for the normal strength concrete, 

the effect of increasing cf '
 to 30MPa, caused an increase in the ultimate load by about (3.9%). 

 Similarly, the effect of increasing the compressive strength of normal strength concrete 

to cf '
=40MPa, caused an increase in the ultimate load by about (5.2%). 
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 Increasing the compressive strength of the high strength concrete to cf '
=95 MPa with respect to 

the original compressive strength cf '
 =73.7 MPa, cause an increase in the ultimate load by 

(3.9%). 

 Similarly, the effect of increasing the compressive strength of high strength concrete 

to cf '
=120MPa, caused an increase in the ultimate load by about (5.2%). 

 

Figure (13) : Effect of increasing the compressive strength of normal strength concrete for the BHY 

beam with ρ=3.56 %. 

 

Figure (14): Effect of increasing the compressive strength of high strength concrete for the BHY 

beam with ρ=3.56%. 

Based on the results of the analysis for HBY with ρ= 1.43, the following observation may be 

recorded: 

 With respect to the beam BHY with originally cf '
 =22MPa for the normal strength concrete, 

the effect of increasing cf '
 to 30MPa, caused an increase in the ultimate load by about 

(1.67%). 

 Similarly, the effect of increasing the compressive strength of normal strength 

concrete cf '
=40MPa, caused an increase in the ultimate load by about (18.33%). 
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 Increasing the compressive strength of the high strength concrete to cf '
=95 MPa with respect 

to the original compressive strength cf '
 =71.1 MPa, cause an increase in the ultimate load by 

(5%). 

 Similarly, the effect of increasing the compressive strength of high strength concrete 

to cf '
=120MPa, caused an increase in the ultimate load by about (6.67%) 

 

Figure (5): Effect of increasing the compressive strength of normal strength concrete for the BHY 

beam with ρ=1.43 %. 

 

Figure (16): Effect of increasing the compressive strength of high strength concrete for the BHY 

beam with ρ=1.43%. 

Conclusion: 

1. According to the results of the available experimental tests with comparison with the results 

obtained from the finite element analysis by (ANSYS) it is shown that the computer modeling can 

be used efficiently to predict the structural response and the load carrying capacity of such beams. 

2. Increasing the depth of normal strength concrete for the hybrid concrete beam (with 

ρ=3.56%) by 8% cause a decrease of the ultimate load by (7.2%), while decreasing the depth of 

normal strength concrete by 25.6% cause a 9.6% decrease in the ultimate load caring capacity. 
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3. Increasing the depth of normal strength concrete for the hybrid concrete beam        (with 

ρ=1.43%) by 8% cause a increase of the ultimate load by (11.3%), and decreasing the depth of 

normal strength concrete by 25.6% cause a 1.67% increase in the ultimate load caring capacity. 

4. The finite element solution reveals that increasing the compressive strength of concrete 

causes an increase in the ultimate load carrying capacity. For the studied cases it is found that 

increasing cf '
 of the normal strength concrete for the hybrid beams in the range of (34%-79%) 

causes an increasing in the load capacity  by (3.9%-5.2%) and (1.67% -18.33%) for (ρ=3.56% and 

1.43%) respectively . 

5. Increasing ( cf '
) of the high strength concrete for the hybrid beams in the range of (29%-

63%) causes an increase in the ultimate load capacity by (3.9%-5.2%) and (5%-6.67%) for 

(ρ=3.56% and 1.43%) respectively. 
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