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التحلیل غیر الخطي باستخدام طریقة العناصر المحددة للأعضاء الخرسانیة تحت 
  عزم اللي تأثیر

  
  
  

تم في ھذا البحث استقصاء س�لوك العتب�ات الخرس�انية المس�بقة الجه�د المعرض�ة لع�زوم الل�ي باس�تعمال طريق�ة    

 يطي. اختير العنصر الثلاث�ي الابع�اد ذالتحليل غير الخ لإجراءالعناصر المحددة واستخدام نموذج ثلاثي الابعاد 

العشرين عقدة لتمثيل الخرسانة اما حديد التسليح فق�د ت�م تمثيل�ة ع�اى ش�كل عناص�ر احادي�ة البع�د مطم�ورة داخ�ل 

العنص�ر ذو العش�رين عق��دة واعتم�دت فرض�ية الت��رابط الكل�ي ب�ين م��ادتي الخرس�انة وحدي�د التس��ليح خ�لال جمي��ع 

اجه��ادات  ت��أثيرب��ار الخرس��انة عل��ى انه��ا م��ادة تتص��رف تص��رفا " مرن��ا " تح��ت ت��م اعت مراح��ل تس��ليط الاحم��ال.

ل��دنا " وعن��دما تص��ل الاجه��ادات ف��ي الخرس��انة ال��ى الاجه��اد -الض��غط ف��ي بداي��ة التحمي��ل يتبع��ه تص��رفا " مرن��ا

تبن�ي اجه�ادات الش�د فق�د ت�م  ت�أثيرالاقصى تسلك سلوكا " تام اللدونة " ولغاية الفش�ل. ام�ا س�لوك الخرس�انة تح�ت 

، م��ع الاخ��ذ بالحس��بان الاجه��ادات المتبقي��ة ف��ي مرحل��ة م��ا بع��د   التش��قق وت��م اس��تخدام .انم��وذج التش��قق المنتش��ر

 كذلك  استخدم انموذج  احتب�اس الق�ص والغرض لهذا  Tension Stiffening Modelانموذج تصلب الشد 

 Shear Retention Model لتخف�يض قيم�ة معام�ل ص�لابة الق�صShear Rigidity Modulus   م�ع

بنظ���ر الاعتب���ار التقلي���ل م���ن مقاوم���ة الخرس���انة  يأخ��ذواس���تعمل ايض���ا انموذج���ا  ع���رض الش���قاس��تمرار زي���ادة 

م تحليل ثلاثة انواع م�ن الاعض�اء ت للانضغاط بسبب وجود انفعالات الشد في قضبان حديد التسليح المستعرضة.

نت�ائج المستحص�لة م�ن طريق�ة العناص�ر المح�ددة م�ع عزوم اللي وتم مقارنة ال تأثيرالخرسانية مسبقة الجهد تحت 

بع�ض المتغي�رات المهم�ة كتل�ك المتعلق�ة بنمذج�ة وتمثي�ل  ت�أثيرتج�ارب عدي�دة لدراس�ة  تالمختبرية. أجري�النتائج 

عناص�ر المح�ددة. عل�ى س�لوك وس�عة العتب�ات للخواص الخرسانة المسبقة الجهد، وتلك المرتبطة بطريقة التحلي�ل 

ھ��ا ف��ي تص��رف تأثيرلبي��ان  م��ن المتغي��رات دالعدي�� ت��أثيرالل��ي. فق��د درس  ت��أثيرة الجه��د تح��ت الخرس��انية المس��بق

     العتبات. بصورة عامة كان التطابق جيدا بين النتائج العملية وطريقة العناصر المحددة.
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1- Introduction: 

          Torsion is a major factor to consider in the design of many kinds of reinforced concrete 

structures, including space frames, beams that support cantilever slabs or balconies, horizontally 

curved beams, spiral staircases, skew bridges … etc. However despite the fact that torsional stresses 

can frequently occur, torsion was generally ignored in design of reinforced concrete members 

before the 1960s. The large safety factors incorporated in flexure design were assumed to be 

sufficient to accommodate the effect of torsion. This assumption has been responsible for many 

cases of torsional distress and failure(1). 

 Prestressing can be defined in general terms as the pre loading of a structure before the 

application of the service load, so as to improve its performance in specific ways(2). Although 

several patents were taken out in the last century for various prestressing schemes, they were 

unsuccessful because low-strength steel was used. It was only in the early part of the twentieth 

century that the French engineer Eugene Freyssinet approached the problem in a systematic way 

and using high-strength steel, first applied the technique of prestressing concrete successfully. Since 

then prestressed concrete has become a well established method of construction and the technology 

is available in most developed and in many developing countries(3). Currently, no design criteria to 

obtain the torsional capacity of prestressed concrete beam under torsion are available in current ACI 

code 318-99. 

 At present, with the development of digital computers and numerical techniques, the finite 

element method has emerged as a powerful analytical tool for analysis of structures. This has 

opened a spacious world for engineers to model rationally many aspects of the phenomenological 

behaviors encountered in prestressed concrete. These aspects include the nonlinear multiaxial 

material properties, modeling of cracking and crushing, the changes in material properties after 

cracking and crushing, yielding of prestressed steel and many other properties.  

 

2- Finite Element Model: 

2-1 Material Representation: 

2-1-1Concrete idealization: The three dimensional modeling is adopted in the present study. The 

twenty-noded hexahedral isoparametric elements have been used. The element has its own local 

coordinate system, r, s ,t shown in Fig. (1), with the origin at the center of the element such that 

each local coordinate ranges from (-1) to (+1).  
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2-1-2 Reinforcement representation: This study adopts the embedded representation of prestre-

ssing shown in Fig.(1) which is almost used in connection with the higher order isoprametric 

concrete elements. The prestressing bar is considered to be an axial member built into the 

isoparmetric concrete element such that its displacements are consistent with those of the element. 

Perfect bond has been assumed between concrete and prestressing steel bars.  

 

  

  

 
 

 

 

 

 

 

 

 

 

 

2-2 Numerical Integration :  

The evaluation of the stiffness matrices and the equivalent nodal loads involves multiple 

integration. Explicit integration for these functions may be very difficult or even impossible. 

Therefore, an alternative arrangement of numerical integration is usually used. The 15 Gauss 

quadratic integration rule has been used in this investigation. The relative positions of the sampling 

points for this rule over the volume of the brick element are shown in Fig.(2).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.(1) The 20-noded brick element and embedded reinforcement 
in local coordinate system.  
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2-3 Nonlinear Solution Techniques:  

    The Incremental-Iterative method is the most commonly used technique for solving non-linear 

finite element problems. It implies the subdivision of the total external load into smaller increments, 

within each increment of loading iterative cycles are performed in order to obtain a converged 

solution corresponding to the stage of loading under consideration Fig.(3). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2-4 Convergence Criterian:  

The force convergence criterion has been considered in the numerical analyses carried out in 

the present work. When the residual (out of balance) forces are stifficiently small, the convergence 

is assumed to occur. Hence this criterion can be expressed in the from: 

f.f

)a(r)a(r

T

T .
Converg.Tolerance ..............................................(1) 

2-5 Equivalent Nodal Forces: 

 An iterative scheme can be in  used to determine the proper distribution of nodal loads 

corresponding to elastic pure torque. The procedure is based on the fact that the restrained end 

represents a section remote from the loaded end, therefore the reaction forces at the nodes of the 

restrained end are a better estimate of the correct loads than the corresponding nodal loads at the 

free   end. When the applied loads are correct than the corresponding reaction forces at the 
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Fig.(3) Incremental- Iterative  Techniques 
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restrained end will have the same magnitude and opposite direction. The iterative scheme is 

illustrated by the following steps: 

a) A set of nodal loads is applied at the loaded end such that the resulting torque equals the 

required applied torque. In general the distribution of the nodal loads will not be the 

correct one. 

b)  The reactions corresponding to the above loading at the restrained  end are determined 

using the finite element analysis. 

c)  The reactions are then used as a new set of nodal loads at the loaded end. 

d)  Steps b and c are then repeated until the difference between each nodal forces at the 

loaded end and the corresponding reactions at the restrained end is negligibly small. 

The scheme has been carried out for each beam analyzed in this study prior to the nonlinear 

analysis. The resulting sets of nodal loads are then used in the nonlinear analysis to represent as the 

external torque. 

3-Modeling of Material Properties:  

3-1 Behavior of Concrete in Compression:  

The accuracy of the numerical material models that may be adopted in the analysis should trace 

the overall behavior of the member within sufficient degree of accuracy. In the presented study, the 

stress-strain curves in compression is simulated by an elastic-plastic work hardening response 

followed by a perfectly plastic response, which is terminated at the onset of crushing. The plasticity 

model is expressed in terms of, the yield criterion, hardening rule, flow rule and crushing condition. 

3-1-1 The yield criterion: In order to mark the onset of plastic deformation of a material under 

multiaxial state of stress, a yield criterion is required. The yield criterion for concrete under a 

triaxial state of stress is generally assumed to be dependent on three stress invariants, However, 

many studies(3) showed that a yield criterion can be adequately expressed in terms of two-stress 

invarients only as 

o2
2

11 J3)CI(CI)(f     ………………………………………(2) 

where C ,  are material parameters and I1 , J2 are the first stress invariant and the second deviatoric 

stress invariant, respectively that are given by:   

zyI x1   ……………………………………………….…(3) 
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 and o is the equivalent effective stress at the 

onset of plastic deformation which can be determined from uniaxial compression test as  

cfpCo      ………………………………….…(4) 

where Cp is a plasticity coefficient which is used to mark the initial of plastic deformation. 

3-1-2 The hardening rule: The hardening rule is necessary to define the change of positions of the 

loading surfaces during the plastic deformation.  A relationship between the accumulated plastic 

strain and the effective stress is required to control the position of the current loading surface. A 

number of hardening rules have been proposed to describe the growth of the subsequent loading 

surfaces for a work hardening material.(3) 

In the current study an isotropic hardening rule is adopted. Therefore, from equation (2), the 

subsequent loading surfaces may be expressed as: 

2
2

11 J3)I.C(I.C)(f  ……………………………………(4) 

where  represents the stress level at which further plastic deformation will occur. The effective 

stress-plastic strain relationship can be expressed as:  

po.2E2p.Ecf.pC    ………………………………….…(5) 

 

where o  is total strain shown in Fig.(4). 

The uniaxial stress-strain curve is assumed to be linear up to a stress level equals to cfpC  

followed by a parabolic shape up to the peak compressive stress cf . In the present study, values of 

0.3 and 0.5 are assumed for plastic coefficient Cp for normal and high strength concrete 

respectively. The plastic yielding begins at a stress level of cp fC . If Cp = 1.0 , then the elastic 

perfectly plastic behavior is specified, as shown in Fig.(4). 
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3-1-3 The flow rule: In order to connect the loading function f and the stress-strain relation in the 

plastic range, an associated flow rule is usually employed. This means that the plastic deformation 

rate vector will be assumed to be normal to yield surface. The plastic strain increment is defined 

as(4). 

}{

})({f
d}p{d   ……………………………………….(6) 

The normal to the current loading surface }{})({f  is termed the flow vector. The yield 

function derivatives with respect to the stress components define the flow vector {a} as:  

T

zxyzxyx

f
,

f
,

f
,

z

f
,

y

f
,

f
a   

3-1-4 Crushing condition: in the adopted model, the isotropic expansion of the subsequent 

loading surfaces is terminated when the effective stress reaches the peak compressive stress. 

Beyond that a perfectly plastic response is assumed to occur. The perfectly plastic flow continues 

until the ultimate deformation capacity of concrete is reached and the material eventually 

exhibits a crushing failure. The stresses at crushed sampling point drop abruptly to zero. The 

crushing criterion is obtained by simply converting the yield criterion in equation (2), which is 

written in terms of stresses directly into strains, thus: 

cuJ.3)I.C(I.C 2
2

11        ………………………………………….…(7) 

cp fC  

cf  

u 
o c 

c 

E

  

C  =1.0  

o  
Fig.(4) Uniaxial stress-strain curve of concrete in compression 
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where 1I  and 2J  are first the strain and second deviator strain invariants, cu  is the ultimate 

crushing strain of concrete, extrapolated from uniaxial test. 

3-2 Behavior of concrete in tension  

3-2-1 The cracking criterion : In the present study, the initiation of cracking is controlled a 

maximum tensile stress criterion. At the sampling point under consideration, if the major principal 

stress, , exceeds the limiting tensile strength a crack is assumed to form. The limiting tensile 

stress required to define the onset of cracking can be calculated for state of triaxial tensile stress and 

for combinations of tension and compression principal stresses as follows. 

a) For the triaxial tension zone :  

tfcri                    i = 1, 2, 3   

b) For the case of the tension-tension-compression zone: 

cf
375.0

0.1tfcri       i = 1, 2   

c) For the case of tension-compression- compression zone.  

cf
375.0

0.1.
cf

275.0
0.1tfcrii where, cr  is the cracking stress and cf,tf  are 

the tensile and compressive concrete strength (positive values). 

3-2-2 Tension stiffening model: The tension stiffening effect is found to be quite significant under 

service load conditions by increasing the overall stiffness of the system in the post cracking range. 

In finite element modeling of reinforced concrete two approaches have been suggested to account 

for this effects(5). The first approach is characterized by increasing the stiffness of steel bars. The 

second approach is characterized by a gradual decrease of the tensile stress in the cracked concrete 

over a specified strain range. Many researchers(6,7) used the second approach to account for the 

tension-stiffening effect conventionally reinforced concrete members. 

In a current work, the second approach is adopted to represent the tension-stiffening effect. The 

adopted tension stiffening the model is shown in Fig.(5). 
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 3-3 Modelling of steel reinforcement  

Prestressing steel bars can be assumed to transmit axial forces only. Modeling of ordinary and 

prestressing steel in connection with the finite element analysis of prestressed concrete members is 

much simpler than the modeling of concrete. 

In the present research work, the uniaxial stress-behavior of ordinary and prestressing steel bars has 

been simulated by an elastic linear work hardening model, Fig.(6). 
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Fig.(5): Post-cracking model for concrete in 
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4- Numerical Examples 

To demonstrate the applicability of the method developed in the present study to the analysis of 

prestressed concrete members two examples are presented. . 

4-1 Hsu Prestressed Concrete beam 

Hsu(29) tested a series of rectangular prestressed concrete beams with various properties and details 

of reinforcement. Among these tested specimens, the beam designated as (P8) was selected for 

present research work in order to test the ability of the finite element model in predicting behavior 

of prestressed concrete members subjected to torsional loading. 

4-1-1 Geometry and materiel properties: The chosen simply supported beam had a rectangular 

cross- section, the cross section was 254mm wide 381mm deep. The beam was 2000mm long. An 

increasing lateral load was applied at the ends of the beam. Details of the beam are given in  Fig.(6). 

The material properties and the additional material parameters adopted in the analysis are given in 

Table (1). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

Fig.(6): Hsu beam (P8), dimensions and reinforcement details.   

12.7 

beam elevation  

2000  

Ordinary reinforcing bars  Sec. a-a  

Prestressing bar  

 closed stirrups 12.7 mm at 57 
c/c  

a  

a  

CL  

CL  

254  

381  

192  

319  

All dimensions are in (mm).  
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Table (1): Material properties for Jack et al. prestressed concrete beam. 

Concrete 

Young’s modulus (N/mm2) ……… Ec = 26000 

Poisson’s ratio ………………… … = 0.2 

Compressive strength (N/mm2) … .. cf  = 31.0 

Tensile strength (N/mm2) … … ……ft = 3.2 

Tension stiffening 
parameters …. 

1 =10 

2 = 0.6 

Prestressing steel 

Young’s modulus (N/mm2) ……… Es =200000 

Yield stress (N/mm2) … ………… fpy =897 

Ultimate stress (N/mm2) ………… fpu =1103.2 

Longitudinal Reinforcement 

Young’s modulus (N/mm2) …….. Ec = 200000 

Yield stress (N/mm2)  ………..      Fy = 334.4 

Area of longitudinal reinforcement (mm2)… 129 

Transverse Reinforcement 

Young’s modulus (N/mm2) …….. Ec = 200000 

Yield stress (N/mm2)  ………..      Fy = 336 

Area of longitudinal reinforcement (mm2)… 129 

 
4-1-2 Finite element idealization: Because the beam was tested under pure torsion, a segment 

representing half the length of the beam has been considered in the analysis. This segment was 

modeled using a finite element mesh of eight quadratic brick elements.  

 

 

 

 

 

 

 

 

 

Fig.(7): Hsu beam, finite element mesh (8 elements). 

1000 mm Z,w  

Y,v  

X,u  

254 mm 
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4-1-3 Results of the analysis: The experimental and numerical torque-twist curves obtained for this 

beam are shown in Fig.(8). The figure indicates good agreement between the finite solution and the 

experimental results throughout the entire range of loading. The ultimate torque obtained from the 

numerical analysis was (63.09    kN.m) while that obtained from the experimental results was           

(61.7 kN.m). The ratio of the predicted ultimate torque to the corresponding experimental torque is 

(1.02). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4-2 wafa et al. prestressed rectangular beam (B0.0-2a): Wafa et al. tested a series of 18 

rectangular concentrically prestressed concrete beams with and without fiber reinforcement 

subjected to torsion. One of these beams has been selected for the present study. This beam is 

designed as (B0.0-2a) and was cast without fiber reinforcement.  

4-2-1 Geometry and materiel properties: The total length of test specimen of 2190 mm with   100 

* 250 mm rectangular cross section. The effective span of tested beam was 1850 mm. The beam 

was concentrically prestressed with 12.7 mm prestressed strand without any additional ordinary 

longitudinal bars or  stirrups, Dimensions and reinforcement details of the beam are given in 

Fig.(9). 

 
 
 
 

Fig.(8): Hsu beam (P8), experimental and analytical  torque-
twist curves.  

 

0

10

20

30

40

50

60

70

0 0.5 1 1.5 2

Angle of twist (deg./m)

T
o

rq
u

e  
(k

N
.m

)

Experimental

Analytical



Kufa Journal of Engineering, Vol.4, No.2, 2013 

 

  
  
 
 

42

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The material properties and the addition parameters adopted in the analyses are given in Table (2) 

 
Table (2): Material properties for Jack et al. prestressed concrete beam. 

 

Concrete 

Young’s modulus (N/mm2) ……… Ec =28400 

Poisson’s ratio ………………… … = 0.2 

Compressive strength (N/mm2) … .. cf  = 40.72 

Tensile strength (N/mm2) … … ……ft = 3.7 

Tension stiffening  
……………… 

1 =10 

2 = 0.6 

Prestressing steel 

Young’s modulus (N/mm2) ……… Es =200000 

Effective stress (N/mm2) ………… fse =945 

Ultimate stress (N/mm2) ………… fpu =1860 

Area of prestressing Reinforcement(mm2).. 99.24 

 

4-2-2 Finite element idealization: Due to symmetry, only one half of the beam has been used in 

the finite element analysis. The half considered was modeled by using 12-quadratic brick elements. 

The finite element mesh and the boundary conditions imposed at the ends of the beam are shown in 

Fig.(10). 

Fig.(9): Wafa et al. beam (B0.0-2a), dimensions and 
reinforcement details  
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Fig.(10): Wafa et al. (B0.0-2a): finite element mesh 
  (8 elements). 
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Fig.(11): Wafa et al. (B0.0-2a): Boundary conditions and the equivalent nodal forces.  
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4-2-3 Results of the analysis: The experimental and numerical torque-twist curves obtained for this 

beam are shown in Fig.(12). The figure reveal that the finite element solution is in good agreement 

with experimental results throughout the entire range of behavior. A slightly stiffer numerical 

response has been observed at post-cracking stage of behavior and the ultimate torque was slightly 

higher than the experimental value. The numerical ultimate torque was   (4.44 kN.m) while the 

experimental ultimate torque was (4.6 kN.m). The ratio of the predicted ultimate torque to the 

experimental ultimate torque was (1.036) . 
 

5- Parametric study  

 The main purpose of the present item was to investigate the effect of several important 

parameters on the behavior of prestresssed concrete members under torsion. 

 

5-2 Effect of the Degradation of Concrete  Compressive Strength   

 Cervenka’s model was adopted in the present work to represent the redaction in the 

compressive strength of concrete due to the presence of transverse tensile straining after cracking, 

Cervenka’s model includes a compression reduction parameter designated as (k), which is used to 

control the reduction in the compressive strength, Eq.(3-64). Fig.(13) indicates the analytical 

torque-angel of twist curves obtained for Hsu beam (P8), using different values for the parameter 

(k). The figure revels that the effect of the parameter (k) is negligible on the post cracking behavior 

while it is significantly affect the predicted value of the ultimate torque capacity. The indicates that 

for k=0, which is the case where the degradation in the compressive strength of concrete is not 

considered, the predicted torsional capacity is higher than the experimental results. A value of (k) 

equals to 0.4 gave the best fit to the experimental results.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Fig.(13): Hsu beam (P8), effect of the degradation of concrete  

compressive strength on the torque-angle of twist behavior. 
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5-2 Influence of the Longitudinal and Transverse Reinforcement:  

 Fig.(14) exhibits the effect of the variation of amount of longitudinal reinforcement on 

torque-twist response for Hsu beam (P8). Numerical tests carried out using a total area of 

longitudinal bars of 516 mm2, 804 mm2 and without longitudinal bars. Fig.(15) shows that when the 

longitudinal steel ratio equals to zero, the predicted ultimate torque is slightly less than the 

experimental torque, and also it can be noted  that when higher longitudinal steel ratio is used the 

effect of longitudinal steel is negligible on the post cracking behavior and the ultimate torsional 

capacity was slightly increased. 

To study the effect of the amount of transverse reinforcement on the torque-angel of twist behavior 

and the ultimate torsional capacity, numerical tests carried out using area of stirrups of 31.67, 50.26 

and 78.5 mm2, Fig.(5-10) reveals that the influence of transverse reinforcement substantially affect 

on the post-cracking torque-angel of twist response.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5-3 Effect of the Prestressing Force:  

To study the influence of the prestressing force on the behavior and ultimate torsional capacity of 

Hsu beam (P8), different values of prestressing force have been considered. The selected values 

were 0.0, 165.125 kN, 330.25 kN, 495.375 kN, 660.5 kN and 825.625 kN,  ( for the numerical 

Fig.(14): Hsu beam (P8), ultimate torque for different area of 
longitudinal steel on the torque-angle of twist behavior. 
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analyses 0.0, 0.25, 0.5, 0.75, 1.0, 1.25, times the magnitude of the prestressing force used in 

experimental work respectively which was f = 660.5 kN). In these analyses the area of 

prestressing tendon was kept constant. Fig.(16), shows that the magnitude of the prestressing 

force strongly affects the post-cracking torque-angel of twist curve and ultimate torque. It can be 

noted that the post cracking response and ultimate torque are substantially increased with higher 

values of the prestressing force.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

Effect of Warping Restraint: 

 In pure torsion analysis, an interesting phenomenon occurs after cracking in which the 

length of the member increases as the applied torque increases. In this study, beam (P8) is restrained 

longitudinally at all nodes of end cross sections except the nodes where prestressing force is 

applied.  Fig.(17) shows the torque-angel of twist behavior for pure torsion and torsion with 

warping restrained. It can be noted that the pre-cracking and post cracking torsional stiffnesses and 

the collapse torque are considerably increased when the beam is restrained against warping at both 

ends. The values of the predicted ultimate torque for pure torsion and warping torque are 63.09 

kN.m and 91.48 kN.m respectively. The experimental pure torque was 61.7 kN.m therefore. 

Therefore it can be noted that when the beam is restraint against warping the percentage of increase 

in the torsional capacity is about  45%. 
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Fig.(16): Hsu beam (P8), effect of prestressing force on the torque-angle 
of twist behavior. 
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5-5 Effect of compressive strength of concrete: 

 In order to study the effect of increasing the concrete compressive strength on the behavior 

and ultimate torsional capacity of prestressed concrete beams, Hsu beam (P8) has been analyzed for 

increased values of the concrete compressive strength. The concrete compressive strengths used in 

this analysis were, 38.75 MPa  (1.25 cf ) and 46.5 MPa (1.5 cf ) where ( cf ) is the 

experimental value (31 MPa) of concrete compressive strength. Fig.(18) shows the  effect of 

increasing the compressive strength of concrete on the response of prestressed concrete beams 

represented by the numerical torque-angel of twist curves. It can be noted that a stiff response in the 

pre-cracking response and a slight increase in the ultimate torsional capacity is obtained when the 

value of compressive strength of concrete is increased. 

 

 

 

 

Fig.(17): Hsu beam (P8), effect of the warping restraint on the 
torque-angle of twist behavior. 
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6 - Conclusions : 

1- The Three-dimensional nonlinear finite element model used in the present research work is 

capable to predict the behavior of prestressed concrete members subjected to torsion. The 

numerical tests carried out showed that the predicted torque-twist curves are generally in good 

agreement with the experimental results. 

2- It is found that the degradation of the concrete compressive strength due to presence of 

tensile transverse straining has a negligible effect on the post cracking behavior and 

significantly affect the predicted value of the ultimate torque. The model used in the present 

work to account for this phenomenon improves the correlation between the predicted and 

ultimate capacity of prestressed concrete beams under torsion.  

3- At a constant area of prestressing steel, it can be noted that the ultimate torques are 

substantially increased substantially with the use of higher value of prestressing force. It is 

found that when the prestressing force is increased by 25%, the ultimate torsional capacity is 

increased by about 13%. 

4- By keeping the amount of transverse steel constant, the increase in the percentage of the 

longitudinal ordinary reinforcement in presence of prestressing tendon slightly affects the post 

cracking and slightly increase the value of the ultimate torque. 

Fig.(18): Hsu beam (P8), effect  compressive strength of concrete 
on the torque-angle of twist behavior.  

0

20

40

60

80

0 0.5 1 1.5 2

Angleof twist (de g./m )

T
o

rq
u

e  
(k

N
.m

)

Experimental fc =  31 MPa

fc = 31 MPa

fc = 38.75 MPa

fc = 46.5 MPa



Kufa Journal of Engineering, Vol.4, No.2, 2013 

 

  
  
 
 

49

5- The transverse reinforcement largely effects on the post cracking behavior and the value of 

the predicted ultimate torque. It can be noted that when the area of transverse reinforcement 

decrease from 129 mm2 to 31.67 mm2, the ultimate torsional capacity is decrease by about 

27.58%.  

6- The finite element solutions reveal that the prestressed concrete beam casted without web 

reinforcement have a little ductility, and failure is sudden and violent. The introduce of web 

reinforcement improves ductility, as well as torsional strength.   

7- For prestressed concrete members casted without web reinforcement, the increase in 

compressive strength of concrete relatively affects the post cracking response and increases the 

value of  the predicted torsional strength. While, for prestressed concrete members provided 

with web reinforcement, the increase in compressive strength of concrete slightly increases the 

value of predicted torsional strength. 

8- The numerical tests indicate that the post cracking torsional stiffness and the ultimate torque 

of prestressed concrete beams with warping restraint are considerably higher than those of pure 

torsion analysis. 
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