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ABSTRACT 

This paper presents the application of nonlinear finite element models in the analysis of dapped-

ends pre-stressed reinforced concrete girders under static loading by using ANSYS software. The 

girder dimensions are (4.90 m span, 0.40 m depth, 0.20 m width, 0.20 m nib depth, and 0.10 m nib 

length) and the parameters considered in this research are the pre-stress effect, and strand profile 

(straight and draped). 

    The numerical results are compared with the experimental results of the same girders. The 

comparisons are carried out in terms of initial prestress effect, load- deflection curve, and failure 

load. Good agreement was obtained between the analytical and experimental results. Even that, the 

numerical model was stiffer than the experimental, but; there were a good agreements in both trends 

and values.  The difference varies in the range (5-12)% for the deflection. Results have shown that 

the pre-stress force has increased the static ultimate load capacity by (35%) in case of straight strand 

and by (97%) in case of draped strand 
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 الخلاصة

انخحهيم انغيش خطي باسخخذاو َظشيت انعُاصش انًحذدة نخحهيم انعخباث انخشساَيت انًسبقت اندهذ راث انُهاياث يقذو هزا انبحث دساست 

و  عًق  4.04و نهفضاء,  4..0انعخب انًحهم كاَج )ابعاد (. ANSYSباسخخذاو بشَايح )انًسخذقت ححج حاثيش الاحًال الاسخاحيكيت 

قىة الاخهاد  زقاو انبحث بذساست حاثيش كم يُو طىل انُهايت انًسخذقت ( .  4..4و عًق انُهايت انًسخذقت و  4..4و  عشض ,  4..4, 

 . بو يساس حبال انشذ ) يسخقيًت , يُحُيت( عهً انخحًم الاقصً نهعخ

يُحُي الاَحُاء الاوني انُاحح عٍ قىة انشذ , حًج يقاسَت انُخائح انعذديت يع يا يًاثهها يٍ َخائح عًهيت وقذ كاَج انًقاسَت بذلانت 

وعهً انشغى يٍ كىٌ انًُىرج انهطىل و حًم انفشم وقذ اظهشث انًقاسَت حقاسبا خيذا بيٍ انُخائح انُظشيت و يثيلاحها انعًهيت. -انقىة

انعُاصش انًحذدة كاٌ اكثش خساءة يٍ يثيهه عًهيا الا اٌ انُخائح اظهشث حىافقا خيذا يٍ َاحيخي انُزعت َظشيت باسخخذاو  انًًثم

%( نحالاث 55وخذ باٌ قىة الاخهاد انًسبق حزيذ يٍ يقذاس انحًم الاقصً بُسبت ) كًا (%. ..-5وانقيى انقصىي حخشاوذ بيٍ )

 انًُحُي.%( نحالاث انًساس 9.حبال انشذ راث انًساس انًسخقيى و بُسبت )

 

 انشوافذ راث انُهاياث انًسخذقت, انعُاصش انًحذدة, الاخهاد انًسبق:ّ الكلمات الرئيسية
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1. INTRODUCTION 

The severe stress concentration at the re-entrant corner of the dapped- end girders, due to unusual 

shape, didn’t restrict the extensively using of such girders in different types of structures. It is a 

better choice for better lateral stability; since it lowers the deck center of gravity by indentation 

supporting corbel into the depth of the supported girders. The re-entrant corner, certainly, can be 

considered as the weakest location in the dapped-ends girder. It requires special details of 

reinforcement, otherwise, a rapid diagonal tension cracks may propagate and a failure will acquire 

with few or no warning.  

      Many of researches had been started since 1969 when Reynold, Reynold, G. C., 1969,
 

developed suitable reinforcement details evolving a design procedure for dapped-end members. 

Then after many researches were made to study the shear capacity and behavior of RC dapped-end 

beams, Ajina, J. M.,  1986, Herzinger,  R. and El-Badry, M. M. ,2002, Liem, S. K., 1983, 

Mohamed, R. N. and Elliott, K. S., 2008, Reynold, G. C., 1969,
 
 Wang, Q. , Guo, Z. and 

Hoogenboom, P.C.J., 2005. PCI, ACI and STM design method were considered to detect the most 

sufficient and economic design of dapped-end beam, Ahmed, S. et al, 2013, Barton, D. L., 1988, 

Huang, P.C, J.J Myers and A. Nanni, 2000, Mader, B. S., 1999, Mattock, A. H., and Theryo, 

T., 1986 . There were also many researches that studied the effect of different reinforcement details 

on the response of dapped-end beam, Herzinger,  R. and El-Badry, M. M. ,2002, Mattock, A. H., 

and Theryo, T., 1986. The effect of geometric layout of the dapped- end (nib height and width) 

were also considered in some researches, Chung, J. C. J, 1985,
 
Khan, M. A., 1981.  

 

2. FINITE ELEMENT TYPES CONSIDERED IN THE PRESENT STUDY 

The concrete will be modeled using Solid65 element. This element has eight nodes with three 

degrees of freedom at each node (translations in the nodal x, y, and z directions). Plastic deformation, 

cracking in three orthogonal directions, and crushing are the most important capability of this element that 

made it a suitable choice to model concrete material. Fig. 1 shows the schematic drawing of this element.   

   Steel reinforcement and steel strand are modelled using Link8 element. This element is a 3D spar 

element and it has two nodes with three degrees of freedom at each node (translations in the nodal x, 

y and z directions) as shown in Fig. 2. This element is also capable to represent an initial strain and 

plastic deformation at high stress level.   

The Solid45 element is used for modelling the steel plates at the supports and loading locations to prevent 

stress concentration and to provide stress distribution over supports and loading areas. The element is defined 

with eight nodes having three degrees of freedom at each node – translations in the nodal x, y, and z 

directions. The geometry and node locations for this element type are shown in Fig. 3.   

  

3. MATERIAL PROPERTIES  
The required parameters to identify the material models are listed in Table 1. Regarding Solid65 element (set 

No. 1), the model includes density, linear isotropic and multi-linear isotropic properties to properly model 

concrete material. The compressive uniaxial stress-strain relationship for the concrete model (multi-linear 

isotropic) was obtained using the following equations, MacGregor, 1992. 
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                                               (3) 
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Where:  

f = Stress at any strain. 

𝜀 = Strain at stress f.  

𝜀ₒ = Strain at the ultimate compressive strength  𝑐′.  

E = Modulus of elasticity. 

 

    Based on Hook’s law and Eq. (1), the adopted stress-strain relationship for concrete used in this 

study, Fig. 4 (b) was that as suggested by Jindal, A., 2012, Wolanski, B. S., 2001, and Kachlakev, 

D. I., 2005. The curves start at zero stress and strain while the first points (defined at 0.3  𝑐′) was 

calculated in the linear range, Eq. (3). The rest points (2-6) were calculated from Eq. (1) with 𝜀ₒ 

obtained from Eq. (2).  

    Model numbers 2, and 3 refer to Link8 element. This element was used for all steel reinforcement 

and it is assumed to be bilinear isotropic behavior at nonlinear stage. Bilinear isotropic material is 

also based on the Von Mises failure criteria. This model requires the yield stress (f y), as well as the 

hardening modulus of the steel to be defined.  

    Material model number 4 refers to the Solid45 element used for the steel plates at loading points 

and at supports. Therefore, this element is modeled as a linear isotropic element. 

    Material model number 5 represents the properties of pre-stressing steel. It was modeled as 

multilinear isotropic material following the von Mises failure criteria. The pre-stressing steel was 

modeled using a multilinear stress-strain curve developed using the following equations, Wolanski, 

B. S.,2001. 

                                                               (4) 

                       
     

            
       

  
                                                                 (5)   

4. GEOMETRY AND FINITE ELEMENT MODELING 

Three simply supported dapped-ends girders that had the same geometric layout, flexural and shear 

reinforcement (Fig. 5, Fig. 6 and Table 2) are analyzed using ANSYS finite elements model. All 

the tested beams were designed, according to PCI Design Handbook 6
th

 Edition 
[16]

 requirements to 

fail at their ends.  

    The dapped-ends girders, anchorages, load plates, and support plates were modeled as volumes. 

The combined volumes are shown in Fig.7 for both straight and draped strand profiles, respectively, 

while the layout of the generated draped duct is sown in Fig. 8. 

    The use of a rectangular or square mesh is recommended for Solid65 element to obtain good 

results, Wolanski, B. S., 2001. However, the presence of the duct, reduces the possibility to mesh 

the circular hole properly. Therefore, finer the mesh was set for elements as possible near the duct. 

The overall mesh of the concrete, load and support plate volumes is shown in Fig. 9 for the straight 

and draped strands, respectively. Lines were created so that they pass through the nodes of the 

reinforcement bars, then after a mesh line command was adopted to generate the reinforcement 

elements. However, the necessary mesh attributes as described above need to be set before each 

section of the reinforcement is created. Fig. 10 and Fig. 11 show the overall mesh of the steel 

reinforcement for a straight and draped strands, respectively.  
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5. VALIDATION OF THE FINITE ELEMENT MODEL 

In order to validate the finite element modeling of reinforced and prestressed dapped-ends concrete 

beams , the finite element model using ANSYS program has been applied to analyze a compatible  

concrete beams tested in by Mohammed, S. D., and Mahmoud, T. K., 2014. The predicted results 

are compared with the experimental results. The comparison includes prestress effect, load-

deflection relation, and failure load. 

 

5.1 Pre-stress effect 

The deflections obtained from experimental work (Mohammed, S. D., and Mahmoud, T. K., 

2014), hand calculations, and from the FE analysis due to the pre-stress effect are given in Table 3 

(no hand calculation was considered for cases of draped strand profile). Fig. 12 shows the deflected 

shape due to pre-stress effect for each tested specimens. From Table 3 it is clear that there is a good 

agreement between the experimental, hand calculations. The difference varies between (1%) and 

(6%). 

 

5.2 Load - deflection relation. 

The results obtained from the FE analysis for the load – deflection relation are presented in Fig. 13 

while Fig.14 shows the contour lines of the deflection at the failure stage. The presentation also 

includes a comparison between the experimental (Mohammed, S. D., and Mahmoud, T. K., 2014)  

and numerical results. Even that the numerical models were stiffer than the experimental, but; there 

were a good agreement in both trend and amplitude that varies between (5%) and (12%). 

 

5.3 Load at failure 

In the finite element analysis, the continuity in the solution process, depends on the concepts of rigid 

body motion. The small load increment solution continues until there is a dis-converge in results. 

Table 4 gives the failure load as obtained from the FE analysis and the experimental work 

(Mohammed, S. D., and Mahmoud, T. K., 2014) for each modeled specimens. 

 

6. RESPONSE AND BEHAVIOUR OF DAPPED-END REINFORCEMENT 

Five positions were adopted to get better understanding for the response and behaviour of the 

dapped-end reinforcement that is recommended by the PCI, PCI Design Handbook 6
th

 Edition 

2004, as shown in Fig. 15. The effect of the pre-stressing presses was investigated, Fig. 16 shows 

the advantage of the draped strand profile on the response of shear and flexure reinforcement ( Ah, 

Av, As, Ash, and As’h) It is clear that in case of draped strand, the reinforcement yields when 

approaching the failure stage which indicates a good strengthening for the concrete.  

   The crack patterns, for each modeled specimen, as obtained from ANSYS program are shown in 

Fig.17. These cracks were selected at the failure stage. It is clear that the initial crack generated at 

the re-entrant corner of the dapped-ends girder and extends then after toward the applied load. This 

is compatible with the experiment test results by Mohammed, S. D., and Mahmoud, T. K., 2014.  

7. CONCLUSIONS 

Based on the predicted results from the finite element analysis, the following conclusions may be 

drown: 

1. There was no significant difference in the effect of pre-stress force, for both straight and 

draped strand profile, on the response of flexural reinforcement (As, Ah, and As’h) up to crack 
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stage. Then after the strain load curves show a separation due to the stiffening effect of 

draped pre-stress force. 
 

2. The behavior and response of shear reinforcement (Av and Ash) under the effect of straight 

and draped strand profile are similar to that of flexural reinforcement of the dapped-ends 

girder. 
 

3. Straight pre-stress profile shows about (35%) more effect on the response of shear 

reinforcement (Ash) than other types of shear reinforcement (Av).  
 

4. A similar crack pattern in all specimens was detected. Cracks started with the initiation of 

diagonal re-entrant crack, followed by nib inclined crack and diagonal tension crack 

(developed in the full-depth of the girder). 
 

5.  The general behavior of the finite element model presented by the load- deflection shows a 

good agreement in both trend and amplitude. 
 

6. The finite element model behavior was stiffer than that of the tested specimen due to the 

effect of bond slip between the concrete and steel bars and the effect of micro cracks which 

were excluded in the finite element analysis. The overestimation in the failure load as 

calculated by the finite element analysis was (4-11)%.  
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Figure 1. Solid65 element (ANSYS help, 2009).        Figure 2. Link8 element (ANSYS help, 2009). 

     

 

Figure 3. Solid45 element (ANSYS help, 2009). 

 

a- Uniaxial stress-strain curve of concrete. 

 

b- Stress-strain curve of 270 Ksi strand 

Figure 4.  Stress-strain curve for (a- concrete & b- strand). 
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(a): Girder dimensions 

 

(b): Draped tendon    

 

(c): Straight tendon 

Figure 5. Geometric layout of the modeled girder (Mohammed, S. D., and Mahmoud, T. K., 2014). 

 
 

  

Figure 6. Details of the reinforcement (Mohammed, S. D., and Mahmoud, T. K., 2014). 
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a- Straight strand profile. 

 

b- Draped strand profile. 

Figure 7. Volumes of the modeled dapped-ends girder. 

 

Figure 8. Volumes created for draped duct. 

 

a-Straight strand profile. 

 

b-Draped strand profile. 

Figure 9. Meshing of the modeled dapped-ends girder 
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Figure 10.  Reinforcement configuration for straight strand profile. 

 

 

Figure 11. Reinforcement configuration for draped strand profile. 
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                              SSP-40                                                                               SDP-40 

Figure 12. Contour of the pre-stress effect 
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Figure 13. Comparison of load-deflection relation. 
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SDN-40                                                                                     SDP-40 

 
SSP-40 

Figure 14. Deflection contour at failure stage. 

 

Figure 15. Adopted locations on the dapped-end reinforcements.  
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(sg3)       (sg4) 

 

 
(sg5) 

Figure 16. Load – strain curve at different locations. 
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SDN-40  

                                                                                    
 SDP-40 

 
SSP-40 

Figure 17. Crack pattern at failure stage. 
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Table 1. Material properties. 

 

 

 

 

 

Material 

Model 

NO. 

Element 

Type 
Material Properties 

1 Solid65 

Linear Isotropic 

 EX 29725 MPa 

PRXY 0.2 

 
Multilinear Isotropic 

Strain  Stress MPa 

0.0004 12.00 

0.0006 16.99 

0.009 24.06 

0.0012 29.76 

0.00185 36.97 

0.002 38.30 

0.00269 39.98 

 

Density 

2500 kg 

 

Concrete 

ShrCf-Op  0.2 

ShrCf-Cl  0.8 

UnTensSt  4.0 MPa 

UnCompSt  40 MPa 

BiCompSt  0 

HydroPrs  0 

BiCompSt  0 

UnTensSt  0 

TenCrFac  0 

 

2 Link 8 
Linear Isotropic 

EX 200000 MPa 
MMPMMpa PRXY 0.3 

Bilinear Isotropic 
Yield stress  

 
630MPa
Mpa Tangent modulus  

 
0 

 

3 Link 8 
Linear Isotropic 

EX 200000  MPa  
MMPMMpa PRXY 0.3 

Bilinear Isotropic 
Yield stress  

 
593MPa
Mpa Tangent modulus  

 
0 

 

4 Solid 45 

 

Linear Isotropic 
EX 200000  MPa 
PRXY 0.3 
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Table 2. Details of the modeled girders. 

 

 

  

 

 

 

 

 

Table 3. Pre-stress effect. 

 

 

 

 

 

 

 

 

 

 

Table 4. Comparison of the failure load. 

Specimen 
Failure Load, kN        

       
 

               

SDN-40 135 122 1.11 

SDP-40 250 240 1.04 

SPP-40 175 165 1.06 

 

 

 

. 
 

Girder 

No. 
    (MPa) Strand Path Level of Prestress 

SDN-40 40 Draped Not prestressed   

SSP-40 40 Straight 0.62    

SDP-40 40 Draped 0.62    

Status 
Specimens 

Canter line deflection at pre-stress stage , mm 

 SDP-40 SSP-40 

Experimen

t 

0.91 1.25 

Calculated -- 1.31 

F.E. 0.93 1.29 


