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Abstract 
In this study, a model using 
ABAQUS/ EXPLICIT program to 
predict punching shear resistance of 
reinforced concrete flat plates was 
proposed with opening in different 

situation subjected to vertical loading. A three 
dimensional non-linear finite element program 
(ABAQUS/EXPLICIT) based on Eight-Nodes 
hexahedral element damage-plasticity was utilized 
for modeling concrete with opening, in this 
investigation. Reinforcing bars were represented 
by one dimensional element embedded in the solid 
elements and for both tension and compression 
linear elastic-plastic behavior is assumed. 
Nonlinear analysis is used and the result of finite 
element shows good agreement with the 
experimental results. 

Keywords: Finite Element, Flat Plate Slabs, Abaqus/ 
Explicit.  

1. Introduction 

Reinforced concrete flat slab has  commonly used 
in constructions, as it is  providing numbers of 
benefit to the designer. Flat Slab is faster, cheaper 
and simple formwork Comparing to the structures 
with beam column construction [1]. Nonlinear 
analysis programs have become increasingly 
popular in recent years, as engineers attempt to 
more realistically model the behavior of structures 
subjected to all types of loading [2]. 
Many tests have been done to study the punching 
shear failure in flat reinforced concrete slabs [3-6]. 
The failure in flat slabs without shear 
reinforcement is brittle, the cracks propagate 
inside the slab [7]. The need for more testing, 
which requires time, space and financial 
supports, makes the numerical solutions and 
finite element simulations in dispensable. 
Finite Element (FE) simulations can give an 
insight into punching shear failure and 
supplement the test results. These FE models 

must be, however, calibrated based on selected 
experimental results. These calibrated models can 
be then used for parametric investigations 
addressing many and different aspects of 
punching shear. [7] 
The development of numerical analytical method, 
such as finite element method, permit realistic 
evaluation of internal stresses and displacements 
on which the limit requirements may be based on 
improved predicted structural response. 
Furthermore, such refined analytical solutions 
help in understanding and interpreting the 
observed behavior of structural members.  

2. Research Significance  

Evaluation and Modeling  the punching shear 
behavior for  reinforced concrete flat plate slabs 
with opening at different locations using 
(ABAQUS/EXPLICIT) software and to propose 
predicting equations for  punching shear 
resistance. 

3. Description Of the Model 
3.1. Configuration and Properties 
 
The test slabs configuration and geometry are 
adapted from the experiment work that conducted 
by Borges et al [8]. The selected experimental work 
in this study are  slabs with opening (No. 4 and 
7),  were 200 mm thick and 3.0 m square on plan 
of  typical details shown in Fig. 1. At their 
centers, they were supported by a thick steel plate 
200 x 600 mm on plan. The flexural 
reinforcement of the slabs was 16 mm bars at 100 
mm centers both ways in the top, extending full 
width, with 12.5 mm hairpin (U-type) bars 
extending 675 mm horizontally in the top and 
bottom at the slab edges. At the bottom of all the 
slabs were 8 mm bars at 150 mm spacing both 
ways, were provided extending full width. A top 
clear cover of 20 mm and bottom clear cover of 25 
mm to the outermost reinforcing steel bars or 

 
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shear reinforcement were adopted, and the 
measured stress-strain properties are shown in 
Fig. 2. Where shear reinforcement was used, it 
was in the form of stud rails. The studs were 8 or 
10 mm diameter deformed bars welded to a 40 x 
10 mm plate rail at the bottom and a 40 x 40 mm 
plates at the top. 
 A typical stud rail is shown in Fig. 3 in relation 
to the flexural reinforcement, together with an 
overview of the test setup. The yield strengths of 
the shear reinforcement were 598 MPa for the 8.0 
mm bars and 593 MPa for the 10.0 mm bars. Slab 
4 had a single opening 200 x 300 mm  at one 
short side of the support, while Slab 7 had pairs 
of symmetrically  200 x 300 mm openings one at 
each short side of the plate. Detail of the flexural 
reinforcement near the openings was varied in 
these tests. Slab 4 contains main bars were 
interrupted by openings; the steel area was made 
up by additional full-length bars near the 
openings. Slab 7, without continuous bars were 
added, instead 12.5 mm U-bars were placed . 
Adjacent to the cut bars, some anchorage for 
horizontal tension and some shear reinforcement 
at the edges of the openings was provided. For 
slab 4, both additional continuous and U-bars 
were provided. Figure 4 shows the relevant 
details for Slabs 4 contained shear reinforcement 
and additional full-length bars near the openings.  
Each slab had two symmetrical openings (200 x 
300) mm as in Slab 7; the main steel had the 
same details as in Slab 7.  

3.2. Modeling the structure by ABAQUS 
program  

In order to verify that the developed program is 
applicable to the reinforced concrete flat plate 
slabs with opening, analysis of two flat plates is 
carried out. One of them has single opening (slab 
No. 4) and the other has a pair of openings (slab 
No. 7). Eight-Noded hexahedral brick element is 
utilized to model the concrete. Modeling of 
reinforcing bars is much simpler than the 
modeling of concrete; an elasto-plastic truss 
element is used to model it. In the modeling, 
perfect bond is assumed between the concrete and 
reinforcement, within the embedded region, which 
shares the same node in both concrete and 
reinforcement, is used for the contact between the 
node of reinforcement and the node of concrete. 
The modeling process including geometry of the 
model, loading and columns’ boundary condition, 
analysis type, material data, element section 
properties and meshing effects and output request 
were addressed.  

3.3. Geometry of the model  

A three dimensional (3D) finite element model has 
been simulated for full scale reinforced concrete 
flat plates with opening. Test data by Liana  et al 
[8] on reinforced concrete flat plates with opening 
in different situation subjected to vertical loading 
is utilized. Two specimens were used (slabs 4 and 
7). The slab dimension and thickness for S7 slabs 
are 3000 mm square and 200mm, respectively, 
with two openings. The slab dimensions and 
thickness for those designated as S4 are 3000 mm 
square and 200 mm, respectively, with one 
opening. A 200mm x 600 mm isolated column 
was used in the middle of the slab to represent 
the internal slab-column connection. The 
extending column s height below and above the 
slab is 1000mm as shown in Fig. 5. 

3.4. Columns’ boundary condition 

According to the tests, only the top and bottom of 
the column were restrained; at the bottom only 
the face rotation was allowed. Thus, modeling this 
condition using ABAQUS software is not easy. To 
solve this problem plate with the same column 
dimensions was created with a thickness of 40mm, 
which is depicted in Fig. 5. 

3.5. Effect of Mesh Refinement 

According to the finite element analysis theory, 
the finite element (FE) models with fine mesh 
(small element size) yields highly accurate results 
while may take longer computing time. On the 
other hand, those FE models with coarse mesh 
(large element size) may lead to less accurate 
results but smaller computing time [9]. ABAQUS 
software chose the best type of meshing by 
default, Table 1, shows the data from the program. 
Generally, using a finer or courser mesh does not 
have a big impact refining mesh and lowering 
time step size increase accuracy. The accuracy 
that can be obtained from any FEA model is 
directly related to the finite element mesh that is 
used in the analysis; however, it is obvious that 
accurate results will be achieved by selecting a 
finer mesh, but this is time-consuming and not 
practical. Fig. 6 below, shows the mesh of slab  

3.6. Reinforcement data properties 

To model slab, column and stirrup reinforcement 
in ABAQUS software, a wire was chosen which 
has one dimension. To create the interaction 
between steel and concrete an embedded region 
was chosen for this model. Since 
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ABAQUS/EXPLICIT is chosen for this model, the 
density for steel and concrete has to be provided. 
This type is generally used for the purpose of 
dynamic analysis; therefore, to subtract the 
influence of the dynamic motion, kinetic and 
internal energy were monitored. If the internal 
energy is greater than the kinetic energy, 
dynamic motion does not have any effect. Thus, 
based on that idea the densities are adapted. 
Moreover, metal plasticity was employed to 
represent the plastic performance of the 
reinforcement in ABAQUS model. To activate bond 
friction between the concrete and steel, as 
happens in practice, tension stiffening is 
employed to model the concrete. In this model, top 
and bottom reinforcement were provided and 
shown in Fig. 7. 

3.7. Concrete Damage plasticity  

A damage plasticity model to model concrete have 
been used in ABAQUS-EXPLICIT. This type of 
model essentially returns to the works of Lubliner 
et. al. [10]. Earthquake loading or lateral loading is 
usually modeled by this type of concrete and is 
supposed to give more reasonable results. As 
mentioned above, to activate dowel action, which 
refers to (1) flexural moment capacity and (2) the 
tensioning part of concrete resistance, tension 
stiffening is employed. This can be modeled by 
two methods, post-failure being one of them.  
According to this method [11], there is a direct 
relationship between cracking strain and stress 
after failure. By subtracting the elastic part from 
the total part of strain, cracking strain can be 
found. From equation1 below, cracking strain 
changes directly to the strain in plastic form in 
ABAQUS. 
In addition, besides modeling tension stiffening, 
concrete compressive strength is modeled as well. 
There are many empirical equations available for  
the stress-strain curve, such as that proposed by 
Park and Paulay, EC2-2004 and Model Code. 
Park’s equation has been chosen in this work and 
is shown in equations 2, 3 and Fig. 9.  
 The definition of softening-strain would be 
described as the part of the curve after maximum 
stress. In ABAQUS, strain in inelastic form 
should be interred then it will directly change to 
the strain in plastic form, according to equation 2.  
Thus, by subtracting the whole strain, from 
strain in the elastic region, the strain in inelastic 
form can be calculated. 
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Moreover, to avoid the model behaving as a plastic 
model, the returning stiffness and damage could 
be used in ABAQUS, assumed that the concrete 
failed completely after the ultimate compressive 
stress, so the compressive damage is not 
necessary for this model. Hence, only tensile 
damage is modeled.  

3.8. Aabaqus / Explicit Analysis  

As mentioned above, this type of analysis is 
generally used for dynamic purposes. However, it 
can be adjusted to work for static purposes. 
Figure 10 and Figure 11 below show that the 
relationship between kinetic and internal energy 
for one of the analyses. Therefore, it is believed 
that to subtract the influence of dynamic motion, 
internal energy should be greater than kinetic 
energy; as long as this condition is satisfied, the 
dynamic effect can be neglected. In this paper, the 
condition is checked at every run and the results 
show that in each run through the analysis the 
internal energy is greater than the kinetic energy 
so the dynamic motion does not have any effect    

4. Results and Discussion 
4.1. Load deflection response of the slab 
 
The ABAQUS/EXPLICIT is used so as to avoid the 
convergence problems in the analysis. This type 
of analysis is very suitable for nonlinear problems 
such as punching shear, where stiffness 
reduction due to cracking of concrete exists. Fig.s 
(12 and 13) shows the comparisons of 
experimental load deformation response of slab 7 
and Slab 4 with the ABAQUS model prediction. 
From the figures, it can be seen that the 
predictions for both slabs are in good agreement 
with the experiments. ABAQUS models for both 
the slab represented stiffer behavior when the 
slabs begin to have flexural cracks compared to 
the test results. The concrete damage plasticity 
model shows the crack direction by assuming that 
the direction of cracking is parallel to the 
direction of the maximum principal plastic strain. 
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Thus, the principle equivalent tensile strains in 
the concrete can be used to track the crack 
formation in the finite element simulation. There 
are several parameters that might cause the 
higher stiffness in the finite element model. Micro 
crack is ignored in the finite element models. In 
addition, perfect bond is assumed between 
concrete and reinforcement, whereas this 
assumption is not correct for experimental slabs. 
This is partly because bond slip happens and the 
composite actions between concrete and 
reinforcement will occur. Therefore, the overall 
stiffness of the experimental slabs is lower than 
that given by the finite element model.   

4.2- Effect of mesh size Slab4 

To understand the effect of finer or courser mesh 
on the outcome of the analysis different mesh 
elements were chosen, and eventually the best 
results, which were close to experimental results, 
was chosen. The numerical results of analysis 
based on these meshes have been compared with 
the experimental results. Fig. 14 reveals that the 
finite element solution obtained using (20 x20) 
mm element is in a good agreement with the 
experimental moment-curvature curve. A 
relatively stiffer response has been observed using 
(40 x40) mm. Therefore the rest of the analyses 
have been carried out using 20 elements.   
 

4.3- Concrete compressive strength 

In this part, two specimens were simulated in 
cases of vertical loading; the main difference is 
the concrete strength. The results of ABAQUS 
were validated against the tests. According to the 
tests, concrete strength has a great influence on 
the stiffness. It is believed that slab stiffness 
increases when concrete strength increases. 
However, the ratio of increase is almost smaller 
than the root square of concrete. The same result 
was achieved using ABAQUS to model the 
specimen. It is clear from Figure 15 and 16 below 
that increasing  the compressive strength makes 
the slab stiffer. 
For Slab 4, the values of the predicted ultimate 
load were 625 ,678 , 744, 728, 821, and 906 kN 
for fc equal 30, 35, 41.4,50 and 60 MPa, 
respectively. The ratios of the predicted ultimate 
load to the value of the experimental ultimate load 
were 1.13and 1.24 for fc equal 50 and 60. 
For Slab 7, the values of the predicted ultimate 
load were 581, 634 , 653, 681, 771, and 847 kN 
for fc equal 30, 35, 41.4,50 and 60 MPa, 
respectively. The ratios of the predicted ultimate 

load to the value of the experimental ultimate load 
were 1.125and 1.236 for fc equal 50 and 60. 

5. Conclusions 

From the discussion of the results obtained from 
the numerical modeling, the following 
conclusions can be drawn:  
 
1- Proposed ABAQUS models which adopted in 

the present work is suitable to predict the 
behavior of the reinforced concrete flat plate 
slabs. The numerical results were in good 
agreement with experimental load-deflection 
curve throughout the entire range of 
behavior. 

2- The proposed tension-stiffening model, which 
was used to simulate the post-cracking 
behavior of reinforced concrete flat plate 
slabs, shows a good agreement with the 
experimental post-cracking response. The 
results obtained from finite element analysis 
are close with respect to the experimental 
data.  

3- The proposed nonlinear finite element models 
predicted the failure type and the ultimate 
load capacity for reinforced concrete flat plate 
slabs with openings. 

4- Concrete strength has a great influence on 
stiffness. Slab stiffness increases when 
concrete strength increases. The predicted 
ultimate load capacity is significant affected 
by increasing the value of the concrete 
compressive strength fc, The ratios of the 
predicted ultimate load to the value of the 
experimental ultimate load was increased  13 
% and  24%  for slab 4 and 12.5 % ,13.6%  
for slab 7   respectively,  when compressive 
strength  fc increased  to 50 and 60 MPa . 
However, the ratio of increase is almost 
smaller than the root square of concrete 
compressive strength. 
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 البلاطات لنمذجة المحذدة للعناصز اللاخطى التحليل
 الفتحات على والحاوية المسطحة المسلحة الخزسانية

 
     هدزس -سـيزوان خورشيذ رفيقد. 
 (سليواًيةال خاهعة -دًيةقسن الهٌدسة الو)

 
 

   :المستخلص

  حــبسًاه خدامــباست ًوَذج تساحــاق البحث راـه في تن          
  Abaqus / Explicit للبلاطـا   الثاقـ   القـ   بوقاٍهة للتٌبؤ 

 اهاكي في الفتحا   على ٍالحاٍية الوسطحة الوسلحة الخسساًيه
 بسًـاهح  اسـتخدام  تـن . السأسـي  للتحويـ    ٍالوعسضـة   هختلفة
 / Abaqus العٌاصـس   هحـدٍ    الخطيـة  الغيـس  الأبعـا   ثلاثـي 

Explicit  العقـد  ثواًية الأضلاع ةهسدس شسائح أساس على  ،
 لا كدـءاا  الأبعـا   احـا    بعٌصـس  التسـليح  حديـد  توثي  تن لقد

 ، ٍالضـغ   الشد اخها ا  هي ٍلك  الصلبة العٌاصس هي يتدءأ
 كـ   اسـتخدام  تـن   بعدها الوسى، الخطي السلَك افتساض  ٍتن
 ًٍتيدـة  ، البحـث  هـدا  فـى  الخطـي  ٍغيـس  الخطـي  التحليـ   هي

 الٌتـائح  هـع  خيدا تطابقا الوقتسح اظهس العولية الٌتائح هع للوقازًة
 .للدزاسا  السابقة التدسيبية

 
 الخسسـاًية  البلاطـا   ،الوحد   لعٌاصسطسيقة ا الكلمات المفتاحية:

 .Abaqus/ Explicit ،الوسطحة الوسلحة
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 Fig. (1) : Typical detail of the  
tested slabs (Slab 7).  
(Dimensions are in mm) [8]. 

Fig. (2) - Measured stress-strain  
Properties  for steel bars 
 (8, 10, 12.5, and 16 mm) [8].  

 

 

 

 

a. Specimens setup                                               b. Stud rail 

               Fig. (3) : Test setup (left) and typical detail of stud rail. (Dimensions are in mm) [8]. 
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   Fig. (4) : Details of flexural reinforcement 
                near openings for Slabs 4[8]. 
 

 

 

 

 

 

Fig. (5) : Geometry of the Model of  Slabs 7. 
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Table (1) : Data from ABAQUS Program. 

Mesh 
Size(mm) 

Node Number Element Number 
Linear Hexahedra 
Element C3 DR8 

Linear Element of 
Type T3D2 

40mm 50942 42622 32590 10032 

35mm 72574 61846 50316 11530 

30mm 106962 92617 79213 13404 

25mm 162460 142074 130544 11530 

20mm 312585 280406 260350 20056 

 

 

 

 

 

 

Fig. (6) : Meshing of the Model Slabs 7. 
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Fig. (7) : Reinforcement of the Model Slabs 7. 
 
 

 

 

 

      Fig. (8) : Tension stiffening adapted from ABAQUS [11]. 
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                                                   Fig. (9) : Compressive behavior associated with compression hardening [11]. 
 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Fig. (10) : relationship between kinetic Energy  and time. 
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Fig. (12) : Load Deflection relationship for Slab 7. 

Fig. (11) : relationship between internal energy  and time. 
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Fig. (13) : Load Deflection relationship for Slab 4. 
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Fig. (14) : Effect of mesh type for slab S7. 
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Fig. (15) : Effect of different concrete compressive strength for slab S4. 
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Fig. (16) : Effect of different concrete compressive strength for slab S7. 
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