
 

 

 

Finite element simulation analysis of central pull-
out experiment of steel bar and recycled 
concrete 
 

 

ABSTRACT  
 

In order to study the bonding performance of steel bars and recycled concrete, the 
ultimate bond stress distribution between recycled concrete and steel bars was analyzed 
through centre pull-out experiments, considering that the slotting of steel bars will affect the 
actual stress distribution.  Therefore, this paper uses the finite element software ABAQUS to 
simulate the central pull-out experiment of steel bars and recycled concrete and explores the 
distribution of the bond force between steel bars and concrete.  The results show that the finite 
element simulation analysis results of the central pull-out experiment of steel bars and recycled 
concrete are in good agreement with the experimental results, which verifies the accuracy of the 
finite element model. 
 
Keywords: Recycled concrete; Center pull out experiment;  Finite element model; Simulation 
analysis. 
 
0. INTRODUCTION  
 
With the development of the construction 
industry, construction waste is increasing 
daily, which brings serious environmental 
pollution and waste of resources.  The 
emergence of recycled concrete not only 
solves the above problems but also saves a 
lot of aggregate natural resources.  In order 
to ensure that the steel bar and concrete can 
bear the force together, it is necessary to 
have a reliable bond strength between the 
steel bar and the concrete.  Due to a large 
amount of cement mortar attached to the 
surface of the recycled aggregate, the 
bonding performance between the steel bar 
and the recycled concrete is different from 
that of ordinary concrete.  Therefore, in-depth 
research on the anchorage of recycled 
concrete reinforcement is of great 

significance [1] . 
Regarding the bonding performance of 
recycled aggregate reinforced concrete, 
relevant research has been carried out at 
home and abroad [2-6], but generally, 
qualitative or macroscopic studies are 
conducted through simple pull-out tests, and 
what is obtained is only the average value 
converted from the pull-out force.  It cannot 
fundamentally reveal the distribution law of 
the bond force between steel bars and 
concrete[7]. In addition, to measure the 
bonding performance of recycled concrete, it 
is necessary to know the strain change of the 
steel bars in the specimen, which is difficult 
to measure by conventional means.  If the 
built-in strain gauge method is used to test 
the strain, not only the slotting will affect the 
actual stress distribution of the steel bar. 
Moreover, due to the influence of various 



 

 

factors in the test, the results have large 
errors. 
Therefore, with the help of finite element 
simulation and test, this paper reveals the 
law of the distribution of bond force between 
recycled aggregate concrete and steel bars 
and provides powerful evidence for 
explaining the bond force distribution of 
reinforced concrete fundamentally. 
1. EXPERIMENTAL PROCEDURE 
 
1.1 Test Piece Design And Production 
The cross-sectional size of the specimen 
produced by the test is 150mm×150mm, the 
steel bar at the unbonded part of the 
concrete at both ends of the test piece is 
covered with a 50mm-long rigid PVC sleeve, 
and the gap between the end of the sleeve 
and the steel bar is closed.  To measure the 
transfer of steel stress in concrete, a steel 
bar gauge is embedded in the concrete to 
measure the strain of the concrete, and the 
end face of the steel bar is processed into a 
smooth surface perpendicular to the bar axis 
to install the dial indicator. 
The cement used in this test is ordinary 
Portland cement with P O 42.5 and natural 
river sand with a fineness modulus of 2.8.  
The aggregates are natural coarse aggregate 
NCA and recycled coarse aggregate RCA, 
where RCA is taken from abandoned C40 
concrete beams, NCA is taken from crushed 
limestone, and the basic physical indicators 
of the coarse aggregate meet the 
requirements of GB/T 14685-2011 《Pebbles 
and Crushed Stones for Construction》; and 
GB/T 25177-2010 《  Recycled Coarse 
Aggregate for Concrete 》 . The water-
reducing rate of high-efficiency water-
reducing agents is 25%.  The steel bars are 
HRB400 ribbed bars with a diameter of 8 mm. 
1.2 Test Methods 
The schematic diagram of the test loading 

device is shown in Figure 1. Two 
displacement sensors are installed at the 
loading end and the free end of the specimen, 
respectively, to measure the slippage of the 
steel bar at the loading end and the free end 
relative to the specimen.  The bonding test is 
loaded on a 100t universal testing machine 
using displacement control, with a 
0.3mm/min loading rate. The DH3818Y static 
signal acquisition and analysis system is 
used for data acquisition. 

 
              Fig. 1 .Loading Device 

2.  ANALYSIS OF TEST RESULTS 
 
The failure mode of the specimen is a pull-
out failure, the surface of the pull-out failure 
specimen is complete, no cracks are found, 
and the steel bar at the loading end is pulled 
out about 25 mm in the loading direction, as 
shown in Figure 2.  The load-slip curve of the 
specimen is shown in Figure 3.  It can be 
seen that the pull-out failure is divided into an 
ascending section, a descending section and 
a residual section. Rising section: 0<s≤su 
force and displacement slowly increase, and 
the force reaches a certain value (about 
8.7kN), At this stage, the chemical 
cementation force works; then the slope 
gradually decreases, the displacement 
increases speed becomes faster, the force 
increases speed slows down, and the force 
reaches the peak load, this stage is the 
mechanical bite force works. Descent section: 
su<s≤sr, the force decreases rapidly, the 
displacement increases rapidly, and this 
stage is the combined effect of residual 
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mechanical bite force and friction force. 
Residual section: s＞sr, the bonding stress-
slip curve changes smoothly, the load 
remains unchanged, and enters the residual 
section, at this stage, only friction works. 

 
  Fig. 2 .Pull Out Damage 

 
 Fig. 3 .Load-Slip Curve 

3. FINITE ELEMENT SIMULATION 
 
3.1 Create part and attribute 
definitions 
In this article, three parts are created: the 
concrete part, the steel part and the PVC 
pipe part.  The size of the concrete specimen 
is 150mm×150mm×120mm, the diameter 
of the steel bar is 8mm, the length is 200mm, 
the inner diameter of the PVC pipe is the 
same as the steel bar, the outer diameter is 
12mm, and the length of each section is 
40mm. The three parts all use three-
dimensional 8-node solid elements, and the 
element type is C3D8R.  An important part of 

the definition of material properties is the 
selection of the material’s tensile and 
compressive constitutive models. The 
constitutive model of the reinforcement 
adopts the ideal elastoplastic double-line 
model suggested in the 《Code for Design of 
Concrete Structures》 (GB50010-2010) [8], 
and the recycled concrete constitutive model 
of the concrete constitutive model references 
[9,10]. The drawing of each component is 
shown in Figure 4. 

 
 
 Fig. 4 .Each Part Completes The Graphics 
 
3.2  Assembly 
This step assembles the components 
established in the first step to form a 
complete specimen model.  The operation is 
relatively simple, and the specimen is 
assembled through general commands such 
as translation, rotation, mirror image, and 
cutting.  It is similar to the operation in 
available modelling software. 



 

 

 
 Fig. 5 .Assembly Completed Drawing 

 
3.3  Load Application And Analysis 
Step Setting 
For this part of the test, the concrete 
specimens are mainly fixed and the 
displacement load is applied to the steel bars.  
Figure 6 shows the completed load 
application. 
Fixed constraints are applied to the concrete 
specimens, and after the surface of the steel 
bar is coupled, displacement loads are 
applied, mainly because the calculation 
results of displacement loading are easier to 
converge than force loading, so all the finite 
element simulations in this paper are carried 
out in the way of displacement loading. 
Analysis step setting: This paper uses 
ABAQUS/CAE analysis step to solve.  In 
order to better simulate the experiment, in 
addition to the initial analysis step, two 
analysis steps Step-1 and Step-2 need to be 
created.  In the initial analysis step, the 
concrete part is fully fixed, and its translation 
and rotation are restricted until the end of 
loading, ie U1=U2=U3=UR1=UR2=UR3=0. In 
Step-1, the free end of the steel bar is 
completely fixed, and the loading end is given 
a displacement along the force direction U2, 
whose magnitude is the deformation of the 
steel bar, and the translation and rotation in 
the other directions are restricted.  In Step-2, 

the constraint of the free end of the steel bar 
along the load direction U2 is released, and 
the displacement of the loaded end of the 
steel bar is modified to be the slip value 
measured in the test.  In addition, since the 
slip of reinforced concrete belongs to 
nonlinear analysis, check the geometric 
nonlinear switch in the analysis step settings. 

 
Fig. 6 .Applied Load Completion Diagram 

3.4  Meshing 
For component meshing, too large meshing 
may easily lead to insufficient calculation 
accuracy, and too dense meshing may easily 
lead to long calculation time and difficulty in 
convergence.  In addition to the above 
factors, it is also necessary to ensure that the 
concrete element mesh and the steel 
element mesh have the same node, to set 
the nonlinear spring element accurately.  
Therefore, we divide the grid size of concrete, 
steel bars and PVC pipe elements into 5 mm, 
as shown in Figure 7. 



 

 

 
Fig. 7 .Schematic Diagram Of Mesh 

Division 
 

3.5  Nonlinear Spring Element 
The setting of the spring element is the key to 
the establishment of the finite element model 
in this paper.  In order to verify the accuracy 
of the test, this paper uses the nonlinear 
spring element Spring-2 to simulate the 
bond-slip between steel and concrete. Since 
only linear springs can be defined in the pre-
processing of ABAQUS software, it is 
necessary to generate an INP file first, and 
then modify the linear spring in the INP file to 
a nonlinear spring.  INP file redefined for non-
linear spring Spring-2. To establish a 
nonlinear spring unit, the FD curve must first 
be confirmed based on the experimental data.  
The FD curve is based on the load-slip curve 
of the existing experiment, divided by the 
number of nonlinear spring units to be 
generated, and the properties of each group 
of nonlinear spring units can be defined. 
After obtaining the F-D curve data, modify the 
linear spring part in the INP file to a nonlinear 
spring.  The process is as follows: 
Find the relevant statements of the spring 
unit in the INP file: 

①*Spring, elset=Springs/Dashpots-
1-spring 

…… 

*Element,type=SpringA,elset=Sprin
gs/Dashpots-1-spring 

…… 
Change the content in ① to the following: 

*Spring, elset=Springs/Dashpots-1-
spring, NONLINEAR 

2, 2 
-15.09340154,-20 
-15.30780738,-19.5 
-15.52228414,-19 
…… 
*Element, type=Spring2, 

elset=Springs/Dashpots-1-spring 
1,Steel-bar-1.2,final-concrete-1.11 
2,Steel-bar-1.3,final-concrete-1.5 
…… 

Adding NONLINEAR after the *Spring, 
elset=Springs/Dashpots-1-spring statement 
means changing the linear spring to a 
nonlinear spring. 2, 2 represents the direction 
of the defined spring, that is, the force 
direction Y direction in this paper.  The data 
below represent the F-D curves obtained 
from the test results.  And 1, Steel-bar-1.2, 
and final-concrete-1.11 represent the two 
parts connected by the spring and their node 
numbers. 
3.6  Comparison Of Postprocessing 
Results 
Figures 8 and 9 illustrate the Mises stress 
cloud diagrams of bonded specimens.  It can 
be seen from the figure that the Mises stress 
distribution of concrete radiates to the 
surrounding area along the bonded area and 
gradually decreases, and the Mises stress 
distribution of steel bars in the bonded 
section The law is gradually decreasing from 
the loading end to the free end, which is 
consistent with the test results and proves 



 

 

the validity of the finite element simulation 
results. And the accuracy of the nonlinear 
spring element method can be seen from the 
comparison of the test and finite element 
result curves in Figure 10.  Figure 11 shows 
the distribution of bond stress along the 
anchorage length, which is similar to the 
general test.  The stress increases first and 
then decreases, and peaks near the loading 
end. 

 

Fig.8. Reinforcement Stress Cloud 
Diagram 

 

Fig.9. Concrete Stress Cloud Diagram 

 
Fig.10. Comparison Of Test And Finite 
Element Results 

 
Fig.11. Bond Stress Distribution Along 

The Anchorage Length 
 
4. CONCLUSION 
1) From the load-slip curve of the specimen, 
it can be seen that the pull-out failure mode is 
divided into ascending segment, descending 
segment and residual segment.  This is 
consistent with the failure mode of most RC-
bonded specimens. 
2) The strain curve of steel bars in the bond 
test of recycled aggregate concrete is convex.  
In general, the steel strain is smaller near the 
loading end and the free end, and steeper in 
the middle. 
3) The finite element simulation analysis 
results of the central pull-out experiment of 
steel bars and recycled concrete are 
consistent with the experimental results, so it 
can be seen that the nonlinear spring 
element method is accurate, which proves 
the validity of the finite element simulation 
results.  It can provide a more accurate 
scheme for extracting the bond stress 
between steel bars and recycled concrete. 
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