
 

 

  
Abstract—Numerous experimental tests for post-installed anchor 

systems drilled in hardened concrete were conducted in order to 
estimate pull-out and shear strength accounting for uncertainties such 
as torque ratios, embedment depths and different diameters in 
demands. In this study, the strength of the systems was significantly 
changed by the effect of those three uncertainties during pull-out 
experimental tests, whereas the shear strength of the systems was not 
affected by torque ratios. It was also shown that concrete cone failure 
or damage mechanism was generally investigated during and after 
pull-out tests and in shear strength tests, mostly the anchor systems 
were failed prior to failure of primary structural system. Furthermore, 
3D finite element model for the anchor systems was created by 
ABAQUS for the numerical analysis. The verification of finite 
element model was identical till the failure points to the 
load-displacement relationship specified by the experimental tests.   
 

Keywords—Post-installed anchor, Pull-out test, Shear test; 
Torque , ABAQUS. 

I. INTRODUCTION 
HE safety expectation towards the infrastructure rapidly 
increased due to in part, by the higher land use and the 

improvement of living standard. The infrastructure of the 
society remains the same as the ones from the past, despite of 
increased safety expectation.   

Currently, the routine maintenance and the awareness of 
threats, in preparation for any disaster of these existing 
facilities, are insufficient. In addition, as the concrete structures 
are becoming more complex, connecting element systems of 
steel-to-concrete or concrete-to-concrete in various ways 
becomes the mainstream structure complex. Inevitably, the 
interests towards the method to connect those systems 
increased significantly. Among all the methods available, the 
connecting system with the anchor was one of the methods of 
interest.   
 Post-installed anchor system is applied to the anchorage zone 
of the structure, result in supporting a fixed steel structure 
and/or many devices.  It is especially resistant to the combined 
various loading conditions. Any possible failure behavior of the 
anchorage zone in the post-installed anchor system could affect 
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the safety of the whole structure. Examples of failure behavior 
include the expansion due to the external loads or internal heat, 
or cracking due to drying shrinkage of concrete structural 
system. Therefore, the complete understanding of the behavior 
towards post-installed anchorage system is essential for safe 
and affordable design. Many of these experimental studies have 
been progressed actively especially in the U.S and in Europe 
and elsewhere. ACI (1978) proposed a method to calculate the 
resistance capacity of this anchor system, assuming that the 
fracture occurs on the basis of tensile strength of concrete 
fracture along the conical projection later, Jensen and Braestrup 
(1976) attempted the improved design equation by introducing 
a correction factor for the effect of specimen size.[9]-[11] 
Recently presented CCD (Concrete Capacity Design) theory 
focused on concrete fracture design methodology in reflection 
of analyzed data from a numerous European and American 
theory. The previous research on the pullout of post-installation 
of the anchor as well as the shear strength capacity subjected to 
the complex loading conditions could not directly applied to the 
current anchorage structural systems due to lack of sufficient 
experimental data in Korea. Therefore, this study focused on 
evaluating the performance and identifying capacity 
characteristics of the post-installed anchor systems using 
various torque conditions, the diameters of the anchor, and the 
optimal depth of the anchor as a function of uncertainty 
parameters. The analytical model and engineering demand 
parameters for this study were also determined by ABAQUS, 
which was a general-purpose structural finite element analysis 
platform simulating the destruction of these anchors and 
concrete structure system.  

II.  BACKGROUND: ANCHOR SYSTEM 

A. Variety of Anchors 
Load applied to the connect member were passed to anchor 

through the friction, the mechanical locking device, attached or 
by the combination of such factors, and these loads passed to 
anchor were passed through the primary structural systems. 
The mechanism of load transfer of anchor was determined by 
the characteristics of these various complexities.  

As shown in Fig. 1, all anchors were classified into two 
groups: cast-in-place anchor and post-installed anchor, and 
were classified further according to the basic load transfer 
mechanism.[6] The recognition of the validity of anchor is 
widespread, therefore, many design method approach had been 
conducted in other countries. While US used the ACI 349-85 
design standard, and European countries used the CCD 
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approach proposed by Germany, only few studies were 
published in this area of research in Korea. Therefore, this 
research is in desperate need in Korea.  

 

   
Fig. 1 Variety of Post-Installed Anchor 

B. Anchor System Failure Mechanism 
The failure modes subjected to tensile loading conditions of 

the anchor, as shown in Fig. 2[8], include the anchor steel 
failure, pullout destruction, destroy the concrete cone, and the 
destruction of splitting. Besides the failure mechanism under 
the shear, (see Fig. 3) showed in the form of the failure of the 
anchor steel, concrete pry-out fracture mechanism, and the 
rupture of concrete, and the various destruction patterns can be 
seen based on the shear strength of anchor systems and effect of 
center-to-center distance between adjoining anchor systems. 

 

 
 Fig. 2 Tensile Failure Mechanism for Post-Installed Anchor Systems 

 

 
Fig. 3 Shear Failure Mechanism for Post-Installed Anchor Systems 

III. EXPERIMENTAL TEST OF THE ANCHOR SYSTEMS 
First, post-installed anchor system drilled/installed in 

hardened concrete requires design tension and shear strength to 
avoid creep performance corresponding to tension load and 
probability for fatigue-related creaking. Therefore, this 
experimental test was targeted on the shear performance of the 
anchor system installed in hardened concrete that did not 
develop the cracks. 

A. Testing Instrumentation 
Load and displacement measuring devices should be able to 

collect the data at least once per two second, in order to obtain a 
continuous load versus displacement curve.  In particular, the 
record before it reaches the maximum load should be clearly 
recorded. The equipment also should be able to measure the 
vertical movement of the anchor from the point, which was not 
affected by deflection, destruction of anchor or structural 
uncertainty during the experiment. The test setup for 
post-installed anchor systems drilled in hardened concrete to 
identify their capacity characteristics due to engineering 
demand parameters such as embedment depths and torque 
conditions as a function of uncertainties was shown in Fig. 4. 
Linear Variable Differential Transformers (LVDT) were 
installed to anchor in order to obtain sufficient data to specify 
load-displacement relationship. 

  

 

Fig. 4 Test Setup for Post-Installed Anchor Systems 

B. Test Specimen 
In this paper, the M10, M12 set anchor thread were selected 

as they were the most generally used thread from a field survey.  
Specifications of each anchor shown in Fig. 5 include length 
200mm diameter 9.45mm (M10) and 12.7mm (M12), length 
150mm, diameter 9.45mm (M10) and 12.7mm (M12). 
Specimens as in Fig. 6 plain concrete, which did not crack 
(900mm×1100mm×300mm) by subjecting the strength 24MPa 
experiments, were conducted. 
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Fig. 5 Set Anchor Types 

 

 

Fig. 6 Test Specimens of Plain Concrete Systems 

C. Test Engineering Demand Parameters 
As described in Table I, in order to identify the performance 

of anchor systems, set anchors were performed by various 
torque ratios, embedment depths, and diameters of anchor 
systems. Especially, torque represents the turning force that 
was required for tightening a nut during and after anchor 
installation. Therefore, torque variables were critical 
parameter, in order to understand the changes in the behavior of 
the anchors. In this study, torque setting variables were 
conducted at three different levels from 30% to 70% of total 
100% torque force at an interval of 20 percent shown in Table 
II. 

 

 
 

IV. NUMERICAL ANALYSIS 

A. Material Nonlinearity: Concrete System 
In order of capturing damage mechanism for concrete 

structural system, the Concrete Damaged Plasticity Model was 
selected as a material nonlinear model applied to the solid 
element of concrete, because this model shows nonlinear 
tension softening and complexities of compressions failure. 
This model is a damage-plasticity constitutive model, and was 
first proposed by Lubliner et al (1989) and improved by Lee 
and Fenvas (1998) (see Fig. 7)[3], [16]. 

 
 

 

Fig. 7 Concrete Material Nonlinear Model 
 

 
Fig. 8 Steel Material Nonlinear Model 

B. Finite Element (EF) Model 
To characterize the pullout behavior of concrete and the 

performance of the post-installed anchor system, generate 
nonlinear finite element model of the anchor system was 
necessary to incorporate in the nonlinear finite element model 
of the plane concrete structural system. Numerical modeling of 
the two different structural systems was performed in 
ABAQUS platform. The plane concrete model was discretized 
using 3D solid element, anticipated to represent nonlinear 
tension softening and compressive strength, 24MPa. The 3D 
anchor system model was also targeted on the design with 
tensile strength of 500MPa. In both models, the anchors and 
concretes were incorporated with insertion depth 50mm and 
100mm, as shown in Fig. 9. Furthermore, to reproduce the 
performance associated to the experimental test and improve 
the accuracy for the FE models, the surface between concrete 
and anchor system was designed for detailed FE models with 
contact elements using soft contact theory.  Further material 
properties were described in Table III. 

 
 
 

TABLE I 
TEST SPECIMENS AND PARAMETERS 

Specimen Torqu
e 

Embedment 
Depth (mm) 

Anchor 
diameter 

Test 
number 

S3M0L5 30% 50 M10 ×3 
S5M0L5 50% 50 M10 ×3 
S7M0L5 70% 50 M10 ×3 

S3M0L10 30% 100 M10 ×3 
S5M0L10 50% 100 M10 ×3 
S7M0L10 70% 100 M10 ×3 
S3M2L5 30% 50 M12 ×3 
S5M2L5 50% 50 M12 ×3 
S7M2L5 70% 50 M12 ×3 

S3M2L10 30% 100 M12 ×3

TABLE II 
TORQUE PARAMETERS 

Embedment 
Depth (mm) 

Anchor 
diameter 

100% 
(kN) 

70% 
(kN) 

50% 
(kN) 

30% 
(kN) 

50 M10 60.7 42.5 31.4 18.2 
100 M10 58.1 40.7 29.1 17.4 
50 M12 73.2 51.2 36.6 22.0 
100 M12 129.0 90.3 64.5 38.7 
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(a) Bolt modeling                (b) Sleeve modeling             

 

 
c) Concrete modeling 

Fig. 9 3D Finite Element Model of Structural System and Anchor 
System 

 

 

V.  ANALYSIS OF EXPERIMENTAL TEST 
A. Result: Pull-out Test  
Force and the displacement static characteristics were 

evaluated according to three pull-out tests of the system (see 
Table IV). Each torque ratio of this study was set based on the 
embedment depths (50mm and 100mm, respectively). The load 
values indicated maximum load capacities before failure of the 
systems and the displacements represented the values 
corresponding to the maximum load capacities. As shown in 
Fig. 10, the maximum load capacity values for SnM0L5 and 
SnM2L10 anchor systems were very close regardless of torque 
ratio. On the other hand, SnM2L5 anchor system showed the 
highest load capacity at 70% of the torque ratio and the lowest 
value at 50% of the torque ratio. The maximum load capacity 
significantly increased with increasing embedment depth in the 
anchor system. In addition, as mentioned in section II.B, a 
pull-out slip failure was observed in this test (see Fig. 12), 
because the anchor was set without any bonding adhesive 
except friction between anchor and concrete. 

B. Result: Shear Test 
Next, we present another structural failure mechanism, i.e. 

the experimental test based on shear tests. The purpose of this 
test was to evaluate the shear performance and to compare a 
behavior with pull-out tests. The maximum load capacities and 
displacements corresponding to the maximum loads were given 

in Table V. Furthermore, Fig. 11 compared the maximum load 
capacities corresponding to the torque ratios with embedment 
depths for tow different anchor types. The maximum load 
capacity for each case system was also very close regardless of 
torque ratio, which was similar to some of pull-out test results. 
For example, the maximum loads for both anchor systems 
increased about 15 percent with increased depths. It was 
observed that the failure mode was not occurred in concrete but 
in anchor, in the case of larger anchor with installed depth. The 
highest load capacity of the shear test was 5.678 ton at 70 % 
torque ratio in M2L10 anchor type, whereas the values of the 
pull-out test was 9.437 ton at 30% torque ratio in the same 
anchor system. 

 

 

 
Fig. 10 Anchor Capacity Characteristics for Pull-out Tests 

 

TABLE III 
MATERIAL PROPERTIES: CONCRETE AND ANCHOR STEEL 

 Young’s Modulus Poison’s ratio 

Concrete 23025 MPa 0.25 
Steel 200000 MPa 0.30 

TABLE IV 
SET ANCHOR LOAD-DISPLACEMENT DATA: BASED ON PULL-OUT TESTS 

Specimen Displacement (mm) Load (ton) 

S3M0L5 6.441 2.863 
S5M0L5 5.371 2.853 
S7M0L5 4.201 2.891 

S3M0L10 10.230 4.427
S5M0L10 7.585 4.387 
S7M0L10 10.066 3.605 
S3M2L5 15.032 2.543 
S5M2L5 30.088 1.163 
S7M2L5 8.893 3.663 

S3M2L10 18.643 9.437 
S5M2L10 25.085 8.977 
S7M2L10 24.213 9.093 

TABLE V 
SET ANCHOR LOAD-DISPLACEMENT DATA: BASED ON SHEAR TESTS 

Specimen Displacement (mm) Load (ton) 

S3M0L5 27.319 3.267 
S5M0L5 18.713 3.357 
S7M0L5 22.786 3.783 

S3M0L10 19.999 3.841
S5M0L10 18.527 3.833 
S7M0L10 18.461 3.895 
S3M2L5 34.922 5.278 
S5M2L5 39.123 4.822 
S7M2L5 35.923 4.921 

S3M2L10 20.933 5.624 
S5M2L10 21.554 5.621 
S7M2L10 46.023 5.678 
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Fig. 11 Anchor Capacity Characteristics for Shear Tests 

VI. VERIFICATION OF FE MODEL FOR THE ANCHOR SYSTEMS 
In order to verify the 3D nonlinear FE model, it was 

necessary to compare the results analyzed by ABAQUS and the 
results based on the experimental tests. Before comparison of 
the model, Fig. 12 showed the stress distributions of the 
post-installed anchor system and plain concrete structural 
system. The stress concentrations were observed at the contact 
surface of the anchor and the concrete. Fig. 13 compared the 
load-displacement relationships of the nonlinear FE model 
using contact elements with those of experimental tests. As 
shown in the figure, the load-displacement curves based on the 
FE model were extremely matched well till the failure points to 
the load-displacement relationships specified by the 
experimental tests. Differences in maximum loads between two 
results were less than 6 percent. Furthermore, in FE analysis, 
the peak loads decreased as the install depth increased. It was 
mainly due to the modeling of sleeve in anchor system, which 
assumed soft-contact. 

 

 

Fig. 12 Stress Distribution of the Systems Using FE Model and 
Concrete Failure Mode 

 

Fig. 13 Verifications of the Finite Element Model on the Experimental 
Results 

VII. CONCLUSION 
In this study, pull-out and shear tests of post-installed anchor 

systems drilled in plain concrete structural system were 
conducted in order to understand its performance under static 
loading conditions. The pullout and shear behaviors of the 
anchor systems were also numerically analyzed by ABAQUS. 
The conclusions of this paper are as followings: 
1) The maximum load capacity increased as the diameter and 

install depth of anchor system became larger, as shown 
from the pullout and shear experiments for post-installed 
anchor. A frictional resistance increased by the adhesive 
area of anchor in concrete. However, the behavior of 
SnM2L5 was different from others, since the anchor was 
set without any bonding adhesive. Anchor had larger 
diameter with smaller install depth, therefore bonding 
adhesive was not applicable to anchor set.  In the pullout 
test, the peak load with high torque was smaller than that of 
low torque. Therefore, the increasing of the torque was not 
quite economical. On the other hand, the torque did not 
influence the maximum shear loads.  

2) The failure behaviors of anchor depended on bonding 
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adhesive between anchor and concrete. If the bonding 
adhesive was greater due to install depth or torque, steel 
failures or concrete cone failures occurred. If the bonding 
adhesive was smaller, splitting or pull-out failure modes 
were occurred. 

3) In the pullout test, behaviors of concrete and post-installed 
anchor were numerically analyzed with finite element 
model. The surface of concrete and anchor was modeled 
using soft contact theory. The contact parameters were 
adjusted using experimental results. Using contact element 
for the anchor systems accounted for a soft contact, it is 
worth to propose the model which was quite well 
predicting the behavior of anchor system. 

Future development for dynamic characteristics is needed to 
identify the performance of post-installed anchor system 
subjected to extreme loading conditions such as wind loads and 
seismic events. In addition, further study for limit state of the 
load capacity in the anchor systems corresponding to the 
different torque ratio levels must be achieved. 
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