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Abstract— Recently, a new type of splice sleeve system, mortar-filled head splice sleeve has been developed. The bond 
capacity of the mortar-filled head splice sleeve (HSS) can be changed corresponding to the development length and the type 
of head. In this paper, a finite element (FE) analysis and a tension test of head-splice sleeve were performed with the 
parameter of the development length and type of head to analyze the bond behavior of a mortar-filled head-splice sleeve.  
From the FE analysis, it was shown that 20N/mm3 of Kn, the stiffness of perpendicular direction at interface between bar and 
grout mortar, is suitable to simulate the bond-slip behavior. Test result showed that the specimen with head has two times 
higher bond strength than without. 
 
Index terms— Mortar filled head splice sleeve, Development length, Type of head, Bond strength, Finite element analysis, 
Tension test. 
 
I. INTRODUCTION 
 
In recent years, there has been a rapid increase in the 
use of mechanical connection to facilitate the 
connection of rebar in a construction field. Since a 
splice sleeve connection, which is one of the typical 
mechanical connection methods, has an advantage of 
good applicability to large diameter rebar and 
exhibits characteristics that make it possible to 
respond to error and slope of the rebar position, it has 
widely been used in the connection of vertical 
elements such as a column. However, the currently 
used splice sleeve requires the installation of a 
separate pipe for insertion of grout mortar in the 
connections. In addition, the sleeve has a massive 
shape due to the long embedded length of the rebar, 
and the protruding rebar significantly reduces the 
workability. Recently, Seo[1-2] et al. have developed 
head splice sleeve (HSS) connections and used them 
in the connection of PC members.  
In this regard, this paper evaluated the tensile 
capacity by conducting a finite element analysis and 
experiments to identify the optimal size of the head 
sleeve and devise a reasonable design.  
Towards this end, a nonlinear FE analysis is 
performed to select the optimal cross-section through 
an iterative analysis that takes the contact element of 
the interface into account by finding out a weak part 
and an area where stress is less applied in an 
analytical study. In an experimental study, the 
optimal cross-section selected through the analytical 
study is fabricated in consideration of the workability, 
and the tensile capacity is evaluated by conducting a 
test with the effect on the bond behavior of the head 
splice sleeve as a variable. 
 
II. HEAD-SPLICE SLEEVE 

 
As shown in Figure 1, the head splice sleeve is  
 

 
composed of a small diameter region and a large 
diameter region. In the large diameter region, the 
head is attached to the end of the rebar and inserted 
along with the grout mortar, and in the small diameter 
region, a coupler-type is applied to connect the rebar. 
This has its advantages in that it requires no separate 
pipe since the connection is made by pre-grouting the 
high-strength mortar in the sleeve, and the anchored 
head increases the bond strength and reduces the 
development length of rebar, thereby optimizing the 
cross-section. In addition, as one side is open, it is 
easy to implement the construction process of PC 
members.  

 

 
Figure 1 : Shape of HSS 

 
III. FINITE ELEMENT ANALYSIS  

 
The finite element analysis on the head splice sleeve 
(D29) was conducted using a Midas- FEA[3] software. 
The rebar connected to the small diameter region of 
the sleeve was modeled as being integrated with the 
sleeve. In addition, the rebar and head embedded into 
the large diameter region were assumed to be 
integrated as well. The total length of the specimen, 
including the sleeve was modeled to identify the same 
behavior as that in the actual experiment. A method 
of increasing the displacement is used for control, and 
a load was applied to the end of the rebar connected 
to the large diameter region as shown in Figure 2.  



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-3, Issue-1, Feb.-2016 

FE Analysis and Tension Test of a Mortar-Filled Head-Splice Sleeve 
 

54 

 
Figure 2: Section detail of HSS connection 

 
In order to consider non-linearity of materials in the 
finite element analysis, the non-linear characteristics 
of the materials for sleeve, rebar and grout mortar 
were reflected, and the total strain crack model was 
used as a material model of the grout mortar. In 
addition, since the mortar inside the sleeve is 
restricted in the horizontal direction (lateral direction), 
there is an increase in the isotropic stress under a 
compressive stress, which in turn increases strength 
and ductility.  
To reflect the influence of the isotropic stress of grout 
mortar, a compression-strain relationship should be 
modified appropriately. In this analysis, models as 
shown in Figure 3 (a), (b), and (c) were used as 
compression, tensile and shear models of grout 
mortar. The compressive strength of the grout mortar 
was 72.6MPa, and 0.5 was used as a shear retention 
coefficient. The rebar and the sleeve were assumed to 
be elasto-plastic models that follow the failure section 
of Von Mises, and therefore bilinear relation was 
used as shown in Figure 3 (d). The yield strength of 
the steel was 500MPa and assumed to have the strain 
hardening ratio of 2%. 
 

 
Figure 3: Material model for FE analysis 

 
In the head splice sleeve, there is a contact surface 
between rebar and mortar, and mortar and sleeve, and 
thus the definition of this contact surface is needed. 
The interface behavior between rebar and concrete 
can be defined as a bond-slip relationship, and the 
bond-slip relationship poses a problem that makes it 

difficult to model the relationship analytically since 
the stress distribution at the contact surface is very 
irregular and complex. Accordingly, the analysis was 
performed under the assumption that the same bond 
stress is applied between the rebar and the sleeve that 
come in contact with the mortar.  
As shown in Figure 4, behaviors are divided into two 
completely different ones such as a perpendicular 
direction behavior to the interface at the contact 
interface, and a tangential direction behavior parallel 
to the interface. The tangential direction behavior 
includes compressive and tensile behaviors, and a 
nonlinear behavior does not occur in the case of the 
compressive behavior. The tensile behavior is 
accompanied by the nonlinear behavior like a 
concrete crack, which is controlled by the tensile 
strength entered at a tension-cutoff.  

 

 
Figure 4: Bond-slip model 

 
A change due to the perpendicular direction behavior 
perpendicular to the contact interface may lead to a 
slight overlap between mortar and steel, but it is a 
natural limitation that occurs in the process of the 
contact element formulation. In order to reduce this 
overlap, the contact element stiffness Kn was taken 
into account.  
The solution used in a general finite element analysis 
program in the nonlinear analysis is an iterative 
method. In the iterative method, displacement that 
becomes the solution of the nonlinear analysis 
appears as an accumulation of the increment 
displacement. Of the iterative methods that can be 
used in MIDAS-FEA, a Newton-Raphson method in 
which the convergence speed is fact, and a small 
number of repeats are required for the convergence 
was used to perform the finite element analysis. In 
addition, modified and repeated analyses were 
performed in consideration of the perpendicular 
direction elements of the interface.  
According to the results of the repeated analysis, the 
bond-slip behavior was well simulated when 
20N/mm3 was applied as Kn value. In addition, the 
analysis results obtained by considering Kn value to 
select the optimum cross section of HD29 with the 
sleeve length of 109mm and the sleeve thickness of 
2mm showed that the sleeve started to yield when the 
rebar reached the tensile strength as shown in Figure 
5. Accordingly, it was confirmed that there is no 
problem in usability if the length of the sleeve is more 
than 109mm, and the thickness of the sleeve is more 
than 2mm when manufactured.  
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Figure 5: FE analysis result 

 
IV. TENSION TEST OF HSS 

 
Based on the cross section elected through the 
analysis, the number of ribs in the sleeve used in the 
analysis was reduced in consideration of the 
manufacture and workability, and the thickness and 
length of the sleeve was complemented by 
considering the safety. Figure 6 and Table 1 show the 
cross-sectional shape of the specimen of the head 
splice sleeve for HD29 and the list of the specimens 
respectively. The test was designed by using the 
development length of rebar and the presence of head 
as variables, and three test specimens were fabricated 
by variable.  

 

 
Figure 6: Modified sleeve detail 

 
Table 1 Test variables 

 
 

The reinforcing bar used in the test was SD500 steel, 
and the sleeve and head were manufactured using 
SM45C material, which is the carbon steel for 
mechanical structure. BCS mortar was used as grout 
mortar, and the design compression strength of the 
grout mortar was designed to achieve 73MPa through 
curing for 7 days. The test was conducted over two 
days.  
In the test for evaluating the tensile performance of 

the head splice sleeve, a uniaxial tensile test was 
conducted based on the KS D 0249[4] (method of 
inspection for mechanical splicing joint of bars for 
concrete reinforcement). As shown in Figure 7, the 
relative displacement of two points 20 mm away from 
the both sides of the specimen was measured, and two 
LVDTs were attached so that the unilateral 
deformation could be corrected. For the test 
equipment, a universal testing machine (UTM) was 
used. In addition, the compressive strength of the 
grout mortar is shown in Table 2, and the material 
test results of the rebar and sleeve are summarized in 
Table 3. 

 

 
Figure 7: Test setup for tension test 

 
Table 2 Strength of grout mortar 

 
 

Table 3 Mechanical properties of rebar and sleeve 

 
 

From the tensile test of the head splice sleeve, the 
failure patterns of specimens were different each 
other corresponding to the presence of head as shown 
in Figure 8. First mortar failure shape is parallel shear 
crack failure by bearing force of head in the case with 
head, which is termed A type failure. And the other is 
the pull out failure of rebar happened in the case 
without head, which is termed B type failure. 
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Figure 8: Failure mode of Mortar 

 
Figure 9 shows a stress-stress curve that represents 
the typical results that appear in the test. The test 
results showed that the initial stiffness of the 
specimens remained similar, but the stiffness was 
reduced when the slip of mortar occurred. 

 

 
Figure 9: Stress-strain curve 

 
ACI-318 standard [5] specifies that the joint strength 
of the rebar should be strong enough to transmit 
tensile and compressive force, which is more than 
1.25 times the design yield strength (fy) of the bar. As 
both 29-3.6D and 29-2.5D specimens were found to 
have the strength, which is more than 1.25 times the 
design yield strength (fy) and thus exhibit high tensile 
performance. In the case of the specimen in which the 
head is not attached, the mortar suffered brittle failure 
before yielding, and the specimen to which the head 
is attached showed a tendency to have the strength, 
which is more than twice that of the specimen where 
the head is not attached. Likewise, in the specimens 
where the head is attached, the strength was further 
increased due to the interaction of the bond strength 
between rebar and grout mortar, and the bearing 

stress of head anchorage. 
 
CONCLUSION 
 
This paper attempted to evaluate the tensile capacity 
by conducting the finite element analysis and 
experiments for economical and reasonable design of 
the head splice sleeve. The conclusions were obtained 
as follows.  
In the analytical study, the repeated analysis was 
conducted in consideration of the perpendicular 
direction element of the interface, and the results 
showed that the bond-slip behavior was well 
described when 20N/mm3 was applied as Kn value, 
and the optimum cross section can be designed with 
the sleeve length of at least more than 109mm and 
thickness of at least more than 2mm in terms of safety.  
The tensile test was carried out with the optimum 
cross section selected through the analytical study, 
which was fabricated in consideration of workability. 
All specimens, except for the specimen where the 
head is not attached, were found to satisfy the 
strength required by the standard. In addition, the 
specimen to which the head is attached showed the 
strength, which is more than twice that of the 
specimen without head. Thus, the effect of head 
anchorage turned out to be a critical factor in 
improving the bond strength.  
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