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ABSTRACT 
 

The precast concrete segmental construction method is an effective method to replace the 
deteriorated concrete for rapidity. The precast concrete segmental method is widely applicable to various 
structures with including concrete pavements, bridge decks, buildings, and special structures such as 
nuclear power plant. The precast concrete is used in the nuclear power plant as the form of precast girder 
for turbine generator pedestal, supports, wall system, etc (Tatum 1983). This paper presents the result of 
an experimental study (Jang et al., 2013) conducted to investigate the flexural strength of precast concrete 
segments with joint grouts. All specimens had no reinforcement. Three types of cementitious grout 
material, i.e., ordinary cement mortar, shrinkage compensating cement mortar, and polymer cement 
mortar, were filled between precast concrete segments. In addition, two types of joint space, 2 cm and 5 
cm, were examined. The experimental results showed that a typical failure mode was bond failure. 
However, only a precast concrete segment with joint space of 5 cm connected by a polymer cement 
mortar showed flexural failure mode due to sufficient bond strength between a precast concrete segment 
and a polymer cement mortar grout to behave in a body. The maximum strengths were high according to 
the order of polymer cement mortar, shrinkage compensating cement mortar, and ordinary cement mortar. 
In addition, flexural strength in the case of joint space of 2 cm was larger than that of 5 cm. 
 
INTRODUCTION 

 

In recent years, precast concrete segmental method of construction has been popular as a 
substitute for cast-in-place method. Cast-in-place construction method is useful to achieve structural 
integration, however it can lead to extensive traffic delays and rerouting inconveniences. In addition, it 
has often lack of durability, particularly in harsh environments (Billington et al., 1999). On the other hand, 
precast concrete segmental method guarantees the speed of erection, improved aesthetics and the ease of 
quality control (Buyukozturk et. al., 1990). The precast concrete segmental construction method is also an 
effective method to replace the deteriorated concrete for rapidity. The precast concrete segmental method 
is widely applicable to various structures with aforementioned advantages. Not to mention precast 
concrete segmental method is applied to general structures like concrete pavements, bridge decks, and 
buildings, it is also applied to the special structures such as nuclear power plant. The precast concrete is 
used in the nuclear power plant as the form of precast girder for turbine generator pedestal, supports, wall 
system, etc (Tatum 1983). 

 Although precast concrete has several advantages, joints among segments can be problematic. 
The joint represents the discontinuity space among precast concrete segments. The major structural failure 
in the past had been caused by inadequate joint details. Issa et al. (2007) reported the survey result for the 
field performance of precast deck bridges. The survey found that the crack and the water penetration into 
the joint attributes to severe damage (Issa et al., 2007). Water penetration through the cracks induces 
corrosion which leads to dramatic decrease in resisting capacity. Besides the function of the transverse 
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joints is to transfer the live loads between adjacent panels, key consideration of join details should be 
prevention of crack formation to ensure the structural stability (Shim et al., 2001). 

Several studies about transverse joint behavior focused on the prediction of load transferring 
mechanism (Sullivan, 2003; Kaneko et al., 1993). However, a few research on the effect of grouting 
material on durability and structural stability exists. Gulyas et al. (1995) investigated the effect of grout 
material on the vertical shear, direct tension, and direct longitudinal shear tests of joints via experiments. 
The used grout material was Set 45 and non-shrinkage mortar, and they found that Set 45 Hot Weather 
grout gave much higher strength, but also showed larger dry-shrinkage (Gulyas et al., 1995). Set 45 grout 
was sensitive to the exposure on the air before mixing, while precast concrete segment using Set 45 grout 
was lighter than the Portland cement concrete specimen (Gulyas et al., 1995). It can be concluded that the 
recommendation of grout material depends on the environmental condition around construction site. Issa 
et al. (1995) carried out the visual inspections on the existing precast concrete structures. According to the 
study, generally used joint types in United States were tongue-and-groove joint, butt joint, and female-to-
female joint type. The tongue-and-groove joint was impractical because of difficult grouting process (Issa 
et al., 1995). The butt joint was known to be ineffective because of leakage under tensile load (Issa et al., 
1995). The female-to-female joint had potential problem under repeated loading for mismatching the 
adjacent slab (Issa et al., 1995). Bridge decks with female-to-female joints had virtually no problem on 
the top and bottom (Issa et al., 1995). Issa et al. (1995) concluded that the female-to-female joint is the 
most common joint type and recommended for serviceability. 

This study investigated the flexural strength of precast concrete segments with joint grouts. 
Precast concrete segment with female-to-female shear key was prepared, and all specimens had no 
reinforcement. Flexural strength of precast concrete segments with joint grouts was evaluated from the 
experimental results of flexural test, i.e., failure modes, peak loads, and load-displacement relationships, 
etc. 
 
EXPERIMENTAL PROCEDURE 
 
Specimen Preparation 

 
A total of 6 specimens were prepared for this experimental study. All specimens were prepared as 

a form of two precast concrete segments connected by cementitious grout materials (see Fig. 1). Precast 
concretes used in this study were composed of ordinary Portland cement, water, sand, gravel (Gmax=25 
mm) and polycarboxylate-based super-plasticizer. Mix proportion and measured compressive strength of 
the precast concrete is shown in Table 1. A precast concrete segment having a dimension of 200 mm × 
200 mm × 200 mm with female-to-female shear key was prepared for the test. Two precast concrete 
segments were connected by cementitious grout materials. Three types of cementitious grout materials, 
i.e., ordinary cement mortar (W/C=0.4, sand to cement ratio=2, super-plasticizer content=0.6 wt% by 
cement), shrinkage compensating cement mortar (W/B=0.16), and polymer cement mortar (W/B=0.16) 
were prepared to fill a space between precast concrete segments. The space between the precast concrete 
segments was set by 2 cm and 5 cm. In addition, all specimens had no reinforcement. 
 
 

Table 1: Mix proportion and measured compressive strength of the precast concrete 
 

W/C S/a 
Unit weight (kg/m3) Compressive 

strength (MPa)* Water Cement Sand Gravel Super-
plasticizer 

35 38.3 171 488 620 1015 3.22 40 
* Measured at age of 28 day 
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Test Methodology 

 
Test plan is summarized in Table 2. Flexural test was conducted by 3 point bending test. Figure 1 

represents the geometry of specimens and test set-up. The tests were conducted under displacement 
control at a constant head loading rate of 0.03 mm/s using 200 kN universal testing machine (UTM). In 
addition, six linear variable differential transformers (LVDTs) were installed on the specimen to measure 
vertical displacement. More details of the specimen preparation and test methodology can be found in 
Jang et al. (2013). 
 

Table 2: Summary of test plan 
 

No. Specimen Types of cementitious grout material Joint spacing 
(cm) 

1 OCM-5 Ordinary cement mortar 5 
2 SCM-5 Shrinkage compensating cement mortar 5 
3 PCM-5 Polymer cement mortar 5 
4 OCM-2 Ordinary cement mortar 2 
5 SCM-2 Shrinkage compensating cement mortar 2 
6 PCM-2 Polymer cement mortar 2 

 
 

 
Figure 1. Geometry of specimens and test set-up (Jang et al., 2013) 

 
 
RESULTS AND DISCUSSION 

 
The typical failure modes were shown in Fig. 2. In the case of specimens with joint space of 5 cm, 

OCM-5 and SCM-5 showed similar failure mode. The first crack was occurred in lower joint, and the 
cracks were progressed along cross-section of a joint. Failure modes of two specimens were bond failure 
between a precast concrete segment and a grout. From this result, it can be concluded that a stress 
concentration occurred in a part of joint, since bond strengths between a precast concrete segment and a 
joint grout were lower than the flexural strength of specimen. On the other hand, PCM-5 showed different 
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failure mode, i.e. flexural failure. This result showed that the bond strength between precast concrete 
segment and joint grout was sufficient to behave in a body. In cases of specimens with joint space of 2 cm, 
all specimens showed similar failure mode, i.e. bond failure. 

Load-displacement relationships of the flexural test specimens were shown in Fig. 3, and the test 
results of flexural test were summarized in Table 3. In cases of specimens with joint space of 5 cm, the 
peak loads of OCM-5, SCM-5, and PCM-5 were 23.58 kN, 38.71 kN, and 54.49 kN, respectively. In 
addition, the displacements at failure of OCM-5, SCM-5, and PCM-5 were 1.42 mm, 1.35 mm, and 4.54 
mm, respectively. It could be inferred that PCM-5 showed the highest flexural strength, since the polymer 
cement mortar grout has higher compressive, flexural and tensile strength compared to ordinary cement 
mortar grout or shrinkage compensating cement mortar grout. In cases of specimens with joint space of 2 
cm, on the other hand, the peak loads of OCM-2, SCM-2, and PCM-2 were 47.92 kN, 60.96 kN, and 
36.85 kN, respectively. It should be noted that a hardened joint grout of PCM-2 showed porous texture, 
since it was not sufficiently compacted. Therefore, the maximum strength was high according to the order 
of polymer cement mortar grout, shrinkage compensating cement mortar, and ordinary cement mortar, 
considering the experimental results of five specimens except PCM-2 which had a manufacturing defect. 
 
 

   
(a) OCM-5 (b) SCM-5 (c) PCM-5 

   
(d) OCM-2 (e) SCM-2 (f) PCM-2* 

* In case of PCM-2, hardened joint grout showed porous texture, since it was not sufficiently compacted. 
 

Figure 2. Typical failure modes in flexural tests (Jang et al., 2013) 
 
 

 
Table 3: Summary of test results of flexural test (Jang et al., 2013) 

 

Specimen Peak load 
(kN) 

Displacement at failure 
(mm) 

Flexural strength 
(MPa) 

OCM-5 25.38 1.42 1.90 
SCM-5 38.71 1.35 2.90 
PCM-5 54.49 4.54 4.09 
OCM-2 47.92 3.66 3.59 
SCM-2 60.96 3.43 4.57 
PCM-2* 36.85 3.70 2.76 

* In case of PCM-2, hardened joint grout showed porous texture, since it was not sufficiently compacted. 
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(a) Joint space of 5 cm (b) Joint space of 2 cm 

Figure 3. Load-displacement relationships of the flexural test specimens (Jang et al., 2013) 
 

 
CONCLUSIONS 

 
This study investigates the flexural strength of precast concrete segments with joint grouts. All 

specimens had no reinforcement. The experimental results showed that the failure mode of precast 
concrete segments with a polymer cement mortar grout was flexural failure in a relatively large load, 
whereas the failure modes of precast concrete segments with ordinary cement mortar grout or shrinkage 
compensating cement mortar grout were bond failure between a precast concrete segment and a joint 
grout in a relatively small load. The flexural strength was high according to the order of polymer cement 
mortar, shrinkage compensating cement mortar, and ordinary cement mortar. It is also worth mentioning 
that the joint space should be installed small in order to withstand larger loads. 
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