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This study mainly focused on the experimental evaluation of pipe-shape shear
connectors for multi-beam box girder bridges. The multi-beam box girder bridges are a
structure to the integration with the box girders placed adjacent to each other. They are
generally connected by shear keys and loop joints to resist the shear force at their
interfaces, and lateral tendons for applying the compression force. However, if the
integration effect decreases with time, the relative deflection between adjacent girders
occurs and it causes the reflective cracks on the deck along the interfaces. Furthermore,
the efficiency of constructing multi-beam box girder bridges decreases when loop
joints are used because it is complicated to form the required connections using
couplers. Therefore, this study evaluated behavior of pipe-shape shear connectors
which are superior in workability and ductility than loop joints by push-out tests and
pull-out tests.
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1 INTRODUCTION

In this study, pipe-shape shear connector is proposed. Behavioral characteristics of the
newly proposed and existing loop joint were compared by evaluating the shear
resistance and pull-out resistance of the proposed pipe-shape shear connector. Push-out
tests and pull-out tests were carried out to evaluate the shear resistance and the pull-out
resistance of pipe-shape connector.

2 PIPE-SHAPE SHEAR CONNECTOR

Multi-beam box girder bridges were first proposed in the United States in 1950 (Miller
et al. 1999). The girders are typically connected laterally using either a method
involving the use of shear keys and lateral tensile force or a method involving the use of
loop joints (PCI 2009, NCHRP 393 2009). Loop joints are connected to the interface
between girders before the girders are placed. After the girders are placed and the
formwork is dismantled, the loop joints are connected using a coupler. However, it is
inconvenient that a block out is required to protect the coupler before placement of a
girder and that the block out must be removed after the formwork is dismantled. This
study was conducted to attempt to develop a pipe-shape shear connector that would
have better constructability and ductility than a conventional loop joint. Figure 1 is a
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schematic diagram and illustrates the behavioral characteristics of the pipe-shape shear
connector developed in this study.
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(a) Installation overview. (b) Shear resistance. (c) Pull-out resistance.

Figure 1. Installation overview and mechanical characteristics.

3 SHEAR RESISTANCE OF PIPE-SHAPE SHEAR CONNECTOR
3.1 Details of Experiments

In this study, the behavioral differences with loop joint were assessed through push-out
tests presented by Eurocode-4(2007). The characteristics of the reference specimen
group and comparison group are shown in Table 1. Figure 2 shows the detail of

specimen.
Table 1. Variations of specimens for push-out test.
Diameter Length of  No. of No. of loop Concrete .
Name (mm) pipe (m) pipe joint (MPa) Quantity
DA2.7-L200x8 45 7 (1=2.3) 200 8 - 45 3
(Reference)
Loop(H16 x 12) H 16 - - 12 45 3
D21.7-L200x 8  21.7 (t=2.3) 200 - 45 3
D42.7-L150x 8  42.7 (t=2.3) 150 8 - 45 3
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Figure 2. Layout of specimens for push-out test (Reference).
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The push-out test results were evaluated on the basis of the results of the relative
displacement caused by loading. Evaluation of results was performed by Kim et al.
(2013) proposed method. Kim et al. (2013) proposed the initial relative displacement
(090) based on Pk, and 8,/099 was compared. 6,/d9 refers to the ratio of slip capacity to
the initial relative displacement. The larger the ratio, the bigger the ductility of the
shear connector compared to the initial stiffness. A safety factor is calculated using the
ratio of the maximum load (P.,y) to the yield strength (Py).

3.2 Push-out Test Results

Test results are shown in Figure 3 and Table 2. As shown in Figure 3, diameter of the
pipe was concluded to have a significant effect on the shear resistance performance and
ductility of pipe-shape shear connectors. However the effect of the length of the pipe
on the shear resistance performance of pipe-shape shear connectors is insignificant. As
shown in Table 2, P./Py, was 1.6 on average for the reference specimens 1.5 on
average for the loop joint specimens. 6,/3¢p was 2.8 for the reference specimens and 1.4
for the loop joint specimens. This indicates that the pipe-shape shear connector has
higher ductility than the loop joint.
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Figure 3. Load-relative slip relationships of push-out test specimens.
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Table 2. Results of push-out test.

. Pmax P PRK 6‘)0 6u
Specimens No. J 6,/0 Ppay/P
P (kN) (kN) (kN) (mm) (mm) i Y
1 7733 4882 6960 98 280 29 16
D42.7-L200x8 2 7920 4059 7128 110 250 23 2.0
(Reference) 3 7612 5519 6851 82 285 35 14
Ave. 7755 4820 6980 96 272 238 16
I 9060 5792 8154 94 135 14 16
2 8943 5522 8048 98 146 15 1.6
Loop(HI6X 12) =345 6488 8605 113 144 13 15
Ave. 9188 5934 8269 102 142 14 5
1 5395 3943 4856 73 150 22 14
5283 3380 4755 81 152 19 16
D2L7-L200X8 —35460 3768 4914 91 173 19 1.4
Ave. 5379 3697 4841 82 161 20 15
I 7502 5354 6752 96 219 23 14
2 7548 3951 6793 112 264 24 19
D42.7-L150x8 — 7186 4623 6467 95 252 26 16
Ave. 7412 4643 6671 101 245 24 1.6

4 PULL-OUT RESISTANCE OF PIPE-SHAPE SHEAR CONNECTOR
4.1 Details of Experiments

In this study, various design variables which can affect pull-out resistance such as pipe
insertion angle, pipe length, and shear connector type were set as variables to evaluate
the pull-out resistance of the pipe-shape shear connector. Table 3 shows the
characteristics of the reference specimen group and comparison group. Figure 4 shows
the detail of specimen. For each variable condition, specimens with the same
specifications were manufactured. Pure bending tests were carried out to evaluate the
pull-out resistance performance of the pipe-shape shear connectors. The bending
moment is calculated as a function of the load applied, and the pull-out force acting on
the connector is calculated from the bending moment.

Table 3. Variations of specimens for pull-out test.

Diameter  Length of Insertion Ng_ of No.of  Concrete

Name (mm) pipe (m)  angle)  pipe loop joint (MPa)  Quantity
L200-A1SX2 45 74=23) 200 15 8 ; 45 3
(Reference)
Loop(H16x3)  H16 - - - 12 45 3
L200-A10x2  21.7(=2.3) 200 10 8 ] 45 3

L150-A15x2  42.7 (t=2.3) 150 15 8 - 45 3
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Figure 4. Layout of specimens for pull-out test (Reference).

4.2 Pull-out Test Results

Test results are shown in Figure 5 and Table 4. As shown Figure 5, length of the pipe
has a large effect on the pull-out resistance performance of pipe-shape shear connectors.
However 5° change in the pipe insertion angle does not have much effect on the pull-
out performance of pipe-shape shear connectors. As shown in Table 4, Py,/Py was 1.5
on average for the reference specimens and 1.3 on average for the specimens with loop
joint. J,/899 was 2.8 on average for the reference specimens and 1.9 on average for the
loop joint specimens. Therefore, it was concluded that pipe-shape shear connectors,
which exhibit higher ductility than loop joints at the similar level of P,,/Py, can ensure

a higher safety factor after yield strength than loop joints.
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Figure 5. Load-relative slip relationships of pull-out test specimens.
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Table 4. Results of pull-out test.

. P(kN) Pyun(kN) d99 o,

Specimens No. Max Y Max y (mm)  (mm) 0u/899  Ppay/Py

1 2672 1901 5345 3802 97 285 29 14

1200-A15x2 2 2605 1660 5210 3320 126 364 29 16

(Reference) 3 2816 1800 5631 3599 137 364 27 16

Ave. 2698 1787 5395 3574 120 338 28 15

1 3047 2316 6094 4632 71 122 17 13

3317 2421 6635 4843 86 175 2.0 14

Loop(H16X3) —3 3500 7407 6555 4814 80 147 18 14

Ave. 3214 2380 6428 4763 79 148 1.9 13

1 1696 1022 3392 2044 69 194 28 17

1751 965 3501 1929 73 198 27 18

L150-Al5x2 — 1565 1262 3129 2524 42 153 37 12

Ave. 1670 1083 3341 2166 61 182 3.1 15

I 2516 1781 5031 3562 97 285 29 14

2580 1620 5160 3239 107 308 29 16

L200-A10X2 =35 1547 5174 3094 138 365 26 17

Ave. 2561 1649 5122 3298 114 319 28 16

5 CONCLUSIONS

In this study, push-out tests and pull-out tests were conducted on the pipe-shape shear
connector to propose a new shear connector with improved workability and high
ductility that can be applied to various types of precast concrete structures. The results
of the push-out tests and pull-out tests indicated that the pipe-shape shear connector has
better ductility and safety than the loop joint. Also, through the evaluation of
behavioral changes of the pipe-shape shear connector, it was found that the pipe
diameter has effect on the shear resistance of pipe-shape shear connector. When the
pipe length increased, the pull-out resistance and ductility of the pipe-shape shear
connector increased.  This shows that the pipe length improves the pull-out
performance and ductility. Therefore the pipe-shape shear connector demonstrated
more idealized behavior than the loop joint, by achieving higher ductile behavior and
safety.
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