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Abstract: Prefabricated ultra-high performance concrete (UHPC) channel segments are connected
by dry joints and prestressed tension to form a channel girder, which is then combined with a
cast-in-place concrete slab to form a composite girder, which is called as prestressed UHPC
composite segments girder with monolithic concrete slab (PUCS-MCS composite girder). It is a
new type of bridge structure that can fully utilize the performance of different materials, provide

good overall performance, and is easy to be constructed. To explore its shear behavior,
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experimental study was conducted on the shear behavior of nine specimens with the parameters of
dry joint number, number of the shear keys in the joint, shear-to-span ratio, steel fiber volume
fraction of UHPC, stirrup ratio, and longitudinal reinforcement ratio. The effects of each
parameter on the deflection, failure mode, and shear capacity of the specimens were analyzed.
Based on the experimental study results, a formula was proposed for predicting the shear capacity
of PUCS-MCS composite girder. The results show that the PUCS-MCS composite girders are all
failed in shear compression. The load-deflection curves of all specimens are similar before
cracking, and the stiffness of the PUCS-MCS composite girders weaken more significantly than
that of monolithic girder without joint after cracking. The shear capacity of PUCS-MCS
composite girders increases with the number of the shear keys in the joint, the steel fiber volume
fraction of UHPC, the stirrup ratio, and longitudinal reinforcement ratio, and decreases with the
dry joint number and shear-to-span ratio. Among these parameters, the most significant effects
are induced by the number of shear keys and dry joints, and the least are the steel fiber volume
fraction and the stirrup rate. Therefore, a PUCS-MCS composite girder can be made without
stirrup, and the UHPC can be mixed with low steel fiber volume fraction.

Key words: ultra-high performance concrete; prestressed channel segmental girder; monolithic

concrete slab; composite girder; shear behavior
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Fig. 1 Section size and reinforcement of

specimen (unit: mm)
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Table 1 Main parameters of specimen Table 4 Material properties of concrete
P TR n A K |Vi/% |os/ % | ps/ % REELFA| Vi/% | f/MPa| fo/MPa | fi/MPa | E./10" MPa
PUCS-MCS-1(1) 1 L51] 0 1 |o0.0| 15 UHPC 1 145. 1 138.4 7.3 4.2
PUCS-MCS-1(2) 1 | 1.5 0 1 |o0.0| 15 UHPC 2 171.6 | 158.2 8.9 4.5
PUCS-MCS-0 0 1.5 1 0.0 | 1.5 e VR B 59.0 51.7 4.6 4.0
PUCS-MCS-1-K-2 1 | 15| 2 1 |o0.0| 15 NTVEN o TN
i H KA 100 mm {97 7 R B A5, £ E. 4y
PUCS-MCS-1-2-1. 8 1 | 1.8 | o 1 |o0.0| 15 . . . "
S91) DA O P o B AT SRS B L 2 100 mm X100
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Table 2 Mix ratio of UHPC
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Table 3 Mix ratio of conventional concrete
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Table S Material properties of steel

LRy S B4 /mm | f,/MPa | f./MPa | E./10° MPa
HRB400 6.0 414 546 2.02
HRB400 8.0 452 633 2. 04

T 1 AN A2k 15.2 1520 1907 1.94
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Table 6 Main results of experiment

R P /kN|Py./kN|P,/kN|P,/kN| R}, | 6/(*)
PUCS-MCS-1(1) 380 480 | 540 | 630 |1.00(22~37
PUCS-MCS-1(2) 380 460 | 540 | 625|1.00{21~35

PUCS-MCS-0 580 | 1280 [1000 |1 300]2.07[40~47

PUCS-MCS-1-K-2 380 540 460 | 770 |1.23]30~40

PUCS-MCS-1-a-1. 8 360 420 500 | 5800.92]17~33

PUCS-MCS-2-2-1. 8 220 380 600 | 54010.93|26~39

PUCS-MCS-1-V-2% | 400 480 560 | 660 [1.0522~29

PUCS-MCS-1-p4-0. 3% 400 540 560 | 640 1.02]18~29

PUCS-MCS-1-p-1. 1% | 300 420 500 | 5800.92]16~32
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Fig. 4 Crack distribution and failure pattern of specimens
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