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In order to improve the stiffness and shear bearing capacity of steel-UHPC composite bridge, an innovative shear connector
named arc-shaped reinforcement shear connector was proposed and compared with the stud and perforated bar steel plate shear
connector using the static push-out test. Considering shear connector diameter, a total of ten push-out specimens for five groups
were designed. (e results indicated that the failure modes and failure mechanism of the arc-shaped reinforcement shear
connectors were significantly different from stud shear connector and perforated bar steel plate. Obvious failure characteristics
such as crack and reinforcement were not observed for the arc-shaped reinforcement specimens except for fine cracks on the top
of one specimen, but these were observed for the others two types of shear connector. (e relative slip value of arc-shaped
reinforcement shear connector at the maximum load was the smallest and less than 1mm in three types of shear connectors. (e
stiffness and shear bearing capacity of arc-shaped reinforcement were higher than those of stud and perforated bar steel plate
under the same diameter. Increasing arc-shaped reinforcement diameter could improve significantly static behavior of shear
connector. When the diameter of arc-shape reinforcement was increased from 8mm to 12mm, the ductility factor, stiffness, and
shear bearing capacity of arc-shaped reinforcement shear connector were improved by 174.32%, 214.76%, and 54.2%, respectively.
A calculation method of shear bearing capacity was proposed by the least square method and multiple regression analysis and
agreed well with the test result.

1. Introduction

Steel-concrete composite structure is the preferred
structure for long-span bridge all over the world. With
the rapid development of construction industry, light-
weight construction products have gradually become the
main structure of large-span bridges. Aiming at the
technical problems of traditional bridge such as the
limited spanning ability and poor durability [1], Shao
et al. [2] took the superior performance of UHPC into
composite structure and innovatively proposed the steel-
ultra high performance concrete (UHPC) composite
bridge, which effectively reduced the self-weight, the
cracking risk in the negative moment zone, and the fa-
tigue stress amplitude of the steel structure [3]. Shear
connector is the key stress elements to ensure the steel
beam and UHPC layer work together and to resist the

horizontal shear force at the interface between steel beam
and UHPC layer. In order to make full use of the me-
chanical advantages of materials, respectively, it is nec-
essary to carry out deep research and discussion on the
connection of composite structure.

At present, stud, channel steel, and PBL (perfobond
rib) are commonly used as shear connector in the tra-
ditional steel-concrete composite structure, and extensive
research had been conducted [4–6]. (e research results
demonstrated that different shear connectors exhibited
their own advantages and disadvantages. (e stud was
easy for design and calculation owing to simple force
mechanism. However, a large number of studs would lead
to large amount of welding work. PBL shear connector
showed good shear behavior, but it was difficult to be used
in fabricated structure; meanwhile it consumes much steel
and needs high cost.
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Since the performance of UHPC was greatly different
from that of traditional concrete, and the thickness of UHPC
layer of steel-concrete composite bridge deck was usually
only about 50mm, the research results of shear connector
embedded in steel-concrete composite structure could not
be applied to steel-UHPC composite structure.

In recent years, some studies have been conducted to
investigate the behavior of shear connector embedded in
steel-UHPC composite structure. Cao et al. [7] studied the
shear performance of short stud with the height-diameter
ratio of 2.7 in steel-UHPC composite structure by push-out
test, and it was found that studs were sheared off from the
root of stud, while no appreciable damage was observed on
the UHPC layer. Shao et al. [8, 9] investigated static behavior
of the new local welded rebar mesh shear connector and the
new shear connector of short rebar. (e research results
demonstrated that the shear bearing capacity of the short
rebar shear connectors was slightly lower than that of the
welded rebar mesh connectors. But the shear bearing ca-
pacity of them was higher than that of stud, and the relative
slip value of them was lower than that of stud. (ese two
novel shear connectors were used only in the ultrathin
UHPC layer. Yan et al. [10] conducted the flexural exper-
imental study of steel-UHPC composite beam with J-hook
shear connector and proposed an analysis model of struc-
tural stiffness and strength of shear connector. (is shear
connector was complicated and was not convenient to
construct. Wang [11] studied the static behavior of PBL
shear connector embedded in steel-UHPC composite and
found that there were high shear capacity and better ductility
of PBL shear connectors. Shariati et al. [12, 13] proposed an
innovative shear connector named C-shaped angle; the shear
behavior was studied under the static and low cycle fatigue
load. (e research results show that C-shaped angle shear
connector could effectively improve the shear performance
of the composite structure and has higher shear strength.
Subsequently, the shear performance of rectangular steel
pipe (RSP), tilted-shaped angle, and V-shaped angle was
studied theoretically and experimentally by the research
scholar such as Zhu et al. [14–17], respectively. Based on the
finite element numerical analysis, the influence factors of
shear strength and the calculation method of shear strength
were analyzed.

From the above research results, stud shear connector
embedded in the steel-UHPC was sheared off due to higher
compression of UHPC and low shear capacity of stud. Other
shear connectors such as PBL, C-shaped angle shear con-
nector, and V-shaped can provide higher bearing capacity,
but it is inconvenient for them to construction and lots of
steels will be consumed.

(is paper proposed an innovative shear connector
named arc-shaped reinforcement shear connector and in-
vestigated static behavior of arc-shaped reinforcement shear
connector embedded in steel-UHPC composite structures
compared to the stud and perforated bar steel plate shear
connector through 10 push-out test specimens with the
parameters of diameter. (e failure mechanism and failure
patterns were analyzed. (e ultimate shear strength and
relative interfacial slip of three types of shear connectors

were measured. (e regularity of load-slip curve, shear
stiffness, ductility, and shear bearing capacity of three types
of shear connector were analyzed and discussed. Further-
more, shear bearing capacity calculation method of arc-
shaped reinforcement shear connector was proposed.

2. Experimental Study

2.1. Push-Out Specimens Design. Referring to the push-out
test method specified in Eurocode-4 [18], a total of 10 push-
out specimens for 5 groups were designed and fabricated to
investigate the effects of shear connector diameter. Figure 1
and Table 1 show the specific design parameters of the
specimens. (e arc-shaped reinforcement shear connectors
were arranged in pairs along the H-shaped steel in order to
form a rectangular structure and were composed of three
parts, the straight segment, the circular segment, and the
straight segment. For the circular segment, it was designed as
a semi-circular arc with a radius of 40mm. Figure 2 shows
the design details. (e H-shaped steel with a sectional di-
mension of 200mm× 204mm× 12mm× 8mm was used as
the steel girder.

2.2. Push-Out Specimens Fabrication. H-shaped steel and
three types of shear connector were fabricated and welded
together using penetration welding for stud and double-face
welding for steel bar and steel plate in factory, following a
standard procedure, and then transformed to laboratory.
Arc-shaped reinforcement adopted HRB400 ribbed rebar,
and stud adopted ML15. All UHPC slabs were cast in
laboratory. (e length and diameter of steel fiber in UHPC
are 13mm and 0.16mm, respectively, and volume fraction is
1.5%. (ree groups of 100mm× 100mm× 100mm cube
specimens and 100mm× 100mm× 400mm prism speci-
mens were cast when pouring the UHPC slabs. Parameters
of mainmaterial were obtained, as listed in Table 2. All push-
out specimens were cured at room temperature for 48 h to
final condensation and then steam-cured for 48 h contin-
uously at the temperature from 90 to 100°C.(e flowchart of
push-out specimens fabrication is shown in Figure 3.

2.3. Load and TestMethods. As shown in Figure 4, the push-
out specimen was tested in an electrohydraulic servo
pressure testing machine with a capacity of 500 t. A force
spreading steel plate and a rubber sheet were placed between
the loading plate and the top of the specimen to ensure a
uniform load application. A dial indicator was installed at
the bottom of the H-type flange plate to measure the relative
slip between the steel plate and the UHPC.

Test loading scheme: before testing, the specimen was
loaded to 40 kN to examine the proper functioning of the
machine. During testing, the loading was first controlled by
force and was loaded to 70% of the estimated maximum load
at 40 kN per stage. (en, loading was changed to dis-
placement control and at a speed of 0.2mm/min until it
dropped to 60% of the maximum load or the specimen was
brought to failure. Load duration for each stage was 3–5min,
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and load value and relative slip value were recorded. Il-
lustration of the test loading system is shown in Figure 4.

3. Results and Discussion

3.1. Push-Out Test Results. (e test results of this study are
shown in Table 3. Table 3 lists out maximum load, maximum
relative slip, and ductility factor of three types of shear
connectors. Pu is the maximum load in the test process; δu is

the relative slip value corresponding to the maximum load;
Pavg is the average load value; δavg is the relative slip value
corresponding to the average load; Dc is the ductility factor
of the specimens; and Dcavg is the average of Dc.

3.2. Analysis of Failure Pattern and Failure Mechanism.
When the load reached 100 to 150 kN, bonding interface
between H-shaped steel and UHPC slab gradually separated
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Figure 1: Design size of specimens. (a) Stud connector, (b) arc-shaped reinforcement connector, and (c) perforated bar steel plate connector.

Table 1: Specimen parameter design.

Types of shear
connectors

Specimen
number

(e diameter of stud
(mm)

(e diameter of arc-shaped
reinforcement (mm)

(e diameter of perforated steel
bar (mm)

Stud A-1-1 10A-1-2

Arc-shaped
reinforcement

C-1-1 8C-1-2
C-2-1 10C-2-2
C-3-1 12C-3-2

Perforated bar steel
plate

B-3-1 10B-3-2
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12 12
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Figure 2: (e design specification of shear connector. (a) (e design specification arc-shaped reinforcements and (b) the design spec-
ification perforated bar steel plate.

Table 2: Parameters of main material.

Parts Material types Elasticity modulus (MPa) Yield strength (MPa) Tensile strength (MPa) Compressive strength (MPa)
H-shaped steel Q345 2.06E5 3.45E2 5.00E2
UHPC slab UHPC 4.26E4 1.67E2
Stud ML15 2.06E5 3.45E2 4.00E2
Ribbed bar HRB400 2.06E5 4.00E2 5.40E2
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in the three groups of specimens, and the load at this stage
was mainly undertaken by the friction between UHPC and
H-shaped steel. With the load increasing continuously, the
failure modes of the three types of shear connectors were
found to be quite different. Figures 5–7, respectively, show
the failure modes of stud, perforated bar steel plate, and arc-
shaped reinforcement shear connectors.

Figure 5 demonstrates that the bearing capacity was
undertaken by the studs after the occurrence of the interface
separation between H-shaped steel and UHPC slab.
Moreover, the relative slip value and the gap width between
H-shaped steel and UHPC slab for group A specimens
gradually increased, and the plastic deformation of the studs
appeared. When the load reached its maximum value, the
UHPC slab was completely separated from the H-shaped
steel and all the studs of group A specimen on one side were
suddenly sheared off at the root of stud instead of the
welding position. (e local UHPC around the root of the
studs was crushed without any visible concrete splitting on
the surface of the UHPC slab. (is phenomenon indicates
that the UHPC can resist the crack propagation.

Figure 6 illustrates the failure mode of group B speci-
mens. (e sound of steel fiber tearing in UHPC could be

heard in group B specimens during loading. (e bearing
capacity of the specimens was mainly undertaken by the
rebar and UHPC. When the maximum load was reached,
vertical cracks could be observed at the central part of
bottom of UHPC slab and gradually widened and extended
to the top. (e bearing capacity was mainly undertaken by
the rebar at the stage of bearing capacity decreasing, and
finally the rebar fractured and lost bearing capacity.

Figure 7 demonstrates that when the load of group C
decreased to 60% of the maximum load, except that there
were some stress cracks on the top surface of the UHPC slab
along the arc-shaped reinforcement for the C-3-2 specimen,
the phenomena of arc-shaped reinforcement fracture and
UHPC slab cracking were not observed on the other
specimens. Test results indicated that the arc-shaped rein-
forcement shear connectors exhibited adequate toughness
and bond force with UHPC. (e arc-shaped reinforcement
was welded on the H-shaped steel and a closed-loop steel was
formed; thus, the arc-shaped reinforcement gives better play
to its tensile properties. Moreover, the UHPC in the closed
loop can improve the shear resistance. (erefore, the arc-
shaped reinforcement shear connectors have relatively high
shear capacity compared to the other shear connectors.

3.3. Analysis of Load-Slip Curve. Figure 8 exhibits the load-
slip curves of three types of shear connectors. It can be seen
from Figure 8 that the load-slip curves of push-out speci-
mens of arc-shaped reinforcement and perforated bar steel
plate show three obvious stages: the elastic stage, the elastic-
plastic stage, and the descending stage. When the load
exceeded the maximum load, the specimens were sheared off
suddenly, so the data cannot be collected in time and the
descending stage of load-slip response of stud was not de-
tected, and the load-slip curves of stud just show the first two
stages; the results were consistent with Cao et al. [7] and
Wang et al. [19]: (1) at the elastic stage, the load-slip curves

Welding shear connectors Fabrication and
installation formwork Casting UHPC Dismantling formwork

and curing

Figure 3: Flowchart of push-out specimens fabrication.

Figure 4: Illustration of the test loading system.
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exhibit approximately linear characteristic between load and
relative slip value, which is indicated by the slope of the
curve. (e slope of specimens in group C is the maximum,
and group B is next, while group A is the minimum. (2) At
the elastic-plastic stage, when the load reaches 60%–70% of
the maximum load, the relative slip at the interface between
the UHPC and H-shaped steel plate increases rapidly with
the vertical load increasing continuously. (e slope of the
curves decreases gradually, and the load-slip curves present
nonlinear behavior. (e slope of load-slip curves for the
specimens in group A decreases rapidly, until it reaches the
maximum load. However, the slope of load-slip curves for

the specimens in group B decreases slowly in the early stage.
When the bottom of the UHPC slab cracks, load-slip curves
enter into platform stage and the slope of load-slip curves
remains basically constant. (e slope of load-slip for the
specimens in group C decreases slowly all the time. Com-
bined with the experimental statistical results presented in
Table 3, it can be seen when the load reaches the maximum
value, the relative slip value of specimens in group C is the
minimum; next is group A, and group B is the maximum. It
demonstrates that the arc-shaped reinforcement shear
connectors exhibit the best ability to resist elastic-plastic
deformation. (3) At the descending stage, the bearing ca-
pacity decreases continuously after the load reaches the
maximum load and the relative slip increases rapidly. (e
descending curves of group B are relatively flat, while those
of group C are relatively steep. When the load drops to about
60% of the maximum value, the relative slip of specimens in
the group B and C specimens was about 9.45 and 5.61mm,
respectively.

(e load-slip curves of arc-shaped reinforcement with
different diameters are plotted in Figure 9. (e relative slips
of arc-shaped reinforcement shear connectors are small at
the rising stage and the relative slip corresponding to its
maximum load is less than 1mm. (e relative slip

Figure 6: Failure modes of perforated bar steel plate shear
connector.

Figure 7: Failure modes of arc-shaped reinforcement.
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Figure 8: (e load-slip curve of three shear connectors.

Table 3: Push-out test results.

Shear connector type Specimens
Maximum Ductility factor

Pu (kN) Pavg (kN) δu (mm) δavg (mm) Dc Dcavg

Stud A-1-1 430.65 446.06 1.27 1.31 2.25 2.51A-1-2 461.47 1.36 2.77

Arc-shaped reinforcement

C-1-1 1290.88 1168.11 0.56 0.61 2.04 2.18C-1-2 1045.33 0.65 2.32
C-2-1 1569.13 1475.46 0.61 0.64 3.29 3.29C-2-2 1381.78 0.68 3.29
C-3-1 1746.05 1801.26 0.96 0.86 6.19 5.98C-3-2 1856.47 0.75 5.77

Perforated bar steel plate B-3-1 827.03 791.79 2.15 2.31 5.58 6.23B-3-2 755.35 2.48 6.88

Figure 5: Failure modes of stud shear connector.
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corresponding to the maximum load increases with the
diameter of arc-shaped reinforcement. Moreover, the slope
of curve at the elastic stage becomes large with diameter of
reinforcement increasing, which indicates that the diameter
of reinforcement is an important factor affecting the shear
stiffness of shear connectors.

3.4. Stiffness Analysis. (e stiffness of shear connector re-
flects the ability to resist shear deformation, which is an
important index to judge the deformation compatibility of
composite structures [20]. Since the load-slip curve is
nonlinear, the stiffness of each point on the curve was
different; the discreteness and inaccuracy of the stiffness
were large. At present, secant stiffness based on measured
load-slip curve is usually used to calculate the shear stiffness
of shear connectors, but there remains no unified shear
stiffness calculation method. For example, the secant stiff-
ness corresponding to 0.7Pu was used to calculate the shear
stiffness in Eurocode-4, while the Japan Steel Construction
Association defined the secant stiffness at 1/3 of the max-
imum shear capacity as the shear stiffness [21]. (e load-slip
curve of the specimen indicates that the slope of the curve is
larger at the early service stage and decreases gradually at the
later stage. As we all known, the proportional limit of load-
slip curve is the characteristic point from linearity to
nonlinearity. In this paper, the equation of the load-slip
curve in the elastic phase could be firstly obtained by fitting
the test results. (en, the intersection of fitting curve and the
load-slip test curve was taken as the proportional limit point
of load-slip curve. Finally, the proportional limit of speci-
mens could be obtained as 0.66 by taking the average value of
each specimen. In order to make the structure design safe
and fully demonstrate the performance of shear connectors,
the secant stiffness corresponding to the proportional limit
of load-slip curve was defined as the shear stiffness of
specimen in this paper; that is, the secant stiffness at 0.66Pu

was taken as shear stiffness of composite structure. By

referring to the specification and relevant literature [18, 22],
the shear stiffness of shear connectors was comparatively
analyzed. (e results are shown in Table 4.

Table 4 summarizes that stiffness calculation of the
Japanese specification is closer to linear segment; thus, the
results are larger. (e stiffness calculation results of Euro-
code 4 are more conservative, while the secant stiffness
results corresponding to load proportional limit are mod-
erate and can be better applied in structural design.

Figure 10 demonstrates that the shear stiffness of single
arc-shaped reinforcement (Ks) approximately increases
linearly with the diameter of rebar (d) increasing; its Pearson
correlation coefficient is 0.974. (e shear stiffness of arc-
shaped reinforcement with a diameter of 12mm and 10mm
is 214.76% and 88.46% higher than that of arc-shaped re-
inforcement with diameter of 8mm, respectively. Because
increasing the diameter of the shear connector can improve
the anchoring performance between shear connector and
UHPC, the shear stiffness of arc-shaped reinforcement shear
connector could be improved obviously with the increasing
of the arc-shaped reinforcement diameter.

Figure 11 presents the comparative analysis results of the
shear stiffness of arc-shaped reinforcement, studs, and
perforated bar steel plate; it shows that the shear stiffness of
arc-shaped reinforcement is significantly 815.66% and
294.44% larger than that of stud and perforated bar steel
plate, respectively, with the same diameter. Since the
bonding anchorage length between the arc-shaped rein-
forcement and UHPC slab is longer than that of studs and
perforated bar steel plate, and the UHPC in the closed-loop
which is formed by the arc-shaped reinforcement and
H-shaped steel plate plays the role of shear resistance, the
shear stiffness of the arc-shaped reinforcement shear con-
nector is obviously higher than that of other two shear
connectors.

3.5. Ductility Analysis. Ductility is the ability of a compo-
nent to exceed the elastic limit without brittle failure, which
reflects the resistance to plastic deformation of the com-
ponent. In order to measure ductility performance of
components, ductility factor is usually used to reflect the
post-elastic effect of components. At present, there is no
uniform definition of ductility factor of shear connectors all
over the world. Based on the relevant specifications and
literature reports [7, 23, 24], herein, the ductility factor is
defined as a ratio of the limit slip to the design slip; that is,

Dc �
δu

δR d

, (1)

where δu is the relative slip value corresponding to ultimate
bearing capacity Pu and δR d is the relative slip value cor-
responding to the design load PR d.

PR d � 0.8
Pu

c
, (2)

where c is the partial factor, and its value is 1.1, and Pu is the
ultimate bearing capacity. (e specific calculation results are
presented in Table 3.
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Figure 9: (e load-slip curve of arc-shaped reinforcement.
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(e fitting curve of ductility factor (Dc) and diameter (d)
was obtained by fitting the test data, which is shown in
Figure 12. Its Pearson correlation coefficient is 0.968, which
indicates that the ductility coefficient shows a high corre-
lation with the diameter of reinforcement. (e ductility
factor of shear connector increases linearly with diameter of

arc-shaped reinforcement increasing, and the resistance to
plastic deformation is also stronger. (e ductility factors of
arc-shaped reinforcement with a diameter of 10mm and
12mm are obviously 174.32% and 50.92% higher than arc-
shaped reinforcement diameter of 8mm, respectively. So
increasing the diameter of arc-shaped reinforcement can
improve the ductility of steel-UHPC composite structure
bridge. Figure 13 shows the ductility factor of three types of
shear connectors. It can be known from the figure that three
types of shear connectors have good ductility. Under the
same diameter, the ductility factor of perforated bar steel
plate is best, next is arc-shaped reinforcement, and the stud
is worst.

3.6. Analysis of Shear Capacity

3.6.1. Shear Bearing Capacity Comparison of 5ree Types of
Shear Connectors. Table 3 presents the test results of shear
capacity of studs, arc-shaped reinforcement, and perforated
bar steel plate with the same diameter. (e shear capacity of
arc-shaped reinforcement is 230.78% and 86.49% higher
than those of studs and perforated bar steel plate, respec-
tively. (erefore, the arc-shaped reinforcement connector
has higher shear capacity and can significantly improve the
capacity of steel-UHPC composite structure.

Table 4: Comparison of three stiffness calculation methods.

Specimens
Calculation method and value of shear stiffness (kN mm−1)

(e Japan Steel Construction Association Eurocode 4 Proportional limit secant stiffness
A-1-1 755.526 591.088 639.848
A-1-2 866.604 680.056 761.816
B-3-1 2506.162 1564.658 1675.614
B-3-2 1798.452 1305.543 1578.204
C-1-1 4577.599 3650.982 3835.917
C-1-2 2701.119 2787.555 2974.073
C-2-1 9257.422 6404.624 7235.301
C-2-2 7676.572 5172.450 5599.133
C-3-1 10878.816 9294.563 10151.348
C-3-2 13027.839 10829.391 11283.905
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3.6.2. 5e Effect of Diameter on the Shear Capacity.
Figure 14 illustrates that the shear bearing capacity of single
arc-shaped reinforcement increases with the increase of
reinforcement diameter. (e maximum shear bearing ca-
pacity of the specimens with a diameter of 12mm and
10mm rebars increases by 54.2% and 26.3%, respectively,
compared to that of the specimens with a diameter of 8mm.
(e fitting curve obtained by fitting the experimental data
revealed that the shear capacity of single arc-shaped rein-
forcement shows linear correlation with the reinforcement
diameter, and its Pearson correlation coefficient is 0.939,
which shows a good correlation between the shear capacity
and reinforcement diameter.

3.6.3. CalculationMethod of Shear Capacity. (e arc-shaped
reinforcement shear connector is an innovative shear con-
nector which can be used in the steel-UHPC composite
structure. Moreover, its mechanical behavior is also different
from that of other shear connectors. At present, there is no
applicable calculation method for shear capacity of the shear
connector all over the world. According to the above-
mentioned experimental research and analysis, the shear
capacity of arc-shaped reinforcement shear connectors is
affected by the diameter of arc-shaped reinforcement, the arc
area of the circular segment, the friction between UHPC and
steel plate, and the strength of UHPC. (e shear capacity is
mainly undertaken by the arc-shaped reinforcement and the
UHPC within the arc-shaped reinforcement.

(e bearing capacity of arc-shaped reinforcement can
be regarded as the bearing capacity of two combined bent
rebars. (e arc-shaped reinforcement is semi-circle
shape, so the angle of bending rebar is 90 and the effect of
angle of bending rebar can be ignored. In addition, the
friction between UHPC and steel plate is very small
compared to the shear capacity. In order to simplify the
calculation, this paper ignored the bending rebar angle
and the friction between UHPC and the steel plate. Re-
ferring to Germany and the former Soviet Union speci-
fication and according to the condition of rebar yielding
[25], the formula of shear capacity of bending rebar is
obtained as follows:

PR � Asrfy, (3)

where Asr is the area of bending rebar and fy is the yield
strength of bending rebar.

Based on the research results on shear capacity of PBL
shear connectors, the concrete shear block on the steel plate
is an important part of the shear capacity for PBL shear
connectors, and the concrete shear block area is linearly
related to the shear capacity. (e calculation formula of
shear capacity of the concrete in steel plate holes can be
obtained as follows [26]:

Q � Asc

��

fc



, (4)

where fc is the compressive strength of concrete and Asc is
the concrete area inside the arc-shaped reinforcement.

Based on the above mentioned analysis, the shear ca-
pacity of arc-shaped reinforcement shear connector can be
composed of the arc-shaped reinforcement and UHPC shear
block. Moreover, the friction between UHPC and steel plate
is relatively small compared to its shear capacity. (erefore,
the effect of friction can be ignored, and the shear capacity
calculation formula of single arc-shaped reinforcement can
be expressed as follows:

Vu � μPR + βQ � μAsrfy + βAsc

��

fc



, (5)

where μ and β are the influence coefficients of arc-shaped
reinforcement and UHPC shear block, respectively, on the
shear bearing capacity, which can be obtained by regression
according to the test results. (e rest of the symbolic
meaning is the same as mentioned above.

(e least square method was used to fit the regression of
the experimental data, and the influence coefficient
μ � 3.733 and β � 2.601 can be obtained. (e correlation
coefficient of fitting was 0.996, which indicates that calcu-
lation results from the formula show a close fitting with the
experimental results. Table 5 summarizes the calculation
results and test results of the shear capacity of single arc-
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shaped reinforcement. Table 5 presents that the ratio be-
tween the calculation results and the test results ranges
from 0.913 to 1.128 with the average value of 1.006 and the
coefficient of variation is 0.082. (erefore, this formula can
be used to calculate the shear capacity of arc-shaped re-
inforcement. It should be noted that the influence coeffi-
cients of arc-shaped reinforcement shear connector and
UHPC shear block on the shear capacity are obtained by
fitting the test data, and the contribution of them to the
shear capacity remains indefinite, so the shear capacity
calculation method of arc-shaped reinforcement shear
connector needs further investigation and verification with
more experimental data.

4. Conclusion

In this study, the shear performance of an innovative arc-
shaped reinforcement shear connector was analyzed com-
pared to the two traditional shear connectors and the main
research conclusions can be summarized as follows:

(1) Compared to the two traditional shear connector, the
failure modes and failure mechanism of arc-shaped
reinforcement shear connector specimens were
found to be obviously different. After the arc-shaped
reinforcement yielding, cracks and rebar fracture
were not observed except for fine cracks on the top of
the C-3-2 specimen; the arc-shaped reinforcement
shear connectors have relatively higher shear
capacity.

(2) By compassion of load-slip curves of three type of
shear connectors, the slope of load-slip curves of the
arc-shaped reinforcement was larger than the studs
and perforated bar steel plate in both rising stage and
descent stage. (e relative slip value of the arc-
shaped reinforcement shear connector at the max-
imum load was the smallest in three types of shear
connectors and less than 1mm increases with the
increasing of reinforcement diameter.

(3) A comparison of shear performance of three types of
shear connector indicated that the ductility of per-
forated bar steel plate was the best, next was arc-
shaped reinforcement, and the stud was the worst,
and the stiffness and shear bearing capacity of arc-
shaped reinforcement were higher than those of stud
and perforated bar steel plate under the same
diameter.

(4) (e test program proved that increasing arc-shaped
reinforcement diameter could improve significantly
static behavior of shear connector, in terms of
ductility factor, stiffness, and shear bearing capacity.
(e ductility factor, stiffness, and shear bearing
capacity of arc-shaped reinforcement shear con-
nector with a diameter of 12mm were 174.32%,
214.76%, and 54.2% higher than those of arc-shaped
reinforcement with a diameter of 8mm, respectively.

(5) Based on safety consideration, the calculation
method of proportional limit secant stiffness was
proposed. A calculation formula of shear bearing
capacity was proposed by the least square method
andmultiple regression analysis and agreed well with
the test result but needed to be further verified by
more test data.

(6) (e effect of the gap of arc-shaped reinforcement
shear connector, the radius of arc-shaped rein-
forcement, and welding length on the shear behavior
of arc-shaped reinforcement shear connector were
not considered and need further research. In addi-
tion, numerical simulation and fatigue behavior of
arc-shaped reinforcement shear connector deserve
further research.
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