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Abstract: A new type of self-tapping screw cluster connection for prefabricated concrete polystyrene sandwich shear walls was
proposed, and 14 self-tapping screw cluster connection specimens were designed and fabricated. The effects of the
number, diameter, distribution, and arrangement of self-tapping screws on the ultimate shear capacity, stiffness
degradation, and deformation capacity of the specimens were investigated through shear tests. The test results show
that the failure mode of the specimens is mainly the fracture of the self-tapping screws. When the self-tapping screw
type remains unchanged, doubling the number of screws increases the ultimate shear capacity by 56%~92% and

significantly improves the shear stiffness. The deformation capacity of the specimens with a large diameter of self-
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tapping screws is significantly affected by the number of screws. With the decrease of the distance between the screws
and the edge of the connecting steel plate, the shear capacity of the connection increases, and the stiffness of the
elastoplastic stage decreases. When the screw type and number remain unchanged, arranging screws in one column or
two columns in the center has little influence on the shear performance of the connection. A finite element model of
the self-tapping screw cluster connection was established, and the numerical simulation wa carried out. The results
show that with the increase of the number of self-tapping screws on the connecting steel plate, the reduction
coefficient of the group screws decreases. It is verified that the dense smaller-diameter self-tapping screw arrangement
is more effective in improving the shear performance of the connection for the same total shear capacity of the self-
tapping screws. A simplified calculation method for the ultimate shear capacity of self-tapping screw cluster
connections was established, which can be used as a reference for engineering design.

self-tapping screw cluster connection; shear performance; experimental study; numerical simulation; ultimate shear

capacity; group screw reduction coefficient
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Fig. 1 Prefabricated concrete sandwich shear wall
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Fig. 2 Schematic diagram of the construction of

self-tapping screw cluster
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Fig.3 Production process and design diagram of specimens (unit:mm)
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Table 1 Design parameters of specimens

P w7 aseraw
4.8-2-J1-20 n,—1, d/ =20 mm
G-1 4.8-2-J1-10 ST4.8X19 2 n,—1, d/ =10 mm
4.8-2-J1-8 n,—1, d =8 mm
6.3-2-J1-20 n,—1, d/~20 mm
G-2 6.3-2-J1-10  ST6.3X19 2 n,=1, d =10 mm
6.3-2-J1-8 n,=1, d =8 mm
4.8-4-J1-20 n,=1, d/ =20 mm
G-3 4.8-4-J1-10 ST4.8X19 4 n,—=1, d, =10 mm
4.8-4-J1-8 n,—=1, d =8 mm
6.3-4-J1-20 n,—1, d/ =20 mm
G-4 6.3-4-J1-10  ST6.3X19 4 n,—1, d/~10 mm
6.3-4-J1-8 n,—1, d/~8 mm
4.8-4-J2-20 n,=2, d. =20 mm
G-5 ST6.3X19 4
6.3-4-12-20 n,=2, d; =20 mm
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Table 2 Mechanical properties of steel plate
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Fig. 4 Loading setup and measuring scheme (unit: mm)
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Fig. 5 Failure modes of specimens
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Fig. 6 Load-displacement curves of specimens
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Fig.7 The influence of different variables on the bearing capacity of specimens
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Table 4 Design parameters of numerical models

A ym BAEHST  AS4TES a4 B S4TSR

4.8-1-J1-20 1
4.8-2-J1-20 2
4.8-3-J1-20 3

G-1"™ ST4.8X19
4.8-4-J1-20 4
4.8-5-J1-20 5
4.8-6-J1-20 6
6.3-1-J1-20 1
6.3-2-J1-20 2

G-2""™  6.3-3-J1-20  ST6.3X19 3 dSQZ()lr;lm
6.3-4-J1-20 4
6.3-5-J1-20 5
5.1-3-J1-20  ST5.1X19 3

G-3"™  4.5-4-J1-20 ST4.5X19 4
4.0-5-J1-20  ST4.0X19 5
5.5-4-J1-20  ST5.5X19 4

G-4""™M 4.9-5-J1-20  ST4.9X19 5
4.5-6-J1-20 ST4.5X19 6
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