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Shear resistant performance of novel interfacial connection in steel-UHPC
lightweight composite structures
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Abstract; Considering that conventional shear connectors cannot be applied to steel-ultra-high performance
concrete (UHPC) composite deck systems as the UHPC layer is too thin, a novel shear connector consisting of
specified designed pre-embedded sleeve and high-strength bolt was proposed, which can realize the rapid assembly
and disassembly of prefabricated UHPC and steel member. Push-out tests on six groups of specimens were
conducted , including five sets of high-strength bolt connectors and a set of negative Poisson’ s ratio bolt connector.
The failure pattern and load-slip curve characteristics of the novel shear connectors were analyzed. The effects of
different parameters ( diameter, aspect ratio, and type) of bolts on the mechanical properties (ultimate slip and
shear stiffness) of the novel shear connector were discussed. Results show that the failure mode of the novel shear
connectors was the shear-off failure of the bolt shank, and there was no apparent local collapse of UHPC under the
pre-embedded sleeves. The shear capacity and the relative slip of the high-strength bolt connector increased with
the increase in the diameter of the high-strength bolt. The shear capacity of the novel high-strength bolt connector
was approximately 55. 8% of the tensile strength of the bolt. Thus, bolt connectors with larger diameters are
recommended in steel-UHPC composite structures to effectively reduce the number of shear connectors. The shear
capacity and shear stiffness of the negative Poisson’ s ratio bolt connector were significantly smaller, but the
ultimate slip was significantly increased, showing good ductility. Therefore, it is suggested to apply negative
Poisson’ s ratio bolt to the negative moment section of steel-UHPC composite structure, so as to avoid cracking in
the negative moment section.
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Fig.1  Configuration of existing bolt connectors
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Fig.2  Configuration of the novel bolt connector
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Fig.3 Negative Poisson’s ratio bolt
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Tab.1 Design parameters of specimens mm

EMEE A d Iy, d, h, dy
B12 -N40 -1 ~3 12 50 12 40 50
B16 -N40 -1 ~3 16 50 16 40 50
B20 -N40 -1 ~3 20 50 20 40 50
B16 -N30 -1 ~3 16 40 16 30 40
B16 -N50 -1 ~3 16 60 16 50 60
NB16 -N40 -1 ~3 16 50 16 40 50

T dy, IR ATREAR, by, AIRMAT L, d, AP RIS AR,
by, RAFEANRAE R L, dy 4 UHPC H B/ ; NB16 - N4O -1 ~3
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Fig.4 Detailed dimensions of each group of bolt connectors ( mm)
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1 0.3 0.3 1.34 0.2 0.013
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Tab.3 Characteristic parameters of steel fiber

S BhR MR K B R B/
AR E/MPa H/GPa mm wm I (kg-m‘3)

SEEE 2500 200 16 200 80 7 850
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Tab.4 Mechanical properties of H-shaped steel
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Fig.6 Stress—strain curves of high strain hardening UHPC
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Fig. 10  Failure mode of negative Poisson’s ratio bolts
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Fig. 11 Disassembled specimen BI16 — NS0 -2 after test
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Fig. 12 Load-relative slip curves of each group of specimens
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Fig. 13 Typical load-relative slip curves of different shear connectors
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Tab.5 Push-out test results
. WA A 25 W fF T 7% B R 7
W
SEME/KN PIE/AN R RE SCE/AN CFRE/KN BRREC SEIE/KN SPEE/KN R R
1 353.35 4.43 4. 88
B16 — N30 354.53 0. 005 4.20 0.079 4.83 0.016
2 355.70 3.96 4.77
1 362. 41 2.77 3.30
B16 — N40 2 395. 04 375. 14 0. 046 3.19 2.98 0.070 3.79 3.65 0. 084
3 367.97 2.99 3.86
1 362.75 3.61 4.15
B16 — N50 2 395. 06 379.74 0. 043 4.00 3.63 0. 099 4.60 4.21 0. 086
3 381. 41 3.28 3.88
1 211.99 2.71 3.12
B12 - N40 2 207. 65 208. 25 0.017 3.55 3.05 0. 146 3.85 3.52 0. 105
3 205. 11 2.88 3.60
1 594.78 5.15 6.39
B20 - N40 2 597. 62 598. 69 0. 008 4.97 4.97 0. 035 5.93 6.24 0. 043
3 603. 66 4.80 6.39
1 95.16 7.73 7.73
NB16 - N40 2 88.58 91.19 0.038 7.96 7.84 0.014 7.96 7.84 0.014
3 89. 82 7.82 7.82
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Fig. 14 Parametric analysis of each group of specimens
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Tab.6  Shear stiffness of each specimen

SCHR[14] SCHR[15] 3Tk 16]
i RE, PHEE BREE WEE, P SaT— WEE, P San—
(kN+mm~") (kN-mm~") (kN+mm~") (kN-mm~") (kN+mm~") (kN-mm~")

1 111.99 121.22 88.05

B16 - N30 ) 117 48 114.74 0.03 143 116.32 0.06 oL 11 89.58 0.03
1 180. 02 170. 78 124. 60

B16 - N40 2 157. 85 167.21 0.07 145. 12 170. 13 0.15 112. 43 117. 87 0.05
3 163.77 194.50 116. 60
1 110. 60 109. 39 87.38

BI16 - N50 2 143.15 146. 07 0.26 149. 55 152.95 0.30 114.96 110. 04 0.19
3 186. 37 199.91 127.78
1 125.89 142.71 62.99

BI12 - N40 2 84.25 103. 60 0.20 97.19 124.73 0.19 55.39 55.59 0.13
3 100. 66 134.29 48.39
1 160. 46 158.99 130. 28

B20 - N40 2 162. 37 158.27 0.04 150. 14 150. 26 0. 06 128.08 125. 47 0.05
3 151.97 141. 65 118.07
1 26. 58 27.46 11.89

NB16 - N40 2 27.51 26. 66 0.03 31.89 28.37 0.11 10.24 10.78 0.09
3 25.90 25.76 10. 21
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Fig. 15 Comparison between measured shear capacity and
calculated tensile strength of high-strength bolts
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