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Abstract : During winter construction, early-age concrete is partially exposed when formwork is lifted, exposing it to the risk of
frost damage. This could affect the shear performance of the connection joints between the formwork and the
structure, thereby impacting the safety of construction operations. To study the shear performance of early-age
concrete formwork connection joints under low temperatures, six specimens were designed for push-out tests. Based
on the constitutive relationships of concrete and steel under low temperatures. Finite element models of the push-out
test for formwork connection specimens were established using ABAQUS software. The study parameters included
temperature, concrete age, shear bolt diameter and strength. Analysis of test results and numerical simulations
showed that under low temperatures, the members experienced brittle failure. Lowering the temperature increased the

shear bearing capacity and initial stiffness of the members, but reduced their ductility. Increasing the concrete age was
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beneficial for the bearing capacity of the formwork connection specimens, but reduced their ductility. Enhancing the

strength of high-strength bolts had a minor impact on the shear bearing capacity of the formwork connection

specimens, but improved their ductility. Finally, comparisons were made between the specifications of various

countries and the test results, revealing that the specifications of all countries could conservatively estimate the shear

bearing capacity of early-age concrete formwork connection joints under low temperatures.
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Table 1 Parameters of push-out specimens

EBBE  T/(C) gii %ﬁ;ﬁ ho/mm y/mm
ST20-1/2 20 3

ST-20-1/2 —20 3 C40 92 22
ST-40-1/2 —40 3

TE i hg AT BETRIL R TR IR E s hy A X FAR I R AR
EANKE

B1 REEETR

Fig.1 Climbing formwork connection joints
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Table 2 Measured compressive strength of the cube

BB 5 7 R AUE 3R 2 /MPa
A /d W®ET/(C) 3% & F 318 /MPa LA
) ® ©)

1 20 8.40 7.47 9.23 8.37 0.11
20 11.78 10.99 11.48 11.41 0.03

3 —20 13.45 12.00 11.53 12.33 0.08
—40 16.53 14.15 14.69 15.12 0.08

20 19.42 19.23 18.22 18.96 0.03

7 —20 24.39 22.18 25.44 24.00 0.07
—40 27.05 27.90 24.69 26.55 0.06

20 22.68 21.87 25.75 23.43 0.09

14 —20 26.97 29.72 25.96 27.55 0.07
—40 35.42 33.00 29.75 32.72 0.09

20 28.28 31.86 26.17 28.77 0.10

* —20 28.81 32.94 29.94 30.56 0.07
—40 31.85 33.78 37.05 34.23 0.08
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Table 3 Steel meterial properties
A 4 AR T/(°C) E/GPa f,MPa f,MPa /%
20 210 465 674 6.3
8.8 & i& F Ak —20 219 488 708 6.0
—40 216 501 727 6.1

Q345 TR IE LB AF 20 205 348 512 244
Q345 A1 4R 20 223 359 496 21.0
HRB400 4R # 20 203 442 644 21.7
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Fig.4 Arrangement of measuring points
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Fig. 8 Original load-slip curves of specimens
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Fig. 10 Load-strain curves of specimens
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Table 4 Shear performance index of specimens
KA %5 T/(*C) P,/kN P,/kN P,/kN P,/Ps S,./mm S,./mm S,./S.s Ko/ o Ko/ o Ko/Kop
(kN-mm ') (kN-mm™ ")

ST20-1 20 312 312 327 0.95 25.6 11.8 2.17 223 393 0.57
ST20-2 20 290 290 327 0.89 22.8 11.8 1.93 240 393 0.61
ST-20-1 —20 320 340 3501 0.97 12.0 9.6 1.25 303 402 0.75
ST-20-2 —20 250 329 3501 0.94 10.2 9.6 1.05 395 402 0.98
ST-40-1 —40 480 356 360 0.99 6.8 6.5 1.03 373 430 0.87
ST-40-2 —40 413 259 360 0.72 6.4 6.5 0.98 394 430 0.92
A — — — — 0.89 — — 1.40 — — 0.77
AR £ — — — — 0.16 — — 0.42 — — 0.18
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Fig. 12 Finite element models
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Fig. 15 Comparison of failure modes between finite element simulation and test
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Table 5 Finite element simulation results
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Fig. 16 Finite element simulation results
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Table 6 Summary of test and calculated results
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