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Study on Influence of Concrete Protective Layer on Mechanical Properties of Sleeve

Grouting Connections After High-Temperature Exposure

XIANG Jinming LI Junhua CHEN Pingjun GUO Fei WANG Weichen
(School of Civil & Environmental Engineering and Geography Science, Ningbo University, Ningbo 315211, China)

Abstract: Sleeve grouting connections are one of the primary connection methods for reinforcing steel in
prefabricated concrete structures. To investigate the effect of concrete cover on the mechanical properties
of sleeve grout connections after exposure to high temperatures from fire, 12 sleeve grout connection
components with a 30 mm concrete cover and 12 specimens without a concrete cover were subjected to
uniaxial tensile and high-stress repeated tensile tests after high temperatures exposure. The study
explored the influence of the concrete cover on the failure mode, load-bearing capacity, and ductility of
sleeve grout connection components under different loading conditions. The test results indicated that the
concrete cover had a significant impact on the failure mode of sleeve grouting connections after exposure
to high temperature. After 60 minutes of exposure, the specimens with concrete covers exhibited
reinforcement breakage failure under both uniaxial tensile and high-stress repeated tensile test, whereas
the specimens without concrete covers exhibited bond failure. After high-temperature exposure, the

concrete protective layer enhanced the ultimate load and ductility of the sleeve grout connection under
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both loading conditions, but the ultimate load and ductility of specimens with a protective layer under high-

stress repeated tensile loading were slightly lower than those under uniaxial tensile loading. Based on the

experiments, a numerical model was established using the finite element software ABAQUS, with concrete

protective layer thickness and fire exposure time as the parameters. Finite element results indicated that the

thickness of the concrete protective layer and exposure time significantly affected the ultimate load and bond

strength of the specimens. Both the ultimate load and bond strength increased with increasing protective layer

thickness and decreased with prolonged exposure time. Based on the experimental and finite element analysis

results, a calculation method for the ultimate bond stress of sleeve grouting connections, considering the

combined effects of protective layer thickness and exposure time, was proposed.

Keywords: sleeve grouting connection; concrete protective layer; high temperature; mechanical

property
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Table 1 Test pieces design parameters
g 32 I [E] /min Eﬁéﬁf %y 2
COTO-D 0 0 B[]
C30T0-D 0 30 B
COTO-X 0 0 GV
C30T0-X 0 30 iy
COT60-D 60 0 Hpm
€30T60-D 60 30 B
COT60-X 60 0 HE
€30T60-X 60 30 Gy
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Fig.2 Sleeve grouting dimension
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Table 2 Mechanical properties of steel rebar
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Fig.3 Thermocouple arrangement
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Table 3 Grout material performance test results
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Fig. 8 Test phenomenon after high temperature
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Table 4 Specimens loading results

WeEgs BB PN SEMMEHP /AN F/MPa 7 /MPa T/, Pun/%  VHIMP, J% o THIfER
COTO-D1 | 193.21 615.01 19.22 12.66 5.20
COTO-D2 | 203.89 196.56 649.00 20.28 13.31 13.22 4.87 4.96
COTO-D3 | 192.58 613.01 19.16 13.69 4.83
C30T0-D1 | 191.95 610.10 19.09 10.31 4.79
C30T0-D2 | 197.38 195.21 628.28 19.63 11.45 11.52 471 4.82
€30T0-D3 | 196.30 624.84 19.53 12.81 4.96
COTO-X1 | 191.35 609.08 19.03 0.99 12.85 4.28
COTO-X2 | 196.87 195.18 626.65 19.58 0.97 12.50 13.09 5.07 476
COTO-X3 | 197.32 628.09 19.63 1.02 13.92 4.95
C30T0-X1 | 197.95 630.09 19.69 1.03 11.10 5.56
C30T0-X2 | 193.58 194.50 616.18 19.27 0.98 11.89 11.95 4.27 475
€30T0-X3 I 191.98 611.09 19.10 0.98 12.87 4.43
COT60-D1 | 149.76 476.70 14.90 8.75 2.63
COT60-D2 1 148.10 147.28 471.42 14.73 7.39 8.05 3.07 2.97
COT60-D3 1 143.99 458.33 14.32 8.02 3.22
€30T60-D1 I 166.57 530.21 16.57 7.79 3.42
€30T60-D2 I 161.62 160.74 514.45 16.08 6.75 7.52 3.56 3.48
C30T60-D3 I 154.02 490.26 15.32 8.02 3.45
COT60-X1 1 149.28 475.16 14.85 0.99 9.35 3.16
COT60-X2 1 131.62 140.56 418.96 13.09 0.89 6.78 8.24 2.58 2.84
COT60-X3 1 140.79 448.15 14.01 0.98 8.59 2.77
C30T60-X1 | 158.53 504.61 15.77 0.95 7.5 3.30
C30T60-X2 | 158.25 157.55 503.71 15.74 0.98 8.39 7.84 3.44 3.33
C30T60-X3 | 156.87 499.34 15.60 1.02 7.38 3.26
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Fig. 10 The specimen load-displacement curves
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Fig. 12 Intrinsic modeling of concrete
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Fig. 13 Reinforcing steel intrinsic model
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Table 6 The values of NT1, NT2 and NT3

24 20 ‘C<T<200 C 200 “C<T<400 C 400 “C<T<600 C 600 “C<T<800 C
Ny, 1+1.6667x107*(T-20) 9.25x107°T 1.1667x107°T 9x107°T
Ny, 1+1.6667x107*(T-20) 1.1x107°T 1x107°T 6.875x107°T
Ny — — 1.2699x107°T 8.5475%107'T
LSS B BRER A5 15 1 7,7

7, =[2.0457 x 107 x (T - 20)* + 7.3417 x +941 2 49415
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