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Abstract; To study the bond-slip performance between ribbed steel bars and grout under Type II APC sleeve
restraint, a total of 69 Type II APC sleeve-constrained grout reinforcement tensile tests in 23 groups were conducted
in this study. An electro-hydraulic servo universal testing machine was used for unidirectional tensile loading.
Strain gauges and displacement meters were used to collect data on the strain of the sleeve and the slip value of the
reinforcing bar, respectively. The damage morphology of the specimens, factors affecting bond strength, bond-slip
ontological relationship, and sleeve load-strain curve were studied. The results show that: The damage forms of the
sleeve-constrained grout specimens include two types: the pull-out damage of steel bars ( before and after yielding)
and the pull-out damage of steel bars; The bond strength of the specimens decreases with the increase of the
diameter of the steel bars and the anchorage length, and increases with the increase of the steel content rate; The
bond slippage between the steel bars and the constrained grout is divided into four phases: slippage, cleavage,
descending, and remnant; Comparison of anchorage specimens made of different materials reveals that when
reaching the ultimate bond strength the slip values decrease in the order of unrestrained grout, sleeve-constrained
grout, and concrete, and the slip value of concrete was the smallest due to the limitation of crack development by
the aggregates. Energy analysis of the bond-slip curves shows that the ductility of the specimens is superior, and the
coefficient of brittleness decreases with increasing reinforcement diameter and increases with increasing anchorage

length. At the ultimate load, the annular direction of the long side of the sleeve is tensile strain, and it increases
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with the increase of the diameter of the reinforcement bar, the annular direction of the short side is mostly

compressive strain, the longitudinal strain of the long side and short side of the sleeve is tensile strain, and the

longitudinal and annular strain of the long side of the sleeve is larger than that of the short side. Based on the

ABAQUS platform, a finite element model of type I APC sleeve-constrained grout was constructed, and the

simulation results were in good agreement with the test data. When calculating the value of critical anchorage length

of reinforcement in the critical state of yielding and pulling off, the existence of the sleeve significantly reduces this

length.

Keywords: bond-slip ontological relationship; constrained grout; anchorage length; sleeve strain; pull-out test
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Tab.1 Material properties of reinforcement bar

WA d/mm  JEIRSEBEIIE £,/ MPa WRERSBEIIMH £,/ MPa
16 455.6 628.6
18 459.5 665.0
20 455.2 656.6

x2 ERPMRESH

Tab.2  Grouting material performance parameters

3hmEE 24 h 53 hRBEE RARER 3 dREERST
&) IKkFRZ 2/ % A2/ mm FE 5 i/ MPa
0.15 0.18 <4.75 47. 4 (FEHE)

B H Q2358 FKEE N T AL, HK B8 SCHER [ 22 ]
AT 2 R G, A5 A R R AN 36 3
HRAS £ 14 S A S AR B2 ST $41{8 K 297. 94 MPa, safk
W PR 58 B2 {E Sl 432,97 MPa,

*3 EfMESH

Tab.3 Material properties of sleeve

JEE/mm P39 A58 B/ MPa YRR B/ MPa
4 343.0 459.1
5 304.2 447.9
6 279.6 427.4
8 264.9 397.4
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Tab.4 Specimen sizes and bar pullout test results

X W B K QUL ) e R A 2% FhekimE
Ml d/mm 1,/mm t,/mm BRI A P,/kN 7,/MPa
6-16-6d-1 16 96 6 JE MRS 4R 94.8 19.60
6-16-6d-2 16 96 6 JE MR JE 4K 97.1 20. 10
6-16-6d-3 16 96 6 Ja MR JE 4 94.2 19.50
6-18-96-1 16 96 6 Ji IR 109.8 20.20
6-18-96-2 16 96 6 R MRk L 94.2 17.40
6-18-96-3 16 96 6 R MRk 105.1 19.40
6-20-96-1 20 96 6 R MRk 101.6 16.90
6-20-96-2 20 96 6 R e Rk 100.2 16.60
6-20-96-3 20 96 6 R e Rk L 101.8 16.90
6-164d-1 16 64 6 R MRk 77.5 24.10
6-164d-2 16 64 6 ESH S 74.3 23.10
6-164d-3 16 64 6 R e R 70.8 22.00
6-16-8d-1 16 128 6 Ja MR JE 4K L 110.6 17.20
6-16-8d-2 16 128 6 JE RS AR 110.8 17.20
6-16-8d-3 16 128 6 Je W R 112.5 17.50
6-16-10d-1 16 160 6 AR 119.2 14.80
6-16-10d-2 16 160 6 BRI 118.8 14.80
6-16-10d-3 16 160 6 BRI 118.5 14.70
6-18-4d-1 18 72 6 R A AT 85.0 20.90
6-184d-2 18 72 6 ENE)iEs 77.9 19.10
6-184d-3 18 72 6 NS ek 89.0 21.90
6-18-6d-1 18 108 6 AT MR Ak 102.9 16.90
6-18-6d-2 18 108 6 R IR 106.5 17.40
6-18-6d-3 18 108 6 R IR 111.7 18.23
6-18-8d-1 18 144 6 NS ek 134.0 16.50
6-18-8d-2 18 144 6 R MRk 112.7 13.80
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w4(E)
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AP d/mm [,/mm £,/ mm ERRA P,/kN r,/MPa
6-18-8d-3 18 144 6 Ja MR JE 44 L 116. 1 14.30
6-18-10d-1 18 180 6 Ja IR 141.5 13.90
6-18-10d-2 18 180 6 J MR S5 4K L 144.5 14.20
6-18-10d-3 18 180 6 — — —
6-20-4d-1 20 80 6 ENH S 91.1 18.10
6-204d-2 20 80 6 R R 84.5 16.80
6-204d-3 20 80 6 R Mk 85.4 17.00
6-20-6d-1 20 120 6 R e R L 127.5 16.90
6-20-6d-2 20 120 6 NS ek 126.7 16.80
6-20-6d-3 20 120 6 Ja MR JE 4k 131.3 17.40
6-20-8d-1 20 160 6 Jet IR S 4K D 154.7 15.40
6-20-8d-2 20 160 6 JE MRS AR 148.7 14.80
6-20-84-3 20 160 6 Jet IR S5 44 157.2 15.60
6-20-10d-1 20 200 6 JE MG 166.7 13.30
6-20-10d-2 20 200 6 JE MR JE 4K 166.5 13.30
6-20-10d-3 20 200 6 Jet IR S5 4K 176.2 14.0
5-16-6d-1 16 96 5 JE MRS 4R 90.6 18.8
5-16-6d-2 16 96 5 J MR JE 4K 96.2 19.9
5-16-6d-3 16 96 5 J IR 97.0 20.1
5-16-8d-1 16 128 5 J MR JE 4K 107.3 16.7
5-16-8d-2 16 128 5 JE RS AR T 113.5 17.7
5-16-8d-3 16 128 5 J IR 116.5 18.1
5-16-10d-1 16 160 5 Ja MR JE 4K 116.9 14.5
5-16-10d-2 16 160 5 GINGEDALTY 118.6 14.7
5-16-10d-3 16 160 5 BRI 116.3 14.5
7-16-6d-1 16 96 7 JE RS AR T 99.0 20.5
7-16-6d-2 16 96 7 J IR 9. 1 19.9
7-16-6d-3 16 96 7 Ja MR JE 4K L 109.2 22.6
7-16-8d-1 16 128 7 JE RS AR 116.6 18.1
7-16-8d-2 16 128 7 Ja MR JE 4K L 118.0 18.3
7-16-8d-3 16 128 7 JE MRS AR AT 115.1 17.9
7-16-10d-1 16 160 7 BN 118.4 14.7
7-16-10d-2 16 160 7 LLVIERAET 119.3 14.8
7-16-10d-3 16 160 7 BRI 119.9 14.9
8-16-6d-1 16 96 8 J IR 98.4 20.4
8-16-6d-2 16 96 8 — — —
8-16-6d-3 16 96 8 J IR 99.1 20.6
8-16-8d-1 16 128 8 JE MR S5 4K AL 121.3 18.9
8-16-8d-2 16 128 8 JE RIS AR 114.7 17.8
8-16-8d-3 16 128 8 J IR 114.9 17.7
8-16-10d-1 16 160 8 LGRS 119.3 14.8
8-16-10d-2 16 160 8 AR 119.3 14.8
8-16-10d-3 16 160 8 AR 119.9 14.9

T DU 6-16-967 M ], “67 (REBER KA BEE A 6 mm, “16” REMATEAEN 16 mm, “96” fL T E B E K 96 mm, 24 K647 W3
JR G K BE N AR BRI 6 175« — Fon LB, Ax ),
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Fig.8 Bond-slip failure mechanism
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Fig. 16 Comparison of typical specimen 7-s test curves and fitted curves
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Tab.6 Comparison of simulated and experimental results
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Fig. 26
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Tab.7 Comparison between calculated and experimental values of critical anchorage length of type I APC sleeve
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Tab.8 Comparison of recommended values for anchorage length

of steel bars in existing literature
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