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Tensile test and stress mechanism analysis of grouted sleeve
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Abstract; To study the stress mechanism of grouted sleeve lapping connectors for rebars with large diameters, a
total of 36 lapping connectors were tested under uniaxial tensile load. The failure modes, bearing capacity,
ductility, and sleeve strain of the connectors were investigated. Test results show that with the same relative lapping
length, the yield strength and ultimate load of the specimens increased with the increase of the rebar diameter.
Meanwhile, specimens with larger lapping lengths had better initial stiffness and ductility. At the early stage of
loading, the sleeve was in longitudinal tensile state, and at the late loading stage, it was in longitudinal
compression state. The conversion load of longitudinal sleeve strain from tension to compression increased gradually
with increasing lapping length. With the increase of the lapping length, the longitudinal tensile strain of the sleeve
near the rebar increased during the loading process, while the longitudinal compressive strain of the sleeve in the far
side of the rebar decreased under ultimate load. At the early stage of the loading process, the circumferential strain
in the middle of the sleeve was larger than that in the edge section. When the ultimate load was reached, the
circumferential strain of the sleeve in the edge section was smaller than that in the middle section due to the
shedding of the grout at the end of the specimens. The force transmission path and mechanical mechanism of the
connectors were analyzed. The distribution and development of longitudinal sleeve stress were analyzed based on the
curve of rebar-concrete bond stress, and results show that the sleeve was in longitudinal tensile state at the early
stage of loading and in longitudinal compression state at the late loading stage, which was consistent with test
results. The calculation formulas for the ultimate bond strength and critical lapping length of grouted sleeve lapping
connectors were proposed based on the test data. The research lays theoretical foundations for the application of
such connectors.
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Fig. 1  Grouted sleeve lapping connector
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Tab.1 Material properties of rebar

L RSB PR S JE JE RIS B BRBIAR RS SEHE

DU P P PME P RECPY
Sa/MPa  f,/MPa £y Euk & Ry,
20 448. 8 625.1 0.018 4 0.098 8 5.38
22 441.8 631.5 0.0179  0.096 1 5.37
25 426.5 599. 8 0.019 8 0.1200 6. 07
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Fig.2  Specimen deflection after loading
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Fig.3 Schematic diagram of specimen ( mm)
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Tab.2  Corresponding load when the loading rate changes

WA EAE d/mm TR/ kN
20 130
22 160
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Tab.3 Test results
i Je IR iR g i B3 2 JoE R S A bt RIRS AR
v BIRIEE . /MPa 7./MPa S/ f S/t Fo/f N N MR,
20 -6 -1 AR — 438 — — 0.70 — 0.039 5 —
20 -6 -2 LLiE Gy — 454 — — 0.73 — 0.039 2 —
20-6-3 AR — 409 — — 0.65 — 0.0389 —
22-6-1 AR L — 402 — — 0. 64 — 0.041 0 —
22 -6-2 LI iE Gy — 391 — — 0.62 — 0.045 1 —
22-6-3 AR — 380 — — 0. 60 — 0.034 0 —
25-6-1 B L — 360 — — 0. 60 — 0.036 8 —
25 -6 -2 LLiE Gy — 387 — — 0. 65 — 0.041 2 —
25-6-3 AR — 365 — — 0. 61 — 0.037 0 —
20 -8 -1 TR 457.7 575 1.15 1.26 0.92 0.0327 0.062 0 1.90
20 -8 -2 R 451.3 597 1.13 1.32 0.96 0.033 3 0.072 8 2.19
20-8-3 AR L 450. 4 583 1.13 1.29 0.93 0.033 4 0. 069 2 2.07
22-8-1 AR 448.6 575 1. 12 1.28 0.91 0.031 4 0.0619 1.97
22-8-2 Bk 444. 4 603 1.11 1.36 0.95 0.037 5 0.075 8 2.02
22-8-3 AR L 446.7 585 1.12 1.31 0.93 0.043 5 0.076 8 1.77
25-8-1 AR 444.3 532 1. 11 1.20 0.89 0.0335 0.054 8 1. 64
25-8-2 B AR 446.9 546 1. 12 1.22 0.91 0.039 4 0. 066 9 1.70
25-8-3 AR L 444.3 523 111 1.18 0.87 0.039 9 0.061 3 1.54
20-10 -1 AP 451.3 631 1.13 1.40 1.01 0.029 6 0.108 8 3.68
20-10 -2 R 452.3 627 1.13 1.39 1.00 0.026 0 0.090 9 3.50
20 -10 -3 AR 457.7 601 1.14 1.31 0.96 0.030 6 0.0717 2.34
22-10-1 AP 449. 4 644 1.12 1.43 1.02 0.032 6 0.110 5 3.39
22-10-2 R 450.9 644 1.13 1.43 1.02 0.026 6 0.109 7 4.13
22-10 -3 AR 450. 1 632 1.13 1.40 1.00 0.027 5 0.072 0 2.62
25-10 -1 AR 445. 1 622 1.11 1.40 1.04 0.028 6 0.105 3 3.68
25-10-2 R 450.0 590 1.13 1.31 0.98 0.039 0 0.091 3 2.34
25 -10 -3 AR 446.7 604 1.12 1.35 1.01 0.034 4 0.086 5 2.52
20-12.5 -1 GIVGEDALT) 453.9 633 1.13 1.39 1.01 0.023 9 0.102 6 4.30
20 -12.5-2 BRI 457.4 637 1.14 1.39 1. 02 0.028 0 0.108 3 3.87
20-12.5-3 B BT 452.6 630 1.13 1.39 1.01 0.023 4 0.095 3 4.07
22-12.5-1 GIVGEDALT) 448.8 642 1.12 1.43 1.02 0.030 3 0.100 3 3.31
22 -12.5-2 BRI 448.8 643 1.12 1.43 1. 02 0.024 1 0.095 6 3.96
22-12.5-3 LT 446.2 643 1.12 1. 44 1.02 0.028 8 0.097 4 3.38
25-12.5 -1 GIVGERALT) 440. 4 618 1.10 1.40 1.03 0.030 8 0.110 2 3.57
25 -12.5-2 FRATRL 442.5 617 1.11 1.39 1.03 0.030 8 0.114 3 3.70
25-12.5-3 R 445.5 617 1.11 1.38 1.03 0.027 7 0.112 1 4.05
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Fig. 11  Load-mean stain curves
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Tab.4 Elongation of specimen under maximum force

W EHAZ d/mm
KR
20 22 25
L=6d 0. 039 0. 040 0.038
L=8d 0. 068 0.072 0.061
L=10d 0. 090 0. 097 0. 094
L=12.5d 0. 102 0. 098 0.112
x5 AHUBEUERE
Tab.5 Displacement ductility coefficient of specimen
WA EAR d/mm
PR
20 22 25
L=8d 2.05 1.92 1.63
L=10d 3.17 3.38 2.85
L=12.5d 4.08 3.55 3.77
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Fig. 12 Typical load-longitudinal strain curves of middle section of sleeve
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Fig. 13 Effect of relative lapping length on the maximum tensile strain in middle section of sleeve

1000 [P 1=6d

L=8d
L=10d

—800 L=12.5d
"
[}
= -600F
Fou|
= .
& 400}
g

-200 |

0
d=20 d=22
R BAS /mm

d=20 d=22 d=25
N EAE /mm
(b) NN SG10 $r i 28 KAl

164

- L=8d
L=10d
_300l L=12.5d

‘

=

- 200}

=

=

E 100t

0 ) 4
d=25 d=20 d=22 d=25
WA HAE fmm

(a) ATENA M SGO JE AR

(b) ZEGAAHM SG10 He AR

14 AR EKENRREHAEY 12 KEREA G ER TR E 0

Fig. 14  Effect of relative lapping length on the maximum longitudinal compressive strain in middle section of sleeve under ultimate load
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Tab.6 Longitudinal sleeve strain near or away from rebar

in middle section of specimen

1 A A B AR A
S ASHRALL/10 ~° i AEH {E/10 6
INERATH MR MERATH BPR AT

wF RRES

20-6 -1 KN 5 -529 2 -300
20 -6 -2 AL 5 -320 5 -309
20 -6 -3 N 5 -837 4 -270
22-6-1 RS 5 -702 4 -391
22 -6 -2 HEK L 6 -597 3 -296
22-6-3 WkE 13 -292 4 -345
25-6-1 Wk 13 -705 7 -225
25-6 -2 WAk 6 -791 3 -406
25 -6 -3 N 6 -440 10 -424
20-8 -1 WEkE 21 - 486 4 -228
20-8-2 WAk 37 -504 7 -200
20 -8 -3 WAL 24 -619 7 -194
22-8-1 WFkE 22 -953 3 -295
22-8-2 Wkt 33 -761 5 -467
22 -8 -3 kL 64 -964 3 -416
25-8-2 Rk 35 -784 5 -448
25 -8 -3 WEkd 30 -748 15 -403
20-10 -1 WPy 35 -936 5 -233
20 -10 -2 WHkE 30 -1045 11 - 140
20-10 -3 WAikH 69 -638 4 -234
22-10-1 ‘WP 56 -713 10 -101
22 -10 -2 WmEkE 103 —2459 5 -190
22 -10 -3 WAk 65 -1103 16 - 166
25-10-1 Wsdkd 47 -1030 12 -486
25-10 -3 WEkd 42 -959 32 -263
20 -12.5 -1 @fHHIKE - 295 -818 5 -127
20 -12.5 -2 WfmHIKT 116 -602 16 -102
20 -12.5 -3 WHHIWT 142 -537 14 -55
22 -12.5 -1 JAHRINT 216 -695 17 -146
22 -12.5 -2 MAGRIWT 146 -895 24 -33
22 -12.5 -3 WfEHiwT 125 -790 40 -112
25 -12.5 -1 WifHikr - 219 -1021 66 - 160
25 -12.5 =3 WHHHIHT 160 -961 97 -178

T R E R AR AR AR , 17N AR Fe R FE R AR, # 3a0 H R AR
F R, R AK
F7 TSKNEHHTES 12 KEBENTNGSN
Tab.7 Resultant force of internal rebar in middle

section of sleeve under 75 kN

Wi E R SG3 ki SGA M 1 PR P AR
d/mm  pitss10-6 F/KN miAs/10°¢ F/KN SRARE J1/kN
20 527 34.1 377 24. 4 58.5
22 419 32.8 393 30. 8 63.6
25 359 36.3 281 28. 4 64.7
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Tab.8 Comparison between calculated and experimental

values of critical lapping length mm
e 45 e
ERER  EMREE WAER
THAE R
D t d
L, Love
20 239 200
79
Gy S 2 260 220
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(k2 ]3k5)
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