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Experimental study of grouted sleeve lapping connectors varied
in two factors under tensile load

YU Qiong, XU Zhiyuan, YUAN Weihang, LU Xilin

(Research Institute of Structural Engineering and Disaster Reduction, Tongji University, Shanghai 200092, China)

Abstract; To improve the construction convenience of grouted splice connector, grouted sleeve lapping connector
with independent intellectual property rights was put forward. A total of 63 specimens varied in bar diameter and lap
length were tested under tensile load to study the mechanical properties of grouted sleeve lapping connector, which
provides important scientific data for the application of the connector in precast concrete components. Failure
modes, ultimate tensile capabilities, load-displacement curves and reinforcement and sleeve strains of the
specimens were discussed. Bar fracture and bar-grout bond slip are the typical failure modes of the specimens,
grout-sleeve bond failure and sleeve tensile fracture do not appear. Compared with the steel bar, the ultimate tensile
capacity and the load-displacement curve of the connector are similar, while the stiffness is a bit lower. For
specimens with the same bar diameter that failed by bar fracture, transverse confinement provided by the sleeve wall
decreases as lap length increases. For specimens with bar-grout bond failure, bar diameter increase leads to an
increase in confinement stress generated by the sleeve wall. The working mechanisms of grouted sleeve lapping
connector and butting connector were analyzed. Compared with grouted sleeve lapping connector, sleeves with
stronger tensile capacity and grout-sleeve with higher bond performance are needed to guarantee the working
performance of grouted sleeve butting connector. The mechanical properties and mechanical model of grouted sleeve
lapping connector were analyzed. Two equations were proposed to calculate the average lapping bond stress and
critical lap length. Under confinement, the required lap length can be shortened greatly. The recommended lap
length is 12.5 times bar diameter.

Keywords: reinforcement bond-slip; lap length; sleeve hoop strain; sleeve confinement; average lapping bond stress
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Fig.1 Sketch map of three kinds of grouted splice connectors
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Tab.1 Dimensions of specimens

YA E AR E K L/mm fERLE
ERIRT
d/mm 8d 10d 12.5d 4
12 9 120 150  3x3=9
WA D=70 mm 14 112 140 175  3x3=9
16 128 160 200  3x3=9
18 144 180 225  3x3=9
20 160 200 250  3x3=9
BEJE 1= 3 mm 22 176 220 275  3x3=9
25 200 250 313 3x3=9

1.2 #E ke

RIS R Q235 , A9 A it B 4544 1 A HRB400,
FAAS AL SN B L3 2. B ORLE F b  R E
SRR BR 2N B 9 H=40 FE 228, 40 mmx40 mmx
160 mm [9HERHRLE 28 d MHTHT PoE s s 4y
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1K 11.4 MPa .62.9 MPa ;150 mmx150 mmx150 mm 2 kN/s,ﬁﬂﬁi 450 MPa J5, X 100 mm/min ) R %
T RIS 28 d BF BRI Rl 4.63 MPa. AT RS FE ], B R BB 2k e B LA 3.
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Tab.2 Material properties of reinforcement bar

O SRR WRRPTRRE R

BRI gt f /MPa B3 F,/MPa 0 PL/KN
12 423 570 64.5 . -
14 418 577 88.7 Jev i A
16 407 572 114.7
18 452 625 159.5
20 421 615 192.5
22 444 562 2133 i
25 448 585 251.9 3 mMEEBRE
1.3 MEHERVNEAR Fig.3 Setup of tensile test
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Tab.3 Results of the experiment

N P /K A . P SR DR

L/d RS o/ kN EIRTE S P! /kN f./MPa 0] R ]
12-96-1 56.16 Je A AN 495 N N N
12-96-2 57.11 TOUER 50 A7 r e — 505 N N Y
12-96-3 61.69 JE A AR T 546 Y Y Y
14-112-1 71.23 JE AR AN 465 N N N
14-112-2 80.86 TR AN T A5 — 525 N N Y
14-112-3 83.27 T50BA AR A3 1 A% 540 N N Y
16-128-1 116.54 00 B4 A A3 v 577 Y Y Y
16-128-2 111.48 Je A AR 7 113.86 555 Y Y Y
16-128-3 113.57 JE A AR T 565 Y Y Y
18-144-1 144.08 JE A AN 566 N N Y

8 18-144-2 142.78 JE A AR U 146.87 560 N N Y
18-144-3 153.74 JE A AR 605 N Y Y
20-160-1 186.07 T00 BA A A s 590 Y Y Y
20-160-2 189.79 T BA A A r T — 605 Y Y Y
20-160-3 179.03 JE AR AN 570 N N Y
22-176-1 224.43 JE A AR 590 N N Y
22-176-2 221.19 TOUER S 7 r e — 580 Y Y Y
22-176-3 219.24 JE A AN 575 N N Y
25-200-1 297.90 00 B4 A A3 v 605 Y Y Y
25-200-2 293.04 Je A AR M — 595 N Y Y
25-200-3 294.56 T BA A A r 600 Y Y Y
12-120-1 62.30 00 B4 A A3 v 1 551 Y Y Y
12-120-2 63.41 JE A AR T 62.47 561 Y Y Y
12-120-3 61.69 JE A AR 546 Y Y Y
14-140-1 85.40 00 B4 A A3 v 1 555 Y Y Y
14-140-2 85.40 T00 BA A A s 85.30 555 Y Y Y
14-140-3 85.11 00 B B4 Ao hor 7 553 Y Y Y
16-160-1 113.87 Je A AR 7 7 565 Y Y Y
16-160-2 115.77 TOUER 50 A7 it 1B 115.04 575 Y Y Y
16-160-3 115.47 Je A AR 7 575 Y Y Y
18-180-1 158.89 51 B8 AR A5 i 625 Y Y Y

10 18-180-2 159.62 T BA A A r 160.75 625 Y Y Y
18-180-3 163.74 JE A AR 645 Y Y Y
20-200-1 186.00 it B8 B Al hr 590 Y Y Y
20-200-2 186.42 Je A AR T 185.35 595 Y Y Y
20-200-3 183.64 J A AR 585 Y Y Y
22-220-1 224.99 00 B9 A hor 7 590 Y Y Y
22-220-2 226.35 JE A AR 225.10 595 Y Y Y
22-220-3 223.97 J A AR 7 590 Y Y Y
25-250-1 300.87 5 BR AR5 437 b 615 Y Y Y
25-250-2 208.14 JE A AR LT 299.46 605 Y Y Y
25-250-3 299.37 O BA B A v T 610 Y Y Y
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Tab.3 ( continued )
, 9 PR
. e

Lrd Bt Pu/kN BRI PukN fu/MPa SCHk[10]  Scik[11] k[ 12]
12-150-1 62.08 00 B4 B A3 or 549 Y Y Y
12-150-2 64.11 Je A AR 47 62.39 568 Y Y Y
12-150-3 60.97 T BR A A s 540 Y Y Y
14-175-1 87.10 VER AL 565 Y Y Y
14-175-2 87.13 J A AR 87.04 565 Y Y Y
14-175-3 86.89 JE A AR T 565 Y Y Y
16-200~-1 115.18 T BA B A s 575 Y Y Y
16-200-2 117.01 00 B4 A A3 v 116.28 582 Y Y Y
16-200-3 116.66 TOUER 54 7 r e 580 Y Y Y
18-225-1 159.60 00 B4 A A3 r 625 Y Y Y
12.5  18-225-2 156.04 00 B4 4 A3 v 1 157.33 615 Y Y Y
18-225-3 156.36 TOUER 50 A7 it 1 615 Y Y Y
20-250-1 187.61 JE A AR T 600 Y Y Y
20-250-2 187.07 TOUER B0 A7 r e 189.80 595 Y Y Y
20-250-3 194.73 JE A AR LT 620 Y Y Y
22-275-1 222.87 JE A AR T 585 Y Y Y
22-275-2 220.52 00 B4 A A3 v 1 220.79 581 Y Y Y
22-275-3 218.99 T BA A A s 575 Y Y Y
25-313-1 282.53 J A AR 575 Y Y Y
25-313-2 286.12 Je A AR 7 284.13 585 Y Y Y
25-313-3 283.75 TOUER 50 A7 v 1 580 Y Y Y
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Fig.4 Deflection of specimen after test
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Fig.5 Failure modes of bar fracture
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Fig.6 Failure modes of bar-grout slip
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the loading end and the control bar
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Fig.9 Bar-grout bonding mechanism
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Fig.10 Working mechanism of grouted sleeve lapping connector
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Fig.11  Load-strain curves of SG1 and SG2 of the specimens

with 10d lap length
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grout bond slip
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Tab.4 Comparison of calculated and experimental value of

average ultimate lapping stress

REHE R/MPa /D d/L T, T R,

12-96 0.17 0125 1546 15.65 0.99
14-112 0.20  0.125 1593 16.16 0.99
18-100 0.26  0.180 12.69 12.73  1.00
18- 144 0.26 0.125 18.01 17.18 1.05
18-150 0 026 0120 1732 1759 098
20-160 0.29 0.125 17.83 17.69 1.0l
22-176 031  0.125 1820 18.20 1.0
25-200 036 0.125 18.66 18.94 0.98
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Fig.17  Mechanical model of grouted sleeve lapping connector
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Tab.5 Comparison of [, and L

d/mm l,,/mm L/mm l./L
14 84 112 0.75
18 87 144 0.60
20 115 160 0.72
22 219 176 1.24
25 175 200 0.88
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Tab.6  Comparison of experimental values and calculated values

of critical lapping length mm
d I {E X (8)H
12 96~ 120 104
14 112~ 140 120
16 <128 133
18 144~180 157
20 160~200 169
22 176 ~220 172
25 200~250 195




<42 - /S =S B A N S ¢

5 48 %

d=16 mm 3L MIHHE R R (R 4) ,
d=22 25 mm #3517 HEAE 50 (E B /D, AR
M B L TR E AR I (Y DAY, R B (R)
AR Tk I AR K R T

YT L/d=12.5 Wil o JBE 1 /2 RV 200K
R T O R2 I 23k i WIS AIG , 25 18 31106
F BT L R R B e R AR Tk AT, 45
Sl T2 Rz N ER N RERE AT,
SR S FE R 12.54.

5 # %

1) T R A T A A% 10 B T -2 % il 2k
JGHA e (4 et IR £ B, 2 8 2 T ) R /I 368 i
B A ML

2) EFAMWATALIBT ) 4 Sk, HAR BRTIL 58 JEE 5
B YT

3) BT 29 R H Sk 5 0 e S AT % I Bl
HUANTR], SHERES W SRR B SRR
R 20 500 JEE R

4) 5 RE ORI R B (L =84) , B H
5 AR, 7 TR R 1) 24 SR . N S ELARAR ] 1
IR 2535 0 B R W U | Bt 15 FE I B i, 22
[BELETESE e 5]

5) AR AT S, 5 5 B ri] 07 10 20 S T A A Ak R
T BB AL ; B BER ] O AR 35 AR R B
Ok S LA N VA VA

6) 73T 1B TR 2 RO 1 H 4 Sk 14 ) A T
AR i B BT T LA

7)30(2) (8) AT B T (o 2 SRl 15 4
Sk PRI TT iP5 K BE A

8) M TERIAY L, i Sk B R i BN
WO 12.5 {FAdf Bz,

IR T Sk AR IR B, T R T B 1)
B SR S 1 24 SRR e e Sk SR SR Y B ik
PURPEREIRE: , A i S AR S5 T i TARPERE

5% ik

[1] LING J H, RAHMAN A B, IBRAHIM I S, et al. Behaviour of
grouted pipe splice under incremental tensile load[ J]. Construction
and Building Materials, 2012, 33 90-98.

[2] ALIAS A, ZUBIR M A, SHAHID K A, et al. Structural
performance of grouted sleeve connectors with and without transverse
reinforcement for precast concrete structure [ J ]. Procedia
Engineering, 2013, 53. 116-123.

[3] LING ] H, RAHMAN A B, IBRAHIM I S. Feasibility study of
grouted splice connector under tensile load [ J]. Construction and

Building Materials, 2014, 50: 530-539.

(4] RN R0, 3. WA AR AT & R = )
PERERZ IR AR IR BT E[ )] AN, 2013, 43(14) ; 78-82.
WU Xiaobao, LIN Feng, WANG Tao. Experimental research on
effects of grout age and types of steel bars on mechanical behavior of
grout sleeve splicing for reinforcing bars [ J]. Building Structure,
2013, 43(14) . 78-82.

[5] Uk, sk, XSO | 45, T TR - 37 A =l B FLTE SR A9 73
AR J]. MR EE DR 24k, 2011, 43(10) ; 18-23.
JIANG Hongbin, ZHANG Haishun, LIU Wenqing, et al.
Experimental study on plug-in filling hole for steel bar lapping of
precast concrete structures [ J ]. Journal of Harbin Institute of
Technology, 2011, 43(10) .18-23.

(6] ST, Tz KISF IR, 55 A0 2 3 Al 14 1 e 3 i B

5[ )] #IMLEH, 2015, 45(02) ; 32-35.

MA Junwei, YIN Wanyun, LIU Shoucheng, et al. Experimental study

on constrain grouted-filled connection of steel bar [ J]. Building

Structure, 2015, 45(02) . 32-35.

ARB—FIHRI LI TR . ZL 20142 0656653.0( P]. 2015-04-01.

YU Qiong. A new confined lapping sleeve; ZL 2014 2 0656653.0

[P].2015-04-01.

(8] FEIZ A W By 7K U S b 5 BE KL 38 J5 % . GB/T 17671—
1999[S]. Jb5t: s EbRHELL I RAL, 1999.

Bureau of Quality and Technical Supervision of the People’ s Republic

—
-
[

of China. Method of testing cements-determination of strength: GB/T
17671—1999 [ S]. Beijing: China Standard Press, 1999.

(9] w3t ] e 1500 38 3 TR 5 4 T A M AR 30 T R A
GB 50081—2002[ S].4t5%, [ A 5E Toll i it , 2003.

Ministry of Construction of the People’ s Republic of China. Standard
for test method of mechanical properties on ordinary concrete; GB
50081—2002 [ S]. Beijing: China Building Industry Press, 2003.

[ 10] rhie AR AR 55 A 5 s B 7. 9 A5 2 0 0 K e e oy 4
ARHUE : JG) 355—2015[S]. JbaT. P EEST Tl it , 2015.
Ministry of Housing and Urban-Rural Construction of the People’ s
Republic of China. Technical specification for grout sleeve splicing
of rebars; JGJ 355—2015 [ S].Beijing: China Building Industry
Press, 2015.

[ 11] rhie AR A 57 R & 3. 4 AL I e B R LR «

JGJ 107—2010[ S ]. dbst. *PEESE Tl iR, 2010.
Ministry of Housing and Urban-Rural Construction of the People’ s
Republic of China. Technical specification for mechanical splicing of
steel reinforcing bars: JGJ 107—2010 [ S].Beijing: China Building
Industry Press, 2010.

[ 12] American Concrete Institute. Building code requirements for structural
concrete and commentary; ACI 318 — 11 [ S]. Michigan; American
Concrete Institute, 2011.

(131 ERATAR, Ut Pk SCHR. A 5 e 1L PR RE A IR AT R [T ). i
Z5fl, 1993(4) ; 20-24.

XU Youlin, WANG Hong, SHEN Wendu. Experimental on force
transferring properties of overlapped bars [ J].Building Structure,
1993(4) : 20-24.

[14] LING J H. Behaviour of grouted splice connections in precast

concrete wall subjected to tensile, shear and flexural loads[ D ].

Kuala Lumpur; Universiti Teknologi Malaysia, 2011.

(%HiE RW=E)



