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Mechanical Test of Sleeve Grouting
Lap Connector with Different Lap
Lengths Under High Stress Repeated
Tension-compression Loading
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Abstract: Uniaxial tensile tests and high stress repeated
tension-compression tests for 32 specimens of sleeve
grouting lap connectors named APC connector were
conducted to study the effect of lap length on the
mechanical properties of APC connector. It is shown that:
after the high stress repeated tension and compression,
the bearing capacity of the specimens is improved, while

the ductility of the specimens is reduced due to the further
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development of the cracks between the steel bar and the
grout; the residual deformation u, (single tension) and u,,
(high stress repeated tension and compression) of the
specimens are reduced as the lap length of the specimens
the

longitudinal compressive strain and hoop tensile strain of

is increased; with the increase of lap length,

the middle section of the sleeve near the steel bar are
reduced under the ultimate load state when the specimens
are stretched under uniaxial tension and the last tensile
part after repeated tension-compression loading; based
on the gray relation analysis, the steel content of the
connector has the greatest correlation with the ultimate
bond strength. Finally, the ultimate bond strength and
critical lap length formulas were put forward with the

introduction of the grouting defect coefficient w.

Key words: sleeve constraint; sleeve strain; residual

deformation; repeated tension-compression loading; lap

length
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Fig. 1 Schematic diagram of specimens with different lap lengths (unit: mm)
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Tab. 1 Loading schemes for the specimens with different lap lengths
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Fig. 3 Schematic diagram of strain gauge layout

(unit: mm)
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Fig. 4 Schematic diagram of displacement meter layout
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Fig. 7 Compressive bending failure of steel bar under

high stress repeated tension-compression

loading
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Tab. 2 Test results
‘ VIS A
PR il L7
JENCE R W BEL/ K I“ Id o/ 1y, k(13 ] Ay f/MPa  f,/MPa i & 3CHR # 2 Sk
mm S ok [137)%k [ 14 ]k
L-1-1-N [ ity A AT A 96 6.0 0.22 N — 492.39  559.90 N N
L-12N [ R AR AR 96 6.0 0.33 N —  493.58 546.47 N N
L-1-3N [#5] 7 Sty B S A 96 6.0 0.52 N —  485.97 564.88 N N
L-14Y IR s A AR 9 6.0 0.25 N —  568.71 660.20 Y Y
L-2-1-N [¥50 5 s B A 7 DT, W T Ak 128 8.0 0.37 N 8.93 482.44 577.16 Y Y
L-22N (351 2 Sty A0 A T, DB T4k 128 8.0 0.35 N 10.65 489.65 588.51 Y Y
L-2-3N [0 2 i B A D, WAk 128 8.0 0.08 Y 8.93 484.28 585.27 Y Y
L-2-4-Y TR LT, W7 i 128 8.0 0.06 Y 8.47 573.33 653.73 Y Y
L-3-1-N [¥50 5 s A A 7 DT, W TR Ak 160 0.0 0.25 N 9.01 493.58 585.42 Y Y
L-3-2-N (351 2 St P A T , DB T4z 4k 160 10.0  0.25 N 8.27 486.72 583.23 Y Y
-3-3-N [0 2 i EA A D, WAk 160 10.0  0.07 Y 10.14 489.85 582.74 Y Y
L-34Y T P, W AR AL 160 10.0  0.05 Y 7.84 566.67 643.78 Y Y
L4-1N (i1 5 v A AR L BT, Wi A Al A Ak 200 12.5  0.13 N 7.98 576.12 687.56 Y Y
L-4-2N iR ity A AT R WT , WE TzA 200 12.5  0.09 Y 8.59 599.00  700.00 Y Y
L-43N [0 2 i B A D, W Ak 200 12.5  0.15 N —  633.83 722.39 Y Y
L44Y (360 5 i B A T, O Ak 200 12.5  0.05 Y —  609.45 735.32 Y Y
G-1-1-N B R RS 1R e N Al R 96 6.0 — — — — — — —
G-1-2-Y @RI BRI ES VIR 5 0 96 6.0 — — — — — — —
G13Y Jin AN A 9 6.0 0.53 N —  535.47 615.42 Y Y
G-14Y Ik A AR 9 6.0 0.76 N —  524.48 627.86 Y Y
G-2-1-N @SR GRS LRGN NES 128 8.0 — — — — — — —
G-2-2-Y iz B AT , W AR e Ak 128 8.0 0.51 N —  529.00 607.46 Y Y
G2-3-Y %‘@ﬁ&gjﬁ@j@ E%w?ﬁ%ﬁﬁﬂﬁﬁﬁﬁ, 128 8.0 o o B - - - -
A LT, W AR A
G24Y TInZR AN ALY , W7 T4 128 8.0 0.70 N —  643.88 747.76 Y Y
G-3-1-N @RSy RS 1 RGN 2 160 10.0 — — — — — — —
G32Y A R, W AR A 160 10.0  0.50 N —  481.19 571.14 Y Y
G-3-3-Y %‘@ﬁfiﬁ%ﬁ}i;ﬁesﬁﬁ}ﬁ%}ﬁﬁx}%li%,% 160 10.0 B o - - -
T A5I IR | [ 2 SR A BT , WKtz ik
G34Y I e R R 160 0.0 0.19 Y —  652.34  767.66 Y Y
G41N g LT, T AR Ak 200 12.5  0.39 N —  573.13  680.60 Y Y
G 42N 0 AN ST, WA R b 200 12.5  0.45 N —  661.19 766.67 Y Y
G4-3-Y AN LT, W74 A b 200 12.5  0.31 AY —  683.58 735.32 Y Y
G4-4-Y A P, W AR A 200 12.5  0.31 AY —  658.21 782.59 Y Y
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Fig. 8 Load-displacement curve under uniaxial tension
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Fig. 12 Load-longitudinal strain curve for the middle section of the sleeve near steel bar under uniaxial

tension and high stress repeated tension-compression (the last tensile part) loading (SZ3)
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Fig. 15 Load-longitudinal strain curve for the middle section of the sleeve near steel bar under high stress

repeated tension-compression loading (SZ3)



55 5 0] A B R N I B Sk I F M RE R e 699
150 ¢ 200 f
120 } G-1-3-Y 6 | G-2-4-Y
90 |
100 |
Z 60} 2
= L #®/ 50r
B =
0r ot
_30 L
_50 L
_60 1 1 1 1 L 1 ) 1 1 1 L '
=250 0 250 500 750 1000 1250 1500 -500 0 500 1000 1500 2000
M /107 R /107
a G144 b G241k
200 200 Gy
G-4-2-N
150 150 -G—4—3—Y/_>;_,; ....... e
~ 100} ioo| \/
i~ ? G-4-1-N
ﬂﬁ‘_{ 50 [ ﬂ){ L
i % 50
0 L
0 L
_50 L
_50 L
] S
-100 0 100 200 300 400 500 600 700 -200-100 0 100 200 300 400 500 600 700
i /107 LA /107
¢ G341 d G-44R 1

B 16 B R EHE T 5 15 i AR A T 1A $9 45 0 46 3 1) Rz 25 ¢ 2% (SH3)

Fig. 16 Load-hoop strain curve for the middle section of the sleeve near steel bar under high stress repeated

tension-compression loading (SH3)
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Fig. 17 Bond stress of steel bar and sleeve under

lower loading (compression)

YERIDA R, o /s 3 B 18I [ S, X s T B 1 [7)
A5 R/ INBN R R B 1 1 RN

WP 17a fr 7 , A B8 /INN, FE A 2 RN A 52 )
S FA) AV A5 2R 0 L D 8K T 3 A i 140 9 73 e 4

E 18 EFPHEmLESNORER NS
Fig. 18 Distribution of longitudinal cohesive stress

at the middle section along the sleeve

ISR PR AS fa o R A |, 1R S ERORHAY
Fhat N S R/INK s 1] R A2 o e o X T
IR , B T A AT BT 2 B RS N R
T 00 BA A3 T 32 I B 25 1, PRz A R
ZFEEE IV 1 RN BT ) R A AR P, 1
5 R4 A BT A B 45 1 SR, e A 450N
T N AR 32 ST A A 68 T A2 I L s v T
JEAR AR 32 7 e —28 R A S m R
Ui A S, L ER e I L 2 T A2 B4 N ) KN K
I Ly 0 RA A AT P, [T Stz | 3 AT 2 £
ZVRFREE I 5T BR A 52 R Tl — 3K

UNEN 18 Jr 7, 7 Hh i a8k i A 35 94 7377 ) B A5 Ak Jor
2GS N 5 4 AR 32 T ) — 20, AR I



700 [l o K 2 2 MCH 9K BE 2% O

% 50 %

7
. /1\ \}Eﬁ)\%ﬂﬁﬁ
FEE T

i T P
1 i
ﬁﬁ%m\ .
7

a FArEEE K 40 S 38 45 L 3 A (T30 B 4 39 b B )

‘ INApSES
B z

mEms|, —C C

b FEECKIN B TR RS RN
B 19 FEEABELTRGZENNGREGRHENN
Fig. 19 Bond stress of steel bar and sleeve under

higher loading (compression)

M C 5 R A AT 52 TR T — 28 TR 325
IO 3 Sy 2 B4 s, C i o Jom 4 s — 000, 3 94 5573 00 2 45 1
T3 R B T A R s — 0 P 17 AL AR
INAATRE SR 25 5 1 A R4 1 7 T AR, E fe
b1 32 e

JINZRE e 3B (B OB ORI
WS HEORLZ Bl R BE S5 B A G 19a Brs . 5
TNEATI 5 BT ARL , A B 280 ) ER S Ak A3z 4
S S 50 T A2 RO R 45 170 55 4k A B 5913 32 s 5 1) —
B, s Ak 3 A AT S BT P 32 B B 4 1 )
TR BT 32 He T 1) — 2. R 18 R AR
Ak 14 S A A I 5 T 52 (R R 4 10 0 5 e A A R 32
Je 75 i) — 250, £ B 0055 99 B A 47y 32 s 77 1l — 2
Fh P 19b AT L, i 28050 A R R 2 2 1 1) 26 4
J175 AT E A 52 4

WA FAE A BRI, B B TR R4 1 ) o A A
At , A frite— T

5 #HEEEITEAR

5.1 FERFRKBXEKINT

SR IR A8 SR BS54 o FE
el B L ARXHER B L/ d ERNAR D B R
LR o, SRR SR ¢/ D 5 R A5 OCHRE ,
3PN,

H1ZE 3 IR, fRTAL & 43 o/ D S 3459 BEAR Sk
RO, T R o, PIRG4S 9 B AR S Ty AL 5 AR

*3 BRRSREEEXKE
Tab.3 Correlation degree between each factor and
bond strength

A ISES KHREE »
d 0.7624

L 0.7195

¢ 0.746 6

D 0.778 2
L/d 0.7255
D/d 0.7559
t/D 0.7921
T, 0.790 3

t/ DR, ER N DIRZ . B REE AR
55, B PR S B R RE RN (<22, 5 mm) , &
F14 24 SRBE 7 i A B T P9 384 R T U A, 25 2 1 BE
JEER (=2, 5 mm) I, BEJE A S = i 24
FRE TR AR AR 3 M o R i ey BE
JEEZR (3 mm) , G225 R4 3 5 B AH SR AR X
590 XF TR BAR d FEIE RS L SR A1
L/d, B A d 52598 B SRR ), AT %
KB L A B L/ d S35 B G T 4
5.2 EZRIRMEZIMBIRREELE R NitEAR

F BRI IR ORHRES R IS 30191,
VAT pRBOHR A A BREESS N 7 AT -

d D
Tu==<a+ﬂL)(y+md+nI;)fis (D

e By om o WREEH BB fONTERREE 24T
FLIRJE

P DE SR 7 AR 8 A3 5 A Ay (el ] ) A L AH
IR Ty BEWE AR O, 5L T IR BB R L o
(0. 85) , K T AIA YL Y 4 RAAR (D), 15
B PR BRBERMA ARR FRER A R 5 A5

- d D
rux—<0.24—0—2.78L)(6.27 0.08 7+

31.5613)]‘{@ 2)

e B % 45 17 7 0 30 A (8 5 36 (8 1 L A
0.85~1.28 Jw [l W, “F 4 1H 24 1. 00, ¥ #E 22 4
0.047, 28 S 2 BN 0. 047, 81 20 A BR A 45 50 1)
PIAAE SIS (AT b, o] UL E WA B -

5.3 EEELEZIMAIETIGRISERKE

B A T T L R 75— R 2R 4 e s o R [
R B R R B BT I R K B AN A
KB T BRBTHIBRE /o, HH 7R T AT, S I
EHKER



%5 B B B S B SR J R AT 701
28 ¢ v p , .
A i B (2) Bk (3) T 7
A * ME
S 21 [ :
= ﬁﬁr;m s m L= fb 1l
- A‘Mmm:&;}f 0.956.27 —0.08  + 3156 | fuw
& 4 fan
% o)
] Tr S Nl e RO RN \ N
BEARES: | SCik [ 6 ] ANl A BR b i AR A
(4) , XF i A K T AE L 500 L 217 L

0 ll() Zb 3I() 4b SIO 6b 7I0 8.()
A5
20 HMRFEERENMSGESRKE
Fig. 20 Fitting value and experimental value of

ultimate bond strength

B MR AR . R AL T RE S IR A
WIa

T2 ARSI B 12, 5d Wi 2F LG
I FR R A A R AT EOR . 3 (4) TG
NG BB 0 13. 0d , R4 20 (4) BT ik 1

= df. 3 SURCIRT TSSO W= VAP N a -2 AR SOl N 5 < a3 At
crx 4:?LIX %5"‘2 )
*4 GRBEREARESITEEITLL
Tab.4 Comparison of critical lap length between test value and calculated value
EVES Sl d/mm t/mm D/mm ./ MPa L../d(w=0.85) L./d
AR 20 3 70 4.12 13 8.0~10.0
SCHRL6 [T 18 3 70 4.63 11 10.5
6 Zip BAL R B2

(1) BRI A A SRR X B 7 o T R 3
W2, m R G B R R A N A
Wy A& RN A7 A T R 3 B

(2)Zead m N R Z s B, il R A
From Ak , 5 BR 7R 8 7 Ho S I 2 05 5 H T O A 1) 5
M), A SR B 2580 B i 2% e Tt i ) A 28 ) R U
B8 BF 2 A Tt i ARG

(3) Fhr I FEHEAC E B 75 R U S8 B 41
Jit %ot A 757 T A PR A AR M S e N R, X T R
JIR PG SR A B T R B4 SR
HF S48 KR T4, IR AL RS TN K, S /N T L
R

(4) b R R RN iR ) BR AR 2E T w, R
w IR . SRR 28 B D i it A bl R R B
20 75 0 e i it A2 S TR 1) B 3 K, 3R AR AR TR
o F1 s D/

(5)FEBr K i I 77 R 58 r e e AR 4 FR A
BT, Bl A P A B B 3G, 2 v 0 T 3 3 3 )
N5 S VRS 2 N 11 E ARG SR WA N =10 [VAA D S =X A= Sl
Bifi o 4 A B A S R, A2 P 2 £ v R v 107 A2
Z R EA R A2 n, 52 R 2 T v A 1) I A% R A2 ir

(6) 5T HIAG —TREE - R 45 N1 Hh 2k, 7r A &1
Dhfi) L T3 o0 A S st it o A BE R/ N,
A E R0 32 nEJS IR 27, ik
WA R 5 5 WA T I B RO, A B R R4
LI oA A B AR A A Fp it — AP

(T RAVK QORI 73T T APC 13k 420 0
ARG 50 S (] A AR S, 45 Hh B 1] 1A £k 35 YR 5
FRER ST SR BER R e R o I ATEIR A R AL w, 32
HH AR R 2 i B 5 2B A e S P e T
S IR AUR SR A R

{E&E STmk A PR -
A BCREITRHE A R R, A
S ST .
JERDE - AR 102t SR A
g L T B , AT RN I BRI R
WFET5 A7 RHE SRR A I B AR IR
gk AT R E R IR B R IR
AR X7 S0 IR A I B R

S 3Bk :

[1] LING J H, RAHMAN A B A, IBRAHIM I S, e al.

Behaviour of grouted pipe splice under incremental tensile load



702 6 3 2 2 (A 28 B 2% ) %5 50 %
[J]. Construction and Building Materials, 2012, 33: 90. State Administration of Quality and Technical Supervision.
[2]  ALIAS A, ZUBIR M A, SHAHID K A, et al. Structural Test method for strength of cement mortar: GB/T 17671—
performance of grouted sleeve connectors with and without 1999(S]. Beijing: China Standardization Press, 1999.
transverse reinforcement for precast concrete structure [J]. [11] e NRILAIEEEHS . IR EE 1 ) A PRI ARt «
Procedia Engineering, 2013, 53: 116. GB 50081—2002 [S]. dbat: A EES Tl H AL, 2003.
(3] XU¥e, skmnAe  RUGE 1R, 55 A MRk i g it Ministry of Construction of the People’ s Republic of China.
e[ T] ARdU R 2B 4R , 2018, 15(6) : 80. Standard test method for mechanical properties of ordinary
LIU Yang, ZHANG Lihua, ZHU Qinghua, e al. concrete : GB 50081—2002 [S]. Beijing: China Architecture
Experimental study on mechanical properties of reinforcement and Building Press, 2003.
sleeving grouting joint [J]. Journal of North China Institute of — [12] 4B . — i35 25 i VA S 45 42 32 o P ) P AW S A 5 o e Jin 28
Science and Technology,2018,15(6) : 80 B 71 2020 2 1155373.3 [P . 2021-02-26.
(41 WU, XIEvE  FHA& T, 45w 2 P RAE T AN YU Qiong. A kind of single tensile and reciprocating tensile and
TSGR GO I oE [T]. A ZE R4, 2018, 39(12) : 178. compression loading device for reinforcement sleeve grouting
XU Chengshun, LIU Hongtao, DU Xiuli, ez a/. Experimental lap connection: ZL 2020 2 1155373.3 [P ].2021-02-26.
study on connection performance of grouted sleeve splicing for — [13] P A\ RAFN 3 5 Fdk & FEEHS . X HHLANGE BB A RURE «
rebars under high stress repeated tension-compression loading JGINO07—2016[S]. db5T: o E AT Tl At 2016.
[J]. Journal of Building Structures, 2018,39(12) : 178. Ministry of Housing and Urban-Rural Development of the
[5]  AB. —FB B A RRE AR Z1 2014 2 0656653.0 [P]. People’ s Republic of China. Technical specification for
2015-04-01. mechanical joint of reinforcement : JGJ107—2016 [S]. Beijing:
YU Qiong. A new confined lapping sleeve: ZL 2014 2 0656653.0 China Architecture and Building Press, 2016.
[P].2015-04-01. [14] ACI Committee 318. Building code requirements for structural
(6]  ARBVFEIE, RIEMT, 55 . WIFP R 2520 T &5 2RI s 1 concrete: ACI 318-11 [S]. Farmington Hills: American
HESKRRARE [T ], W R Tl K241, 2016, 48(12) : 34 Concrete Institute, 2011.
YU Qiong, XU Zhiyuan, YUAN Weihang, ez al. Tensile test — [15] A 4K . 25 M TR EE - Zh 45 85 W MERE e i 52 [ D . Jb
of sleeve grouting lap joint under the influence of two factors e AR, 1990.
[J]. Journal of Harbin Institute of Technology, 2016, 48 XU Youlin. Experimental study on bonding anchorage
(12):34. performance of deformed reinforcement and concrete [D].
(7] RGPS N 5 AR T B AU Beijing: Tsinghua University, 1990.
He SR IR [T ] T I 2 R CHARRRARR) L 2017, [16] ARB EFIL, AR, 45 BRSNS HAE R R &2 )
44(9):82. HLBLSHT [T ] WA ARIE Tl K224, 2021, 53(4) - 96.
YU Qiong, XU Xuejing, YUAN Weihang, ez al. Mechanical YU Qiong, WANG Zigin, BAI Shaohua, ez al. Sleeve lap
experimental study on sleeve binding slurry anchor lap joints joint grouting tensile test and stress mechanism analysis [J].
with different lap lengths [J]. Journal of Hunan University Journal of Harbin Institute of Technology, 2021,53(4): 96.
(Natural Sciences), 2017, 44(9): 82. (17] FAF53C. KA SR BF 5 5 0 (D] KA 35 b
(8] AEAL, FMERK , SR . 45 10 A9 315 5 5 T 24 SR OB B s 1 i 2007.
[T ] W R Tl R 22441) , 2018, 50(12) 1 98. ZHOU Xiuwen. Research and application of grey relation
YU Qiong, SUN lJiagiu, YUAN Weihang. Ribbed steel bar degree [D]. Changchun: Jilin University, 2007.
and sleeve constraint grouting material stick performance test — [18] . B RT X BRI RSk 2 RtE R m i [D].
[J]. Journal of Harbin Institute of Technology, 2018, 50 I [RIERAE, 2018.
(12): 98. XU Kun. Influence of sleeve section size on tensile performance
(9] &3 E] B, 55 WS RO SRk of sleeve lapping connectors [D]. Shanghai: Tongji
REXTLLLT ] MR Tl R 2444k, 2020,52(8) : 140. University, 2018.
YU Qiong, ZHANG Yuanming, GONG Xin, et al.  [19] WS MH . ZRAN S A% I0REE + 2 1705 45 5 F v R0
Comparison of mechanical properties of reinforced sleeve FELD . BIREE B /REE T KA, 2008.
grouting butt joint and lap joint [J]. Journal of Harbin Institute SHAN Xianbin. Experimental study on bonding anchorage
of Technology,2020,52(8) : 140. between deformed reinforcement and self-compacting concrete
[10] ERFEESARRE R . KIekrbR R 7% : GB/T 17671— [D]. Harbin: Harbin Institute of Technology, 2008.

1999(S 1. dext: HEpRIEAL T AL, 1999.



