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Influence of position of post-installed rebar and other factors
on tensile performance of APC connector
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Abstract: To study the effects of parameters such as the position of the post-installed rebar on the mechanical
behaviors of a new type of grouted sleeve lapping connector APC ( all vertical members precasted in concrete
structures ) , a total of 45 specimens were designed for tensile test. The failure mode, ductility, ultimate bearing
capacity, and sleeve strain of the specimens were studied, and ABAQUS was used for numerical simulation and
parametric analysis. Test results showed that the initial stiffness and ductility of the connector decreased with the
increase in the distance between two rebars. The decrease in the distance between the rebars as well as the contact
between the rebar and the sleeve both reduced the bearing capacity of the connector, and the contact between the
rebar and the sleeve played a dominant role in the reduction of bonding strength. Under ultimate load, the middle
section of the sleeve in the deflection direction (the direction of the line connecting the centers of two rebars) was
longitudinally compressed, and the compressive strain increased with the increase in the rebar diameter for
specimens with tensile failure of rebars. Under ultimate load, the circumferential strain of the middle section of the
sleeve was dominated by tensile strain, and the average circumferential tensile stress increased with the increase in
the rebar diameter. Refined numerical simulation of connectors was carried out based on ABAQUS, and the results
were in good agreement with the test results. The simulation parameter analysis showed that the deflection reduced
the ultimate bearing capacity of the specimen, and had a greater influence on the ultimate bearing capacity of the
specimen with pull-out failure of rebar than the specimen with tensile failure of rebar. With the increase in the lap
length, the peak value of the bonding stress curve first increased and then decreased, while the fullness of the
bonding stress curve first decreased and then increased. The ultimate bonding strength calculation formula obtained
from current and previous tests has been verified to be applicable and safe, which can be used as a reference for
engineering applications.

Keywords: grouted sleeve; lapping connector; position of rebar; tensile behavior; lap length; numerical simulation
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Fig. 1 Schematic of two kinds of grouted sleeve connectors
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Tab.1 Material properties of rebar

WA JEIRSREF I BROR BTN AR R AR T3

mm S/ MPa S/ MPa n
12 447.12 585.21 0.212
16 478.67 575.80 0.211
20 437.65 628.39 0.191
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Fig.2  Schematic of positions of post-installed rebar
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Fig.3 Schematic of specimens with post-installed rebar at different positions( mm)
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Fig.4 Locations of strain gauges on specimens with post-installed rebar at different positions
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Fig.6 Failure modes of specimens

RS FFLEHE IS T 55 B0 AT ORI A HE R
PR TR AL I, 4T 2 - RS I EE A SR AR B, IR
BV GNG T R, [F] I RS (ELN BT O, RN Al e 5e
X/

(b) BB HLRT T F- B AL

IR B R

20k 2001
120 175k
60¢ 100F . 150k
50f 7’ g [

Sl b z sy S Z 125

& ‘4 # 60f M | ‘ g 1000 s
=300 1g/ = f o \ E 75¢
A 40F e B-2-3 | | i
2008 I B o
10;“' 201 & —+ B-5-3 \ \ | 25+
X X N . e x i ) ) ) ) lg 4a bo Lm
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 0
{jiz /mm ’fj*z /mm {jﬂ% /mm
(a) d=12 mm (b) d=16 mm (¢) d=20 mm

7 BRI - L

Fig.7 Typical load—displa
TP 7 R, A 80 st A Ay 28T , A R 7K
BT NRARE NS — = L = TKF
N, F W B — U F I E f K, Ao DA 1
/Do X TS ARG AR A O, e AR D
B R, PRI R RS d, 7 B R
HRARAIIREES > d, 0 B =3 AR 4 3 1 B s o

(a) N Z A}

T ER W
— -
B TR P 3 Dt 5 i)
JE A A
(c) Jinzkiy

cement curves of specimens
R A B PO PR AN 1 A BE B de K, D — d ik
PG RR, th T PR 2 1 IF AL il 2
A AR (A 7 01 T P A7 1500 12 7
], fdf bR AT A R TR A K 8 Shinds
BRSO IR A B R 1R 2 T
T (i e AR T AR, DU B AT

T B A 15 [ 2 i
AR5 HH
TR REASTE ES BNy

et | SEEAM

(b) M#J5

TR 57

TR 530 Db % 7 1)
JE A AW

(d) [ 3

8 mEFRHREETRE
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Tab.2 Statistics of test results

R i BRI o by
RUHE HRE B KE f/MPa §/mm  f,/MPa §,/mm WIRTEAS 7./MPa MR _

d/mm L/mm R, ¢
A-1-1 12 — 10d 433.89  8.82 575.31 48.62 JmEumNARIET Wi TATREMAL >14.37  5.51
A-1-2 12 — 10d 452.30  9.24 606.46 60.74 [EEuwINARINT  WrTRAEML >15.15 6.57  5.73
A-1-3 12 10d 434.69  9.34 578.67 47.67 [EEumNARIET W TR >14.45 5,10
A-2-1 12 - 10d 444.34 10.23  575.75 50.75 JmameNAGRIET BT FATREMAAL >14.38  4.96
A-2-2 12 - 10d 442.04 10.62 579.56 50.42 [EEHHANARINT W TEAEEMLE  >14.48  4.75  4.96
A-2-3 12 - 10d 441.33  9.93  577.79 51.24 [EEuwiNARINT WML >14.43 0 5016
A-3-1 12 = 10d 463.19 16.29  600.71 52.45 [EEumNAHE Wi PSR L  >15.01 0 3.22
A-3-2 12 = 10d 457.08 16.32  586.46 51.83 [E@umiNmifir Wi r@AitkL  >14.65 3.18  3.25
A-3-3 12 = 10d 425.40 17.78  568.94 59.52 [EEumiNfihiMr Wi FATREM AL >14.21 0 3.35
A-4-1 12 g 10d 459.03 23.45 592.04 54.63 [EEumiNATHIMT W TNATEEAAE >14.79 2.33
A-4-2 12 g 10d 443.54 22.98 566.90 59.93 [EEuANABIET Wi TRATEEMAL >14.16 0 2,61 2.68
A-4-3 12 Py 10d 451.15 23.73  579.82 73.63 fn#uwiNmRINT Wi TFERAi AL >14.48 3,10
A-5-1 12 H 10d 443.63 12.85 588.94 51.01 PIlIE =R E AL e 5 P >14.71  3.97
A-5-2 12 En 10d 421.50 13.13  572.04 58.93 [E@uiNmifir WAL >14.29  4.49  4.24
A-5-3 12 in 10d 432.57 13.84  575.93  59.02 iKW TR >14.39  4.26
B-1-1 16 — 7.5d — — — — — — — —
B-1-2 16 — 7.5d — — — — — — — —
B-1-3 16 — 7.5d — — — — — — — —
B-2-1 16 - 7.5d  481.69 13.82 566.92 44.23 P ESRE b AL T e e 1 >18.89  3.20
B-2-2 16 - 7.5d  497.66 13.26 582.24 46.53 Eibretrg T e ol T e >19.40 3.51 3.34
B-2-3 16 - 7.5d  477.46 13.48 569.20 44.63 [ s R AR W TR Ak >18.97 3.31
B-3-1 16 = 7.5d  484.38 23.60 589.35 61.35 [EEEGAATRING Wi T@ATEEAM AL >19.64  2.60
B-3-2 16 = 7.5d  482.49 22.95 568.11 50.25 B g T AL T e e >18.93 2.19 2.29
B-3-3 16 = 7.5d  479.80 23.42  564.03 48.48 Iz AL W AR A >18.80 2.07
B-4-1 16 Py 7.5d  484.78 25.22 574.13 63.48 [T S A AT LT I T AL >19.13 2.52
B-4-2 16 g 7.5d  479.80 29.45 540.30 47.65 Jin A8 AR A 4k 18.00 1.62 2.16
B-4-3 16 Py 7.5d  492.84 25.34 585.97 59.52 Eibrebrg e od T e >19.53 2.35
B-5-1 16 En 7.5d  479.40 19.84 576.12 48.57 I AL TR AL >19.20 2.45
B-5-2 16 i 7.5d  493.18 20.47 589.85 54.24  [EEuGAHATRINT Wi T@AIRAMAL >19.66  2.65  2.67
B-5-3 16 i 7.5d  475.27 19.46  573.63 56.35 [EESGAATRINT Wi T@ATEEAM AL >19.12 2.90
C-1-1 20 — 6d 430.73 15.77 498.15 29.96 TINERIAR 3 L 20.75 1.90
C-1-2 20 — 6d 441.97 15.68 479.78 27.02 24 2 s 0 5 4% 1 19.98 1.72 1.79
C-1-3 20 — 6d 434.52 15.92  478.38 27.98 JINERIAR 5 19.92 1.76
C-2-1 20 - 6d 428.69 13.95 542.17 30.02 TINERIRAR 1 22.58 2.15
C-2-2 20 - 6d 436.69 19.85 557.10 38.99 [T S A 5 4 23.20 1.96 2.20
C-2-3 20 - 6d 426.97 18.92 571.72 47.30 I8 2 s 5 4 23.81 2.50
C-3-1 20 = 6d 428.38 23.80 514.65 38.99 Jin A AR A AR 21.43  1.64
C-3-2 20 = 6d 422.87 24.98 512.10 41.05 I 2 AR AR 21.33 1.64 1.72
C-3-3 20 = 6d 431.24 21.38 523.92 40.05 TINERIAR 5 B L 21.82  1.87
C-4-1 20 Py 6d 427.32 30.16 566.66 61.24 pIE= g R DR ol T e >23.60 2.03
C-4-2 20 Py 6d 435.35 28.07 544.33 48.97 iz oK A AL 22.67 1.74 1.86
C-4-3 20 Py 6d 428.98 28.02 554.81 51.05 iz K A AR 23.11 1.82
C-5-1 20 5 6d 433.60 21.56 558.85 46.48 [ 5 vt A9 A 23.27 2.16
C-5-2 20 En 6d 442.17 21.38 597.36 52.23 Iz N B 24.88 2.44 2.32
C-5-3 20 T 6d 431.46 22.25 583.25 52.18 [ g A0 A7 4R 24.29 2.35
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Fig. 10  Influence of rebar diameter on ultimate bearing capacity
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Fig. 11  Typical load-longitudinal strain curves of middle section of sleeve
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Fig. 19 Load-displacement curves of specimens with tensile failure of rebars
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Fig. 24  Distribution of bonding stress between rebar and grouting material along the embedded length of loaded rebar during loading
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Fig.25 Characteristics of bonding stress curve of specimens with different lap lengths under ultimate load
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