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Reinforcing steel spiral rib grouting sleeve connection performance test

WEI Jiaqi'?, LI Mingyue', JIANG Hongbin'"

(1. School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China;
2. Key Lab of Structures Dynamic Behavior and Control ( Harbin Institute of Technology) , Ministry of Education, Harbin 150090, China)

Abstract; The traditional grouting sleeve manufacturing process is hindered by its complexity, high raw material
costs, and challenges in ensuring grouting quality, which has restricted the widespread adoption of prefabricated
assembly buildings in China. To address these issues and promote economical, environmentally friendly, and
efficient development in the construction industry, an innovative steel grouting sleeve connection technology was
developed. This new approach employs a “rolled spiral rib grouting sleeve” in combination with “Bingham-like
fluid grout,” which creates a more secure mechanical interlock between the reinforcement bar and grout, as well as
between the grout and sleeve. This enhanced interlocking mechanism significantly improves the load-bearing
capacity of connected components. The developed technology offers several advantages, including costs reduced,
construction processes simplified, and grouting quality assurance improved. To determine the minimum anchorage
length of reinforcement bars within this connection system and to compare the connection performance between
centered and offset butt joints, unidirectional tensile tests on 34 joint specimens were conducted, and the damage
modes and various structural performance indices of the specimens were thoroughly analyzed. The results indicate
that the differences in connection performance is minimal between offset and centered butt joints within the sleeve.
Additionally, the internal convex ribs within the rolled sleeve significantly enhance grout slip resistance and provide
sufficient bond anchorage to meet connection performance requirements. Preliminary findings suggest that the
minimum anchorage length of the reinforcement in this proposed connection system can be as short as 10 times the
diameter of the reinforcement for offset butt joints.

Keywords: spiral rib grouting sleeve; rebar offset docking; unidirectional tensile test; anchor length; bond
strength
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Tab.1 The number and size parameters of the specimen mm
g5 L, L Dxtxhxs Inw e R L, L Dxtxhxs
UT-8-5d-A 40(5d) 90 38 x3 x2 %20 UT-12-9d-B 108(9d) 226 42 x3 x2 x20
UT-8-6d-A 48(6d) 106 38 x3 x2 %20 UT-12-10d-B 120(10d) 250 42 x3 x2 %20
UT-8-7d-A 56(7d) 122 38 x3 x2 x20 UT-12-11d-B 132(11d) 274 42 x3 x2 %20
UT-8-8d-A 64(8d) 138 38 x3 x2 %20 UT-16-5d-A 80(5d) 170 45 x3 x2 x20
UT-8-9d-A 72(9d) 154 38 x3 x2 %20 UT-16-6d-A 96 (6d) 202 45 x3 x2 x20
UT-8-10d-A 80(10d) 170 38 x3 x2 %20 UT-16-7d-A 112(7d) 234 45 x3 x2 %20

UT-8-11d-A 88(11d) 186 38 x3 x2 %20 UT-16-8d-A 128(8d) 266 45 x3 x2 x20
UT-8-94d-B 72(9d) 154 38 x3 x2 %20 UT-169d-A 144(9d) 298 45 x3 x2 x20
UT-8-10d-B 80(10d) 170 38 x3 x2 %20 UT-16-10d-A 160(10d) 330 45 x3 x2 %20
UT-8-11d-B 88(11d) 186 38 x3 x2 %20 UT-16-11d-A 176 (11d) 362 45 x3 x2 x20
UT-12-5d-A 60(5d) 130 42 x3 x2 %20 UT-16-9d-B 144(9d) 298 45 x3 x2 x20
UT-12-6d-A 72(6d) 154 42 x3 x2 %20 UT-16-10d-B 160(10d) 330 45 x3 x2 %20
UT-12-7d-A 84(7d) 178 42 x3 x2 %20 UT-16-11d-B 176 (11d) 362 45 x3 x2 x20
UT-12-8d-A 96(8d) 202 42 x3 x2 %20 UT-18-5d-A 90(5d) 190 45 x3 x2 x20
UT-129d-A 108 (9d) 226 42 x3 x2x20 UT-18-6d-A 108 (6d) 226 45 x3 x2 %20
UT-12-10d-A 120(10d) 250 42 x3 x2 %20 UT-18-7d-A 126(7d) 262 45 x3 x2 %20
UT-12-11d-A 132(11d) 274 42 x3 x2 %20 UT-18-8d-A 144(8d) 298 45 x3 x2 x20
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Fig. 1 Schematic diagram of the cross-section of the steel bar butt joint specimen



. 112 - R

[N AN

557 %

1.2 #reliERE
1.2.1 IUEphiNes
il VT 2 A 1 T A Al A R e R e O 9 A

B R 20, SHEBIEN HIME 3 DM e AL
AT 728 RE R A R B8, I 52 A9 94 g 24 1k
AEILE 2,

®2 BEBINE SFERE
Tab.2 Material properties of spiral ribbed steel pipes

SME/mm WS BER/mm JE RN T3 f.,/MPa WeBRR J3 £,/ MPa Wi A3 L, /% FMERR E /(10° MPa)
38 20 3 390. 84 484.00 14.35 2.06
42 20 3 316.49 453.79 23.55 2.06
45 20 3 311.49 476. 40 25.40 2.06
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Tab.3  Material properties of reinforcing bars

A2/ mm s JE BB f,,/MPa BRI ] £,/ MPa Wi R A/ % SUPER £,/ (10° MPa)
8 HRB400 612.7 765.9 24.63 2.00
12 HRB400 456.5 633.1 23.17 2.00
16 HRB400 505.3 658.7 21.69 2.00
18 HRB400 456.8 630.7 21.28 2.00
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Tab.4 Material properties of grouting material

. BN/ mm
R KB 28 d HiJEMREE /£, /MPa 28 d HidFIEE/ MPa S
Wk 30 min
16 ~26 H 0.165 75.79 12.97 210 191
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Fig.2 Layout of measurement points of strain of unidirectional tensile specimen
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Tab.5 Failure diagram of uniaxial tensile specimen

w5 A RIS W [N 5
UT-8-5d-A AR UT-8-6d-A AR
UT-8-7d-A AR UT-8-8d-A AR
UT-12-5d-A A UT-12-6d-A A
UT-12-7d-A WA UT-12-8d-A WA
UT-16-5d-A AR UT-16-6d-A AR
UT-16-7d-A AR UT-16-8d-A AR
UT-18-5d-A HEIRRA UT-18-6d-A AR
UT-18-7d-A A UT-18-8d-A AR
UT-8-9d-A B UT-8-94-B WA
UT-8-10d-A A UT-8-10d-B BLIED
UT-8-11d-A A UT-8-11d-B BLIED
UT-12-9d-A BRI UT-12-94-B AL
UT-12-10d-A BRI UT-12-104-B AL
UT-12-11d-A GRpEA UT-12-114d-B ELIED
UT-16-9d-A GLEDAL) UT-169d-B S ETAL]S
UT-16-10d-A GLREA: UT-16-10d-B S ETAL]S
UT-16-11d-A WA T UT-16-11d-B B ETAL]S
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Tab.6 Key indicators of structural performance of uniaxial tensile specimen

LR P/kN  P,/kN o/MPa  o,/MPa 7 /MPa 7,/MPa Fifu S/ fu 1/ mm Mt
UT-8-5d-A — 23.91 — 475.92 23.80 — 1.19 0.88 0.06 LI IE G
UT-8-6d-A — 25.31 — 503.78 20.99 — 1.26 0.93 0.01 e
UT-8-7d-A — 34.23 — 681.33 24.33 12.93 1.70 1.26 0.02 B
UT-8-8d-A — 35.47 — 706.01 21.72 11.39 1.77 1.31 0.01 PR
UT-8-9d-A — 37.73 — 751.00 20. 86 9.70 1.88 1.39 0.01 AR
UT-8-10d-A — 38.03 — 756.97 18.92 9.10 1.89 1.40 0.03 PR
UT-8-11d-A — 34.32 — 683.12 15.53 — 1.71 1.27 0.01 PR
UT-8-9d-B — 36.26 — 721.74 20.05 13.32 1.80 1.34 0.01 WK
UT-8-10d-B — 38.63 — 768.91 — — 1.92 1.42 0.01 ARSI
UT-8-11d-B — 38.45 — 765.33 — — 1.91 1.42 0.01 AL
UT-12-5d-A  51.87  55.49 458. 86 490. 89 24.54 — 1.23 0.91 0.10 WK
UT-12-6d-A — 38.09 — 336.96 14. 04 — 0.84 0.62 0.13 PR
UT-12-7d-A — 39.40 — 348.55 12.45 — 0.87 0.65 0.01 GLIE L
UT-12-8d-A  50.88  66.48 450. 11 588.11 18.38 6.97 1.47 1.09 0.01 AR
UT-129d-A  53.03  73.42 469.13 649. 50 — — 1.62 1.20 0.01 AR
UT-12-10d-A  49.91 68.86 441.53 609. 16 — — 1.52 1.13 0.01 SR
UT-12-11d-A  53.53  73.65 473.55 651.54 — — 1.63 1.21 0.01 SVGEOALT
UT-1294-B  53.72  73.51 475.23 650.30 — — 1.63 1.20 0.01 GINGEDALTY
UT-12-10d-B  54.32  74.02 480. 54 654.81 — — 1.64 1.21 0.03 AR
UT-12-11d-B 52.63  73.29 465.59 648.35 — — 1.62 1.20 0.01 5 e
UT-165d-A  88.74  92.66 441.58 461.09 23.05 — 1.15 0.85 0.01 BV EG
UT-16-6d-A  88.51 89.67 440. 44 446.21 18.59 — 1.12 0.83 0.01 PR
UT-16-7d-A  74.62  99.45 371.32 494.87 17.67 — 1.24 0.92 0.03 AR
UT-16-84-A  90.21 121.14 448.90 602. 81 18.84 7.39 1.51 1.12 0.02 WK
UT-169d-A  84.69  125.32 421.43 623.61 — — 1.56 1.15 0.01 GLVIEDAET
UT-16-10d-A  86.89  129.85 432.37 646.15 — — 1.62 1.20 0.01 B LT
UT-16-11d-A  88.88  119.71 442.28 595.69 — — 1.49 1.10 0.01 CINGEOALT
UT-169d-B  80.19  124.91 399.03 621.57 — — 1.55 1.15 0.03 AR
UT-16-10d-B  85.77  122.28 426. 80 608.48 — — 1.52 1.13 0.01 SR
UT-16-11d-B  84.22  130.26 419.09 648.19 — — 1.62 1.20 0.02 SRR
UT-18-5d-A — 48.35 — 190. 10 9.50 — 0.48 0.35 0.02 TESRHA
UT-18-6d-A  105.45  130.49 414.60 513.05 21.38 11.65 1.28 0.95 0.01 PR
UT-18-7d-A  112.47  152.08 442.20 597.94 19.78 11.38 1.49 1.11 0.02 R
UT-18-8d-A  108.64  153.16 427.14 602. 19 17.60 8.29 1.51 1.12 0.02 R
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Fig.6 Load-displacement curve of uniaxial tensile specimen

2.3 ERFFRENRE NEEZESHAE
2.3.1 YAz

AR O R A R R RS I T 6 ZH B 1)
I EN [ DRGS0 s e RN R (T N W e W e e R
P IEIR T VR 1A 5] AR 22 18 3R 1 L
TR ZATE T 3 Ak WA, HARAR A E L
Bl2(c) o XFF Xt 40, v 0 A8 /A ZT1,

HR N AR ok ZT2 ZT4 ,1/4 AR 7% Foh 213, %t T
it XS AR SRR ol ZT1 ZT4 717, T
AR R ZT2 (215 718, 1/4 Kb i 7% | ok 713 776 |
719,

DL 10 5505 AR B B 6], 181 7 2R 10d
g -E R m A2 SR <, hIE 7 %, Xf
X A 22 1 G 1) 02 AR DL AR R 32 T X



5513

B, AF . B IRE T I R R e e 0 i <117 -

i B X A 4 2 B N ) 1A fR T AR AL B D
S BRI B FEAE R N AR R R R A 2 e R A
I IO AR SR 24 Sy N AAE A 7 268 R T 3 R HL T
RIREHER R, X TER 1/4 A A, 3
FAEA 8 mm AR B s W AR HLE A i 21 3
KM A AR R 12 mm Al 16 mm AYIL1F

Wt 2R PO 34 A P R I AR R AR D PR AR, H T
Rkt TR AR 8 mm (IR PRk B 213 42
eI, SO BOE T AT B9 I LY HRRE T B
D153 AL AL AR g B AR I A A A, 1
PR 1) 07 A8 B T AR A% B ] S s A )
O AR 245 i ARHEAR R AT G

J0r
s 135 L 17 A[r3s RN
\ 7T ZT3212 \\\v i !
. ZT4 & 30l /
- A . , vZT- h N |/
£/ g 212 o g i
® = ZT1 K w714 JJ ® 30/ - ZT1
246 s ' Lrst < e | sz
a— - ZT1ZT3 ZT2 .
A ZT3 251 ztizn o2 vkl f T3
At —~-ZT4 A Z1 719 778 zms ~-ZT4
\ < -
100 -50 0 50 100 150 200 250 -400 200 0 200 400 600 -200 0 200 400
IR RiAR/10 PR AR/10° P R2/10°
(a) UT-8-10d-A (b) UT-8-10d-B (c) UT-12-10d-A
80,
1201 I \ 2 *
. e - 7T-1 v O \ J *x o
z z 8o 4 Z - Zr2 " * 180 -
= =l A < 4 7T-3 btk >
g g1/ e ETEM GRS
40t¢ © ZT2 ~ZT-6 v 40 > e
/‘ ZT1ZT3ZT2 - ZT3 +ZT-7 ol
-800 -600 -400 -200 0 200 400 600 0 200 400 600 800 1000 -600 -400 -200 0 200 400 600

I RiAE/10°
(d) UT-12-104-B

1 R AE/10°
(e) UT-16-10d-A

YT REAE/10°
(f) UT-16-104-B

7 10d X EGETH-ERMN@MLT X R L

Fig.7 Load-sleeve longitudinal strain relationship curve of 10d test specimen
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Fig. 8 Longitudinal strain distribution at different positions of the sleeve
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Fig. 10  Circumferential strain distribution at different positions of the sleeve
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