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Experimental and finite element analysis of middle overlapping performance of
roll-formed spiral-ribbed grouting sleeve

LIU Lirui"*, JIANG Hongbin'?*, MA Fujin', DAI Linyao'

(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; In response to the demand for new, energy-efficient, and efficient construction methods, a spiral rib
grouted sleeve made of seamless steel pipe processed by rolling process is proposed. This type of sleeve offers
advantages of low cost, simple manufacturing, and easy construction. The spiral ribs produced by the rolling
process significantly improve the mechanical interlocking force between the sleeve and the grout. Building upon the
research on the performance of traditional grouted sleeve connections, a middle overlap sleeve connection form is
introduced. Fourteen specimens of this type are fabricated using spiral-ribbed sleeves and subjected to uniaxial
tensile tests to investigate their mechanical properties. Additionally, finite element simulations using ABAQUS are
performed and the results are compared and analyzed in relation to the experimental findings. The findings indicate
that the sleeve connections with a 10d overlap length exhibit sufficient anchoring performance. The strain in the
internal steel reinforcement within the sleeve rapidly decreases with distance from the loading end and increases with
external load. Surface strains on the spiral-ribbed sleeve are relatively small, indicating adequate safety
redundancy. The axial strain near the steel reinforcement is higher, while the middle section experiences mainly
axial tensile strain and the sleeve ends primarily undergo circumferential tensile strain. The finite element
simulation results are in good agreement with experimental results, confirming their applicability.

Keywords: grout sleeve; spiral ribs; middle overlap; unidirectional tensile test; finite element analysis
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Tab.1 Number and size parameters of specimen mm
[ENEE R RS Dxtxhxs FHEREL IENEE R RS Dxtxhxs FHERE L

12-10d-UT-A-1 51 x3.5x2 %20 120(10d) 14-10d-UT-B-1 57 x3.5 x2 x20 140(104)
12-10d-UT-A-2 51 x3.5%x2x20 120(10d) 14-8d-UT-B-1 57 x3.5x2 %20 112(8d)
12-10d-UT-A-3 51 %3.5%x2x20 120(10d) 14-6d-UT-B-1 57 x3.5 x2 x20 84(6d)

12-10d-UT-B-1 51 x3.5x2 %20 120(10d) 16-10d-UT-A-1 63 x3.5x2x20 160(10d)
14-10d-UT-A-1 57 x3.5 %2 %20 140(104) 16-10d-UT-A-2 63 x3.5 %2 x20 160(10d)
14-10d-UT-A-2 57 x3.5 x2 %20 140(10d) 16-10d-UT-A-3 63 x3.5x2 %20 160(10d)
14-10d-UT-A-3 57 x3.5 x2 %20 140(10d) 16-10d-UT-B-1 63 x3.5 x2 x20 160(10d)

TE:D FREMIME 1 FORERBEIE b 7RI & s FRRIEN B, L FoR I e,



£ 92 Mok E LT

556 %

LS DAEHAR
’ L + DB %R AR

1 A HREE RS SHRE

Fig. 1

& 2

1.2 ##HiERE

Schematic diagram of specimen model and size parameters
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Tab.2 Material properties of spiral ribbed steel pipes
I EAR d/mm BIVIE = et i 28/ kN Jet HR 5 B/ MPa e BRAr 2/ kN B B3 J32/ MPa HVERE R/ GPa
12 HRB400 51.6 456.2 74.4 657.5 200
14 HRB400 67.7 440.0 98.9 642.7 200
16 HRB400 88.5 440.2 122.6 609. 6 200
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Tab.3 Material properties of grouting material
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Fig.3 Layout of slotted rebar strain gauges
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Fig.4 Schematic diagram of loading device
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Tab.4 Failure diagram of uniaxial tensile specimen
RIFHRS ROFBEIR A Wi & RIFHw5 RIEREIRE {27 S A

12-10d-UT-A-1 ek Ah 14-10d-UT-B-1 FIESL

12-10d-UT-A-2 HekAh 14-84-UT-B-1 11155 4b

12-10d-UT-A-3 kA 14-6d-UT-B-1 1 55 4k

12-10d-UT-B-1 Il 55 4k 16-10d-UT-A-1 S

14-10d-UT-A-1 Lk 16-10d-UT-A-2 Bk b

14-10d-UT-A-2 B 16-10d-UT-A-3 350

14-10d-UT-A-3 Bk Hh 16-10d-UT-B-1 1l 55 Ak

F5 BEEiMilGEateeXgisis
Tab.5 Key indicators of structural performance of uniaxial tensile specimen

RIFHRS P,/kN P,/kN f,/MPa 5/ Jo/MPa S/ ARSI/ mm W
12-10d-UT-A-1 48.5 71.0 428.8 1.07 627.8 1.16 0.06 BLIED
12-10d-UT-A-2 49.0 70. 1 433.3 1.08 619.8 1.15 0.06 B ETAL]S
12-10d-UT-A-3 54.0 75.9 477.5 1.19 671.1 1.24 0.09 GE)
12-10d-UT-B-1 53.8 62.4 604.6 1.51 701.3 1.30 — S IETAL]S
14-10d-UT-A-1 67.7 100.7 439.8 1.10 654.2 1.21 0.06 iChE A
14-10d-UT-A-2 64. 1 96.0 416.4 1.04 623.6 1.15 0.08 AL
14-10d-UT-A-3 74.0 104.0 480.7 1.20 675.6 1.25 0.07 SRS
14-10d-UT-B-1 77.1 89.4 598.5 1.50 694.0 1.29 — AL
14-8d-UT-B-1 74.6 89.1 579.1 1.45 691.7 1.28 — S ETAL]S
14-6d-UT-B-1 71.4 84.8 554.3 1.39 658.3 1.22 — GE AR
16-10d-UT-A-1 85.3 123.3 424.2 1.06 613.2 1.14 0.07 IR
16-10d-UT-A-2 85.1 123.4 423.3 1.06 613.7 1.14 0.09 AR
16-10d-UT-A-3 87.9 119.1 437.2 1.09 592.4 1.10 0.09 BLIED
16-10d-UT-B-1 91.8 111.8 525.9 1.31 640.5 1.19 — SRS
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Fig.5 Load-displacement curve of uniaxial tensile specimen
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Fig.6 Stress—strain curve of the longitudinal rib of the specimen
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Fig.7 Longitudinal rib load—strain distribution inside sleeve
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Fig.8 Longitudinal strain distribution at different positions ofsleeve
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Fig.9 Circumferential strain distribution at different positions of sleeve
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