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Flexural behavior of concrete-filled circular CFRP-steel tube with flange-sleeve joints

LYU Baihang' , ZHAO Heng?, LIU Bo', XIAN Guijun®, XIAO Hairong' , GUO Zhiguang' , HE Jun™
(1. China Construction Civil Engineering Co., Ltd., Beijing 100071, China; 2. School of Civil Engineering, Chang'an
University, Xi'an 710064, China; 3. School of Civil Engineering, Harbin Institute of Technology, Harbin 150000, China)

Abstract: The concrete filled circular CFRP-steel tube arch formed by pasting carbon fiber reinforced polymer
(CFRP) on the outer side of the concrete filled steel tube has higher bearing capacity and stiffness, and can be used
for tunnel support under adverse geological conditions such as high stress, extremely soft rock, strong mining, and
fault fracture zones. This article proposes a new type of flange-sleeve joint, which is used for concrete filled circular
CFRP-steel tube arch in tunnel engineering. The influence of different flange thicknesses (20 mm, 30 mm, 40 mm)
on the failure mode, flexural bearing capacity of concrete filled CFRP-steel tube joint under four-point bending was
experimentally studied. The results show that the failure mode of the specimens is CFRP axial delamination, and
the flange-sleeve joint is intact, indicating that this connection method is effective; When the flange thickness is
20 mm, the bending bearing capacity and stiffness of the specimen are basically the same as those of the node free
specimen, and the bending bearing capacity and stiffness increase with the increase of flange thickness. Based on
ABAQUS finite element analysis, a comparison was made with experimental results, and parameterized analysis

was conducted using flange thickness, casing length, and casing wall thickness as variables. The finite element
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results indicate that the cohesive zone model can effectively simulate the delamination process of CFRP. The thick-

ness of the flange has a significant influence on the mechanical properties of the joint, while the length and wall

thickness of the sleeve have a relatively small influence on the mechanical properties of the joint. For specimens

with a steel tube diameter of 140 mm and a CFRP thickness of 3 mm, it is recommended to take a flange thickness of

20 mm, a sleeve length of 200 mm, and a sleeve wall thickness of 5.5 mm.

Keywords: tunnel engineering; concrete-filled circular CFRP-steel tube; connection joint; flexural behavior; ex-

perimental study; numerical simulation
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(a) Concrete-filled steel tube with sleeve joints

Bolt

Flange

(b) Concrete-filled steel tube with flange joints
B HETREE L T

Fig.1 Common connection forms of concrete-filled steel tube
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Fig.2 Flange-sleeve combination connection of concrete-filled carbon

fiber reinforced polymer (CFRP)-steel tube
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Table1 Main parameters of flange-sleeve joints

Specimen Thickness of flange/mm Diameter of bolt/mm Length of flange-sleeve/mm Thickness of sleeve/mm
B-1 — — — —

B-2 20 33 300 8

B-3 30 33 300 8

B-4 40 33 300 8
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Table 2 Mechanical properties of CFRP sheet

Thickness/ Tensile Young's Elongation
mm strength/MPa  modulus/GPa  rate/%
0.167 3400 240 1.6

MR Q235 ik E AN, IR (& MR
sy 55 1% ERE k) (GB/T228.1—
2021)" PR HEIR B i, AT T 3 MARIERR R AN
RS, AR AR Y JE IR 55 B R 290 MPa,
U7 B 405 MPa, JAFA LA 0.3, SRR RN
200 GPa, NL% 3,

&3 MM NFIERE

Table 3 Mechanical properties of steel

Yield Tensile Young's Poisson's
strength/MPa strength/MPa  modulus/GPa rate
290 405 200 0.3

KO TRBE - 1 SE Hbr 5 o €50, R4l (T B
+ W By 2 v R 3 O s bR E ) (GB/T 50081 —
2019)", WA 5 4% IR EE R SRR FR BT S
&3 B (150 mmx150 mmx150 mm) #3558 & Ky
55.6 MPa, % /> R #E 1 5 P 5 5 °h 32x10° MPa,
OB SR B THE R 33.4 MPa,

AR R I B L i A VR R A R A R L
L ETR iR R eI & N R
50 MPa, i fii #5 & &y 2 500 MPa, % FR $i7 W 48 Hy
4%, WLF% 4.

F4 REMIERDF1ERE

Table 4 Mechanical properties of epoxy resin adhesive

Tensile strength/MPa Young's modulus/MPa Elongation rate/%
50 2500 4
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(a) Arrangement of LVDTs and strain gauges of B-1
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F
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. 1800
(b) Arrangement of LVDTs and strain gauges of B-2-B-4

1 Axial strain gauge

(c) Arrangement of axial strain gauges on cross section
F—Force

B4 WA E (B47: mm)

Fig.4 Measuring point arrangement (Unit: mm)
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(a) B-1 failure mode without flange-sleeve joints

(c) Debonding of adhesive at the bottom of sleeve

[#5 &kfF B-1~B-4 BRI

Fig.5 Failure mode of specimens B-1-B-4
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(a) Typical load-midspan deflection curve

Debonding stage

/4 of CFRP

//‘ i —]
\Yg Fr=e= [
Failure stage of
CFRP

Strengthening
stage

Load

/ Plastic stage

A

Elastic stage

Deflection

250

(b) Load-midspan deflection curves
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Fig.6 Load-midspan deflection curves of specimens B-1-B-4
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Table 5 Characteristic loads and deformations at each stage of specimens B-1-B-4

Specimen Eigenvalue Point A Point B Point C Point D Load ratio of point C to point D
Load/kN 15.6 100.7 176.9 120.2

B-1 3 1.47
Deflection/mm 0.9 7.1 23.0 28.1
Load/kN 15.6 94.0 174.2 131.7

B-2 . 1.32
Deflection/mm 0.7 6.3 22.2 29.3

B-3 Load/kN 19.8 126.4 206.6 145.6 1.42
Deflection/mm 1.3 9.7 26.4 34.0 ’

B4 Load/kN 24.2 114.2 218.9 165.4 1.32
Deflection/mm 0.7 6.7 24.0 33.1
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B-4 218.9 211.8 0.97
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Fig.9 Load-midspan deflection curves of finite element model and experiment of specimens B-1-B-4
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