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loading conditions to investigate the uniaxial tensile and
shear behavior at the interface between the reinforcing
material and concrete and analyzes the failure modes,
ultimate bearing capacity, average bond strength, load-
displacement curves, and the strain variation at the
interface. Additionally, it examines the influence of
different adhesive thicknesses, expansion bolt grades,
and concrete surface roughness on the mechanical
properties of the bond interface. The experimental results
indicate that the final failure mode of the bonding
interface is mainly concrete cohesive failure under
interfacial tension conditions, the final failure mode of the
bonding interface is mainly the detachment of the
interface between the steel ring and the bonding agent
under shear conditions. The ultimate bearing capacity and
bonding strength of the bonding interface increase with
the decrease of the adhesive thickness, while the tensile
and shear ultimate bearing capacity corresponding to an
interface thickness of Imm only increase by 4.6% and 5.6%
compared to a 2 mm thickness, which greatly increases
the difficulty of epoxy resin grouting. Therefore, choosing
an interface thickness of 2 mm is more reasonable. Adding
expansion bolts for reinforcement can significantly
improve the tensile and shear strength of the bonding
interface. It is recommended to use M18 expansion bolts,
and under special working conditions, M20 can also be
used to enhance the reinforcement performance. The
bonding strength of the bonding interface increases with
the roughness of the concrete surface. The influence of
concrete surface roughness on the tensile bonding
strength of the bonding interface is greater than that on

the shear bonding strength.
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experimental study
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Fig. 1 Unit specimen of adhesion interface of steel reinforced shield tunnel (unit: mm)
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Fig. 2 Production process of test specimens

PR, A5 VR B B e 5 B P-4k 40. 8 MPa,
PR T 4{E N 3. 9 MPa,

Jonn [ AW Al R FH B 0 B Q345 YA JEEEE Ol 20
mm, %8N 78. 5 kgom Co i BECH SN i 12
RIS R0 B S alRE il 45 ) (GB/T2975—2018)
B FGIERR e 7507 e i g AL [ #E1 AL
i , MASRA LY i R 5 B2 2 309. 2 MPa, i) FR¥T
Fr 5 Bk 469. 6 MPa.,

FHAEFR &2 RRE A A AR 7 B O E PR 2
THEVE TR S BN 5 T B i () 3 8 5 4
BEIZI AR AR — 0 TR EE R S5 MR A
558 5 IS A, AR B T A A B AL PR A
JE, fF F A 5 40 A B AL Z0 4% B8 S o e ok 20 1 30047
BCE, SO A S PP E I 2 6 2 TRt H T
IR )2 S5 R IR AR IR AL IS %
1.15~1. 20 g-cm °, A& J& vl i B[R] R 24 8 20~
50 min (A EEIR M2 ) , AL ] 29 2~6 h, F A%
il RN 5 °C, BARM B 250 1 R .

2 K WA A Sy 2 2 o 1 A TR 58 7 )
BRI, LR A AR Ak AT B2 5 M [ A T A
TE P E B (#6548 B3 Y TR FH Pl R FH 4. 8
L M16 BRI ARV E R I [ o SR RIS AN ) i 4
e KA X 85 A o i 2050 SR 18 5 e R A, DA T ol
TR I IR 5 P 2 7%, o IR T M8 X80,
M12> 100, M16 <120 F1 M18 <150 ( LA T fiif Bk M8,
M12 M16 FIM18) 4 Fhkis it Iz iR A% 264 715 .

R1 MBHFESH

Tab.1 Mechanical parameters of materials

EAS W/ (kgem ?)  BAPERE/GPa PURSRE/MPa  PURSRE/MPa  JEARSREE/MPa  ARFRSRE/MPa KR/ %

€50 2.50%x10° 27.7 40.8 3.9 27.9

Q345 7.85%10° 206.0 309. 2 469.6 27.9
ARG 1.20x10° 3.1 79.0 47.0 10.0

2 RIS NE R EER &

2.1 XA RIEIT

30 3 X6 PR R o 3 A o R 4G S T R T
IR, EZEWFIEAS R B 45 5 1 S 506 hn [ 241 )
SRR MR E AR BE RS, I XA PR ey 28 T S T
LA BB AT e . AR N2

B I T 2041, gk 2 i, o
445 U (uniaxial static loading test) 3 7~ L4 i
F1m R, T (tensile test) £ nHifHik 5, S (shear
test) KR BT UIRALS . IR TE BRI R 2F Bl 22l
AR A5 R G A R SR AT, 455 Ui
DX bk o6 8 S o g B R I 0, 1 = R B R
25 °CENIRE N 600RH+5,



180 [l BF O 2 2% (A 48 B 2 ) %53 %
F2 BT RNA
Tab.2 Grouping of test condition
. . , FHAGNE Wik REE LRI | . , Fhat s MEARIRRE TR
é = VY o/ é = IV »
RIS WL Ty g gy | CWPESORRER R T ey
UT-1 UT-11
UuS-2 ! US-12 Mi2
UT-3 UT-13 Pk B A 2 -
US4 B 2 N US-14 o M16 Roughness [
UT-5 JEL i ; oughness UT-15 s
US-6 US-16
uT-7 uT-17
Us-8 4 US-18 IR = , Roughness [
551% ﬂﬁﬁzﬁﬁ 9 M8 Roughness T 81‘7;3 MBI Roughness [Il
1 : “Roughness | "FERF AU TEEALHE ; “Roughness [ "F7R 2 1HAF ]G 15 mm 8 1 — MR ; “Roughness [ 7371 2 14 [H]F& 8 mm
WA
2.2 RWMBEE 1% Hr gy gy 44 2 FH 22 R ST 28 5 mmX 2 mm

TR N AR P T AT AT S T 11 B g 5
ABEE W 3TN . %k B — AT R
PRTHF RGN, FEAL SR 1 5 AL R I R SC
PR 5 PR B TR AR AR RO
Je HLLDL I fr 4R AL JRAR 5 o fr gk IR O X A
Fofr | — o2 30 e 3 P B O R S Bk, o —
o2 2o SO T A 8 R K R S I e 2 )
O . 320 /N A SR 0. 01 KIN A faf 2% 45 1 K
JE i — AT AT AT 2 A TORAVE T, 128
BT DASE B ZE > 100 £ 5 47 2R SR ATl K
Hy R TS A B B A AR . FE R AR 2 A
T R N B TR A B AR — T AT R
PATFFALF A AR AS o AR08 1 E N 282 i 7
FIHA A AT — 2 B2k, AA O A 4b 2l 5y
PIal i ek s

DH3816N ARl A%
. I e ]

——

T \/\ B
E3 RemEkEE
Fig. 3 Loading device of test

2.3 MIGHEIERE

TR0 Hh oy 28 (I P Ao oz e v A ey R A IR
PRI 5, Zoh 45 A 1 7 A8 F50H 38 2l I 4% 46 1o A
5 ERE, AR R 5o BXT120—2AA Ay 4§ 8
7S e, HLBEAE R (120. 0420, 1) Q, RAEE 2.0+

(BX120-5AA) BIREAS F, A4 5% FH 22 R ST 2y
3 mm X2 mm (BX120-3AA) B W48 H o R I &R Ak
DH3816N Z2 3 18 A5 A2 WA S b A8 45 i , 7
T IV A 3 T TR I M R SOR SR A
BN 2 Hzo 7R R A B AR IR 5 IR EE T (R R4
SR A B DA A 280t i 1) 5 [ B 20
mm ¥ 5 E VAN AR B, A B 5NN AR R 4 ]
AT 240 S1~S5, Pzl A4 I v Ay 28 1) 00 340
A E 2 AR AR B, Fe A B 8 AN RLAR K, 4 il i 44k
S6~S13, N AR 7 A EA Bs B NE 4 R
3 FHERENF R AR IR
3.1 FMEREmEEXM
PR B o 1 D5 ) o 3 B, TR 55 R 4 R
(i) 388 5 SR FH P 8UB R 2R A7 e T B 4800 i g JEE
FELEXT N & S 128 PR EA — B . R if
% N[ 8 245 750 JE2 38 X o 1 5 T ) 27 M BB F 52, 43
SXF 1.2, 3 A4 mm JE R Zh 45 AL T R HU b
TR A A BT UG, I Bh4h T i A PR AR 3
PERE P BEAE R B Ao 3 N AR i 2 A St AR
WG AT T

TRt S (AR PR AR 2 0 RN S8 e G v R AN
INE LS EVERE M EE SR T — . AL
CHY e )[R N =0 e w1 | o1 L= R VA T AV 2
W BRfaf 2 o AR SCHA IR B 45 5 T 43 b B B 4h vk
(LT Zh45 T N ) Fnde 2 45 5 B (2 B T 26451 ) P
Fifr, AR R

T —P/A (D

Ko, 4SS B A B 4558 8, MPa; Pl 7t



JEINGUAE: 25 A B o T A R T 8 5 ) 2 P 181

55 2
e ‘[EJM" Y175 1)
\

s¥ 310
20

S2W (T
20

TREE ik S3H |t
20

S4lm|x
20
S5 —.QO

R
a BYYHALF(EAA . mm)
& 4

PLAIT T

W
57 ‘.,?Sl_,O,W._'/

A2

M _S6

REE L

b FffikfF

MEREMIETEE

Fig. 4 Schematic diagram of strain gauge pasting position
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Fig. 5 Ultimate bearing capacity and bonding strength of interfaces at different adhesive thicknesses
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Fig. 6 Failure mode of interfaces at different adhesive thicknesses
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Fig. 7 Interface load-strain curves at different adhesive thicknesses
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Fig. 8 Ultimate bearing capacity and bonding strength of interfaces at different expansion bolt grades
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Fig. 9 Interface load-strain curves at different expansion bolt grades
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Fig. 11 Ultimate bearing capacity and bonding strength of interfaces at different roughness
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