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Analysis of Interfacial Bond Behavior Between ETS GFRP Bars and
Concrete Under High Temperature

MA Dong, WANG Yanjie ", LIU Hongbo, YANG Jiafan, LIN Zhitao
(School of Civil Engineering, Hebei University of Engineering, Handan, Hebei 056038, China)

Abstract: To explore the deterioration mechanism of the bonding performance of Embedded Through-
Section ( ETS) Glass Fiber Reinforced Plastic ( GFRP) bar-concrete interface in high-temperature
environments, and based on the Fiber Reinforced Polymer ( FRP) bar technology, 108 pull-out
specimens were designed and prepared in this study. The test variables included three key parameters
temperature (20,40, 60,80, 120 and 160 C), concrete strength grade ( C30, C40 and C50) and
GFRP bar diameter (8, 12 and 16 mm). The test showed that when the temperature reached the glass
transition temperature (T,) of the adhesive, the failure mode of the specimens changed significantly,
and the splitting failure of the concrete matrix evolved into interfacial debonding failure. Under the
interfacial debonding failure mode, the typical bond-slip curve could be divided into three characteristic
stages: linear rising stage, softening stage and residual strength stage. Based on the theory of fracture
mechanics and the regression analysis of experimental data, a calculation model of the correlations of
bond strength, residual bond strength and fracture energy with temperature parameters was established.
The results showed that the increase of temperature had a significant deteriorating effect on the interfacial
bonding performance, especially when it was close to the adhesive’s T,, the bond strength showed an
exponential decay trend. Compared with the experimental data, the prediction error of this model was

within 10%, and the model has high engineering applicability.

Wr#s B H#:2025-04-09 f&[E HH#:2025-05-07

EETE : HEK A RPESL 4 7B H (52308165) ; o EH 45 Bl24 3L 4 1 1% Bhai H (2023M732607 ) ;14648 [ AR =3 4 % ghai H
(E2021402028) ; ¥ j5 T TR ) 58 T 5 SE 96 2 P ik 4 0 Bh I B (LP2113) 5 R RH SR H ( 21422053226)

FE—1EE DR (1999—) U3 b A FIEN B 0F5T A, FEEHFFE )5 10 R FRP ATREE + ARG 45 S 4l

« BAEVES TR (1992—) 5 WAL RN 8 S R TR, EBEWFST 5 1) 2 FRP TR BE RG24 SR



38 o TR R cE M (A R ORE ¥ )

2026 4%

Key words: embedded through-section FRP technique; high-temperature environments; bond-slip;

calculation model

B didng -5 &2 A 448 Fiber Reinforced
Polymer, FRP) i FH T BE A X 7 1R #E 1= ( Reinforced
Concrete , RC) Z5 4 I | B8 IE S22 B A A7
B4 R Z 1 AR 3 A =
(Externally Bonded, EB) Fl it 2 )2 % % ( Near-
Surface Mounted ,NSM) . EB {ifi F 3 4 Fo bk 285 751 ¢
FRP A3/ BOkliZh TR 5k L SRR T ; NSM LK FRP
ik AR BE T RIMBITRE N . T FRP 5iREE
- ST S TR RRA IR YRR RN ) 2 O
5l % FRP 5 1R BE 4 501w 0 08 kg
FRP HE AN E A S8 FRP AR A S0 AL 5
it PR 25500 [86 0, iy B ARt 1 2 (1] 52 PR B TR 6 1
TRIPZIEBEA R IMICIE S EB 5 NSM £ AR HY4¢
PR ORI TR

MBI FRP SR RS AR T,(65~
150 C10) S5 T, (45~82 ) B, A i
4k EB 5 NSM i [ £ AR 1) B K 45 PERE, Dai
UV T R RS N R IR FRP RS A
THD FRDRG 6 PR RE , N7 1 IR R DG 1 Ak 45 5 B i 4
IRMEACEY  FRP AF A B8 o H9 TR & Ik 47 )=
JEE 55 AT A TR AR, A AAAE TR D TR B R A
SRR DFSE R AR KR R R ) W
B, FRP -1 EE + S TR 25 58 B2 ] BRIR 1L 90%
TSR ity O R e T T A S e TR R A R
F B IRFAEE T FRP AN RC A ] 5
Bt A1 R G 7n R A5 M RR IR 25 T LR

H AT, 0T FRP ffj-1R Bk 5L 1AL 25 1 R 1) BF
RERLET RIS 3558 i p ok
5 W5 T FRP Afi-TR &k 1 54T A 45 P 58 2k 2L
B VAL TR RE 5 LT 2 8O0 B T P RE
AR AR M T K VR SR 4557, 3K AL kG
S50 B L0 B 45 E RE , 13X UH BT S TR
LR R R A R SE R TR U
5o 55 55 R 2 0 R R R TE AR OGO R R R B 1Y
B A R g g3 A AN X 5 R TS BORG 45 58 I
NPT FRP R AL AR TE R IR T R 2 T R T I

2 S B I T A B0 I R B it B T e SR AR e
WMo FRP i SRS E S TRAME S
AR, R R A T, R Rk R SRR A
FEREIRE T, W RLIX () (R <120 <C) IR&E+ )
SPEREIR AR B2 B /0N, FTORG 2547y 35 Bl G 45
FI-REE L F i EF . Azevedo %51 i i X I BF
5% T WEHS FRP fHTE 20 ~90 °C U Fl P B Kl 245 14 fig
(EFSEava 38 A T iVE T e R R
T T Kb 45 5 B A4 1 R i R A8 7

25 AR R4S FRP 7 -TR BE 4 0 1hRG 245 7 Ak
5T O S — 22 1 i {H 25 JEORN 25 50 5% e 1Y) 1 Ui
WEET FRP -1 &E + 008G 45 1R Re I 541 B b
ARSCHFE T ARG (20~ 160 °C) T 108 47 il
RS 21 4 1 9k & A5 A Bl (Glass Fiber Reinforced
Plastic, GFRP ) fifi 5 TR %€ £ 5t 1 kG 45 74 e .05, B
By 1 SRS 45 1 i B IR BE A A AL R A T
TR PREE T FL DR 45 95 B 5l A Rl 445 0 B K% Wy L g
AR FITIASE Y | 368 e 3 A A0 30 i 1 AR B ) A AR
WFERUR AT FRP i R & 25 M i g
SIS

1 REHE

1.1 8

Wi GERP i kA B VR YINEE )1 357 b ) B 03 A5 B
ON FIRIFR , 30 b SR ) e 6 2T o 8 58 W i S 1A 1 &2
AR 2 T S0 a2 e 4 28 i 5 e e
R T AZE AN T, GFRP i HAE d 4
BIE N 8.12.16 mm, % 18 ACI 440. 3R-151% %
SR I B 7 (e v e 2SR 0, JL A 2 BRI R A
B F12PERE L 1,

A FE T PR 45 5700 P K I 3 -1 B A RHA FR
ONFEIAFE KR QIR BE S5 m B 5 RLE) (GB
50367—2013) "2 i £5 HFi7 A 35 ) o4 18. 88 MPa,
Rl 8 700 A G BE S 40 i s v it o, e
JESRFE P50 B RS KRGS 5R 200 90. 2.,

% 1 GFRP S /LS S1F 146

Tab.1 Geometric parameters and mechanical properties of GFRP bars

BEE HAR/mm M B A2/ mm B/ mm Fihi 6] B/ mm PrhisR I/ MPa FPER R/ GPa
8 8.17 0.10 9.5 729. 4 43.5
12 12. 03 0. 65 9.0 510. 4 45.0
16 16. 03 0. 65 8.5 538.2 45.0
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Tab. 2 Mix proportion and performance parameters of concrete

TREE+ K/ K/ 4k biik=g S PR/ AL
R i S (kg - m™) (kg - m™) (kg - m™) (kg - m™) MPa MPa
C30 195 325 696 1184 31.88+0. 35 2.77+0.04
C40 195 433 603 1170 41.21+0.74 3.35+0. 17
C50 195 420 800 832 50.54+1.27 3.78+0. 06
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Fig. 1 Schematic diagram of pullout specimens (unit; mm)
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Fig. 5 Bond-slip curves for specimen exposed to different temperatures
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Fig. 6 Comparison between experimental and theoretical results
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