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Study on mechanical behavioral characteristics of FRP-concrete
composit member considering interface element between FRP and
concrete

Gyu-Phil Lee, Young-Taek Park, Jae-Hong Hwang, Dong-Gyou Kim

ABSTRACT Utilization of fiber reinforced polymer(FRP) material has been increased to solve construction
material problems such as corrosion, etc. However, there are still many problems in using a linear-shaped FRP
material for a tunnel structure with curved section.

In this study, the loading tests were performed on the curved FRP-concrete composite material to evaluate its
behavior as tunnel support. These tests were based on the result from preliminary numerical analysis on FRP-
concrete composite material. Also, additional numerical analysis considering interface characteristics between
FRP and cement-concrete was conducted to compare the result of loading test on FRP-concrete composite
material. From the results of the loading test and numerical analysis, the analysis method suggested from this
study is reasonable to evaluate the mechanical behavior of FRP-concrete composite material.

Keywords: FRP, interface element, shear strength of FRP-concrete interface, bond strength of FRP-concrete

interface
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ol-g3sto] sl Fie, qAAREE Yl A(final coating) AR FRPFA AIERS a5kt
Fig. 13} o] AR o] 2ha¥l FRP AFAE A B0 A2 &, 11 AR 2aEE
EPA oSty 2B USUFAEE 40 MPaolw, AFA o4 9 uRkorS 9lsto]
ZAYE Yol wire meshs HA|SI3Ith TS FRP FA|7F ZAE Ujitol] migE= 2=
WAsl7] f1ste] FRP FA1eF FU3E FA19] HdpA] sfdS HAsklchFig. 2 =)

Fig. 1. FRP member with coarse sand coating.

(b) View of specimen

A—A Section

FRP Synthetic resin

/

(c) View of synthetic resin remove

Fig. 2. Specimen of adhesion test,
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Fig. 3. Adhesion test of FRP—concrete interface,
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Table 1, Test result of FRP—Concrete adhesion and shear stress,

No. adhesion stress (MPa) shear stress (MPa) remarks
1 0.97 4.60
2 1.01 3.77
3 1.22 4.12

Ave. 1.06 4.16

(a) Shear failure (b) Adhesion failure

Fig. 4. Failure mode of FRP—concrete interface,
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3.1 stExlst e
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Fig. 5. Specimen detail.
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Fig. 6. Bending test and boundary condition,
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Table 2, Curved FRP member cross section and properties,

Tensile Compressive Arca
Cross section Classification elastic modulus | elastic modulus (cmz)
(GPa) (GPa)
8.000
v o @ upper flange 33.6 (E) 277 8.00 (A;)
W71, ST
N \P‘O '_
?centm\d ofarea S @ bottom ﬂange 37.0 (EQ) 333 15.0 (AQ)
neutral axis D% M g
@y -
> || control point @ web 30.0 (Eg) 28.8 14.93 (Ag)
(2> [ ’//\,,\fyﬁ\ 8 X'
- =
15.000 Total area 25

FRP} 252|E0] ANSHE 1o S Aelre] AUEASL FRP-ZaE
Are) X*EPTWé% A@EI mae|Ed skt Egsgong, 4 (29 2ol EAEY

Eoope 28,576
¢ = 2(1+v) 2(1+0.175) 6,569 MPa @
017]/\‘] (()I7 C : %E_IE]E %Aézﬂv/l—\“

v : I E Zol H|(0.175)

FRP-Z12|E AWe] F24S A2 FAret FRPO] AwiolA shalzh whgshlck. utebd
FRP9} Z=12|E0] AUEHE M3t SAHAA Aol QB AGE FA51Fo] AHgH
AAA] S0l ofs) 298 Ao waEth FARYA B IBAA BAAL P
FeejEe} go] H4sky S4o] glovl, AYHAASES AT AFe] WER ol

914 efct.

602 S=EIXEBIEE=RE



=
re
am
0z
m\o
E
ro
m
P}
e
1o
H
H
E
[Ol\
i
=
1o
19
10
Al
M
o
im
0x
AT
1x
re
-+

wEba] 2 Aol A= FRPO} ZA2| B AWEALE a3t $2|eiAA] il AReH
bl oF= eRTL7IYol A B S T AdAos Walsle Aow 71AEk,
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Table 3. Comparison between bending test result and numerical analysis result.

load strain stress
(kN) upper flange | bottom flange | upper flange | bottom flange
bending test 490 -5.93 E-4 2.69 E-3 -16.4 MPa 99.5 MPa
numerical | Wwithout interface 490 -3.84 E-4 6.58 E-4 -12.9 MPa 22.1 MPa
analysis with interface 490 -1.75 E-4 3.03 E-3 -4.9 MPa 100.1 MPa

% (+) tensile, (-) compressive

Upper flange Bottom flange

o (compressive) (tensile)
500 bending test result
400
z
= ending test
- 300 result
@
o
200
100
—a-numerical analysis-with interface
—C~numerical analysis-without interface
0
-0.001 -0.0005 0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035

strain

Fig. 7. Load—strain curve,

=90 A= FRP XH—J 382 AAS 93t QPASR 3.0~5.0S EELREC] A8t

AHE=A7IEATY, 2006). HT T AFE Bkl FH FRP A)ZF AEo] FA= L,
TERE BYEY @l AlgEe 5 W lso] FAE AR wdrug, A 3.0&
7|Eo® 5 FRP A AHREA] 9l sHEERHA] 9 5-8-82S ALSIGItiTable 4 =),

Table 40f|4] Holi= Hje} Zro] sty W pA|aiA] A} AJR-EMA| 9} sH-EHA] o WAgst=

PES T PSS 3832 W9 ol Ao ek

Tabe 4, Comparison between stress acting on FRP member and allowable stress,

stress allowable stress
upper flange bottom flange upper flange bottom flange
bending test -16.4 MPa 99.5 MPa
numerical | without interface -12.9 MPa 22.1 MPa -187 MPa 142 MPa
analysis with interface -4.9 MPa 100.1 MPa

% (+) tensile, (-) compressive
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