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Study on mechanical behavioral characteristics of the curved FRP-concrete
composite member for utilization as a tunnel lining structure

Gyu-Phil Lee, Hyu-Soung Shin, Seung-Han Kim

ABSTRACT Utilization of the fiber reinforced polymer (FRP) material has been increased as alternative in a bid
to supplement the problems with general construction materials such as long-term problems corrosion, etc.
However, there are still many problems in using a linear-shaped FRP material for a tunnel lining structure which
has arch-shape in general. In this study, the loading tests for the FRP-concrete composite member was carried
out to evaluate their applicability as a tunnel reinforcement material, which are based on the results from
preliminary numerical studies for identifying the behavioral characteristics of FRP-concrete composite member.
Moreover, numerical analysis under the same condition as applied in the loading tests was again conducted for
analysis of mechanical behavior of the composite member. As a result of the load test and numerical analysis,
it appears that the FRP-concrete composite member is greatly subject to shear movement caused by bending
tension acting on the interface between two constituent members.

Keywords: Glass fiber, fiber reinforced polymer (FRP), circled panel, composit member, lining, coarse sand

coating
29 AT A A 5 Qe AdYRS) BAYS BAS 4 ok oA AREA, A543 By 2ol
S 3itk s giHee *df?;ﬂ How} g o m‘

 EdFEEe] FARA 2goke e We 2
Isﬂj‘x NAAE A75 g2, Y 1T
& 23519}k T8k oJstA 7—]£H/\40

ow =

PS} ZAE|E FHRAL T A

=] 2~

RU T
et 59 00 et SIS SR, SR A0  FR
A 8 <

F20k Gelie, A9 Haa, TUNA, A, o, Ty

H2Y(2011.3.7), £8L(2011.3.15), AR Y(2011.3.21)

A9 9167 A7 2R7 Sy
59, FAN7SAPY ASFERATY A79IY
g, (7)ol v

*nAIA A} 9S8 (E-mail: hyushin@kict.re.kr)

it

Vol. 13, No. 2, March 2011 149



- oke] a2 e AR7d3t S =(Fiber Reinforced Polymer; ©]3} FRP)+=
TEA} 2220 -2]4d-8glass fiber) 5-& Ao 2 HAtsto] AZE B3R = A], 1980y o
Fm HpBls SR AlRR Aduek] Eiwy] Adslew, 2ells 2= didsh
of A2k oA Aot 23 E S g2 AEAR AR 7ML Sl FA B S
Hekdh 4= Q= oAl AdAEEA FEE7E S71ekal 3lck(Hollaway, 2010).

T Oﬂ FRP FA1e] 285 SleliAl= O}XISU B Uiz EPU#%*CMI ot Qe SEN

ol ol
-

Sl
Y
uo o o

o
o flo @
T >.1>14

rr

JH

-111

=2

N

fo

-

i}

_Q

jf‘z

o)

ﬁ”;

A

(o

N

i

re

-

0

é

_L4

rlr

1o,

>~l

1M

Jm

r]I.

o,

o

oM

fr

n

Y]

o

L o

84S AERD v Kol AR, 2010).

#eRoAl HY AuTaERs Fu FRP RS Bey AES 9jste] FRPS} Raee
SRl e S5 AR st om, gake AFEAL Sste] $U 2710 e 53
ShAE AT AT E A e AR AT v R Foto] T FRP A
A HgA o1 4 Gt oS AT Solue BAJslel ANtk
2. 2 FRP &1 Mg U 221X EA

= QoA el FRPS} 2aeE GARAe] tieh AYE AT A7ek A nES
Sfsfo] B 2713 MR AU} Bl EHS AYSACR], AEA ALl HeHgich 47

5 Tl FRP 34 AA|E0] AIYE T3 14 Holk ule} o] Fxae] 945 | ¥ grow,

digols FARE AREE 5 AleAe E%o}oi 150 mm= Z27sion, F2 Pidua|e]

AU P 4 U 38 F A 1%}? 4F & el

ol ule} Zo] A%AIFo] ZRstES HRRO] TS 2SI AT AN 1= AT, 2010)
FRP A= AAI] A A6, 57 Soll whet Bela 4ol WslkaR 2i7fo] oigt A3

Hrh aE, R OR Y, 4E A Fol e APOR FRE] FriErh £ Ao

SHSAST AU R AR el 488 F R RAS BRTT ABUD B A €

AS elshel B 13t 2ok 7k FRPEAI] BAZEES AP A8 Ag st on], g

150  s=EigristEIstEl=2Y



]

A, 2010).

o
T

3} 41

)
=

bieKo1

5

of =

374.6

A EZAIA

419
426
413
614
539
33.6

37

30
31.4

27.6
561
674
562
27.7

33.3

28.8

€

EEEEY

e
T

o
T

)
T

)
T

=8 FRP 2X H|

x|
1 —

MPa
MPa
MPa
MPa
MPa
GPa
GPa
GPa
GPa
GPa
MPa
MPa
MPa
GPa
GPa
GPa

W FRP 2] &

A

=

0cT
# i1
[XQ)
&
o 2
O
S, %
LO
& /y
“
s g
(o]
A..
" 5
=
&
2 S
B2
o o
© <7
A“
oy
el S

Hr
o°
sl

151

Vol, 13, No. 2, March 2011




3. stEdst &7 A RIS

3.1 355t e
3.1 AlA ®ME & AFT7| HX|

Hogaee 1xE 4olft Fou 2aelE Aol Ralo] $paka, Aol bl
2:517) whitolck. et WukA o R FRPS} B Aoo] HalEe Ayt Eae|Eo) Haly
Hr} gojx]= Ao eA Qlom, o]E HAstr| ¢I5te] A28 (coarse-sand coating) 2} ZH-&
NEA HApa, AEIE R S} 22 clop Ak SAEd oL A e B R
ds & TRt 8] diste] A= A3 AR ] 7Y BabAQl Ao = deA ItiR=A
7=+, 2006; WiEH 5 2006). wiEhA] & Aol A AR AlRHAl I 20014 Kol
vlel 7o) FRP9} 2312 Aol ARES Sapskaict

ABA| AL 5500 mm x 1,175 mm x 672 mm(7}E x A& x Fol)olck, ALw Al
SEBIS cga-:— FE7bE s 30 MPao|w, 2 FRP AlR-Zalx] 9 sjEZalix|o] zh2h AE|QlAo]

3.1.2 SI&Msh =

Aslolag-2 Hdekiol Adsleo 2 Aol omn o568 actuator -§-7-> 500 kN2 servo

a2l 2, FRP B FAIZE & ®ZF

152  siZ2EgxistEzets =2y



B aloly TXA=N 222 95 20 FRP-232|E 2R A5N JSEY 24 o
500
G062
It 1]
— A
- A-A Section
A

F1g; 381 4 2800 4381 %15 975 __|
} G600 l 4300 l 00 *

_concrete F
L =
o - ) 200
| — 3 T T i T
F

RP = A®7| 45 #& {unitimm)

672

® =71 43 U (units
(@) AA AA (b) A-A T AA
a8 3. AEA M

(b) FRP 34 @ %7 47

© mage g4 d =
a2zl 4, NS AHZE XA

rﬂ
O_t.,
i

controllerS §3t 315Ao] Wajo|ct. aFgAlal 4= 19.62 KN/min S 490 kN7HA] 3153}
A%L =3} MWOHA 5, 2008). TE3H AA| X 17 5ojlA] Kol wiel o] A
ARE ARt RS ER A2 S Alofsies stglon, A RS Aol 912 A=

Vol. 13, No. 2, March 2011 153



a8 5. BEAE ME HMY U XHE HIHof £

5 o
2x(solid element) & TARSI o0, ML S Saslgic). FRPO} Zaelel obd B2z
© 7 7}F43}o] nodal pointo]A 742
P L AT WS AofaiAr

154 stzE{dx[stEztstEI=2F



B 2fold #=A

&
Pt
ot
FO
1o
e}
rot
JH
re
m
pe}
7
rH
H
E
EOI
iT
=
10
19
10
i)
M
o
im
0x
AT
1z
re
-+

2 n AFEE(H+E) oA
= (GPa) (cm’)
@ A= | 336 (Ey) 8.00 (A1)
o
ST
@ stR=ax 37.0 (E2) 15.0 (A7)
g
©
@ ® =g 30.0 (Es) 14.93 (As)
=
<
% wH (A - 25

N

Ztzte] RA) Rejuict shdAlTL R, FRP R4 291 A9 A 3 g (daed)
o te g EdE S/FHIARNENS ok 4 (T Zo] APsIon, T91FRe 19 kNm’
2 ARSSIAEKEE 2 =) (ol Et 4174, 2010).

SE|E REEe 93t Qe EAL AZETIE(fy) 30 MPa, TW9|5eF 23.5 kKN/m®, EHd A=

28,576 MPa (£, =8500% /7., , fo=fu + 8) ©|T}.

[(E1 XA+ (Ey ¥ A,)+ (E; XAy)

0 (A, +A,+A,)
(33.6 8.0) + (37.0 X 15.0) + (30.0 < 14.93) } )
B = 33,527,551 kN
[ (8.0+14.93+15.0) 33,527,551 kN/m (1)
4. AE 2 2RIHA 23} HlZEA
XHO ]‘6—] U] '{l\"X]OH}dﬁJJ’ JJEH XHO]‘O]——G- Z7—]Oﬂ —] %%X] \;[_4 —3}_}?]_ %%X]Oﬂ ‘Q'/\(BSE- %'8(—‘)]
|

&2 3 30A Kol miel gk Al ASANRRE IF 9 =68 Ak =1 FRP
FAe] Feid /\l@@ﬂ(‘ﬂ% I }\']7"“‘1‘)E Edi2 APgsil o, A8 7

A
W GHGH AR FANHA HEE FRP RAj] SARIASE Bz Agsict

A B PSS Y3 ASE A3} 164 MPa, S 5} 129 MPas) 114
SR Ao Uk e SRt SAA0] WASR QP8 ASHIE Aut 995 MPa, 53

Vol. 13, No. 2, March 2011 155



Ay statz HEE s
(kN) AEEWA sHrE A FEEHA S &R A
A SFA S
Hjj‘ " 490 -5.93 10" 2.69 10° -16.4 MPa 99.5 MP
=
22 2] 3] A
FAHA 490 -3.84 10 6.58 10 -12.9 MPa 22.1 MPa
En
o

B4, 2 Q1% o 4531 583
s 3853
ARERA | ARBAA | ARBAA@ED) | AEEAAQR)
A A E A} -16.4 MPa 99.5 MPa
— =2 = -112.2 MPa 85.2 MPa
x84 At -12.9 MPa 22.1 MPa
H(+) 9 () gF

i 2 FRPAS) B0l ol Eabael dane
H

E_do] _r;(] OH/H 3l o]

o
x
°
o
—
T
Py
B
=2
=2
of

5#91011*1—5 FRP %XHQ 61%8—%374]{% AR AR 3.0~5.08 EmTEmo] A8stal 9
THEE A4 7]4:9 79, 2006). 2 Aol 2 FRP AR T S48 Al7h H5sst A4
& e, HAS 505 71E02 S FRP =2
ARFSIATHE 4 =)

3 300|A] Hol el o] =AM Tl Ak AR SRR Wshs Y5823t s

%
Ao HAYsh= I 58 WA oHdd

E =
A59] S S A0S BAARE Holn gl A0 ek, tebd el
o} FRP 531574 31852 A5 glalo], 1 Aol 8%k b4 502 FRP RAjo) Belx



Elg a0l AN $BS U3t B9 FRP-EAZIE BalEK|o] AN HSSN B4 o7

=230 % :
500 \Y }z/ & 4-sl R Z e %) /
\

ol N K

0
-0.001 -0.0005 0 0.0005 0.001 0.0015 0.002 0.0025 0.003

i
juci]
S
Hr
ilf
[t

strain

o
[N
ru

Ao B ARTRERA T FRP $Ahe] 28
FRPS} 2] iAol et stsfel 4% 0 SAeaS Sasidon, A7) a2 Yt
¥ Thewt ek

1 slEAtet AR A ARLEARo] WSS QSRS 51852 W9 ofujel o® ke
U, AP At shit ZeAlo] WSk S 58 AsYe 2ulsls Aow vt
deh ol SHEAIEH FRP-Zae]= B3kiinle] #7)50] ofst Ano] Hghid Ei Hgs

Y2 Qlste] FRP Ao sledda 7l oot Ao sk

2. sisAfst dedn B d=-sgol TAske SR HAsks e AIsiAAet
FARE Ao yeptor, # g-sE ol 2AsE sHEEA| 4
AIpETE oF 4uf oY A WA= o2 UERdTh webd FRPe} ZA2E Aol o] it
e B ol el 2 FEE e Aer ddH:

3. At dy} o AstelE7IAl sle-HE e
UERg o, webs Za2Ee} FRP S
o el S4e AU 5 Sl ZeR etk

Vol. 13, No. 2, March 2011 157



s
n

2

[e)

4. FRP-Za2|E BakRAle] A 9 AFS SIAE F Al QAEt v Fa
UeRkon], S Aol JEel F RAze] RAwglel it 47 % #YHES
of 2wl FRP o] cheael ejstol oprlE 4 gl Eaele eA BAY 5¢ A
Aol

N

off
Ol
—

o o

ok

dAkel 2

B ol Esjoliiy) sl SRAM YIS E o)A SR § 2009 AM71%
SAI(IAN 509714541001, TAE © ZfAs Bakad) Delald A @ e e
71% el olsto] Al A eE| U,

= gnl

3

Ao

1 o5, 21§/ (2010), “E'Q 2fol'd F2A2A S1 HAG7dsh SR 284 HES At #Als4
A A, d=EEFeel=ws(Hd7]s), Vol 12, No. 6, pp. 451~461.

2. o3, o4, AFA, BAF (2008), “2B w7} zeAE e Linerd] sty 7% B47, SHeld
5919 =wA(E87]%), Vol. 10, No. 3, pp. 1~8.

3. W5, 24, A4, BHE (2006), “TFAHE 27 E-GFRP o] 8o o|wHTHAIF", 2006 of
FE=ES] A7|ohsEs], pp. 142~145.

4. I=-71edFY (2010), “ZAAE Etad] Sl A Bl e2EE 28)e Y, =
1E7E97HY A7 AN 1IAAE AXFRALA, pp. 116~119.

5. 747142179 (2006), 44 Treist uhek -5 vhe, 217191 2006-067 T
AT 71EA HEHIA, BE A pp. 17~18,

6. Hollaway L.C. (2010), “A review of the present and future utilization of FRP composites in the civil
infrastructure with reference to their important in-service properties”, Construction and Building
Materials, Vol. 24, pp 2419~2445,

158 s=E/dxistETistEl=2%



