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ABSTRACT

The specified tensile strength provided by the manufacturer is determined on the basis of the
reliable lower limit (X-30 : X=average tensile strength, o=standard deviation) obtained from the
material test results. Most of these data, however, are based on the test results of 1 layer of
FRP sheet. Also, the partial strength reduction factor for strengthening RC members with FRP is
based on the small-scale model tests. But, the failure mechanisms of small-scale model tests are
reported to be different from those of the full-scale tests. '

This paper present the test results of full-scale RC beams strengthened with multi-layer
GFRP sheets up to 3 layer as well as the material tests. From the material tests, it was
observed that the average tensile strengths of GFRP sheets are decreased as the number of layer
are increased. Also the premature debonding failure of RC beams strengthened with multi-layer
GFRP sheets are observed in inverse proportion to the number of GFRP sheets

.M B

T2E E7d AHLEHE FRP E3#A 9 AAQAZEE Az A AAste e AsAdEH

g wgoz ASAAAEY A7 FBA(K-30 | X-BFAILE, 0-E2ANS nalstedl WASRE
g Ansn Qg 2@ oPe AYBRE 1vle FRP BYAE 71202 44ga g 4% ¥
430z AFHE 4EY FRP BGAY A4t v3use 37 B2 A=RS4L st g3
gtk B8 e A4 98 FU8 RFY PAY S4vne A% APATE WP F4R
g Agel 27sn o) AEEY Yol Ushts BAMAUZY W, FRP B¢AY Hus
o As % 53 wguise Frkel Be ZAe) 37 5& 29 MYAA R Ao nus
2 AP, mebq AARAC dF wAEAAE 42RY AYel 27ee] Aol mAETY F
Aol e wAETel FAE FE3 nestl ARE AAL HES stelor ¥ ¥ ATFANE &

JHRAES RS E WSE ARAY 2 A2EY 49e $9Po2A OF w38 AA4R
£ 93ty 543} RC 8 A0 W8 R4S S sefsnz sk

2. ATFUE & WY

339, FTAYIEDTY AFATE FHATY, B}
Y89, @TAL/EATY, BFATY 474
sxg 39, ALV ATY, AFATE AT, T

20059 % 7He edws =23 177



FRPZ Hu7d FAe sa¢de 2AE 9 4 dusais 2L FAHE) 539} FRP E
AA e £ Ay 7Hx Fee RARRZ FRHJAL oY@ AAWAUZ FHA B3] 23
A 2

wolA WARE Wz A v, w3
g nRA Folrt Auswn B9 ¥ 35 v

OI}B]'OF_] u“, ;‘(:]_(‘;_}_{\_:‘;u‘/y_ % H]7]— %_7}§_¢_% Flexural-shear crack —— : f::,::ml
Y-AUZYel 9T wel B4 AYE wR= Yl

8 7tEd Q2o olFdM, 1Y 1% 2 —_—

o] ZgHgA Tr 2 utgly} APHE Ho= Crack propagation \—— Critical region
2asn 9. 0% 3 FRP2 BZE 29| Zos i

344

AFA Aol AlLE ZIAYEE HAAEL 44T 240kef/cm?Q v Zo|n, T HDIO A
H 23 HD19, HD22¢l FHZE AL&8tAth B AAE 19 R FHAEE AHgsgen, F438A
o FAE IEN $A8 o)gsd ms

® ATAAE wAFY Frhol mE FAH o —
HES A3ty E4¢ stebatr) Siste] 1~3u)7t g my < wwn T
A Azste ARADE AN \NITNERAN

APA = 7IEHEAE LA F 42 A A ‘4 ~ O
ggon, nYAYAL FYHHES 1~30) OFRFShes £ SHIZ S HDIOGIN
MR B AgHE FAEYUY 2E 1A Ta]— A's 3 HDIS
Ar ZERe F-AguPel 9B FIR e dll  Frvmn
g $A57) sted APATIANN T F840l | it
928 FA¥ U 22348 Ae89ch & 4 g oo Somm
A4 ¥4 2 W2YAE 39 29 2ok -

a4 NEH B Y HE

4. AP
41 33§

FHAFHER BZE A¥Ae TY 3oA B bl Zo] HIFE ofF FTEFAA 1AHLR
HAE WAl FIE URZ A o3 dAsHTr, URZE g #Estd @F 74 234
Be)7t AYgE oE, TEF URZe] 2854
A HF destIe] =ddte RAFHES YE
WATH 13y w2le] o] Aoz aFd
AER AN JYHAAY, BZF At
A HeEst APHe AHJAME sFH W
A7t &3 Frkste 9A4HA AsE Bole
Rez vy 23 gy 24 FAx
U 27 o 738 A2 ¥ 5o A
Frtete ZEE RAAT, URZo] ggatux Fx450] F4dHo AFa He Ao Yehgth

O 5 2ZH YA ampn ety

178 B4y} 32



42 stF-9A9 #A
HAdagE B2 & A¥8A9 s5-d49 F4E el 29y 49 2o g4 BE w2
of, A7t Skl wet BE A¥AY gdHaF R HF HdRAY dFL FohsHE A
< dehin gy, BAviest Fobgel we 2
EF3 Efe FAHeZ Foj51 YL & F
Atk &, FUF URZ AAEs 35 71488 23
T 274 AAE afHor oA
gozH stF-d9 F49 15 vy Fox ZA
o) Zaglel A&HoR FFol FidHe A=
#FEHA Y, URZ A9 9FoA aad 23
grelo] ofs) HRHES AW uwas A=A 151 f
A Howge] AU ol & 23 g ol
o MY EL BAvT7t S71%e) we gadez ‘ ) :
BRujae ©e Z=Fnadrt gad Aes ¥ 0 50 100 150 200
e Deflection (mm)

7+ 1R} ER] i ALY
v : 2R} Hie| i ALY
UCBI

Load (tonf)
REH & &

=3

a8 6 stE-Hel 3
43 FAARFAEN 4 BAA T Frt
ddez2Ry FAYRHAEN F&de RIS 1NN A W2 2 Fiea,
°jF AZALAAN AANGT e FAVZAES vimste JehilE E 33 2o A7 44, fA8F
HEZ ¥ B7dE 4ER2Y AFAdAME 12 west 24" F 59 aFe 37} glol utalsa st
TAHE Zol dutyolrt. watA 13 gt o ANE BAA $HuE 58§ vy
BAZAE HEA F2 B FHPRPE2A F4d F e Ao pud

E 2 48U} N2 netel vl

L Bazel| p7u4 | $53F (tonf)| 13} 2214t g Fd &5 o
A T X
4977 {cm) (ply) Cal | Exp | Pa | &1 | Pa g2 | Cal | Exp & 98
RC - - 2526 | 2637 - - - - 2648 | 2798 - 3 5} 3
RG1-UCB1 190 1 2084 | 2745 | 2878 | 7818 | 3226 | 12,065 | 3243 | 34.28 | 13811 | #Euy
RG2-UCB1 380 2 2640 | 2910 | 3070 | 5203 | 36.27 | 10,759 | 3831 | 3849 | 12461 | #E=wty
RG3-UCB1 570 3 2696 | 2028 | 3103 | 7459 | 3934 | 19229 | 4400 | 3994 | 20370 | #Euz)
Cal : Aol & g5z Exp : 4go]A S48 3¢ Py g 3Eg
e - HELAA S REAURHEY HYE
E 3 RelMdeaHES Rz B
T8 B o P, Ps AP; AM; Tr fe Ef-cal Ef-sg £/%
- ly) | (tonf) | (tonf) | (tonf) iCtonf-m)| (kgf) |(kgt/emdD| ([ ) fn
1 2878 26.79 1.99 2.9 5,306 769 7019 7818 032
1xpekg] A} 2 30.70 26.72 3.98 597 0,703 1.784 7079 5.203 0.32
3 31.03 26.10 493 7.40 3.376 1.486 5.898 7459 0.27
1 34.28 29.39 4.89 7.34 3.039 4,346 7.247 1381 0.78
HE AN 2 38.49 2961 8.88 13.32 23.880 3.980 5793 246 0.71
3 39.34 28.60 10.74 16.11 29 139 3.238 2.848 20,370 0.58
P, : AdgF P, : B #F9n & g5 APy : 315 F7 e (Py-Py)
AM; : BHESTIF Ti: FEARFAEY 949 Cfr FEERHEY UFSH

et - AME FRAHFHAEY FE o SHE FYYRAEY FYE i FIYRHEY THAFAE

FHHAAES 13 oA R HFAAAe $YH A2AY AHE wmstd dehpE 29 59
2ok el vehd s go] Ung 448 Hed 48 A5nge s1Fes 44y A9

20009 %E 7H Sawrss =83 179



ge 4RHES sgo] ohd 24 weld @
ez ZAH4NEE 4HY IPEE 8000

F7tg 4 gled, ARAYARS vEae 2 2000 esn Noroa S
Adoz pRuEst g we ARFEL g [ ‘
Fase A%e 43T 5 AN %0 '

B9, wgAe) HeA%AE Hew AF AA §,
AEE RAgol, uAY, guyd 2 Azes E |
5 we 29 A%l A=A 22 F e 0| e am
o, 49¢ B4 A PdE A¥Ag 2 &7V = eET T oul
ol w2 Yepd) WEd A%e 24 ¥ | | 2 ettt
st e AAZAE S Aoz 47w % : ) ) ‘
4. 26l AFAES 14 HaE AEos B GFRP Layer 01y
A AdE AFAEY HAABELE TY AEA 57 wynsy saMRHE RS (SATA)

Aoz Yegon, F¢F BRALAE LT B AREAZ

AZE 0% AEAA B4 EH =
2R AAAE VFL2 BRAAAE AN AS vuFy A HAs

=9 50% AEAA AdH=
g 5 & Aoz gadd.

SN HEHT e FILRAE BRTHAAN BRujse Frto] e JERY HoAe 2
AReE AESR/] A¢ 4oz dSA R FES =EE3}AT

D FAHARAER B72d HE2Y 4FANA 14 FAE 7IEez 39 AdE dHHEY ¥y
HMPEL B4 As AAZESY 30%7tA F4sn, FEF R33AE A4 B3o=E As 4A
ZEe) 50% BEAA AgHE ez yeigd wEA, B AYAE 7IEe2 BAEAE 4
g A4 Nud GG AV 2 £ e Ao gddn

2) FHAHRHAER RAE HJERY A8A FIF URZ JAE HEd3, 35 F8d IAAA
e 271de S 73 JAstE Aoz vdeRoy, 859 Frtd wet URZG 9 &
Ao 2aF w7t Fot2 wAF AWA S HAs 2ASAUT. BEA, & 4PN FED U
B 4AY Adutezes HRHAEY Hesta g 2EHoz qAIE 1—-1?__} RoZ wd¥r

&2

fal

Ho

1. ACI Committee 440. (2002), “Guide for the Design and Construction of Externally Bonded FRP
Systems for Strengthening Concrete Structures”.

2. 3, A7A, 7AFE. (2005), Effect of Multi-Layer Carbon Fiber Sheet Used for Strengthening
Reinforced Concrete Beams. 232 E &3] =83, 5WU8E, ppld9~156

3. L C Hollaway, M B Leeming. (2000), “Strengthening of reinforced concrete structures”,
Woodhead Publishing Ltd.., pp91~99

4. tARBg3>7) FEAE. (199), “2 7)) FEEWOWBERIEH(ER)", LKREE, ppA

180 B5R7;E I



