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Flexural Design of Externally Bonded FRP Systems for
Strengthening Concrete Structures
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Jeong-Kuk Seo Jong-Beom Lim Oan-Chul Choi

ABSTRACT
For the Externally bonded FRP systems, flexural design method is studied focusing on the
reinforcement layer of the carbon fiber sheets. As the FRP layer is added, strengthening rate
increases, but not proportionally as the FRP layer increases. This is reflected in the design
formula appropriately by the bond cofficients from the added layers. As the number of FRP layer
increases, the stress reinforcement and FRP sheet decreases, and it generally corresponds to the
decrease rate of member flexural strength. This phenomenon is appearing indentically in a design
formula and experimental result. The rate of M,y and M, is 1.19 and it is estimated as safety

factor which is the reduction factor, ¥~=0.85.

1. ME

e 728E FANE F2EAYE RAE 44 2 AT BARA, ALBA 2 §32

W, A48 Fo s 7B 450 AFHT FD Hul Sol Yt PEEo] &4
FHAS FAE WANAA B 22 FRE YAY A5ANUA] el AWY »
‘B 5o fABE Botel 2B FWA L A4S Frselop wh,

A2 AXAS Y8 2PFTH] A8H1 Yon, Ar7} ANSHNE 5L ARYE L A
$ol4 SO0 A A2 Tgst T FHo| o} M- By Wol ASHT Uk 2
AeARE BB Hal 27gYstel FUREAA ASaA Bohe 397 BT BY F A5 ¥
Zaw olol me WAl Fasd

g ATANE BAEAHES BATHAA AR 54 R FLFAA Re) § AW e

&
o

4)2&

* 33y, £4NGR d53eT HALA
w* 3 Y, HE2ANEFAL

20023 % 7Hg stewr¥s =8 463



>33 Y, sANGR A3 By, T
AL E HEST ©@F4E Fristdeh £ 7€ APAEE wEoz2 YHAHNE BIt - 43
AFE BAEde] dAXER g8z .

2. 4N Aoy

FRP BR7dAYL A¥3ZQA AZEIUE HAHdc]9} FRPY S8 o83 AFd uigt oj&d
ZA% FRP 2734A0M FRPS 2azlE9] AW Alolo) HWAAYFE FAstodo} o). °\7‘J%1°11
Agsl7] A MAAZ FRP 27L 4% A¥sic Aoz & § glov dF¥eHd et F
e £ gy

PRAe A=dAYE g2y ’*Si%}EHC} AAZE7 A5E ARG 98 4 ()9 B
ALEL $2ve S32E 7|3y FAHUE AMESO

oM,>M, 4 Q)

G714 ge BEZLAFRCIN, M,& THYLUE, M= 929 AFEET.

FRPZ B7ZE RA9 § 59L& ¥¥E A94, Uy B3, #9 §3¢& 23gezd 78 + 3
ot 4 e 2 ACI 440 AR30lA AAE Fugoln}, 27 1& SPFEAAM @i &7
HYPE FXE YEdT

TR WACEE SES FWACEELS 5@
4714 M, 33 FxdEecn, At 29 duHeln, fr HFIY §¥, dv BY FIEF,
B 57H4EEE L Uehile AFolth B o= B9 FHF AR, e 28 B=ARAF, Ay
E FRPY @493, f.= FRPY FASH, he R Fojth

i é
R van

Ar=ntwy }—e-/‘—{»‘s-ﬂ f/e Erer

Reinforced Concrete  Strain Distribution Stress Distribuion
Section

1k

}*—~—%‘°4

Noulml

a2 1 33 defoliMel S HER 2

464 20023 % 7HE EEuHd =

o
i)



Weel BY4E HozRe 3YFL 08 4 ez F¥ £ AU

c = Asfs+Afffe
yfaB1 b

2 (3)

A7 fuE BAUE YEFECIR, y R £i& THLIBEL bl ALl 19 B,
2 38 MHY PES ARY $HEBSN AIYE o) W52 2aAAE 4E% 2Sd o
yb B Whiney $HESMY ghe ASETH FRP) Ay g8 =& e Aole 3¢
JelolA AU BY $FLSL ASY = Ao

_.l

3. HAH 4 #=HI|
31. 48 A=
ARANE BAE7 93t GAMFE ALEste 238 YA AP2HRE FEH AP

A F8 HFE B2HRAES HFEA L 2 3 52 FREHNIE 2). 494 F HoistE, a8
E ASUEE, A2 AP E, AW APHUEE R JA¥EL UF E 19 2o

‘ }é
L
ig

1
|
\
|

‘ 1 T
i di (- l‘L,,A _
AT
} i Plate Length o ‘\ ‘ oy
| [ : ] )
5’220 e 2000 - 220 b : Plate Width

30 ;1190 4 30

_1
!
g
|

! ==
te
1
!

1

i

I

1

[
]
I
P
IS

a2 2 MEH M mm)

E 12 gAY g0

_ A0az | @29 | F=ug | adw
ABAT | om | azwws | wee | aduse A%y
RC 570 - 0.0033 - A+t AR
F1%130%1.9 7.76 0.0035 0.0155 0.0163 AEY dvd o3
F2%130%1.9 879 0.0020 0.0105 0.0096 dgy E3E ARIAY T
F3*130%1.9 8.56 0.0026 0.0036 0.0069 e ZAYE AR
F5+130%1.9 951 - 0.0069 0.0050 goE 2aE ARIA T

20023 % 7He & uE3 =83 465



EG ¥ 1M SANGHES] A4S Z7HAA U] RolAW MAEDI} S5t TA 2
olol Hs) £ASH B2AE AAF BFA7 doltn, FRAY A7 o] 2 A2 WYPo) By
$4EY WYL 2771E HE dehploh

32. dAH 3§ 43

® 2 432 distd dANE HEE FAolt E 24Ehd nig go] RIS K, (FRP
928 A%y 9% A¢2A FRP 2349 »F, 74, @445 389)L 2 4AHE 139
289 MBAAME 0924 Ao %S A 43 At 23Y FF7 3% 59 | K,#%e 3
0.860, 069622 olx 1 glod, o]lgd A= Fid 4FE F32 Yo

H 22 AEAE 4A4 ¥ d48n

A ¥ A K, &p Mg (tonm)| M, (ton.m) Mey /M, "3
RC - - 2.85 2.23 : 1.27 87
F1+130+1.9 09 0.0095 3.38 2.96 1.14 1 Ply
F2+130+1.9 09 0.0080 439 335 1.31 2 Ply
F3*130*1.9 0.860 0.0070 428 3.67 1.17 3 Ply
F5+130+1.9 0.696 0.0057 475 411 1.16 5 Ply

33 @&HFHESY WEE T v

dutdeoz L 3 US| S2HF UPEC]) YAEE AV 29 3eME BPFHSF
OE G2HFHAES HYE .8 vA}AcH, AHLZRE e, FFVH FMEFF Fastn
Ron HPA A FHE HIEH FLE FFE Uiz ok O AYAAN ALHD e
et APNM AL e BT thd ZA UedR glo] AAYS §lEE A2 Yrista o

34 329 89 & vln

B39 27 £2¢ AAAD AYAARE WTe] 98 29 2014 257 Sl o "2
MYEE FolAm Yk JA3 AAMelMe B2 WSS AYRRT A JEUT A
35 ¥7= vw

gz}é}&z—%a VL sy At FrEs S 43A%s) vimdn. 19 5ol

466 20023 % 7He SEWES EEX

14



0.02 —— __0.02 —
2 FEA-N e
] . & Efe design; = M fs design
~ 0.015 ~—0.015 ¥ i
2 o n
© e ']
2 o.01 i " . @ 0.01 -
7)) M £
£ L c .
£0.005 | L ‘F0.005
5 = ¢
= n
%) 0 ) 0 o : "

0 1 2 3 4 5 6 0 1 2 3 4 5 6

Number of Sheets

a8 3 RS oiE

BN RHEY)

| HYE

Number of Sheets

Jg 4 2Zojso] M2 H29 HMYE vln

B0l A4} Z715tel wigl AUz dAYdAd AYdg BEF Frstn ey A4 A=
= A¥gEg gz ZA Jeigth M, o M9 ¥e AL L, 2 3, 59 W A4 1.4, 1.3],
117116019, B71.192 velvdz Qo ol 4 g ¥~0852 HAsEe A Lo FAHE

4. 4B

§

Flexural Capacity(t.m)
N
W

* M test
= Mn

2 3 4
Number of Sheets

o e

a2 5 2oy Soto] o2 Huldy

B @FNE 7ISUYARE B3 @adRHES EAAT A EG HAHNE HiEs
o 7@ AYE 59 YEAAS FrhetE, RAASE S ge F, BT StEeS 2
W Bgel FoART a8y, RPFAZN g ae v ez U8R ged. ol HFEh
of we RHAF A dgoz AANAA AAsA HF=HD A =G ZFY St e B
ZAES} A2 Wy Lol Zase, Uy A dAZ dXstn Aok oA dFL HANH

A9ARNN TYsA vehm gk

20023 % 7Hg TRy =83 467



11.

12.

13.

14.

15.

n

i

Ho

@R A7e 979, 'RC FRE BF - BRG] B AT I3 B3A, 1997,
LAY, YA, AU}, $34, 13, "gLHFHERZ BPE F2EAUE R PAFY @

gAY A7, dAEE3 =8P A14d 13, 1998, pp.319~326.

.Y, “FeEldT AEE o83 FHYIE FREY By - B} T B A7, 199,
L BEEAYE T3, “EIHE FRAHA 7E7, 199.
. AClI Committe 440, “Guide for the Design and Construction of Externally Bonded FRP

Systems for Strengthening Concrete Structures”, 2001, pp.44~59.

LAY, AR B IYN AZSH) U A7, $AU%T SAUEL, 2000, pp5~15,
. ol%7, “FRPZ 9% B7d IEAE R w7 ¥s 4P B¢ A7, olstiAdstn 3

371&m g4, 2000, pp.16~57.

- CANEA AR ZBer RPY AITIE B F2F AF Y AP, dIFEFYE 3

SedE=F, 1994

CAFEY FRIIE T VY A, BN, 198
10.

AR ANV R T4, “HI2EIYE F2EY RAAEYS) © BPHAYY BY I,
1997, pp.2-1 ~ 2-48.

F97, HYA, Z0)A4, AYF, R4, FAF, IZA) FFPReT vPY FIEIIYE K9
FZ2F Ascl #F A", FXEIYUE 3, dLdR=FF, 1994,

FAE, Y, 14, 397, A9F, FGE AFA FFEY FIEAYE Ko FRA%
#F A7, dPAF 3, PR E=EF A14A A1E, 1994, pp.585~590.

FHE 3714, F9T, V95, LA, “SAHFHE B FIEIYE B FRAT uT
A7, RS 33, AT =FF A5d A1E, 1995, pp.507~512.

ZA3), oj3F, 1BA, AR, ‘G2 HRHEEZ YRAY AIFTIAYE B TR BE A
B A", jPAE, GEUEEEH A19¥, 1999, pp.141~1486.

DRAAFH, “SFE AAY % ASEIAYE F2EAFE”

468 20023 %= VHE &L ES =83



