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Structural Behavior of Pre-loaded RC Beams Strengthened by

SP, CFS, and CFL.
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ABSTRACT

In recent years, strengthening by steel plate, carbon fiber sheets, and carbon fiber laminate is
spotlighted in order to repair and rehabilitation of R/C structures. In this study, 3 methods of
rehabilitation technique were analyzed from the test results. Test parameters were the width of
cracks, the method of repair and rehabilitation, the magnitude of pre-load. Deflections, failure
loads, strains of reinforcing bar, strains of carbon fiber sheet, carbon fiber laminate and steel
plate were measured during the tests. The primary purpose of this research was to analyze the
failure mode and structural behavior of strengthened RC beams with/without superimposed
pre-load. Test results should that no significant difference was observed between with pre-loaded
specimens and no-loaded specimens during rehabilitation.

Keywords : repair, rehabilitation, steel plate, carbon fiber sheet, carbon fiber laminate, pre-load,

deflection, failure mode, failure load
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Fig.6 Details of test beam
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Table 1 Mix design of concrete

S&récnrgettﬁ w/c|s/a unit weight (ke/cn) Slump
9 9
(ke o) (%) |(%)}cement| sand |gravel| (cm)

329 45 | 41| 349 765 | 1109 8

Table 2 Mechanical properties of steel plate

steel yield tensile modulus of
late strength strength elasticity

P (kg/er) | (kg/om) (kg/cm)

8841 2380 3400 2.1x10°

Table 3 Mechanical properties of C.F.L and C.F.S

tensile modulus of eld
material strength | elasticity };l.e .
(kg/cr) (kg/cm) stramn
CFS
(Carbon Fiber 43600 2.45x10" | 0.0126
Sheet)
C.F.L
(Carbon Fiber| 19500 1.55x10° 0.015
Laminate)
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Table 4 Details of test beams BE ST AlgAle dAX e Fig.29 #
crack . condition of load .
. materials of X .
beam width e during repair and
{mm) rehabilitation rehabilitation A - I =
3.4l ¥ 1@
BN 0.0 - -
BO5N-S 0.5 |Steel Platé Unloading 3.1 J—LI'J_'-I%EQ\;"
BO5SN-CS| 0.5 Carbon Fiber Unloading Table 5 Yield pattern
Sheet
BOSN-CL| 0.5 |02rPon Fiberly; o ding HEAE #4293 Wom
Laminate 0BN-S D616
B5ON-S | 5.0 |Steel Plate |Unloading B Loy
. BOSN-CS [D+®+®
B5ON-Cs| 5.0 |Carbon Fiber| ;) . ding
Sheet BOSN-CL [D+®+® O BAAY v
B5ON-CL| 5.0 E:ﬁ%’;mﬂb” Unloading BEON-S  [D+@+G @ sj¥o] HoiA gt
- . @ 459 2asg
B60L-S | 6.0 |Steel Plate |Loading B5ON-CS  [D+® 431
B60L-CS| 6.0 gﬁggfn Fiber); . ding BSON-CL_ (D+®) @ BAAe] YHue
B60L-CL| 6.0 |C2rPon Fiber); . ding BO0L7S @016+ D16 A3yl 95
___|Laminate B60L-CS (D+2+® ® B4g oEA Y]
B-El 0.3 |Epoxy - B60L-CL [D+@+3+@+5| ¥%

R - . & Ak u
B-E2 0.3 |Epoxy P 2+3+6 D A ddel @A
B-E3 0.3 |Epoxy - B-E2 @+8+5+6
BO5L-CL B-E3 2+3+6
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Table 6 Test results
Failure loads of beams
(ton)
Beams Experimental | Theoretical A/B
(A) (B)

BN 15.0 - 1.00
BO5N-CL 32.5 24.2 1.34
BO5SN-CS 26.6 25.1 1.06
BO5N-S 27.0 25.5 1.06
B50N-CL 32.8 24.2 1.35
B50N-CS 29.0 25.1 1.16
B50ON-S 31.6 255 1.24
B60L-CL 30.9 24.2 1.27
B60L-CS 29.1 25.1 1.16
B60L-S 33.9 25.5 1.33
B-E1 15.2 - 1.02
B-E2 15.6 - 1.05
B-E3 16.3 - 1.09
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Table 7 Effect of crack width

S s e
(mm)
BN - 15.0 45.7
BO5SN-S 27.0 5.9
BO5SN-CS 0.5 26.6 19.5
BO5N-CL 32.5 31.3
B50N-S 31.6 7.9
B50ON-CS 5.0 29.0 22.5
B5ON-CL 32.8 35.1
B60L-S 33.9 6.0
B60L-CS 6.0 29.1 20.3
B60L-CL 30.9 8.7

AAHoz & o Ao H=d Wgds Hos
2 ey Fdol  EA HAZE Wgo] ok
AA veldtt E3) 0.5mme] #EZE 7H7 A
A A% o] 5.0, 6.0mme AEESE 7}
Al A ED el HA Yeued ole EFE
ol oA o ZEA] 99 &olgto] FEE W
A9 Aow wordoh 0.5mme UAE #E
U3t ddlFEAe) FHL AIAY oH ¥ FUF
o ZA 0. 5mmeojste] TES HHs st o
i, Ze gEor o ZAE FRIYS doll &
2o @ vls] FF9 T A FA —;F?J
o] folglemg o ol HIYH AL
AR E T o] AlEAEe] 27IvrEe] AL ]%
Ale] ] oA HAsUL, HE F Az

Z32|E3s|X| 1112 1999.2

dRgAEAe 2$ 0.5, 5.0, 6.0mm

3 A Fglo] ARz o] FIXA YT}
A@Ae) lAEdel tg mao] AU Felzt

dad Aes Atggct
%
-
"
F——ﬂ
]
BO3SN-CL
- %07
[=3
£
a’ BSON-CL
< B6OL-CL
S =
104
0 v T " T T T T T T
3 10 15 20 25 30 R 40 45 50

LOAD (ton)

LOAD (ton)

DEFLECTION (mm)

Fig4 (a) Effect of crack width (C.F.L)

) e
401
201
7\ Y BooN-CS
207 BEOL-CS
" BoSN-CS
104
% 5 10 5 0 2 % ® @ 4 o
DEFLECTION (mm)
Fig.4 (b) Effect of crack width (C.F.S)
50
ip .
———
0
2]
B3ON-S
B6OL-S
20 P\
- S
104

0 5 10 15 20 235 3 35 40 43 30
OEFLECTION (mm)

Fig.4 {c) Effect of crack width (Steei plate)

205



B5ON-CL Rct W

o] Zgty A elFo el HF= AAgdrh. 1
A grdedER 2% AdAE 28 A
g Ao Holzx gm deon Zdezm M
ANBAE g8l 1 wle] AFE Hola o
AAqAoz  Hol  FHEHIANIA  WHH
15.0ton Hrl o=k ES
26.6~33.9tonF =2 HW WYL B 3
o] R EaE 4% Aoz HTHY EA
5 f - Foll WE WHAI}E o 2ton AEE F
ZAaA 10% W9l olng &Fg AAT

Cl

84S S AsE el BRg s
ol 2 9ee 7AA gt Aoz v

BUBN IS -

a2 Fig.h (a)dlA B nist ol Astde
o B BEOL-CL A¥Ae s& AAD
Zefel Al 273g B5SON-CL Al@Ast ®laste]
10mm FE 2e A7 Fefold gadfae
g7t G ol dFE AAT o B3
A10mmAE) L&A =l B6OL-CL AlE
2rd 9¥ 58S 9 fAF & AU A=
wetE

g

LOAD ftor)
\

8
g
P

20 25 20 35 40 45 50
DEFLECTION {mm)

Fig.5 (a) Effect of load condition (C.F.L)

206

T T T T T T T — \ —
L] 10 13 20 2 M B W S E0
DEFLECTION (mm)

o
o

Fig.5 (b) Effect of load condition {C.F.S)

8

40-
=
£ 1 BOON-
s
Klo
6 - BEOL-S
ool [ T
104
[ ; . . —
5 10 15 0 45 50

20 23 30
H & 2 (mm)

Fig.5 (c) Effect of load condition (steel)

3.5 2Zx I

BAe] 2R wE 2ot LdHe] -
ATHAL Fig.6% o) BAAY FFHFo] wehr
gardgges Bd A@AZE £ 0.5mme &
goE ZHEg 120, @4RHE Eue

Z 37 Wg& BdFA. =3 4%
oz ¥7g AgAde gAHAHERZ B3d A
A9 gdat Aol ¥k ZVE EAFAUh
23] ARz A% BAARA Y AR Fe] &
AatA AA debgtes ol FF eFe 37
o 9% &8 7190% Aoz B 2L
o] FYL WA AFA MR TE FTFe
BAANE 2HA A8 ygdege Eie
2 Holx @3 vt 2y ZAwe HAAZ

2aeiEESIX H11H12 1999.2



}.

ol
offe ol

H b

A& BO5SN-S, B50ON-S, B60L-S=
7 WA BRERE A RAg sl
A gob ol A@AY TAUERAN A
e st ole glatel BAMAHEY B
f@og wAN AgARg U F5
o] A3 &=t

G RAES BaARR FE-AYFIE

Wag ASE wolt wadfEel o 2 A4
7% Holm g WABANE VAR

7 eaAeHERD FIHd FHIFAT
AEHES B2dsRe B4 H&EE)
2o AR Aolwrie HAA] oA

B2 oo
B o

Ao)E Boln e RO VYWY E ATE
o] olEAZUT BAAe) FEpPel mebd #
A wse] g A Aol A H$HE

2 A gd 5§ Fol7h agArh

8

LOAD (ton)

BOSN-CS

o

5 10 15 20 25 30 35 40 45 30
DEFLECTION {mm)

Fig6 (a) Effect of crack length 0.5mm

DEFLECTION (mm)

Fig6 (b) Effect of crack length 5.0mm

23e|estEX| M11A121999.2

]

401
2 % /i
= 4 B880L-GL
s | ) \
2 /
- 20 / - } Nereme ~ B8OL-CS

,'i Be0L-S
104
o 5 10 15 2 25 %0 3 4 48 20
DEFLECTION {mm)
Fig.6 (c) Effect of crack length 6.0mm

gosadE ng 29, VRURAE. gad

f@Een uE Aude AdATE ok

(1) 71 B8 2% A48 dad

s 2 gaAFAER BB AEA
AS 2r7kel A Hlsle, 146.2~186
Axe] WHEZY Z34E JeRAATh

(2) ®7pol 8 ZA shzel Asded o
3 B EIE 2AF AR, el Mt
Aejold wE - B AG Ee AAY
Fo HE - RS FHPsR HHd=
a2 stolrt gl Aoz vyt g A
shaelol A B B ARAS) MY
sEe a5 AAT BN BAFE A
g B Wy o] v "ol A
oz eyt

Az 7oz BAIZ AldA BOSN-S,
B50N-S, B60L-SE 8527 TAlelA
o ZAle] BAAFo] FEX ol Zwe]

AN@A el ZATEWAAN A drelEo]

207



#13ted °§71°ﬂ o B

se¢ Aoz woaL

gebd, ¥ A7 Astel et AR @
2HRE AHEeled BAE BASE Ueke )
2 Abgeted wgete WENT o8l b 39

oA EFHAQ o BAHJT. 1y B2
g ZAJES HAAL} WSl BF ¥ot
#e d7-E Bl o8 243 k= Ao Hig
g Aoz Algdd

#Ae 2

o] d7e @] dFviAdes 3

HAFU

08
1. 484, Hﬂcﬂé} % ';1 i 1

2. "&AA
1994
3. ﬂ’g-ﬂ-%“r E
Aol Ao TekA
4. G. J. Al- Sulalmam,

#AE 7Y, T. S. BOND U424
3'—*’45 TzEe ¥ #Hrt %
", 1996

M. H. Baluch, "Flexural
Behavior of Beams with External Steel
Plates”, ACI Structural Journal V.91, No.l,
January-February 1995, pp 14~pp 22

5. Sharif “Strengthening of initally load
reinforced using FRP

march-april

concrete beams
plates”, ACI Structural Journal,

1994

6. Y. N. Ziraba "Guidelines toward the design

with external
plates” ACI Structural Journal,
november-december 1994

7. Alfarabi Sharif, G.J. Sulaimani,
"Strengthening of Initially Loaded R/C B
Using FRP Plates”, ACI Structural Journal

No.2, March-April 1994, pp 160~pp 168

reinforced concrete beams

Agatm ok, 2a os
ol

B Q3 ugae &
4 e, HaABAs) 2

A= A

FDE, 55 AshuEs
AS ANENaAst En @

A BEAE 100% %3
Al

A

L

0}7\]\_
P EC] e WA

Ao E 728 A5G 33F /A &
ZA$7t gtk oldl digl FulclME A2EAETEA E
ol diste] AHd v

9 zasee et Akt wasRs. 2 gA
ZHAT 2 fAE] 7

H g3t vimele] 66%HEE ehdtet.
wale] W3 Age] I A w4 g Ao e

of

5 o9 7R o/ By 23S a2
Hiwwog g BXMAHE, gaxdH
At A} ol =R 23

e

il

ne FU‘O

[e]
e 4

W HE 3
%E A%
Ao

|

apaend A5E 19w
5& dehiott HARFE AR
. 2o BaE Fao] yetou g
i) ol @A g} Au Lﬁa*
3 BRAY TAET 5 %

il
_‘l
Lo

-5

208

(A 1998.9.17)

EAEHHX H11H1% 1999.2



