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ABSTRACT

Flexural characteristics of the R.C beams strengthened with newly-developed grid-type carbon fiber
plastics(CFRP-GRIDS) were investigated. The tests were conducted under the four—points load to the failure to -
investigate the strengthening effects of CFRP-GRIDS on the beams. Results showed that initial cracks appeared in
the boundary layers of fibers embedded in the newly-placed mortar concrete slowly progressed to the direction of
supports and showed fracture of fiber plastics and brittle failure of concrete in compression in sequence after the
vielding of steel reinforcement. Accordingly, the appropriate area of Grid-type carbon-fiber plastics in the
strengthening design of deteriorated RC structures should be limited and given based on the ultimate strength
design method to avoid the brittle failure of concrete structures.
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Table 1 Properties of Maternials

(a) Concrete material

Material properties of cement

Cement Water Sand Gravel
(kgt/c) (kgf/cx) (kgf/cr) (kgf/cm)
345/395/485 189 997/951/872 | 749/748/744

Admixture
(kef/r) W/C (%) S/A(%)
1.86/2.13/2.61 50.9/44.5/36.3 54/53/51(%)

(b) Steel deformed Bar of D16, 22

Type f, (kef/ert) | £ (kef/cr) E. (kgf/cm)
Di6 5,180 7,160 203 X 106
Steel
D22 4720 6,230 204 X106
(c) CFRP-grids (NEFMAC?)
Spemﬁcgrawty f; Ectp Area
Type (g/cm) (kgf/en®) | (kgf/en®) (crf)
C6 1.42 12,000 1,000,000 0175
(d) Epoxy resin
Epoxy | £ (kef/cr) |f'c (kef/ew)| f; (kef/cm) | Ee (kgf/crf)
EPX-3W| 200= 700= 400= 1,000 =
(e) Concrete and repaired material
f'e fe E Ultimate
Property kgf/er) | (kgf/a) | (kgf/cn) strain
242 33.6 2.33 X105
Concrete 29 40.9 2.57x105 0.003
367 51.0 2.87x105
Polymer 580 100 1.31 X106 0.0004
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Fig. 2 Beam specimen
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Table 2 Types of beam specimens

Specimen | shength [Strengthening | I SUrepgtacing
(eg/er) | Material 1y ongth(L)|  (bar)
A-CON Pilot - -
A-G11-C1 Grid fiber L 3
A-G11-C2 Grid fiber L 3
A-G12-C2 210 Grid fiber L 4
A-G13-C2 Grid fiber L 6
A-G21-C2 Grid fiber 0.8L 3
A-G31-C2 Grid fiber 0.6L 3
A-S14-C2 Steel L D13
B-CON Pilot - -
B-G11-Cl1 Grid fiber L 3
B-G11-C2 280 Grid fiber L 3
B-G13-C2 Grid fiber L 6
B-S14-C2 Steel L D13
B-S15-C2 Steel L D16
C-CON Pilot - -
C-Gl1-C1 Grid fiber L 3
C-G11-C2 Grid fiber L 3
C-G12-C2} 3% Grid fiber L 4
C-G13-C2 Grid fiber L 6
C-S14-C2 Steel L D13
C-S15-C2 Steel L D16

Note) C1 : chipping depths 3cm, C2 : chipping depths 5cm

A G111 C2

B Depth chipping(C2)

B Strengthening length bar and
from support

1(length-260cm/ bar-3)

2(length-208cm/bar-4)

3(ength-130cm/bar-67}H)

M Strengthening content
. canbon grid fiber(G)

B Design strength : Const
A;210kgt/crf,
B:280kgf/cxf, C:350kgf/c
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Table 3 Experiment results
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Specimen Initial &rgg? loads Yield(i{logn)loads 1; z Faihzltrgnl)oads Stztfegegctth(eo/r(l)i)ng Failure mode
A-const. 3.0 11.73 1.02 12.10 0 Flexural failure
A-Gl11-Cl1 33 12.20 1.16 1420 174 Flexural failure
A-G11-C2 36 12.86 1.13 1450 19.8 Debonding
A-Gl12-C2 40 13.64 1.17 16.00 322 Debonding
A-G13-C2 52 16.35 1.07 1750 446 Debonding
A-G21-C2 43 13.02 1.15 15.04 24.3 Debonding
A-G31-C2 4.8 16.35 113 1850 529 Debonding
A-S14-C2 45 15.83 1.04 1650 364 Flexural failure
B-const 3.3 11.97 111 13.30 0 Flexural failure
B-G11-C1 4.0 12.55 1.09 1370 30 Flexural failure
B-GI1-C2 50 12.95 1.24 16.08 20.9 Debonding
B-G13-C2 54 13.20 1.33 1750 31.2 Debonding
B-S14-C2 45 13.65 127 17.30 30.1 Flexural failure
B-515-C2 52 17.50 112 19.67 479 Flexural failure
C-const. 36 13.02 1.04 13.60 0 Flexural failure
C-Gl11-Cl 48 13.21 1.22 16.10 184 Flexural failure
C-G11-C2 52 . 13.55 1.26 17.05 254 Debonding
C-Gl12-C2 54 14.05 1.27 17.87 314 Debonding
C-G13-C2 55 15.06 1.23 1850 36.0 Debonding
C-S14-C2 5.0 16.832 1.09 18.30 346 Flexural failure
C-S15-C2 55 18.20 1.08 19.80 456 Flexural failure

380

s=EES2| =85S =2E M153H 35(2003)



FR7 AgAe A9 R2ton/HAE 443 71878 B
12tons HolA 2xtat & Qlete] A% X7o] &
= AoE ey
HhA o8 EAVAGAIEY o] B9 o] gE3t
gk A9 F7tet A 543 %‘iﬁ%, =t
ZA7} “% EE HARAE 27t Ray
?f.ﬂ 7 Fig. 50 93t B
AlgHo] HZo] FHT o
A 7kt %’”ﬂ A7}, ogse Y2 st
3 AATS B Fo BRI guEE Aow
wth olAe BAAE AAe AFAHY HAg A
A2ge] dA4 guE Q3 gHE AdEY F2E B
A oEgol 7 ARt dAA 458 uEE Favt

Qe Az,

=
i
o 2
-
i_,
m>~

34 B0 WE RFPe ¥

7|EY ATdde oy giR AER BASE
73 AR ripoff JM7} UrE‘rblt AR HuFL
Att” Fig. 6 olX9} 2o BAARAfo] AL Hate)

] 5 10 15 20 25 30 35
Displacement(mm)

Fig. 5 Load-displacement curves

+ A-G11-C2
- A-G13-C2
o A-Gl2-C2
—A-G21-C2
—A-G31-C2

0 500 1000 1500 2000 2500 3000 3500 4000
Strain

Fig. 6 Load-strain curves bearing of strengthening
length

HXE ElaMSE B2S RCH| B2 T}

VA Hp2 AT JARES AEAY 22 Aale]
ripoff FAE AT F Yot HEAEe} ZAES
9] F=Ajol2 A Adurestd s} Yesit

Y W] Fol mEtME e W EA aF
7h & AQuAEE G4 Aol HyloH, ATYE
=AM A saow dAHIG. B}
o] 06LE BT AL Hoo WYE LMz {A}
1Eg Hol M@%& 31% Ao eyith(Table 3)

ot ol

AN

35 HEZFItEZo| WE Pt

— o
harg WYL ol ANFom Hol ok me
A, 57 AgAze Y8 F A4% 497

2 o
-
(e
o
l

gogn 7229 BuEel 24 ved A

o2 AZEelt Ea, AHE AR ZodF 1 bar

S 017 22X Aol dite) welze] D6 A
[k

3 vmd sgvn R o‘__i A7 waEH
o e 0~40%9) BAEI= BRE FlHom uy

3 AlgAe] H(Table 3 ZZ)9} vlwa] 2 uf Ah3
o= WEY W ole A4ZET,

A

36 2o wE AMHEI}

249 B2AfE ABAAS Ao] RESnE A
8 el el £ o, & Ao A

AYARE sl @A B AR Naamandh
SM. Jeongel Aot sl oA AEE o18% 9

15 E— L]

A-GI3-C2 A-S14-C2 B-G13-C2 B-814-C2 C-G13-C2 C-514-C2

Fig. 7 Comparison between steel bar and grid fiber
strengthening

381



A% AAAS o8] 2 YA AHAFE P
e

7] QS AL gl doluwA &
5 ek oiAE A Telek B Q] HE

o

2ug 5 iga Hste gtoh g B
Qe $ a0 ggste TFY BT}
TEE AGEHA H1 728 A, ST R
Aol FrEC &) TAEn mehy BiE 2o

3 AuA7L s RS A

—l +1) €30

A7V, Ew = S5-H7 419 BHel o A=
% ouAolx, Ea = gAduiAoltt.

71&9) QAT A4 e ded] AR AF
3} gA] R oz FrHEAR iAol o AE
FE T 122 AFEE AU HlusEE Z3E9
AdAF Aol 7hssith 2 A% Fig. 7 o YEsRe,
71&e AAest vt Az AkE A3k H2elo

AG11-C2 A-G21-C2 A-G31-C2 AGl12C2 A~Gl§-CZ B-G11-C2 B-G13-C2 C-G11-C2 C-G12-C2 C-GI3-C2
pecimen

Fig.8 Ductility index by the two methods

5000

4000 —— —*—A-G11-C2
3000 —— A-G13-C2
-0~ A-G12-C2

S 2000 -o-B-G11-C2
& 1000 —— = C-Gl1-C2
N’
E 0 *
& -1000 ¢ 10 / 20 3
-2000 /
-3000
3 §//
4000
Beam Depth(cm)

Fig. 9 Strain curves to the specimen depth

382

wet BoA AEE BAGUAE w1 A A

Aoz Hyrisks Aol dgadet dA3

Eion, Ae QAF &S AS, B Bt

T2 ARG o] #adte Ao® Uehgth wEbA
hus

o f
S
o}irﬂ
T
2L
NN
_—
e T
2 ol
;gbotJ
= o
=
Sl
£t
Ol
o
d¢ =
ot e

2 o

R
do
o,
(Eox

o >~
Tt do

o mi O gx
ol &

it
>
52
o 1

= =
A%, AR A B 2AYE Sol vigsle) 42
o) Qe Bnd F = Aoz BAsm Jok o
9% A9ATE e 4 5
el g mezh ash, nguAe g 247

© 3T 9 BAANAS BRI e Aok B
gepd # wRdAE PN 98 AR 272 &9
SEURES 2AI3] Table 40 ehjgion, oln #
&9 #A7} Hooked] HHo] sl oz Ut
t}.(Fig 8 #2)

AP g Hgzre dubHoz tgdt e Ao
Brlslol A 4 glovl, ARifel WFE Qo) disi]
LS wgste] BAlY Al W 5 Yok L
& 9ot

&=l v Of— v (14 1)f]
&=l — v D= v (14 »)f] (4D
_ 20+ v)
Y xy E 7xy

shREaa|EsE =22 Hi5H 35(208)



mEpA] Ado] FEI & FEte A "AAAEG
7} gEEE AR JHgstd @AY ddd F
Aol Z22YET} S E TEEHe HIYEHE A
stoan, they e AdRas 4dS .
Fig. 10 oA B, & $rE3l7] Y8t =78 e zrh
¢ = T,

0.85 fpa b =a, A,
o] bd f, & U4

0.8 fakic, A
d f, o bd

(4.2)
A7 TS A= |

HE M=2hd vast 2

___LO_OQJ)_
Co =0008+ ¢ (43)

Table 4 Yield strains of specimens (unit @ g)

. Type Concrete Steel CFRP-Grid
specimen
A-G11-C2 -3120 2470 2512
A-G21-C2 -3012 2074 2721
A-G31-C2 -3000 2250 2371
A-G12-C2 -3620 2004 3237
9A-G13-C2 -3373 1974 2741
B-G11-C2 -3385 2051 3121
B-G13-C2 -3672 2143 2406
C-G11-C2 -3507 1987 3156
C-G12-C2 -3571 2097 2813
C-G13-C2 -3895 2104 2565
b £,=0-003
a .4— Cl
NA
hp d
o e & L
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Fig.10 Balanced section of specimen strengthened
with CFRP-grids
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