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Failure of RC Slabs Strengthened with CFRP Plate
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Abstract

Carbon fibre reinforced plastic(CFRP) plate is one of the alternative materials for
strengthening of reinforced and prestressed concrete members due to excellent strength and
light weight. In this paper, the behavior of slabs strengthened with CFRP plate is observed
and analyzed from the test results. Especially specimens with thick plate is tested when
large moment and large shear force appear in same position.

The failure mode is a peeling-off of the CFRP plate due to flexural-shear crack. This is
observed near the loading points with thick plates. Because of this failure mode, thickness of
CFRP plates does not influence on the failure loads. Depending on the loading pattern, it
is necessary to consider different design criteria for reinforced concrete members with
external reinforcement. When large moment and large shear force appear in same location,
maximum thickness may limit to 0.6mm and ratio between moment of strengthened slab and
moment of unstrengthened slab is proposed 1.5-2.0.

Key words : slab, CFRP Plate, epoxy mortar, sterngthening, delamination,
flexural-shear crack

.M B Foll FxE9 FH < 9 A g2 o
Y 71 EFdHe] glew, H@RIAFYo

FZZIE A AMEEEe IR 4% 19609 Futel] 3#71A] WHo=z AA =AY 2
W7 T ddg 24, dA - A7 £F 59 Sy A REFUE AlFte] oS H9
o# 714 B§E edoz Qe Ax £ 7 54§29 Dol &Aool 19809 ZWHEE w&
Ae FAAT)7] A% B7ko] HastA At 243 F-+E(carbon-fibre reinforced plastic

* A3 FFAAARI|EATE &%, 3

°rJ

suba} #
WrAE 2000 1950 EEARE ANSAZ

SHRTESFICHEIE| M3H ASE(1999. 7) 245

ol g3 EoF 19999 129 319744 &3z B



sheet) & AHE-Z A77F A=A er dA 47
Aoz Agsz g,

E3 AN RAE didl SE2E353E (CFRP
Plate) & AM4-3txn HIAZ o FHA] 225 o]
¢ S2EARRGTH AMEE R Sl @44
e dutdicz ZEZFE(Pultrusion)e <
sto] FFAYsto] o] FoAaL tﬂ’%"]j‘" o= ¥
9] A st AlFEHE BRAEFHAET
el &g Bedete] e 1"?‘

el #4488 FHstn E3
T U,
E&"’ﬁ-ﬁ-‘ﬂrc’i B

froke] FA|, B Ze] o RAge 9 )

:|0

o] el ¥ AL F
%-ﬂ%ﬁtﬁo} WA RN A
2ol o] AR,

gl ged 4791051 Axga 9
o o] AFAE AolA AFP AT 2e 2
gryfnos wid xoud mg ¥ =
a3 R4 9 9 ¥ AE S 4gd
Wi, BAste] B4 HAAAA Telsiord
Aol i AEE de AL Bhoz I}

i o o

2 4

Tt
10

A A g

>
o
i

gay
=
&

A ALg-gE Bt gk 7|Ee] AA
ARZ}E f% nHAEE OS5 2o &
=3
Al(Design for flexure)
2] A4 (Design for delamination)
A 247 (Design for anchorage)

et 7 HATE FoAA A 2 A
F-o 2ol g2 fe HE 2} AHB3)
o ha FRAFAY HHAES 12 A st
At

N
s

= (7

w32

e
==
3

=

o

LMo

&
1
2.
3.

ki ol

246 st=7zezcEE H3H H35(1999. 7)

STRAIN GAUGE(S3)
STRAIN GAUGE(S2)
STRAIN GAUGE(S1)

/ i
||
HD10 @125 HD10 @300 130
| 2250 |
| B ;
STRAIN GAUGE(C1)
STRAIN GAUGE(C2)
175
/7 I 7 A1 _Ti00
150
100

Fig. 1 Details of test slab (unit :mm)
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Table 1. Details of test slabs

CFRP | CFRP .| CFRP
Specimens | length | thickness | width Remarks
(cm) (mm) (cm)
SN — — — control slab
S06 200 0.6 10
S09 200 0.9 10
S12 200 12 10
S15 200 1.5 10

* Weight of CFRP : 0.6mm:600g/m’,
0.9mm:900g/m, (longitudinal direction)
1.2mm:1,200g/m'. 1.5mm:1.500g/m

Table 2(a). Compressive strength of concrete

Cross- : .
Diameter [Height| section | Failure | Comeressive
area

10em 20em | 7854en’ | 21.55ton 274ke/ e

Table 2(b). Mechanical properties of CFRP Plate

Modulus of
elasticity

CFRP 1.95%10% kegfor | 1.55%10° ke/en

Material |Tensile strength
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Fig. 2 Test set-up(unit : mm)
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Table 3. Test results

First crack | Maximum load
Specimens| load | defl | load | defl.
(ton) |(mm).| (ton) | (mm)
SN 1.42]| 1.563 | 3.65 | 47.3
506 2.33| 2.99-| 8.55 | 36.0 |peeling-off
S09 1.89 ]| 2.22 | 8.81 | 37.1 |peeling-off
312 2.82 | 3.33 | 8.69 | 37.3 |peeling-off
515 2.42 ] 2.44 [ 11.48 | 29.5 |peeling-off

Failure
mode
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Fig. 4 Crack Pattern

Table 4. Number of cracks

Specimens SN | 806 | 809 | S12 | S15
Side crack 7 12 14 13 16

Bottom crack| 9 16 137 13 1.7.3

Table 5. Strain of CRRP Plate

s " Strain | Stress by
.| Increasing | Strain | Stress by | calculation
Speci-| © ment | by |calculation| BT
mens | (4. test | Gonfend calcula-

ton/cm strength

tion (%)
SN 0 = =
S06 1.72 |0.0074| 12.36 | 0.0079 63.4
509 1.81 = 8.70 0.0057 44.6
S12 1.76 = 6.37 0.0041 32.7

815 2.74 |0.0052| 8.14 0.0053 41.8
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