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Abstract

This paper presents the faillure mode and strengthening design of reinforcement
concrete slab strengthened with Carbon Fiber Reinforced Polymer(CFRP) grid.
Parameters involved in this experimental study are FRP grid reinforcement quantity,
repair mortar thickness, the presence of anchor, and strengthening in compression.
In this study, there are different failure types with increasing the CFRP grid
strengthening reinforcement. On the low strengthening level, CFRP grid in repair
mortar cover ruptures. On the moderate strengthening level, there is a debonding
shear failure in the interface of carbon FRP grid because of the excessive shear
deformation. On the high strengthening level, diagonal shear failure occurs. With the
increasing of FRP grid reinforcement, the strengthening effect increased, but the
ductility decreased. By limiting the strengthening level, it can be achieved to
prevent shear failure which result in sudden loss in the resisting load capacity.
CFRP rupture failure is desirable, because CFRP ruptured concrete slab keeps the
same load capacity and ductility having before strengthening even after failure.
Finally, design guideline and procedure are given for strengthening of concrete slab

with CFRP grid.
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Table 3.1 Details of test slabs
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RS - - - _
C4A-2T 52.8 T 20(155) A
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3.4.1 ZAZE
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t}. Table 320 FAZES] AR A o] 14} )
Table 3.2 Properties of concrete?
< =49 _ ) ) _
o As | FEE | AME TR @sE 9| 212 | wEgE
25 mm 10 om | BE EEWNZ)0.3 koflem® | 4.5% | 285 kafl cm?
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11 Sejn Ao ARER H2E SDOFEFE 93] DIOEZS A8t KS
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Table 3.3 Properties of steel

A s | @R | ayzgs BAs | gEudE

D10 4200 kgf, cem?| 6340 kgf cm? 20><106 kgf/cmz 0.0022

3.4.3 Z|Yx AHE(Y|ZFZE)
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Table 3.4 Properties of NEFCREET
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Fig 3.2 Tensile test specimen of CFRP grid
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Fig 3.3 CFRP-Grid

_19_



3.5 AANFEY

ouq e vz e 74a

l A
at7] st AlFAE el AR e et RIS AAlskATh

wRe 2adE AAIE Astel Uxa gy PHe Agsgon Zane
EHe dolusE 98 AASE T FRE seld gEE Zohjglor] Ew

BZAREEE ajgdu) 7 EAHE gXaA(]) @ 235 @ UZAZERSE st F7
2cm#z 3] AlFS st e 4eme] A= F Wl 4A- AlEg ST

2H Alg F AuelA FAS AAstden ula e s Abdate]

o
# Fig 34% U=Z® BAEA Algdxs =32 Uehliglal Fig 359 Fig 362
I~

NHE AAT Fol AAHfe A



z il 3
L2
™ A 2]
g9l d, a9 A A
ol = o 4 A
oA F A Ab &
257 A T ¥
2 E 8] 2
A4
vy E22g AF
YZAGE&YEE A v
e YEZagE S wA
OF /ng

Fig 3.4 execution procedure of CFRP grid

Fig 3.5 Strengthening of CFRP Grid
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Fig 3.6 Installation of anchor pin

w9

Fig 3.7 Real view of test slab
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2=} CFRP AP frol %5 5
Al syt HEus dejE Agshar

[e3]

Table 4.1 A3s Fal

Table 4.1 Cracking, yielding, ultimate load

o o 3t = ) = 38 =
Al & A (tonf) (tonf) (tonf)
Cic B At st = B st = B
1 1.22 3.87 5.24
R S 1.35 3.92 5.40
2 1.47 3.97 5.55
1 1.70 3.76 6.81
C4A-2T 1.68 3.66 6.54
2 1.65 3.95 6.27
1 1.96 5.77 10.04
C6A-2T 1.80 5.52 9.45
2 1.63 5.26 8.85
C8A-2T 1 1.88 1.88 5.13 5.13 9.56 9.56
CoN-2T 1 2.03 2.03 5.48 5.48 8.62 8.62
1 1.95 6.32 10.57
C6N-4T 2.44 6.64 10.39
2 2.93 6.95 10.20
1 1.87 4.55 5.64
C6N-2C 1.77 4.23 5.30
2 1.66 4.00 4.95
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C4A-2T C6A-2T C8A-2T C6N-2T C6N-4T C6N-2C

Fig 4.1 Cracking, yielding, ultimate load of slabs
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Fig 4.2 Ultimate load, failure mode of slabs
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Fig 4.3 Load-deflection curves with different

CFRP grid reinforcement
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Fig 4.4 Load-steel strain curves
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Fig 45 CFRP grid rupture failure

Fig 4.6 Debonding shear failure
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Fig 4.7 Diagonal shear failure
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Fig 4.8 Ultimate load and deflection with different CFRP

reinforcement ratio
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Fig 4.9 Load-deflection curves with different mortar
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Fig 4.10 Load-steel strain curves

_32_



4.2.3 Anchor pin® &g

o) 7% CFRP A% Aol 9318 oty e} HrpHo
2 BAREH oA FHHAGS AFdsts de star k. wEhA] JATe] A
@ Agans dolrr] 5t AldA 6CA-2TE % 6719 JAIZ 16x04 me
CFRP A% 1A4dte] &9 m® 7 5 /NS wjxatda A1 A CN-2TE 3713 glo]

fl
o
o
ol
~N
Ho
r
>l

S ges F AGA B CERP A< f FelA9l oz qstel o5 A%
e Avuky] v, Fig 4118 07 /1% A9A Rseh A7 §7

ARWEE F ARA C6A-2Te CON-2TE Mg 8547 FAmolh TdelA

—_
ot
o

mlru

wi wiel o] Aziwo] AAT AFA CBA-2TE A7Fo] §li= AEA CBN-2Tol
Mgl & S AYPES F9HYS ehia ek ol AAe] CFRP A4 1

AR # Aow 47l
welsa & AolatAt me &

12 i
L RS
10 C8A-2T
—a— CBN-2T
8

T

Load(tonf)
)
|
}\\i
[

0 10 20 30 40 50 g0 70 80
Displacement{mm)

Fig 4.11 Load-deflection curves with the presence of
anchor pin

_33_



5 B gas dolny] 9ste] AlEA CeN-2CE &=
Aol B REHZ RIS ] ddls 455 2a8E &
Hel B7F 2o Aol Adsyrt wAste] Ftdo] WAsty 7|E 23

A

Fig 412:= o}f-d B}l fl= 1= A1@Al RS9k &

oF = B EdH CN-2CY sta-AHH F4S 4]

ON

F=of B 73 Al C6N-2T
S T1efzojr}

El

10 -

T

Load(tonf}

0 g ool RN Lo Pl

0 10 20 30 40 50 60 7o 80
Displacement{mm)

Fig 4.12 Load-deflection curves with the

strengthening of compression



W o ™o w ®m w M Iy o
. — B W T %15 £
< y B %0 % CECE —— = !
o o woOR TxZ 2
ol m do W o = = o ©
R 4T Boeow T 0o T
oo i ) =Y =
o o= o B = 3 & ol =
w o % g G- = &
By ® PR TS s E
N XN o A < Mo "
Moo ) B &3 0y
ST ﬂwwﬂn L
o B _um_._. = TR g ¥ B K o
FOM oy ,_Iw_yl o) ~ 0 o ﬂ_m o ol HL
i X o M Vo e To Mo W o Lo
= o TP~ TiEex
L I R
ot o T oo 2 S
= 0 o T gl ™ i 7o
ox —_—
T s P Pl TS oo
X LT oo Eowiy B w o o W
P L w o N e P e
= N N T GO Sy o
ro Ne & ) ~ B ﬁm @L 0T wrm B
HE oy e 3T TENE o ow R
e I A R S
T T o o © uﬁ o o B w_m .
2 T g f g Eo P mgT =L
@ 7o o Wu = M mm oF bt = ok oF xﬂ ol W
O o 7 % = o S ma P N <
= - N TN
Yo per TagaglPsxgrBic
O I S ¥ BT = O o
N ™ X o oo 2 B =
ol g W E g xR N &
R 7! & O B O ® T B O
H X W oF <f oo o < ook

==

17F &

gEo

o

i

A

S

7}
W Avel A Ae ) A

=

o

T FollA
A C8A-2T<} CFRP AR} HAFA)

S|
A=
1|

<
A=

j=
)

Al 8
Bt

=

2=

_35_

1A

o

C6N-4Tol| A 2

}

<
pal

w7} Foldow

97

Fol o]27] Hel| WA w7 mEgrt A#
A

s3] o]},

%
3]
=3

-

R

&t

5

A
3}

CON-2Tel A 25 3]
o

o fa%olst 37
2 Ho} Age] o

=12
=
7}

1)

sheh



Fig 4.13 Shear compression failure(RS1)

Fig 4.14 Flexural compression failure (RS2)
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Fig 4.15 CFRP grid rupture(C4A-2T-1)

Fig 4.16 CFRP grid dowel rupture(C4A-2T-2)

_37_



Fig 4.17 Interfacial debonding failure(C6A-2T-1)

Fig 4.18 Interfacial debonding failure(C6A-2T-2)
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Bzsle] zZF AR AXR|GE Table 4.39] YRS B Adoa A9
7he dEsksAle AR F3eteAle] HF v S 4 418 o] &3te] ALlstAt
6l’l’lX
UZ—LS (4.1)
y
Table 4.3 Deflection, ductility index of slabs
G554 =485 AR5
Al & A
A (mm) | B | A-(mm) | B e
1 8.06 67.10 8.3 3.35
R S 8.47 71.00
2 8.87 74.89 8.4
1 7.42 45.47 6.13
C4A-2T 7.45 41.38 5.56
2 7.48 37.29 4.99
C6A-2T 1 Ay 10.03 B2 32.99 3.32 3.29
2 10.06 32.75 3.26
C8A-2T 8.55 8.55 28.89 28.89 3.38 3.38
C6N-2T | 1 7.48 7.48 23.18 23.18 3.10 3.10
1 5.08 21.92 2.71
C6N-4T 6.66 20.68 2.55
2 8.12 19.44 2.39
1 7.96 100 12.56
C6N-2C 8.01 100 12.52
2 8.05 100 12.48
Fig 4212 23 W5 AXF] vjug yeld Aoz wnieke] Frhste ofet
AR e FHa7E FATE o4 5 vk YR AdgRets SHoA A H s
kol Agto] H gk AANHo] QI Th
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Ductility Ratio
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Fig 4.21 Ductility index of slabs
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