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Applicability of Hyblid FRP Reinforcing Bar for Self-diagnosis
of Concrete Fracture

Seok-Kyun Park” and Dae-Hoon Kim"
"Dept. of Civil Engineering, Daejeon University, Daejeon 300-716, Korea

ABSTRACT For investigating self-diagnosis applicability, a method based on monitoring the changes in the electrical
resistance of hybrid FRP (having electrical property) reinforced concrete has been tested. Then after examining change in
the value of electrical resistance of carbon fiber in CFRP (non-hybrid type), CFGFRP and CFAFRP (hybrid type) before
and after the occurrence of cracks and fracture in non-hybrid and hybrid FRP reinforced concrete at each flexural weight-stage,
the correlations of each factors (the changes in electrical resistance and load as a function of strain, deflection) were analyzed.
As the results, it is clarified that when the carbon fiber tows fracture, the electrical resistance of it increase largely, and
afterwards hybrid FRP composites can be resist the load due to the presence of the reinforced fiber, for example, glass
fiber or aramid fiber tows. Therefore, it can be recognized that hybrid FRP (including carbon fiber) reinforcing bar could
be applied for self-diagnosis of fracture in reinforced FRP concrete fracture.
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Fig. 1 Relationship between. strain, change ratio of electrical
resistance((R-Ry)/Ry) and load of CFGFRP bar
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Table 1 Concrete mix proportion

Glass fiber
Carbon fiber

Fig. 2 Typical shape of CFGFRP bar for self-diagnosis

Fig. 3 Manufactured CFGFRP(CF 3.3 Vol.%) bar
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Table 2 Properties of FRP bar materials

Jtems Kind of Fiber Diameter | Tensile strength | Elastic coefficient | Electrical resistance| Specimen
(mm) (MPa) (MPa) (€2 No.
CFRP (CF 100 Vol.%) 12 4000 2x10° 10.78 C1~C3
Bar . CFAFRP (CF 18.4 Vol.%) 10.5 3000 1.16x 10° 9.71 Al~A3
Hybrid type g
CFAFRP (CF 3.3 Vol.%) 11 2000 0437x10 6.00 CGI1~CQG2

(c) CFGFRP (CF 3.3 VOL %)

Fig. 4 Specimens of FRP bar reinforced concrete
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Fig. 5 Layout of flexural fracture test of specimen

Fig. 6 Setting of test specimen
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Fig. 7 Changes in electrical resistance, flexural tensile strain &
deflection as a function of load for CFRP (CF 100 Vol.
reinforced concrete specimen
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Fig. 8 Changes in electrical resistance as a function of
deflection and load(dotted line) for CFRP (CF 100
Vol.%) reinforced concrete specimen
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Fig. 9 Changes in electrical resistance, flexural tensile strain

and deflection as a function of load for CFAFRP (CF

18.4 Vol.%) reinforced concrete specimen
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Fig. 10 Changes in electrical resistance as a function of
deflection and load(dotted line) for CFAFRP (CF 18.4
Vol.%) reinforced concrete specimen
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and deflection as a function of load for CFGFRP(CF
3.3 Vol.%) reinforced concrete specimen
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Fig. 12 Changes in electrical resistance and relative change
ratio electrical resistance as a function of deflection
and load(dotted line) for CFGFRP(CF 3.3 Vol.%)
reinforced concrete specimen

Ar) 4250p ATES vEbd F oA o] 71
% F48) 2Rk ANAFAPHFES V5T
4e ekt

o]4e] 3z Uig dolBe|=d FRP B39 3l
FUAE AM715 540 datd A=
Aol 7HR SHA MEE, A

:’
r
i
0
2 >
Ul

se) A AEA
A A A9 AGIAR dedT, 4RE

e 2
=
N
>
o
rlo
iy
£x
Y
[o

Z7h AR, o) WYL
1Al kel B o alek o) o, s

viagel disl ARALFE 345 sk Feol
AT % Ao, o, HAE ean=s A3

1°ﬂ EPE‘r CF7} J}DPo}— —‘?—E} B} g o=
‘IW AFRP, GFRP9| 4}47 = EE—E CF9 73 =
zAsA a2 717Heke F2EY H3E BE & ¢

& Ao®w AlFHAT CFe ¢t = ghalAFol
GFRPY AFRP7} 7|AH A& A8t 7] g

o,
>
N
ey
>,
:
>
o
20
>
o
ﬂ
B
rir
1
.
-
x,
52
~

golc},
Z, CFE SRR AMEM AHgela, oluth A&
#E 7= GFRPY AFRPE E7AEZ AMS-3H 1 3
el et S SEAA FEE JAH AfE Tl
F Slel, 498 e A ZUET R
A

i

CFGFRP, AFGFRP s}o|HEg]x= FRP R 729 Ap7izlch

AR T 83 s Aoz WuE,
H, A7|AF Wsle FadEY WA o A
HHAE HeEhiL At ©]= CFGFRPZ ZAF EdA
71A1A G3= A7AZPHsIEA] HFE F IdLs _o/]g]
ek ek mwu M S B7)7ke) X7 So
ZE3} Zro] AN E = _qixh:
*o FollX A7AE FHorRE ¢
B 5% ZheksbE A uﬁw} X%Hl%°§

FRPoIA] CFe] A4 ¥ (vol. %)% 2
AR AR ‘?H dMe MRS 715E SES
TS & 5 A 2Y shEH CF—J !
(vol9%)E 2 5 FAPRE W] dE F UE A
o= FeEo] AT AMEA Y Jso] v e
Aoz At
uebA, olek e 5AE o] &3, ks 2 o]
3

off ov (& I
ok
NS
i 2
AUy e
rl

o B
= [}
£ &N-—f’:
m\l 0 o
rnglN‘——%?ffJ

2,

oL T2y
o S
érﬁ‘i‘ ~
12

4

BN

m{n

1o

2 ol
o
R
ed
r(
r°1' r

o] &tA A7g s}
h CFE-3HA 7 2

) @¥ H spolne=g FRP BAZ] 570
kel HEs) & Ash, st5el 3bet thwe] A7)
Age AAHow Frke| 7pAT, o= WL
2aspd HAHH R 274 ‘ﬂ:@}o}ﬂl B
& ¢ Aok of w, dFAse vAg] wls)

HstEE w43 Matete o] EATE ¢

)

o}
=9, e E

CF, AFRP, GFRP o & H

=

l

2
o —{)' o‘T’L’ HJIO



3tith, olef| whel, stolHe| =Y FRP Rkl 7

gdste ACETH IIE dF3EA,
?J sl 5798 7t AFRP, GFRP
of Wt o= Axe J7He FEE

AR AFE 288 & 7 AU

2) OlE%lEi, CFE AR AM2A A8, Om
ot X EAE 72t GFRP, AFRP 5% RYAER
AHEst, 1 Aol met 33 RS A] F

NNAA s FAZ F 9o, 2 7Ed

2 A7E 404071497 2
ol olg Al Aol ola] S 2 2
A=Y EF FRP Alde] gxste] 74 (F)EA
4o =g

1. EERELME, WIEERE, f2HTE S, CFGFRPIEA I &
CFGFRPH; 2 > 7 ) - F OBURE Collr, HAREREPEIK,
Vol.100, No.12, 1992, pp.1429~1434.

3t
e B B9 AL £Ye + glo] oHyE 7 A ,
2zo axdel wUE °§§ﬂ1 sag = 2. REEHHE, W, MER, 727 ) MABICET 2B
o ZTE}QL ;} L _;r el = v I, A b3 2 ) RETE, NodT. 1993, pp.826~831.
}\}»T;}':ﬂ- ‘1_%1_ \__‘;‘— _1_?_"\0‘&'-‘1]('1_‘ 1 OHZ - T 2 3. ﬁ‘k%%ﬁm, TWEET@EF], *ZEE%L@, CFGFRP/E%C;J: Aavol).
TAFe CFe o8 Aol CFael S MREEHOBIERE, £ 4> }3 22 - MRTE, No. 48.
e} A7l = &S & & o], NHA Tt 4. EEREHE, WPETEHA, A2MER(1995), K& T 2 AN
2o ATAAE CFH] B AAEA o) ulelr el 27 )-MeBl 2GR CRE, A b
5 A A2 £ Ak wEkd Boh A 227 70 - bk, Nos76, 1994, _
o EAARE o8 o5 7] HIEGARR 5. 1240835 17\9;’7-]‘:'/71'\:/\7 b-VI, BABSHREGEE, Vol.23,
B A3 gapgAe e d& ¢ dss ¢ 6. N.Muto, H.Yanagida, T.Nakatsuji, M.Sugita, Y.Ohtsuka,
T %lo] & CFGFRP slo]He|= uibar)e] AH7Hd Y.Arai and C.Saito, Marerials design of CFGFRP-reinforced
G AXEA Y AT =HE] e Aoz A concretes with diagnosing function for preventing fatal frac-
w}, ture, Advanced Composite Materials, Vol4, No.4, 1995.
7. K. Schulte and C. Baron, Composites Science & Tech-
ZIApel 2 nology, No.36, 1989, pp.63~76.
8. ®}zt7], EAYE BAE FAA slolHEE= FRP B
<4 A B AL, wprbe =g, Ak, 2004,
2 of 2 dA7eE TIAYE BTSSR AEE TY FRP EE Slo]EIE FRP (A7148 EAE 7K de)e A
1A% ‘Tﬂﬁ} E’-HEim oM, FagES I th3t AT A8 54& AES] A8 FAEAT CFRP (

T4 ), CFGFRPS} CFAFRP (3to]B2)=3)e] 3Z37=Z Wity ZAE § 3% st dAEE 58 7lele] ¥

Ee gyt @gstr] %
&, A7 59 Wshs
BAw 1 & 3jo)Egm FRP AlE Z

%E

SHA20{ OI0|22|SFRP, CFRP, CEGFRP, AFGFRP, X}JIA

Ao Bado) W74 WEe
2Y8QY. 1 4%, FAYE 943 93 A a2dfdol B o AAge 24 37
IR fRl g ol =7 o) 71 Alst ot
o= yske}. Webd ©ad47t EE slolHelE FRP
AV AREAG A8 8 AMgel THsEE ¢ 4 Utk

zABA, 7} 9

SARE BT
o AYY F glo} TAYE AP A AAGANNA =
Fee 2ANE ARAY B E Al 2AT F s

1) BABAE HEAAE W14, W

2I2|E T XY HES 2/8) 510(22]= FRP 2220 M8 54| 445



