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Experimental Investigations on the Flexural Behavior of One-Way Concrete Slabs
Reinforced with GFRP Re-Bar Bundle

Soon-Jong Yoon', Byung-Suk Kim", Sung-Kun You ", Jae-Ho Jung”m, and Sang-Kyoon Jeong‘m

ABSTRACT

In recent years, the investigation on the development of fiber reinforced plastic(FRP) Re-Bar has been greatly
increased due to the attractive physical and mechanical properties of FRP. The primary reason of such a
tendency is in the fact that it does not ordinarily cause durability problems such as those associated with steel
reinforcement corrosion. This study is an experimental investigation on the flexural behavior of one-way
concrete slabs, which can be used to construct bridge deck, reinforced with GFRP Re-Bar bundle. The tensile
tests of GFRP Re-Bar produced by domestic industry and third point bending tests of one-way slab specimens
reinforced with GFRP Re-Bar bundle are performed. For all slab specimens, load-deflection relations are
predicted by using the ACI committee 440 and the results are compared with experimental ones. In order to
establish the design criteria or guidelines of concrete flexural member reinforced with FRP Re-Bar, it is needed
to evaluate the serviceability limit state as well as the strength limit state.
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Fig. 1 Strain and stress distribution at compression failure condition.
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Fig. 3 GFRP Re-Bar.
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Fig. 4 Gripping scheme of tensile test specimen(6].
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Fig. 5 Tensile test specimen of GFRP Re-Bar.

Fig. 6 Tensile test of GFRP Re-Bar.

Fig. 7 Tested specimen of GFRP Re-Bar.

Bag AFZA32,3, 70 wad, d29ds 28 FRP
Re-Bar9] AZZ = GHH 943 Po| won GFRP
Re-Bar9] A% ©He A Fo] 9.5~222mm7+A 7|
ugt AAREE A 40%7HA Base Roz Jehwth
wetA, B dFoAE 23 EY QARE BAREI] 9
sta] X Zo} &L GFRP Re-Bar 3715HS thi(bundle)d] &
B2 Folx Ag-8hoich

Table 1 Tensile strength and ultimate strain of GFRP Re-Bar

Specimen No. S MPa (kgflem®) &}, mMm/mm

1 761 (7,782) 0.0305

2 655 (6,681) 0.0264

3 761 (7,782) 0.0298

4 749 (7,683) 0.0267

5 763 (7,784) 0.0277

Average 738 (7,530) 0.0282

Stress-Strain Relationship
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/'\
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Fig. 8 Stress-strain relations of GFRP Re-Bar.
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F(1me Ze Fol 25emQ) YukEQ) wH 4w %a}l
HaA dgA9 Zole 4molt}h UF ERAZE FHYA
Eol 9.53mm(FAFHEA: 0.713 cm’)$) GFRP Re-BarE 37§
A g 9rEo] ALg3igich

A3 B3 EY AAVNELEREFDE 270kgfem’
o]™, GFRP Re-Bar® E.7Z%2 R AH|(p)7t FPEZH]
(0)9 144 o]dol HEZ AAFAT Z+ ddA9 &
HA) 4 9 GFRP Re-Bar?] B33 Table 20] YehQlo
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Fig. 9 Details of reinforcement and dimension of test specimens.

Table 2 Specimen dimension and reinforcement quantity

Specimen No. \22::)‘1 Pz:ifll;t Lz:;)th Ar (em®)
Slab No. 1 25 100 4 (6E AX]§.350.713)
Slab No.2 | 25 100 a (SEAXI73'>130.713)
Slab No.3 | 25 100 4 (IOEAf 1513 0.713)

1.2m N 1.2m iy 1.2m
I
K g T LVDT #1,#2,#3 e d
oo Lo Lo o ]

Data
System

Fig. 10 Test setup.
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9} LVDTE H9 F%o] HA&5ch Fig. 102 4@ A9
SEASAE B SAHZXY HAYAE el Aolr)

42 d3dn g Aol vlwFY

2 AYA P 4YAAE ol HNAe v,
4T 23%e oe 2o

421 BRHRc 9 HgstF

A¥ZA3 Slab No. 29} 3 AHAY FyPge HEd
AR Fho] TAFX F AFPEEZHE 30~40cm F=E F
oA oA Hdde] o LT Fhol 4FHFNA A
e goEs Ay o399 A 2R} Slab No. 1
A AL cEHo2 AT T3 Fo) =BT F
e AAsHLH, 37 AA F A AAHE A F o
AEHRJ =Y ol U350 vl GFRP Re-Bar/} ©4
Aol 917 W& Rez Q)

Fig. 115} 123 Slab No. 29} 3 AgA 9 HFuag ¥
9 2gg vebd Aolt) Slab No. 39 39 Fig. 12014
Bo R uiel Po] EYEY Avvly Fojx AR}
¥ GFRP Re-Bare ISR F2 AHZ ol Jo} &
AT Eete] iAol EEEHATES € F Ak olyF 2
= GFRP Re-Bard} 23 EQ RAJEI} FZ=IdE
of & 2] wEelgtn Aztart.
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Table 4 Failure mode and flexural strength

Failure Moment capacity
Spec. mode (tonf- m)
I‘\)Io, odon @ Rmn | Rma
Pred. | Exp. M, | Mq | Mg
Slab C - 144 10.7(1334| 9.34 | 1295} 097 } 1.39
No.1
Stab C FS 195 10.7}115.06110.54)17.23[ 1.14 | 1.63
No.2
Iil;l; C FS 235 [0.7(16.52(11.56]17.33( 1.05 | 1.50
Fig. 11 Failure of slab No. 2. i

Pred.: predicted result

Exp. : experimental result

C  : concrete crushing

FS : fracture after shear crack

¢: strength reduction factor
RMn = Mexp/Ma
Rume = Mexp /My

Table 4= 2+ AFA gl c]&x oz 453 o
=, FAYAE 2 AARAEE 4929 wmsle] 1}
Ehdl Aolth o]&H oz AN FARREY i 49
Ao HAgExAES HlE o 1.0~1.15 Alolo] glon,
AAER= o Ao HHEAE] u= o
1.4~1.65 Aleloll AT

422 AR 9 74

Table 5= o302 A4S AFA F4Ad FFEol
LA g9 AAF AGAAE dddTe v wste et
A Aol

Fig. 12 Failure of slab No. 3.

Table 3 Cracking load and the maximum load

Table § Deflection at cracking point and the maximum deflection

Soecimen Cr;cking load Ilrlax load Specimen 5 = (mm) . 5 mee (mm) N
peNo er (tonf) Res o (00D | R No. pred. | Exp. | Pred. | Exp. -
Pred. | Exp. Pred. | Exp. Slab No.1 | 1.07 1.15 1.07 99.27 | 93.03 0.94
Stab No. 1 Al 0.99 2067 | 2150 | 1.04 Slab No. 2 1.07 1.90 1.78 9422 | 116.57 1.24
Slab No. 3 1.07 3.17 296 88.05 93.25 1.06

Slab No.2 | 415 | 426 | 1.03 | 2355 2871 | 1.22 Pred. : predicted result

Exp. : experimental result
Slab No.3 4.64 112 | 2597 | 2889 | 111 & o . the deflection at the center of specimen when crack occurs
| in concrete
Pred.: predlcfed result Recr = Perttxp | Pertpreay & max : the maximum deflection at the center of specimen
Exp. : experimental result Remax = PrastEsp) / Praxpred)

Rser =6 cl(Exp.)/ 5 er(Pred.)

Rs max = & maxexp)/ 6 maxpred)

Table 32 ZF AP A i3] o|8Hoz AL F43
Z3 HdgsEL vmaled velhd otk olgHoz 7 olgzog Aigd FHol HAT weo HEA FU4A
Argk FgstEo] g Aol A FdatFe viE o oA Aol g Al AT AP Hle °F 1.0~30
1.0~1.1 Atolel om, oj@gHeoz AMF HUstFd o2 gi & AolE JYEHon, oEHOE AT H
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Load - Deflection Relationship
Specimen : Slab No. 1
30 5 ‘
25
|
! / .
g
Theory
Measured
0 20 4‘0 60 80 100 120

Deflection, 8 (mm)
Fig. 13 Load-deflection curve of slab No. 1.

Load - Deflection Relationship
Specimen : Slab No. 2

Load, P (tonf)

Deflection, § (mm)
Fig. 14 Load-deflection curve of slab No. 2.

Fig. 13~15¢ o|&d o2 d&g z AgAy &F-A
2 BAE AgATet vmste Yebd zlojth BE A9
A9 sF-AF BAE stFol FrMgel wer d¥ez W
ot E3EEd AFFGo] LAFHA 2 &7 F
43 oA AT S vEhlen, gagEd JdFFE
o] LG Follk &F-AY [AE Ao Moz Wl
th olgHog MG Ao FIAE UdFFLo
wAg Fo 27| F-AF @AV WAdEoz Jepde
R AP Al zelg FEVGH2AEAESL 3 Fo)
Z7heel ute} wdEH oz WEy wEoY I ojFE:

Ao AYoz ugyt afZea & £ YRo] o]&H
HHozRE FAY F-AF BAE 4FLe2RE 7
aF-AF AL A 2xiEs 99 F AU

Load - Deflection Relationship
Specimen : Slab No. 3

30

" Theory
s Meastred

( |

0 20 40 60 80 100 120

Deflection, § (mm)
Fig. 1S Load-deflection curve of slab No. 3.

HEE 7l wE gEIA A% IR FERAA
27] 40} LA F ANE.6mY FF 1370 AA
AR BFdez LA A FL 1B3FUHANA F
go| WAl 7+AL 10~12cmP L0, 7de £ AP
wat ¢ 32~3770 7 LA st

At FFFANAN HBEde TR F FFHEAENA A
HEOZ AL Tl FUreded, ¥ 35S
A Alolell A LG HFAL 3Tl FNEFE AITFE
R ks 5 4=

5.2 %
£ AFE FRP B7 23 E vlgwo HAAFES 8
P37 A8 7127} g dFEA GFRP Re-Bar thgz
B 193 SeHe] FAFEE S5t 7E AU H
A g dAMYe] 2§ Axe}l wiw, EAsgen E 4
TEZHRE 4L 4EL 023 g

() ZWolA AAt"E GFRP Re-Bar(dF3748: 68%)2]
AAEANE ZAG A, HAANRZEE F 6,000 kgf/om®
oglen, HAAFELS o 0.02280]1, BAASFE <
267,000 kgfiem® 0] 2t}

(2) GFRP Re-Bar thH2 HZE 1’3 £id A Aol
g3 ooz AP TAVAET AdZAHe} o 5~
15%2] Zol& JERNA o (Table 4 3+3Z), GFRP Re-Barg]
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(3) FRP Re-Bare A3 g dddo] wAdt7] 7R
S8-UYE #AZ d¥oln, FEHo] gtk kA, FRP
Re-Bar 27 3 E EHA 9 B L= FRP Re-Bar®] X
ZgFol W E dAuts) LAER ¥ HA s W
Ay st

(4 ATZ3YE FRAY F¢ dANIAHNE FLsi]
st FPAIHRYG FA HuH2v G HAFIuE
TR} oy, FRP 27 ZIEHE HFEAY AHfole
ZE A disl A4 HE dehlBE FEF dE A=
(reserve strength) & S H3EH7] Yl o]l&x oz ANtd
PR R} & FRP Re-Barg ¥23t:s Aol A4AS
AAgn Bzt

(5) ol&FHoE 433 BIR=E 2IAYEY ¢EHH
o 9% dAarncgoy AEda 2E AFANAM o 4
SPAAR weko g 3 Feo Adgdoe] LAy HAnd
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