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Development of Hybrid Fiber Reinforced Polymer Reinforcing Bars

and Evaluation of the Bond Properties
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ABSTRACT

The various rib geometry of hybrid fiber reinforced polymer (FRP) reinforcing bars were
analyzed by finite element method. From the analysis result, two types of hybrid FRP
reinforcing bars such as spiral and cross type with the same dimension of rib geometry were
fabricated in this study.

To evaluate the bond properties of them, direct pull-out test was performed. All testing
procedures including specimens preparation, set-up of test equipments and measuring devices
were made in accordance with the recommendations of CSA Standard S806-02.

From the test results, it was found that cross type hybrid FRP reinforcing bars showed the
highest bond strength than that of the others due to the higher relative rib area.

1ME

FRP 27229 ARd 54¢& F2 A85t 28459 a9 3% 2 $5& g4 2389
o @4 FRP 2720 489t 242t 2 S48 2244 olv= 447 slo §
JYRE G858 R SRl kel ARHE WY, FAY FHYAE TP Ao BY
91 QoH? @A, fRYRE S8e 2N UTHl dete] A&Ho oFo] ANHT o]

oo g mete] LTAY
etd B ATNAE 713 Z4¥e] 258 FAYFE FL FAURE 88T KI4H o9
o, ARl 4T WPl $48 BLUAE ERG wAe] AR BT WTHES AN &
RIS nAT tated FHF FES FPAL F At AHY v gL AXHDA Feoh
1% fAstel BRI vhrle] BAT Fol, vaEe F 52 WE2 Ho] #8422 A4S £
govl, HuEH2yE =58 Ul et AAFL A%, ARARdirect pull-ou) AYE F
st $H85e Brhaa

78 a9
AFe FHAT
Sde A

« RE Y, B2
o Q82
=73

sux B, @

20069 7he eedEs 22X 629



2.1 3lolBEl= FRP B7+
2 ATANE FUUSE T2 AAUSE HAeE, fAUF WP ARHoR oty
FSEN

0%3E FH¥ 2ol8 AR 1

[¢]
WAEY PAAAE siste] mA2e uirle) 247, v w4 B §U2H 440 FA molRs
[e]

=
HEH % R UHE vt gl MR o FE2LANE TP on, A AE Hld F

h2-a 2L &@Air3e FAE 1 mm2 313 2R AL 4~12 mmPA s ¥lAz
Aot} nmitjel THAo] FTojdFE vir|Z QA% FRP B3 e iAo Si

Aug Raee Aol Aoz Frkeh A¥ol et

[P
ofji
1o
-n
N
12
[y
()
-
$
ofN
g
ns‘;v’
2,
2
=~
H
ok
ok
ol
oX
L

u
oF 24~27% FAH AT
rh2-d 4L h2-a~c B2

| g a2 <l
0 P ooy 1 AR ATE FHA/NDA vt Folg FAAAL BAl BaFY FAAR
oV, mebd Wi Ba3e] FhEste B AT AA® Bd ¥ b e 34e e

2 A7lAE 2804 AAY TEE stolne=g FRP u4S 3, ¥4 A& 93 2 A=
A E4E 2ANA Y £ HYE AW S AT wF29 IR p2-dnde B, Y
gol 3 @AY ot E 2 2% wREe ARsdc

a3 1 slolEz(= FRP 222 9| oiolalat I3 2 slo|ER2|= FRPEZZS #atel 3§

x
W
¥

630 2527 B



Canadian Standard Association(®]8}, CSA) FF&old A58l 2d AdAANE Y wet 4388 78
Stk obge] Ay P wir] B G E FAREE 2% 7IAAFA A AFE dAE

of Z14AFL NEAEFRY Fderlng Ak
BE APAE CSA ol wet A =ts}
WAl 170e] FRP HATE FA 22 4

=18 MPa olt}.

32 494% 2 2%
APy d¥osRH 9 4 nUId RS L PRIU-SYRAS FEAIHW 4% ¥

29 19 33 2o

Model ID L. Ly D thi the E (GPa)* |Oimax (MPa)*x*
rh2~al 2.0 4.0 1.00 0.78 0.15 57.6 3,010
rb2~a2 3.0 4.0 1.00 0.78 0.15 59.0 2,970
rb2~a3 4.0 4.0 1.00 0.78 0.15 59.3 2,970
rb2~a4 50 4.0 1.00 0.78 0.15 59.6 2,970
rb2~ab 6.0 4.0 1.00 0.78 0.15 60.5 2,950
rb2~bl 20 4.0 1.00 0.40 0.15 57.9 2,950
rb2-b2 2.0 4.0 1.00 0.60 0.15 57.1 3,030
rb2-b3 20 4.0 1.00 0.80 0.15 55.8 3,100
rb2-b4 2.0 4.0 1.00 1.00 0.15 529 3,270
rb2~cl 20 4.0 1.60 0.78 0.15 71.4 2,430
rb2-c2 3.0 4.0 1.65 0.78 0.15 73.9 2,550
rb2-¢3 4.0 4.0 1.65 0.78 0.15 74.2 2,400
rhb2~c4 5.0 4.0 1.65 0.78 0.15 74.5 2,370
rb2~c5 6.0 4.0 1.70 0.78 0.15 76.6 2,340
rb2-d 2.0 4.0 2.225 1.00 0.20 103 1,650

2 Cclest FRP 22229 Ao @ FaZdret 2ld g fPdTAe Xt £
Type Fiber Specimen 1D Ulstt?;zt(i/[}%g?d End Slip(mm) Remark
Sp-l 69 200 Commercially
Spiral E-glass Sp-2 6.8 7.1 2.70 213 Available
Sp-3 76 1.70
Sc-1 7.4 0.94 .
Sand Coated | E-glass Sc-2 98 89 0.86 ogp  |Commercially
Available
Sc-3 9.6 -
Ks-1 11.0 4,96
Spiral Hybrid Ks-2 10.7 10.8 3.88 459 Prototype
Ks-3 10.8 4.92
Kc-1 12.1 =
Cross Hybrid Kc-2 142 12.9 4,06 4.67 Prototype
Kc-3 12.5 5.28
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