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Concrete Shear Strength of High Strength
Concrete Beams Reinforced with
FRP Bars

Hyeong-Su Yun

Department of Civil Engineering, Graduate School

Pukyong National University

Abstract

It is pointed out as a pending issue today that the corrosion of steel
deformed bar shortens the service life of steel deformed bar concrete
structures. Especially in the territory with cold weather, sizeable
amounts of Calcium Chloride are used to remove snow and ice, in which

the corrosion problem of deformed bar is very serious.

In case of domestic, steel deformed bar concrete strictures, corrosion
of steel deformed bar appeared with the approximate degree of 15% in
the floor plates of concrete bridges located on the highways and urban

area as well as those located in the oceanic environments.

In order to prevent such corrosion of deformed bar, countermeasures
such as usage of epoxy coated deformed bar, restriction of cracked gap

in the service load states, usage of latex treated concrete, increase of



coating thickness, etc. Recently researches on the application of
FRP(Fiber Reinforced Polymer) Bar, which has high tensile strength in
substitute of existing deformed bar, are actively going on in Europe,

Japan, U.S.A. and Canada.

Accordingly, this study suggests, through a series of test and its
analysis, the fundamental data for establishing the design standard of
FRP bar concrete beam, which meets the real situation in our country.
Also, in this study, three kinds of bars were used, comprising CFRP
(Carbon Fiber Reinforced Polymer), GFRP (Glass Fiber Reinforced
Polymer), and HFRP (Hybrid Fiber Reinforced Polymer). The shear
forces effected by concrete were estimated after having used these FRP

bars flexural reinforced bar in the concrete beams.

In addition, Experimental results obtained from twenty-four simply
supported concrete beams are compared with values predicted by FRP
shear strength expressions proposed in the various literatures, including
the ACI Committee 318 and ACI Committee440. The shear strength

correction factors are proposed through the regression analysis

_Xi_
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A4, WAZIA, AR, AdZAdE To AEE FHoY S x2dA
of Aol Fste] AEARR AME ThsAdol A VvEd. 1
U FRP bar= dotats 2 g9 d53o] glo] - H o= 7
&ot7] wEol FRP bare] A54 SAS wdsts AEeT AA 70
R

v, Ay, 7 selA = oln] FRP bar= FRZI ZAE A4
o # B Ad AFol #E oj2A, AP A7 e WyH L 1o

et HAFES Fdgerta g AAo) AW el A9 FRP bar A
7)ol o] L] 9ol o WL o2 AEAH Arryt QrHEY.

=2
YE HoA FAYEV} 2t AUy 43 Aozt de AoeE H
AEA AT kA 7]EY AL FAYE R
bar ZAYE H FAYEV} B st AGHGEE Hrete 4 Fol F
B\ 7t7b "dka sta dow, AAT HAE st APAYA AFE

AP vk & AFelM= oy A9 d#oz FRP bar 247



Welsls A s S d#E o FRP bar 238 E H A8 Edo ZALs|
Bz skt

B Ao e 14E 2aUES AAEE FAYE FREIH ¥ B

42 WAste] FRP Bargs AH&ete 4 Fol n4d= Fa2E

¥ FRP Bart =Wl o] (F)DAAANA ALk
gt CFRP(Carbon Fiber Reinforced Polymer), GFRP(Glass Fiber
Reinforced Polymer), HFRP(Hybrid Fiber Reinforced Polymer) Bar®] 3
FTHolth. o5 FolA HFRP Bart FRP A= @ HAAHS F53}
7] st A#E AomA, AFE w4 (Carbon) Ao 2 ol 3low
AFFHE ot =(Aramid) 2 =& 3ot}

712 el A ok 6/1€3F B OAFAE FAT F 438 7] A A

4 Fohol 3%, W9, WEE Fo AYAE ASsgon, o5 2
£ PMste] uPE 2AES ST FRP Bar 2adE o4 23
YEZ e AUE4e BA s



FRP Barel ®hg Aol opAdA v= d& Ayt T Ad=&
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3532 9l =3 ACIol A= FRP Bar® X273 AT ES AA 4 A
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a2 E4aAelAe) ety 543 Az dx4EF 52 149

A71AE A Wete] By g A7 FHH oF A#d 4+ = FRP

2.1 Michaluk ¢ aF

Michaluk 5”& Zo] 3500mm, +=#%F 3,000mm, % 1,000mm, 7
150mme} 200mm= A2t 143 S Fwngau s g2 &7 9
stel 274 10mm, 15mme] ol¥8 A, A4 8mme CFRP Bar, &7
9.5mm, 12.7mm, 159mm<¢] GFRP BarZ 83l 2835ttt w3 A g
Azt 71E9 AGPFE A2 (ACI 318)°] GFRP BarZ R 7 ¥ &g H 9
AGF =2 Foigrtetr Ytz B, FRP Bar$ 29 &4 A

(£ £)E 71E DDA E Aol dto] FRP Bar® R 7JdE Hel df
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v, = TV sd) 21
4714, ¥, = FRP bar 2295 19 2a20E AURE (MP)
£ = FRP bar® @445 (MPa)

E, - A9 v4A% (MPa)

2.2 Deitz 58 AT

. 11
Deitz =

2 Zo] 2970mm, <Az 2740mm, F74 190mm, *
305mm= Al zte "2 91 d(deck paneDel #7 15mme] GFRP Bar, 2
7 16mme] o A2 ZE I H(ECS) 183 GFRP Bar$t ECSE &
A B FAel g #F AdS A 43 23, Michaluk 5 ©]

AA G G = Ao g oY daiEet AP vEbd de o

v, = 3%( %L\/TM) (2-2)



2.3 Yost 59
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8Fal, Michaluk So] #|¢tdr 21 & wthE AGdA =S 342976, Deitz
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2 o wkEEojxitka a9l

2.4 ACI 440 91939 9+

ACI 440 $1 93]l & o] 17k < o FRP Bare]l #d® 2% wgro
2 AA 2 AF AFHAA Guide for the Design and Construction of
Concrete Reinforced with FRP BarsZ A AIs A th o] A Ao =
o2 FEAE o FRP Bar®2 JRZE Ho A4 vE 13
o] & 2(2-3)3 Zo] FRP Bar® H7}® ZaYES HAAEE 3}
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2.5 Tureyen S 9+
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Tureyen %
406mm<] Hol A7 159mm<e] GFRP Bar, AFRP(Aramid Reinforced
Polymer) Bar 18|31 Ao 2 H 7S AFAES A ztsle] a2 dgS 2
AR AL, 719 ACI 3189 A4 = AlAkA 7 ACI 440 143l A A
, ACI 3184 FRP Bar®Z #x®7}td &
AE FA Adg S Hofgriets v, ACL 440 91939 A ¢

e

ol Ao AdEScl drtn FAsg, £

1>
flo

Tureyen < HASLZIAHEO iz ACI 318 AL FIEEAM

(o, — p&/E)E &3 0] FRP Bar 22 0] ] +48 A4 %

BAE AdAAT. =Rl AR 2AZE AARAF A Ge 2
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o] 9 ZAolEx 250mm%}t 2400mm(A 7+ 2200mm)E U A

shar, Fo] 150mm¢l FIAYE HE AZsdd. FRFTOE J9Imm
FRP Barg 77} 284 AF&cto] Azst3d olz3e HuE st
150%250x2400mm(#] ZF 2200mm)<e] Xl D13 H 285 FRATo=
AbE g Z2AYE BE Agetdn. & Ao A8¥ d< % FRP Bars
o A EAANE <F 3-1> Agste] veEb A
< E 31> HZXMEe 22|H HA
wze EREETRS ST IezE o
(MPa) (MPa) (MPa)
Steel bar 200,000 300 440 D13
CFRP bar 122,000 - 2,135 ¢9
GFRP bar 41,000 - 1,020 09
HFRP bar 60,000 600 670 09
EE A5l B 3RS Azste] AP ARAH S 7ekd. ol B
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A = mzx e 9 2 (kg/m?)
sz | 27z | Aue
A g E=3 o
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(OA)) = KH
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a; = 97.335¢;, — 0.033 (4-4)

r’ = 0.728
By = 0,120% +0.220 (4-5)
r* =0.925
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APAY A= AAAT7E 1o 27 Fd4=v 9 T2 Gk
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21(4-4), 2(4-5) Z25YH T AadAd=wmAgAFe) dFoLRE 7T
FE uE <X 4-4>0] JEUAL, o Gk AEHR
3}

I o] 27k ARTAS <2 4-19> <19 4-20>0] e ST

— HA =9
o B
A8 A b/ o d :
Fou MEA | MorAl | MEHA | Aok
C-N-SN-1 1.213 0.738
C-N-SN-2 4.852 0.00175 1.332 1.670 0.811 0.802
C-N-SN-3 1.362 0.830
G-N-SN-1 2.744 0.562
— 2.277 0.00249 2.390 0.493
G-N-SN-2 2.592 0.531
H-N-SN-1 1.053 0.315
— 1.523 0.0001 0.940 0.402
H-N-SN-2 1.375 0.414
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Calculated o,

FRP bar 232E 2o MutdE 2F 7=+ o0l

CFRP

‘d jguawadxg

Calculated B,

FRP bar232|lE Eeo| Moz HEH A F ﬁjoﬂ

258E

< a8 4-20 >
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HEZTe nAAAR2 17 % FRP bar ¥4 9A] 99 E3FEA
FRP barg ¥ 27 o= AL43 4§ A E] HAeke 7ol #3}t
of A" WEe Fxdo ZAaYEeE AddE HEd 44-2)9 4
(4-3)3% #o] 7tAedoen, 2 AP AA}E5=5E FRP bar® FFol o

<

g AnE o@H G

E; = FRP Bar®] ©A 744

E = Awe] gAAs

S
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< E 45> 1L FRP Bar 232 E 2o e ek Gt

Al S F o E; (MPa) & EH(kE)EFEj' o ﬁf (= af%)
C-H-SN-1 30.018 1.212 0.739
C-H-SN-2 122,000 26.465 1.068 0.652
C-H-SN-3 27.883 1.125 0.686
G-H-SN-1 20.290 2.437 0.500
G-H-SN-2 41,000 20.430 2.454 0.503
G-H-SN-3 21.662 2.602 0.533
H-H-SN-2 15.043 1.234 0.370

60000
H-H-SN-3 16.237 1.333 0.400

<3 4-5>A Hi= oukel 2ol apgke] CFRP bar A @Al= 1.1~1.2,
GFRP bar Al@ A& 24 ~ 26, HFRP bar Al@ 4+ 1.2 ~ 1.32 YEY

o HEAE BACA AF nkeh o] fSighe]l Atke 22 FRP bar®

)

g% G SdAERd 7 Ag A FraAE & dERdh
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7 Coef of determination, r2 = 0.919
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a; = 89.076¢;, + 0.044 r? = 0.661 (4-6)

B = 00842 10,291 r? = 0.919 (4-7)

fSH,

Yol aoA HiE vlel o] 7= FRP bard =3 W &Ho| tfg

kel AAASFG)E 066124 Bighel A%

oL
)
-
=
=

ol
ol
&
o
=
)
o
it

S ARAAES st dae @4 =e W 7 FRP bard] =3

=
N
Hi
flo
o3
r )
r <
-
et
v
o
=
32

ZEvlet BaAA ] AR AFE 09198 o©

wetA] G Eo A= FRP bargs AFE3 Z3FE H A dAe] At

e B
! f
NeHy | L €
Fou MEA | HMetAl | MEA | Ao
C-H-SN-1 1.212 0.739
C-H-SN-2 4.852 0.0175 1.068 1.603 0.652 0.699
C-H-SN-3 1.125 0.686
G-H-SN-1 2.437 0.500
G-H-SN-2 2.277 0.0249 2.454 2.262 0.503 0.482
G-H-SN-3 2.602 0.533
H-H-SN-2 1.234 0.370
—————— 1.528 0.01 0.935 0.419
H-H-SN-3 1.333 0.400
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Calculated o,

< 38 4-23 > FRP bar 232|E 2o MtZE 2F A+ o0

15

d reuawiiadxg

05 —

15

0.5

Calculated p;

< 3% 4-24 > FRP bar2 32|E Ho| Motzdx 2H AF Fof ofs
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SAFSHA <1¥ 4-25>3) <1 4-26>04] REZE
of A= FAYE HolA o9 § & 37 £48ke] eI

<E 47> ESYze 1T 232 E 2o FRP Bar op ¥ Gt Bl

o) At E
N E, (MPa) a B (=a,=L)
! (KN) ! T
C-N-SN-1 22,125 1213 0.738
C-N-SN-2 122,000 24.285 1.332 0.811
C-N-SN-3 24,850 1.362 0.830
G-N-SN-1 16.820 2.744 0.562
41,000
G-N-SN-2 15.885 2,592 0.531
H-N-SN-1 9.445 1.053 0.315
60,000
H-N-SN-2 12.335 1.375 0.414
C-H-SN-1 30.018 1212 0.739
C-H-SN-2 122,000 26.465 1.068 0.652
C-H-SN-3 27.883 1.125 0.686
G-H-SN-1 20.290 2.437 0.500
G-H-SN-2 41,000 20.430 2.454 0.503
G-H-SN-3 21.662 2.602 0.533
H-H-SN-2 15.043 1.234 0.370
60000
H-H-SN-3 16.237 1.333 0.400
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Coef. of determination, r2 = 0.689
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Shear strength correction factor 3,
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T O High Strength Concrete
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a; = 92.588¢, + 0.014 r? = 0.689 (4-8)
By = 0.102% +0.256 r’ = 0.880 (4-9)

s AEA A A U-8)F A 4-9F oA & F Axol, FEE H
X ot o] ARBE BAAFTE oputh B7h ¥ e AAAFE 7HA
v A AgdAE G 7 i AdFES & F vk A9 Anw
A% apt Bro] ASkghe <HE 4-8>o yEb A

< E 48> ESUE Y DZE FRP Bar 232 E9 apnt St
MBI 0|23 D
. «
Nemey | e . ! &
fou ' AEA | Mot | AEA | Fety
C-N-SN-1 1.213 0.738
C-N-SN-2 4.852 0.0175 1.332 1.634 0.811 0.751
C-N-SN-3 1.362 0.830
G-N-SN-1 2.744 0.562
— | 2.277 0.0249 2.318 0.488
G-N-SN-2 2.592 0.531
H-N-SN-1 1.053 0.315
— 1.523 0.01 0.939 0.411
H-N-SN-2 1.375 0.414
C-H-SN-1 1.212 0.739
C-H-SN-2 4.852 0.0175 1.068 1.634 0.652 0.751
C-H-SN-3 1.125 0.686
G-H-SN-1 2.437 0.500
G-H-SN-2 2.277 0.0249 2.454 2.318 0.503 0.488
G-H-SN-3 2.602 0.533
H-H-SN-2 1.234 0.370
1.523 0.01 0.939 0.411
H-H-SN-3 1.333 0.400
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< E 49> CIE3AEAM Q9F
A% EEQx 1S A2 P-Zk

Y B 0.326825 0.061089 5.349963 0.000174
X1 & H 0.101143 0.010077 10.03685 3.44E-07
X2 HH -0.00152 0.001088 ~1.39637 0.187869

ESEE

BEH E2 QR CHE ALRHA 5 ™AL

A™AL

15 0.0567 0.9468 0.8965 0.8792

ﬁ} =a+ bz, + byxy
f; = 0.327 +0.101 i 0.0015 (4-10)
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gARGel U F2S Bed ARAFE AL B9
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At
-0.013
0.060
0.079
0.074
0.043
-0.096
0.003
-0.012
-0.099
-0.065
0.012
0.015
0.045
-0.041
-0.011

At
Ser

x| o
0.751
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=
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AR e AYAe] AARM ste] AE AFART FHFL
% AgE ARANG A5} O 4age ¢ &
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HagrtHe] ngwdAe Adgin ta AdqFrtste 4ol
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. Normal Strength Concrete
7 0 High Strength Concrete
008 — CN
® on .
- @ o
004 — . 6K
' |
= 8 e
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predictive value {§

< 38 4-27 > ZHAet o FR o TAE

HEAEe 17455 Fste 3AEA A 2(4-1002 FAAL
2 HA3s 4 4 Jddu. oo wEl <F 4-11>, <3 4-12>9F <9
4-28>, <Y 4-29>°14 ACI 3183 440218]x Michaluk, Deitz,
Tureyen?] 7|9 AAE AGF= Ak S 2 =Fox A|Ag 3

ARARAS 45 FA skl Wt

= o
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M

_65_



< E 411> SFEA HMAT J|Ef Mot Sel H@ (1)
ACI318-99 ACI318-99 | ACI440.1R-03 3HEN
A5 H) o V;xp Eq.(11-3) Eq.(11-5) Eq.(9-1) X ok4
Vie |52| Voo |72 Voo |72 Vi |7
the the the the
C-N-SN-1 | 22.125 | 28,570 [0.774| 29.650 |0.746| 10.106 | 2.189 | 24.089 | 0.918
C-N-SN-2 | 24285 | 28,570 [0.850| 29.650 |0.819| 10.106 | 2.403 | 24.089 | 1.008
C-N-SN-3 | 24.850 | 28.570 | 0.870| 29.650 |0.838| 10.106 | 2.459 | 24.089 | 1.032
G-N-SN-1 | 16.820 | 28.570 | 0.589 | 29.650 |0.567| 3.396 4952 | 16.377 | 1.027
G-N-SN-2 | 15.885 | 28.570 | 0.556 | 29.650 |0.536| 3.396 4677 | 16.377 | 0.970
H-N-SN-1 | 9.445 | 28570 |0.331| 29.650 |0.319| 4.970 1.900 | 14.119 | 0.669
H-N-SN-2 | 12.335 | 28.570 | 0.432| 29.650 |0.416| 4.970 2482 | 14.119 | 0.874
C-H-SN-1 | 30.018 | 39.099 | 0.768 | 40.617 |0.739| 13.845 | 2.168 | 32.999 | 0.910
C-H-SN-2 | 26.465 | 39.099 | 0.677| 40.617 |0.652| 13.845 | 1.912 | 32.999 | 0.802
C-H-SN-3 | 27.883 | 39.099 | 0.713| 40.617 |0.686| 13.845 | 2.014 | 32.999 | 0.845
G-H-SN-1 | 20.290 | 39.099 | 0.519| 40.617 |0.500| 4.653 | 4.361 | 22.435 | 0.904
G-H-SN-2 | 20.430 | 39.099 | 0.523| 40.617 |0.503| 4.653 | 4.391 | 22.435 | 0.911
G-H-SN-3 | 21.662 | 39.099 | 0.554 | 40.617 |0.533| 4.653 4656 | 22.435 | 0.966
H-H-SN-2 | 15.043 | 39.099 |0.385| 40.617 |0.370| 6.809 2209 | 19.342 | 0.778
H-H-SN-3 | 16.237 | 39.099 | 0.415| 40.617 |0.400| 6.809 2.385 | 19.342 | 0.839
v, = é V7 4,4 [ACI318-99:Eq.(11-5)] (4-11)
v.=0.16V /417.60 , )é 7 [ACI318-99;Eq.(11-3)] (4-12)
v =ty [ACHM0.1R-03:Eq.(9-1)] (4-13)
908 /.
V= B,7., B, = 0.25+ 0.1022% (AARAAFA) (4-14)

S su
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< E 4-12 > 37 EA HHAID J|E K oHAISe @ (2)
R
Michaluk 2! Deitz 4| Tureyen 2|
ANEHY | Vi, e
Vae |322| Ve |222| Vi | 522 | Vi |92
the the the the
C-N-SN-1 | 22.125 | 18.090 | 1.223| 54.259 |0.408 | 12215 | 1.811 24.089 | 0.918
C-N-SN-2 | 24.285 | 18.090 | 1.343 | 54.259 |0.448| 12215 | 1.988 | 24.089 | 1.008
C-N-SN-3 | 24.850 | 18.090 | 1.374| 54.259 |0.458 | 12215 | 2.034 | 24.089 | 1.032
G-N-SN-1 | 16.820 | 6.078 |2.767| 18.235 |0.922| 8.760 1.920 | 16.377 | 1.027
G-N-SN-2 | 15885 | 6.078 |2.613| 18.235 |0.871| 8.760 1.813 | 16.377 | 0.970
H-N-SN-1 9.445 8.895 | 1.062| 26.685 |0.354| 9.967 0.948 | 14.119 | 0.669
H-N-SN-2 | 12.335 | 8.895 |1.387| 26.685 |0.462| 9.967 1238 | 14.119 | 0.874
C-H-SN-1 | 30.018 | 24.780 | 1.212| 74329 |0.404| 16.733 | 1.794 | 32.999 | 0.910
C-H-SN-2 | 26.465 | 24.780 | 1.068 | 74.329 |0.358 | 16.733 | 1.582 | 32.999 | 0.802
C-H-SN-3 | 27.883 | 24.780 | 1.125| 74329 |0.375| 16.733 | 1.666 | 32.999 | 0.845
G-H-SN-1 | 20.290 | 8.3260 |2.437 | 24979 |0.812| 12.001 1.691 22.435 | 0.904
G-H-SN-2 | 20430 | 8.326 |2.454| 24979 |0.818| 12.001 1.702 | 22.435 | 0.911
G-H-SN-3 | 21.662 | 8.326 |2.602| 24979 |0.867| 12.001 1.805 | 22.435 | 0.966
H-H-SN-2 | 15.043 | 12.190 | 1.235| 36.555 |0.412| 13.653 | 1.102 | 19.342 | 0.778
H-H-SN-3 | 16.237 | 12.190 | 1.333| 36.555 |0.444| 13.653 | 1.189 | 19.342 | 0.839
Ef 1 ﬁ (Michaluke] 2] 3 #]gF4]) (4-15)
V,= Ef—i VFbud (Deitzell o8 A2FA) (4-16)
5 Vb
V.= (0.04lnp sy +0.174) \/fb,d (Tureyenel o & A& 4]) (4-17)
V=B V.. 474 B, =0256 1010200 (HARAA 9% AL (U-14

su
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Vexp / Vinhe

W ACI318-99 Eq.(11-3)
B ACI318-99 Eq.(11-5)
0 ACI440.1R-03 Eq.(9-1)
0 31724 7 ot

C-H- G-H- G-H- G-H- H-H- H-H-
SN-1_ SN-2 SN-3 SN2 SN-3

C-N- G-N- G-N- H-N- H-N- C-H- C-H-

C-N- C-N-
SN-1 SN-2 SN-1  SN-2 SN-1  SN-2 SN-3

SN-1  SN-2 SN-3

M MorA T J|EtH B EA S 8T (1)

< 3 4-28 > 374 H oty

B Michaluk A4
W Deitz 2
B Tureyen 2
O 31724 okl
3
(0]
<
>
~2
[o} o
1 b K
0 i | L | J i ‘
CN CN CN G- CH GH GH- GH-
SN-1 SN2 SN-3  SNAT SN2 SNHT SN2 SNAT SN2 SN-3 SN SN2 SNS3 SN2 SNS3

< 33 4-29 > 3|7 =4 A ety

=
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<9 4-30>3 <29 4-31>2 449 AlgdHA U3k o] Zge 7+ A
HE Hae ke Jetdla Aok adelA & & d%o] ACI 318-999]
FAL 2E AgAA dste] AFH 037 ~ 0.83)3 = AFS 7R

ofof wka] ACI 4401R-03-% A|WA Al #}A 7H3.42 ~ 952)8k= 7 o)
9lth. 283 Michaluk #|¢H4-& ACI 4401R-03 Rt} oFshA 5+ w37}
A= g 7H114 ~ 269)8h= A FE 7HAM, Tureyen AgFA A A

H2H7H115 ~ 1.94)8t= A TS 7AW, Deitz 212 GFRPo| 7 9o =
Aot 3k 2 e 2 7F w528k 7H0.90) thE FRPY 7 $-ol= o 7H0.38
~ 044)3t= A gS 7R

ftlo

BAC 318 PEq.(11-9
BAC 318DEq.(11-H
0AC 401R-03Ea.(941)
DSRHEA Rioky

Vexp / Vihe
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