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Deflection Prediction of Concrete Beams Reinforced with Fiber
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ABSTRACT

Concrete beams reinforced with fiber reinforced polymer (FRP) bars exhibit large deflection
and crack width as compared to concrete beams reinforced steel due to modulus of elasticity of
FRP bars. Current design code for prediction and crack width developed in concrete structures
reinforced with steel bars may not be used for concrete beams reinforced with FRP bars.

Thus a number of researcher have attempted to propose modifications to the ACI 318
empirical equation for estimating the effective moment of inertia of reinforced concrete beams.
Others used numerical method to calculate the deflection. The purpose of this paper is to
evaluation of methods of ACI 440.1 R-01, ISIS Canada design manual, and others for predicting
deflection for glass fiber reinforced polymer reinforced concrete beams.

1. ME
FRP Eo‘ T2 A2 FHd AT ZEAHA A=A BF, TRTA, ¥ AFF=S & A=Y
H 23 ‘i ok 2 ¥ 13 go] FRP 8329 W& @445 #5833 24700 fle

834 E’“ st FREA AL of 7€) FZEIHE BASE dE ASE Vel g
olo] oig "’347} gasith, guba oz FRP B9 #e 84ASE FA9 AFL IA &, old o
g FREAZA AP A 2AY 4 o) 3 FRP 2729 & dARE= Adld Oy 2¢
Zo] gPEZN7} FTE AIEE dd vge 1/7~1/102 RolXy, ol WE Yy R AFEANS
nejstdol gt} weld FRP BAZE A4S FEREA] FEF NFFe dEo] FzMAd Hasd,
ol AFAZd dg 77t vlF, AUt 5 sl g gt

a8y WY Z¢ FRP B7ZEE AMHES FREAC digh 7|Eo] glor, A4 HEe 9% A7 ¥
ZF3ld FA9 AL Frt € AFE7] 43 A7V eEY, V€ AWAEY AFol A AAo|h
ot £ AFA e FRP BZS& AMES 2419 A8e 23 Asg £48x, 24 FRE 3§38
7] 918t A<’ ACI 440.1R-01, ISIS Canada design manual, 281 A3 AFAE9 AHEL
FRP EZZE& ALES E5A 2923 vuste Zt o HAHAYE Freidch =3, SIERE, 2%
H], FRP 2729 FFo| & 7t 29 HLEHES B43ld U T2 FRP 2428 &3] ¥
g 71282 g43nx 3,

» A4, gFAGaed A4
o A5 Y, DIAGTRSEY HA1TH
ex A3 Y, BINYT AVFAZATAN AFEIS
vonx B, TS AS AT BYA)
eeonx E Y, FIUYAR AZYY 25
seanee 339, B2AN7)EATY $HATY

114 F=49



== = lcrup, Leaiae
[ -- -1 /-|5 =167000 Mn

50 — -

Baienced Ratio(%)

by
T—
AP —

Stress {MPa]
.espsEEBEEND

[T Sl

Strain {%] 0.0 100 200 300 400 500 600 700 80.0
Concrete Stormngth(Mpa}

a3 1. FRPEZ29 MaME] ag 2 FyEzee v aE 3 AEH Mz
xAlg
FRP BA2E AR BRAY AFE B8 Y3l 23 2@ E32E ZXx, FRP B39 £HE
Fouiyn o Oy 33 Zo] FRAFL 5P AR E FRPEZZE Aslanitel U3 (helical)
GFRPEZ 23 ZHEALE GFRP B3 AMEdIGor, Udd BASE BAAS 40.8GPa, AAAEE
690MPao] 3, B EAIE 27328 BAAS 37GPa, AXE 898MPao|{ith Aled ZIYELE 4zt A
T

KR
AZ= SOMPa 50MPa ¥ 7}A £HE A8t ¥ 18 Z 243849 E4 ¥ A¥A3E Yl
th ® 19A8} go] FE R o]dle] AFAE A= FRPAH 35 df¢ 33 0 PgE UrEhH"‘
th a3y FERZY] o449 FRP B7Ze] BAE AFAEdME SAYE 4529 dyd gsio 2
ol FEHAR HdFoz HHH A%L Jehdfi
1 AEAdode 2 AygEn
N A7) fa Agady | B HAstE | Ay =
AT | iy | 22 e | @ | Gow | P | e | e | RS
FB-2 0.24 0.46 114.9 39.8 FRP g
FB-3 0.36 0.70 185.3 45.3 FRP =gt
FB-4 30 0.48 0.93 209.8 56.1 FRP gt
FB-6 GFRP 0.72 1.39 285.9 533 |&Z3=E ¢35
FB-8 (Aslan) 0.96 1.86 371.0 63.0 |EzdE ¢
HFB-3 | 300mm sa 0.36 0.57 155.4 40.2 FRP 9&
HFB-4 x 0.48 0.76 198.4 45.2 FRP s}ttt
HFB-6 | 375mm 50 3.4 0.72 1.14 334.1 54.2 | FRP %333
HFB-8 x 0.96 1.51 363.4 56.8 |&3E ¢
HFB-10 | 4000mm 1.27 2.00 365.6 430 | E3E 43
NFB-2 0.24 0.90 130.7 115.1 | FRP %&5 3
NFB-3 GFRP 0.36 1.36 202.0 124.7 | FRP ®2 33
NFB-4 (=ZHEAF) | 30 0.48 1.81 243.8 125.8 | FRP ¥-& 3
NFB-6 0.72 2.71 353.1 1406 | 233 E ¢
NFB-8 0.96 3.61 393.5 121.9 | £3E ¢y

3. ME4 HIt
3.1 ACI Committee 440 292
ACI 318%1 = AR Ay A% 29 FEDHNAEMES Branson®] FRF] AFA 426 7)
Z38] 2(1) F Zo] Atstn gl
M\ M_\®
=(M” I+|1.0- ( ")]Imslg (1)
I o (D& 2 S2YE FAd e 484224 FRP 232 AHSE E3YE Ao 344
d& FRP 2729 A8 EA4& Wgax] Rz AJ& Ha ﬂéﬂs}u g Jehdch weld, ACI
440 A E 7€ H2228EY AP0 tl¥ Bransond 4°% FAste tgn gL AL Agsn ¢

L

2006W: & shadtus] =237(1881E) 115



o}, o] A& % A9 AEH AF o, fE FEES FRP B339 @2 B@4AF9} FRP 27339 25
4& nesH
M_\® M2 E
1¢=(M'z B, + 1'0_(1%) IL.<I . B;=« HE (2

AN, M, : JRBRAE, M, : DM FIRAE, [ @Y 2A2AE, [ : @9 FE ARAE

a9 45 AFZ A ACI 4409 AR g AFZAE Hmsta giok. 39 3a). )l A% 2ol 1
AYPFEIAYE & GFRP B2 & A8 FB, HFBAFAEY 2+ vluny e AJ45E sgen,
FHEA o BRI FMESE oAyt £t 23y REALE GFRP B732& AHS$ NFB 23
AEL 28 3(0)d YERd wieh Zo] 227 A BT, ol UAHY GFRP 2732 Ha &4
7t A3, X 19 IRz Jlednte go] FASHI 25 AHPo] A LAY HEoE o
"o

——re2 | | [P
30 H—eFB3 | —m T T e — | R T S L R L wes | T T T -]
, .

300 _::‘; i ,l.'rl (o B il ] pa
i | o i - B
¥ 200 — — — oo AR — e = — P — —
H s = 4 w
- 150 — — e —t - - - = — - — ]

106 [~ - ey S B g i NN

oI 4 i e T L

0 " "

[ 10 20 0 40 50 60 ™ © © 10 0
Displacement(mm) Displacement(mm)
(a) FB & & (b) HFB & &3 {c) NFB A&

a8 4 HEgtn sfAztol ofst M A u[(ACI 440)
3.2 ISIS Canada 22"
2 (2)dl X9 AlFEo] AT AFdoletd A FEAoR AULE FFAL ot 0.5 GFRP g
AAwe] g APl I FoBA YId Fx2dFg FAAZRAELE Hd3A T 7 Jerzmz
CEB-FIP £3gExddA f=9 422 ISIS Canada design manualdlA= 2] (3)# Zo] & &9
ARAE AL Attt

Il
I = gler (3)

c I+ [1—0‘5( j]l{;' )2](19 -1)

29 5& 4@)d A4 sAgF dPge vmsln glen, 4@ o3 €& AP v g e
W 2ok AEgE 248 UAHY GFRP RFZHIAECA 2& = AdS 23 ZHEAY GFRPEZ
2g ARE 2FAAAE 2@ g ARt & Aol€ YEhiATh 2 ACTH AL 4 (28 A
€8 Z9Et 227t £ Az AAd dF HE B 2 wgsts Aoz wodn

[

Load(kN)

Load{kN}

o 10 20 30 40 50 €0 70 ° 10 20 30 40 50 80 70
Dis placement{mm) Dizplacement{mm) Displacementimm)

(@) FB A& (b) HFB A H A (c) NFB &l &)
3% 5 HEUD sfAgtof ofst MA €[ (SIS Canada)

3.3 Toutanji, Saafi®
Toutanji$t Saafiz= 2](4) 7S 9o 9js) GFRP R g A1 83 AFdAEdA vt A3 AA%
2 94 &3

116 *=4¥%



10p,E; 10p,E;
i M, £ M VTTE
7 <03, L=77 L+ 1-l57 I <1, (4.2)
—=p; 203, 18=[M }Iy-f- 1—(M I <1 (4.b)
o] 21g A8t AFL vluy FAE 19 69 HEHAUT. 2PAM Y 2ol A= FB, HFB 43 A

vl g
£9) 49ATH} SAG G YT Yo, JuHos dus 49Ad FB 48ANA B 4x@
2A7E YT BARAY 4949 39t $EAAdz A% AW 9 FHR Qs 2 LAE
vrehygin,

——wFB2 |z/ I I I T
——NFB3 - — —
—~~NFB¢ | |
-— NFB6 — — = 7
:"I":::n)lnal‘ - + =) T
— — 1= o —
WP = Ll
" JE D E
° i L ! A L L
° 10 20 20 40 50 €0 70 20 40 60 80 100 120 140
Displacement(men} Displacement{mm) Displacoment{mm)
(@) FB A& (b) HFB A & A {c) NFB A&

a3 6 Atz siAgtol 218 XA 8 m(Toutanji, Saafi)

4. HE

FRP 27 2& A14% HEAs A53 Bz Q3 ATITARE BAd Hj3ldq & X7 € #E&
veEhe ole] HEE BrIE HFte FRP BAT2 ALE% Be F2AFAAL JIE AFAEQ Add
A4S ARG ACI 4409 AMH L 270 AHT 2FHE yeguiRoy, gd0 24 AdE oF
9 HoHAdAE i 248 Jelier, A4S0} A4S ZYRALY FRP 27339 AMEA 271
WA th ISIS Canadagl AQFA T Toutanji, Saafi®] A|Qrale] AL FRP B7w], 23z E9 Hxe o
Alglo] dA=Z dgZA e FA1E HAEFS JehAh 71E9 AtE AR EL FPEAN Y 2F
H7} E2A8sE, 23389 Zrrl Z71E4E AEAERY vndA dAz 453 4=g8 el
o} a2y FleA AATZEEA FRP 2A42e& ALEd IR L8 HdMEe FRP 27329 34
2 AAFH S0 & AYS APdESE H4F A9 g FE, A4 5 2L UIE F2FH Az
e 77t L FErh

ZtAtel 2
o] &7E FFVEATEH 2005 FEATAIY “FRP EfAE 2AA AL 4 og 8T FIYETRE A
A7le ALY A7y Akl o Aol dRoln, AFY|eR $FATAEHGHAYY Adez FPHF o
(AW 3:R11-2005-056-01003-0), A del BA=ZFUTh
HIE2H
1. H. A. Abdalla, "Evaluation of Deflection in Concrete Members Reinforced with Fiber Reinforced
Polymer Bars", Composite Structures 56, 2002. pp.64~71
2. ACI Committee 440, "Guide for the Design and Construction of Concrete Reinforced with FRP Bars,
American Concrete Institute, 2001, pp.1023~34
3. ACl Committee 318, "Building Code Requirements for Structural Concrete and Commentary(ACI
318-05)", American Concrete Institute, 2005, pp.112
4. ISIS Canada "Reinforcing Concrete Structures with Fiber Reinforced Polymers", The Canadian Network
of Centers of Excellence on Intelligent Sensing for Innovative Structures, 2001. 7
5. Toutanji H, Saafi M., "Flexural Behavior of Concrete Beams Reinforced with Glass Fiber Reinforced
Polymer(GFRP) Bars", ACI Structural Journal, 2000. V.97, No.5, pp.712~719
6. A, AFE, FEY, Adig, “FRP 232 E 218§ fIHUERY 2731 37, gigdad&5gs &3 A22
A 23, 2006. 2

20069 & stewRd =23(18d1%) 117



