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Structural Behavior of Steel Fiber-Reinforced Concrete Beams with High-Strength
Rebar Subjected to Bending

In-Hwan Yang', Kyoung-Chul Kim®", Changbin Joh®

Abstract: The purpose of this paper is to investigate the flexural behavior of high-strength steel fiber-reinforced concrete beams with compressive
strength of 130 MPa. The paper presents experimental research results of steel fiber-reinforced concrete beams with steel fiber content of 1.0% by
volume and steel reinforcement ratio of less than 0.02. Both of normal-strength rebar and high-strength rebar were used in the test beams. Modeling
as well as compressive and tensile strength test of high-strength steel fiber- reinforced concrete was performed to predict the bending strength of concrete
beams. Tension modeling was performed by using inverse analysis in which load-crack mouth opening displacement relationship was considered. The
experimental results show that high-strength steel fiber-reinforced concrete beams and the addition of high-strength rebar is in favor of cracking
resistance and ductile behavior of beams. For beams reinforced with normal-strength rebar, the ratio of bending strength prediction to the test result
ranged from 0.81 to 1.42, whereas for beams reinforced with high-strength rebar, the ratio of bending strength prediction to the test result ranged
from 0.92 to 1.07. The comparison of bending strength from numerical analysis with the test results showed a reasonable agreement.
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Table 1 Mix proportion(weight ratio)

Water Fin Water

-binder = Cement Zirconium Filler a © -reducing
ratio 88 admixture
0.2 1.0 0.25 0.3 1.1 0.02
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Table 2 Material properties of concrete

Compressive . Elastic
Tensile strength
strength (MPa) modulus
Batch (MPa) (MPa)
Mean S.D Mean S.D Mean S.D
1 121.6 5.3 6.2 1.2 41,469 1,954
2 138.5 3.4 6.1 1.6 39,936 915
3 136.4 5.5 6.2 2.1 39,192 1,730
4 134.6 7.7 6.4 1.7 39,081 1,983
5 137.4 4.1 6.1 1.9 40,652 960
Mean  133.7 6.2 40,066
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(a) Compression test

(b) Flexural tension test

Fig. 1 Material test setup



YWE I Ee} 2] t5-8E-AEE WAV ALY R
vehd Al o2 Ahet) mebA, A f B 1= 23
Eo| 4FATS UFAE £, = 130 MPa, &4 74] FE=p=

BA
Zdo] 749, ﬂ“é% dﬂ-(stram—softemng) "?‘]_ 3
= zaﬂr‘s}%{t}. 315-CMOD SH A= ET| 2 Il e &
3} Q1AFA Bl LA EX-LS 1Y 5l _]_711: AT N AR
.]

A7NA, f= ABAE, B, FRAT, wes dENTFHS,
= ZAYES] 540|224 AAY e TE T
afl 1, =2/3n°] WAIE 2t B3 he A FA O
A o] E YEhdTH

o fd,k,el

on

Wos | Sk
Epmk = €03 — lc + E (3)

cm

0:17]/\‘], Wys = 0.3mm

Wiy, e
€ = (4)
’ lC E/’_"/?l

A7) A, w,y, =0.01h

ly
flim = Q)

Fig. 201141 2] 75 58342 2 (1)~2 (5) ;xugq €
Z7)go] WA= AlRloA Y] HEES
HDE0] 7971710.3 mmY wjo] HE
GZo] ANH ZE|FAIH dHE
55 YeRdTh

Ol e, 2 8ol 00] 2 wfo] S =
SHH, fun b Fapine A2 €53 €, 83 IS
ekt 9 2elN AR T £, E %**%%‘i = A
frol Ao, ke A B 2 ES B
g "= d-5-3-8FA| <(fiber orientation coefﬁc1ent)°]‘3% o]

AQFUO

%% U]:o‘}‘u:‘ia El%Eﬂ_

°ol¢] 1%ell sgsh= MY

Compression

130 MPa

Cw s B E,~ 40,000 MPa

Elim
0.002925 0. 006]6 0.00196 0.00016

&,

furix/ K 5.4 MPa
fq/K  62MPa

e fekel
Tension

f;

t

Fig. 2 Stress-strain relationship of concrete
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Fig. 3 Stress-strain relationship of rebar
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Table 3. Details of test beams

Rebar
Beam -
Type No. Ratio

F10-NS-RO - -
F10-NS-R1 1-D13 0.0029
F10-NS-R2 SD400 2-D13 0.0059

3-D13 0.0089
F10-NS-R4 4-D13 0.0119
F10-HS-R1 1-D16 0.0047

2-D16 0.0093

SD600

3-D16 0.0140

F10-HS-R4 4-D16 0.0186
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Table 4. Test result of cracking and ultimate load

Initial cracking Yield state Ultimate state De?aetic(';ion
Beam
P, M, A, P, M, A, P, M, A, 4,

(kN) (KN-m) (mm) (kN) (kN-m) (mm) (kN) (KN-m) (mm) A,
F10-NS-RO 23.7 14.2 1.5 - - - 37.1 222 5.6 3.7
F10-NS-R1 24.7 14.8 1.7 52.6 31.6 8.2 59.5 35.7 10.8 6.4
F10-NS-R2 51.3 30.8 4.1 63.5 38.1 6.7 66.7 40.0 222 5.4
F10-NS-R3 60.1 36.0 4.0 117.2 70.3 15.3 1233 74.0 20.9 5.2
F10-NS-R4 54.6 32.8 42 123.8 74.3 15.8 127.3 76.4 26.4 6.3
F10-HS-R1 43.6 26.1 3.1 83.4 50.0 13.7 89.2 53.5 22.3 7.2
F10-HS-R2 46.4 27.8 29 145.1 87.1 223 149.3 89.6 30.5 10.5
F10-HS-R3 62.2 373 5.1 172.4 103.4 228 185.0 111.0 325 6.4
F10-HS-R4 58.8 35.1 42 222.0 1332 25.7 236.8 142.1 41.0 9.8
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Fig. 10 Load-strain curve(F10-HS-R4)



A
o
}&
U
-0,
N
>
o
m[o
o
AN
ol o
o, 1

2 2 é_—:m 6&%%_33%%
3, 97><10 m/mEA, T3S 2ol & YER AL Q1A gt
Hoetzol =28tAS o, A2 MY EL 4,453%10°

m/me]t}.

4. BHT oY

A, s gA v g e Wy ES 7P 7R

8 sl Y% XS Wakstel B o] WPE BE
£ ATk M E A PR 93] 1 9 g 2 3]
MEE-L 217k thga} o) A4k,

C.+C+T, =0 )

o71A, o, 0, 2 7= 2+ Lfr_a_EJ} Hoshs b,
ZIgEV} Bdsts oy 1
o 4 (9= %ﬂr o] Uehd = gk

¢ Ce
Neutral

Axis ) > M
fi
d|h 0 '

_pc'

>,

s

— Ebotiom

(a) Cross section (b) Strain distribution (c) Stress distribution

Fig. 11 Strain and stress distribution in the section

[ oaa+ [ o an-0 (10)
4, A,

S
[oze]
—_

E ZA3kl Uit BHE-SE X8 4ol «ld A =l

=0.81~1.4252 JER 3 Q)01 F10-HS Al
Z BA)0 Ao ZHE Z—-@%koﬂ et 2Rl E-E )84
H]E= 0.92~1.07-8 YERALY

Table 5 Test and analytical results

Member Test result Analytical result M,
(M) (M) Mo

F10-NS-RO 222 31.5 1.42
F10-NS-R1 35.7 43.6 1.22
F10-NS-R2 40.0 56.0 1.40
F10-NS-R3 74.0 67.6 0.81
F10-NS-R4 76.4 79.7 1.04
F10-HS-R1 53.5 57.0 1.07
F10-HS-R2 89.6 82.5 0.92
F10-HS-R3 110.0 108.0 0.97
F10-HS-R4 142.1 133.4 0.94
Mean 1.09
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