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Flexural Performance Characteristics of Amorphous Steel
Fiber-Reinforced Concrete

Dong-Oh Ku," Seon-Du Kim,” Hee-Seung Kim,"” and Kyoung-Kyu Choi"*
YSchool of Architecture, Soongsil University, Seoul 156-743, Korea

ABSTRACT In this study, the flexural test of amorphous steel fiber-reinforced concrete was performed according to ASTM C 1609
to investigate its flexural performances. The amorphous steel fibers have different configurations from conventional steel fibers :
thinner sections and coarser surfaces. Primary test parameters are fiber type (amorphous and conventional steel fibers), concrete
compressive strength (27 and 50 MPa), and fiber volume fraction (0.25, 0.50, and 0.75%). Based on the test results, flexural strength
and flexural toughness of the amorphous and conventional steel fiber-reinforced concrete were investigated. The results showed that
the addition of the amorphous steel fibers into concrete could enhance both flexural strength and toughness while the addition of the
conventional steel fibers into concrete was mainly effective to increase the flexural toughness.
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50 MPa 7 FFolth i §e]
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P whet A ek FEZH %f_’_ ZH /\l

Z FAE e AP 9EE 7HA AL QUekFig. 1(e).
o] Aol A ARE-gE AW A= AE 0.5 mm(d), 2ol
30 mm(L)E B (L/d)y= 6001, M AA B4 )
7} 29 um (¢), Aol 30 mm °o|™ SN} 1239 &
A& 7FAaL QAtK(Table 2).

Fig. 2= A+ 32e] tf$ SEM(Scanning electron micro-
scopy) A0 2 A, At AP viEE EES 7H
Ele) HVHX] e AR 2EE 7HA A Qlk o]| )

O

22 HAY

o] Q:ll}oﬂ}ﬂ‘_:. H]X‘]Z] 7L/\4 Oyjliig]EJ zﬂ A
S H7lal] $18ke], ASTM C 1609 E=of Wb 100 x
100 x 400 mme] S el AFAE A|=sto] &
AgS FAEgch Fig 33 2ol AFWHL 711 3
=2 ol AFAE At AV UTM)E 4%

&, ISt F ARE Er?ﬁh“l 1 7+ 8t 0.05 mm/min®] 7HE SRR RfjAle] WA
303 ok 22k AR S AAEITE 22F ARY 59 o= 7H9 sglom, AlgAl F-ol SAILVDT) 270
AR 18 FEE AERIS & 55 € 2% &<t v E A 54 Zeds AAste] WeE SAE
W, shAue unl e 2 wae] 4712 fel  100kN A5 REALS olgstel SES Skt
¥ AN AEAE 2% 23 @ Fashan. AYel FeRsE AREFOEL FAR, AW 2
o] Aol AR HIAA e ARbA R AT Aok A £98(0.25, 0.50, 0.75%), ZAHE SF%
o} AR Y Rkl 2 ApolE ZEaL SIth Fig. 1(a) (27, 50 MPa)©]t} (Table 3). &, Bl 52 oA Ank 7
S} 7ro] ol ZHA ol = B Ehe] HaE e A
7171 $18to] el F=(Hook)7} Sli= Wb, wlgd 7 Table 2 Material properties of fibers
Mt 27k 9 AR Feloln] Awk JAfoh e
Type Amorphous Steel fibers
P Steel fibers
Table 1 Concrete mix proportions Elastic modulus (MPa) 14x10* 20x10*
Unit content (kg/m’) Specific gravity 7.2 7.85
Ja | WIC | Sla Fine |Coarse | Admix- Fiber thickness (1tm) 29 500
(MPa)| (%) | (%) |Water|Cement -
agg. | agg. | tures Fiber length (mm) 30 30
27 50 | 459 | 178 | 356 764 | 897 1.7 Aspect ratio 123 60
50 35 | 447 | 236 | 675 592 | 733 2.4 Shape Linear Hooked

Thickness : 500pm
O.8rmm =

______.iiqi—

Thickress @ 23pm .
Aﬂ’t‘.ﬁmm

'——*

(a) Shape of CSF

Fig. 1 Geometric characteristics of fibers used in test
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(b) Flexible characteristic of ASF

(c) Shape of ASF



(¢) CSF (SEM x 50)

X188 188xm

X180 188mm

(d) CSF (SEM x 100)

Fig. 2 Photos of amorphous steel and conventional steel fibers by scanning electron microscope

Fig. 3 Test setup of flexural test according to ASTM C 1609

Table 3 Properties of test specimens

. Fiber Concret.e Volum © |Number of

Specimens type | compressive fraction specimens
yp strength (MPa) (%) P

Plain 27 - 27 - 5
Plain 50 - 50 - 3
ASF 27-25 0.25 5
ASF 27-50 | Amor- 27 0.50 5
ASF 27-75| phous 0.75 5
ASF 50-25 | Steel 0.25 5
ASF 50-50 | Fibers 50 0.50 5
ASF 50-75 0.75 5
CSF 27-25| Steel 27 0.25 5
CSF 27-75 | Fibers 0.75 5

Pch P/2 P2

bd?
/g /n

j I Fl=shadedarea ~ & £° /72

fy =

e

Load, P

Op L. /150
Net deflection, &

Fig. 4 Evaluation of flexural strength and flexural toughness
according to ASTM C 1609
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Fig. 5 Load-mid span deflection curves according to fiber types
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Fig. 6 Load-mid span deflection curves according to fiber
volume fraction (ASF)
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Fig. 7 Load-mid span deflection curves according to
compressive strength (ASF)



Concrete compressive strength of 27 MPa S Concrete compressive strength of 27 MPa
= x
¥ 3}
= 6 ASF 27-75 B 30 - ASF 27-75
~ = CSF 27-75 (o]
£ 2 °
2 :
S 4 - o CSF 27-75 (¢} =20 -
= )
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= Plain 27 = CSF 37
g CSF 27-25 ~ F 27-25 ASF 2725
202 g 10 -
2 =
o K3} Plain 27
I
O T T T 0 T T T
Fiber type Fiber type
(a) Flexural strength (b) Flexural toughness
Fig. 8 Flexural performance as a function of fiber type
12 40
Amorphous steel fibers — Amorphous steel fibers ASF 50-75
= = 35 @
S 10 A 8 -
=3 8 @ ® Eq.(2) o Eq.(3)
= Plain 50 2 30 A
= 8 i ASF 50-75 2 e
e S 50.05 ASF 50-50 2 25
5 ¢ 4 o 4 ASF 50-25 @
5 @ Fa.2) %0 ASF 27-75
—_ 8 =) -
s 4 ASF 27-75 E 15 .
2 , ASF 27-25 ASF 27-50 = 10 Plain 50
L P Plain 27 5 Plain 27
=~ b 5
2
0 ; ; : . =0 . : . .
0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1
Fiber volume fraction (%) Fiber volume fraction (%)
(a) Flexural strength (b) Flexural toughness

Fig. 9 Flexural performance as a function of compressive strength and volume fraction
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Table 4 Flexural strength and flexural toughness obtained
from flexural tests

slol 2w Adviolw ZAE A5 o
10 ol aE QLU ool A=,

. Mehta, P. K. and Monteiro, P. J,,

. Benter, A. and Mindess, S.,

. Balaguru, P. N. and Shah, S. P,

. Banthia, N. and Sappakittipakorn, M.,

. Ellouze, A., Ouezdou, M. B.,

. Higashiyama, H., Ota, A., and Mizukoshi,

. Flexural Flexural Average of| Average of
Specimen flexural flexural
strength | toughness
s (MPa) ) strength | toughness
(MPa) )
38 2.1
34 45
Plain 27| 43 22 35 32
34 31
33 35
6.5 3
Plain 50 | 5.6 2 6.6 25
738 3
41 18.4
40 14.9
A | 40 18 40 16.5
- 40 16.5
M M
40 239
45 252
ASF
w50 | 43 246 43 246
_(M M
52 28.1
47 275
M ss 2822 52 27.9
52 279
_(M M
5.0 5.0
95 40
B B 5.0 8.9 45
8 40
D _(
9.7 19.8
79 19.1
S5 o0 202 9.1 19.9
85 198
_(M M
93 21.9
103 37.1
a1 o 35.0 10.0 284
10.7 282
104 16.2
36 19.2
31 15.6
s |36 116 34 16.4
438 24
31 18.5
35 255
3.6 16.6
S 34 183 35 20.1
31 15.0
3.6 383

(Test data neglected because of unexpected premature failure
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