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Effects of Steel Fiber Concrete
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Koh, Chae Koon - Kim, Moon Ki - Rhee, Shin Ho

Summary

Wasting fiberous residues from the cutting processes of steel materials at an iron-
works were mixed with concrete. The strength and toughness of steel fiber concrete
with different steel contents were tested in a laboratory. The test results showed
that the steel fiber residues can be used for the reinforcement of concrete. The pot-
ential applications of such product include floor constructions for facilities like dairy
barns, grain storages, and machinery shops.

The test results are as follows.

1. The compressive strengths of steel fiber concrete with one percent steel content
by volume were 20 percent greater than that of plain concrete. The treatments also
increased the concrete toughness by 96 percent.

2, When applied to tensile forces, the steel fiber concrete showed the increased st-
rengths by 20 percent, and the toughness by 48 percent.

3. The steel content levels greater than or equal to 1. 5 percent by volume resulted
in the decreases of the compressive and tensile strengths of steel fiber concrete by
10 percent as compared to plain concrete. The concrete toughness increased with the
steel contents.

4, The reinforcement effects of steel fiber depend on the quality of fiber material
being used. Good steel fiber for concrete reinforcement appears to be uniform in shape

and component, fine and long, and round-shaped.
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Table-l. Physical Properties of Cement

Time of setting] Compressive str-| Tensile
Specific gravity Finess(%) Soundness Initial [ Final ‘ggg(w M‘M)
(min)| (min) i a % l O
3.14 ] 5.5 ] 0.12 , 130 | 220 ] 127 } 200 1 20 ] 26
Table-2. Quality of Fine Aggregate
Specific | Absorption | Unit wt., No. 200 siev Finess Organic
gravity ! (%) (kg/m*) |passing (%) ei Soundness modulus | impurity (%)
2.56 ‘ 2.6 | 1,49 ! 0.6 l good. 2.9 ) 0.6
Table-3. Quality of Coarse Aggregate
“Specific . Unit wt. Abration (%) 7 Finess Clay
. Absé);%tion Soundness
gravity| (kg/m*) 1W00R | 200R modulus | lump (%)
2.59 { 26 | 1454 ] 74 | a0 ’ good [ 7.2 [ 0.3
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Fig. 1. Gradatier Curve of Fine Aggregate
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(b) ) éfter cutting

Fig. 3. Shapes of Steel Fiber
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Fig. 5. Compressive Strength Test of Steel
Fiber Concrete
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Fig. 6. Tensile Strength Test of Steel
Fiber Concrete
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Table-5. Results of Tests

Fiber Content (%) I o ‘ 0.5 ‘ 10 | ns 2.0
Water-Cement Ratio(%) 53 53 53 69 71
. Slump (cm) 7.3 2.0 1.0 1.0 1.0
[
sz Q Comp. strength (kg/cm?) 148. 83 164.86 176.61 131.19 133.83
e | § | Relative strength 1.0 111 1.19 0.88 0.90
% | © | Relative toughness 1.0 1.49 1.96 1.92 2.11
2E—1 L !
by @ | Tensile strength (kg/cm?®) 24.19 26.17 28.71 21.15 25.56
3 ‘a2 | Relative strength 1.0 1.08 1.19 0.87 1.06
& Relative toughness 1.0 1.18 1.48 1.38 1.65
% Water-Cement Ratio (%) 100 100 100 100 100
'E Slump (cm) 6.0 1.0 0.5 0 0
S. Natural Crack | None None None None None

- — @ —Author(w/c=53%)
U . -~ O-Kim  (w/c=50%)
= @--~Kim  {w/c=55%)

—
e

Slumpicd

Fiber content(%)

Fig. 10. Relationship between Slump and
Fiber Content
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Fig. 9. Specimens for Fiber Content 2. 0%
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Fig. 13. Crushing Failure of Specimens

FAHARRL, 1.5%, 2.0% 0 AE F—AAERI} B
FEZaHES 22z g Hak ¥ 4 4
2v BR{ERA vlzsd &4 12%, 10% A%
7F HAs s Qo

TE @AREIEEANA ¢35 RBAFEY
7o JAE 4HEE £1978)3F U979 R
BERE ARELE 2.0%714 FE2AFE5) Zo5
IR, #H(1978)9 BERAME £ & 1.5% o A
2~5% A= wladg F7h5F glont o2 ol e ok
7t ZF4E9. 28z Hannant (1978)% A A4 o)
4 Edington, Johnston, Swamy 59 A¥d4dAFgs
FEetd BARELE L2%7A o 25% o]t
d&R=E FaHAt dgz slesn g

ojBl g AFAFAA £ o FAFEI L] 1.5
% ool A nE2aNEL 288 ¢EREs)
Zaste, adde F48 FHAA ggot o
AWl o £ o8 tAel F A gE Ao
T He] H Ao gAdg, 28y & RE
A¥E AFEIE 1.5% o] 444 AALH & 7
A7 gete] E—ANEHE F4G He g2y

59 Faod 9%E & Aoz Yrud,

— 5 3 —



BEMTRAEE B27E £ 23 19854 68

kA A FEIHES] BRERES] @A W
BEHRE 2ol7 A4 RBRBEAE 1.5% vl
nho] Agaicta A, ’

BRBERBIA Q4L HE—WERES o
o WAFZaHEY G&d I Wik 23
aded vay F gt F R BERRIA
o F—ay gl el WS dotE F A
o, e 271E HiRe] Ao FALE M
o jBgH 2 A JYetdel, Fig. 1294 Table-5¢] 1}et
i} owhel ol Mg asiEY Wie AREd S
ol F71EE FAFAE Rolz . & AH/E
Qq &0 0.5%, 1.0%, 1.5%, 2.0% N~ BH 49%,
96%, 92%, 111%7F o E4599%. &3 ASE
4& 1.5% oAl Ae FE5d e FLA AT A
42 FohE g HEA @A % 2adEE BN
B|olv A YA 2LEZadeE 2 $FE
<+ ¢ F At

MAREAIEY BREREEES 4024 2%
Z2agdEdAE T4 =2 Fo d¥ F
HELE Fxn dFL F439 Fasts FFE 2O
Z, AFEYE] AT F5F T4 ==2%
Fol Fo} FadE FEA wGg @PFe] =
A Frget, ol8d 24 MAR EzdE9
oA gd-¢ 498 TE35) s Eeigz YA,

WMAFEZ2IEY AFAEAA Yol FhH e
A& £(1978)F 3(1979), Shahg; Rangan(197
D %9 KRS AR 2 3452 FA v
Byt o] AL #iA o MEC d%dte, =3¢ &
A& 1.5% o] FolAe E—ADEKA ARAZA] 2
9oz Az,

3. BIEREBE

WA Fel BAZK g2 d3F=E Table-59
Za mMERaiRe Fig. 143 2o FEHE
°| B vl=sd Fig. 159 ze},

HAFTZNEY UAREE RFEAHE]
23k AHELE) 1.0%74A FAF aheg
FREE FAAFR o} ELE0) L5%7F 5 2
3 Fadn E2GE 2.0%d4% g4 g3 F7
Hodck ol AF4E GEFE A4S B AF=
Holx gk, & AFEL L) 0.5%, 1.0%)4 5]
EEEE 5% »5Zadexr 8%, 194 4=7}
H F7t Hiz, YL 1.5% ol RdAE ¢F
HEo Mg wtAAAE BRLAAA dlzmdd &

ul
el

201

foad

arga~ toughness

dispt

o

0 10 73 70 30
Displtacementim=)

Fig. 14. Load-spiacement Lurves for
Specimens in Tension

Fig. 15. Tensile Failure of Specimens

q& 1.5%0 A= 13%7 stz Y€ 2.0% ]
AE 6%7F FHaA .

oE i FEadeEdqA FIREES MAFEY
$9 3435 49129 Shahsl Rangan (1971)9 3
BERE 4929 ¢€ 1.5%7A ARREE BLEE
adenc 0% 4% FAAEE iz, £(1978)
F X197 #HRe EYE 2.0%7%A % 30%

— 5 4 —



M) % Tases MESHR

FAstgd, zelx HQ978)Y RHBRE AFEd &
2.5% 7 A REEIHERT & 40% FUHEHA L
Y E4E 35%AAE e st ¢ 20% F
7} 8§5i =, Hannant(1978)% A Ao} Edington,
Williams, Johnston, Coleman, Shah, Rangan %
I A4 RRERE F¥d AFEQE 3.0%
#A ARAES % 30% FAEE €2 .

ol & AYAAY AolE Mg HEHA B
#hel Holrt dxm B35 K RS AL AFEQ
£ 1.5% ol AdA AAYHH Ade At E—
AGEHLE F718 Ao ARZ=Y F4d 9F&
F Aoz 4484,

g 5L S MEAFERAEGqAE A
AAZ AN B e A4ELEL L0%7 4
gata, A MAREIHEE AFELE 2.0
%7t Agsivtz 444,

SIREBEERARAA dAAE HE—FUHRE o
3l MAREANESY Pie LEFTIHES K
®YE & A WAREZIYgEy QAL AH39
o] 37HE4S FAREE didt F A%
EQE 0.5%, 1.0%, 1.5%, 2.0%]4 && 1%
£ade¥ct 18%, 48%, 38%, 65% 7 ©] &7
= 94, ,

& @222 FEERBIA Jd4F M
AfEQ &S AAE g5z, Shahs} Rangan
{1971)¢] RBERE 4FEAE 1524 23 &
Fderg ¢ 300% o Fsbstm i, =z,
A9 FAR e FARE 2 FAAFHe] Foist
U e Fdv9 MRS 939 FHolHdA 2
+ Aeld, & K R F£AY ZA4 HE
of Aektly) W) FAFe Atz AZHH, F
3 AREYE L5% o] AdAdE fALAEHE A
At A5t F—ANEHKE FE Rl Y49
Fge Pae 4L £ A2 4T

Sl A ald =g vlashd #ARE
azllerl REEaziER AANE FALE Hx
ok, =3 e e Rm £(1978), #(1978)
2(1979) 59 A@ANE WA/ HF-Eol 7Y
Hget K RedAd e SBAF A EEe] Bl
o] o, olH® ERE AR5 HES R I
el 2 F= Jdov SIEREEST Ot E ARER
B 2 @mEeE el Ae zFsd, 4474
BEY AL A8 BEDHRET AFHEY 4%
Aol ¢ & HERo= fpAsigctz 44",

4. RURM

FEAYE A8ty wjAg =] ER(G0cmXE0
cmX4cm)g 1EH AAe2 FIAHE 6EAM
ke AAdR o} AME FLol 1= HiAM
oz 472 Fsket.

Elvery [Hannant(1978) <l 4)9 RR&EHRE 2
=, KRB AzTad A% Sadeedny
FEAEE & A, Af2A TIHEE The
BAgA get BE TadEE gulder %
dradde 23t

2y o] gL AdAgAA Azsyd o
T 2RARE A% AYe] Rastnz ¢z
o AREAE ¥ A9 QAT AFE A
g A2 fAsAY, AL 5 & FThd
HE A4 AEE 2ot AR+

V. & W

BERY R —Beoz FIFHAA REH 9
A4FZAA Jrle BEYE 4FE HEZ A4S
§ WAFEaEY BENRE TIT vt 2 B
2E T G834 3

1. HARRadEE 44080 Loxsd W 2
ERBE: R32adEd vy 20% A=t &
AHn WL 6% 24 EHE 224 BBEYHR
£ AdA3E F A%+

2. PAREIAEE ARFEQ £ L0%5Y 9 5|
RBEET 2§23 Ed vsld BREENAS T
o] 2047} ¥ 482, Wie 48%7 FUMHER
A BREDHEE AT F A2t

3. AR BARC] 1.5% o] == EBM
9 JEBEE 5 REEaded ¥idd o34
104 A= WA old K3t B EAZE]
245 Fhbdte A vdEhige,

4, WAFZIAEE B % 5IREEY BR=
e ok#Eel g ot BikS BRE ERTE BME
el AAA 28 AEZ o5 2A veude,

5. MAFEZAAEFE ALT  BESF WK
H F83 FdAdE AGFELES LL0%E 3=,
Btke] BERT o F4% FdAE AFELEE
1.5% o134 2,04 AAZ e Ao wEAddzn
AAR ",

6. FASEad B BEYEZA BE - 5IRE

-5 5 —



REMTBATE H27E H 29 1985% 67

EE Tolm, Mits AEHR2A WHEL Fl
AdAE @ASS BB & ER " 5
@44 HEe Froz BRE H—dx MEY
ERe Aol ARG Aoz 4FEd,

A PR 194FE EE BRHRIRREA
kst #fTd A4,

2 2 X R

1. ACI Committee 544, 1973. State-of-the-Art
Report on Fiber Reinforced Concrete, J. of
the ACI, 70(11) : 729-744

2. ACI Committee 544, 1978, Measurement of
Properties of Fiber Reinforced Concrete, ],
of the ACI, 75(7) : 283-288

3. Bijen, J., 1983. Durability of Some Glass
Fiber Reinforced Cement Composites, J. of
the ACI, 80(4) : 305-311

4, Castro, Jose and Antoine E. Naaman, 1981.
Cement Mortar Reinforced with
Fibers, J. of the ACI, 78(1) : 69-78

5. Chen, Wai-Fah and J.L. Carson, 1971, Stress-
Strain Properties of Random Wire Reinforc-
ed Concrete, J. of the ACI, 68(12) : 933-936

D.]J., 1978. Fibre Cements and
Fibre Concretes, John Wiley & Sons

7. Hanager, Charles H. and Terrence J. Doh-
erty, 1976. Analysis of Reinforced Fibrous
Concrete Beams, J. of the Structural Divis-
ion, Proc. of the ASCE, 102(8T1) ; 177-188

8. Hsu, Thomas T.C., Floyd O. Slate, Gerald
M. Sturman, and George Winter, 1963. Mi-
crocracking of Plain Concrete and Shape of
the Stress-Strain Curve, J. of the ACI, 60
(2) : 209-222

9. Kar, Jitendra N. and Anil K. Pal, 1972.
Strength of Fiber-Reinforced Concrete, J. of
_the Structural Division, Proc. of the ASCE,
98(ST5) : 1053-1068

10. 4&PHE, 1978. kg I =B AR
ol 3 HMol HI WE, BEABER KRBR
AT 2B, WL®HL.

11. Kothari, N.C. and E.A. Bonel, 1978. Stre-
ngth Properties of Concrete Reinforced with
Epoxy-Coated Steel Fibers, J. of the ACI,
75(10) : 550-553

12. ZWdE, 1979, MMt WEITa= =S iy

Natural

6. Hannant,

13.

14,

15.

16.

17.

18.

19.

20,

21.

22.

23.

24.

— 5 6 —

QB %ol FEIKME WE AEMLASE
wacs, 2708y T108-111

Mansur, MA and P. Paramasivam, 1985.
Fiber Reinforced Concrete Beams in Torsion,.
Bending, and Shear, J. of the ACI, 82(1) :
33-39

@, 1979, SBEHRTa 2 BERE
o Mg AzxA AT, AREEHIA, 25(0
:123-132.

Naaman, Antoine E. and Surendra P. Shah
1976. Pull-out Mechanism in Steel Fiber-R--
einforced Concrete, J. of the Structural Di-
vision, Proc. of the ASCE, 102(ST8) : 1537~
1548

AR, 1978, RiEEREC] €2 B IBEK
g BHEadEe] GRERA Al E
o) T . REATESE, 20(2) [ 17-59
Romualdi, James P. and Gordon B. Baston,
1963. Behavior of Reinforced Concrete
Beams with Closely Spaced Reinforcement,.
]. of the ACI, 60(6) : 775-790

Romualdi, James P. and Gordon B. Batson,.
1963. Mechanics of Crack Arrest in Conc-
rete, J. of the Engineering Mechanics Div.,
ASCE, 89(EM3) : 147-168

Romualdi, James P. and James A. Mandel,
1964, Tensile Strength of Concrete Affected
by Uniformly Distributed and Closely Spa-
ced Short Lengths of Wire Reinforcement »
J. of the ACI, 61(6) : 657-670

Shah, Surendra P. and B. Vijaya Rangan,
1971. Fiber Reinforced Concrete Properties,.
J. of the ACI, 68(2):126-135

Shah, Surendra P. and A.E. Naaman, 1976.
Meéhanical Properties of Glass and Stesl
Fiber Reinforced Concrete, J. of th: ACI,,
73(1) 1 50-53

Shah, Surender P., 1983, Fiber Reinforced
Concrete, Handbook of Structural Concrete,.
Pitman Pub., Vol.1, Chapter 6.

Snyder, M. Jack and David R. Lankard,
1972. Factors Affecting the Flexual Stre-
ngth of Steel Fibsrous Concrete, J. of the-
ACI, 69(2) : 95-100 _

Stages, Andrew H. and John Minzr, 1981.
Ring Fiber Reinforced Concrete, J. of the
ACI, 78(5) : 369-373



