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Abstract

This study is conducted on the flexural toughness and flexural fatigue test to find the

mechanical properties of steel

fiber reinforced rapid-set cement concrete.

Experimental

investigation is examined according to fiber contents(0, 0.4, 0.7, 1.0, 1.596), fiber aspect ratio(58,
60, 83), fiber type (hooked, crimped fiber ), and cement type (normal portland & rapid-set
cement). The principal results obtained through this study are as follows; toughness and fatigue
resistance tend to considerably increase with fiber contents, fiber aspect ratio. And hooked fiber
is improved better than crimped fiber. Concrete using rapid set cement is increased strength

properties compared with concrete using normal portland cement, but relative strength properties

behavior and fatigue resistance show a tendency to decrease a little.

1¥s oY, HE FYF
Keywords : Toughness, Fatigue, Steel-fiber

1LME

A2 4en7g 2aYed 45y 54 3 F2E
e F2EY $4%okl U ATHAN A
A A7 - 99 B AT o8 s

AYPHI gon, FUYdME old g BHF &8
okl tid A7 843 dART A1) 2%
A, ol A7 AYHI JEA = EF3T of
A FUdAe ol WF Yo FHHI, UF9
AAEFAMT AHEEHT JAS B AEEF iR
BAE AHEHA 3T e Ao o] ol &
T AFRZEZAYEY oA HHEYA E2YE
o ¥ARE dFed YA} BAY FHAAMY &
A wEoldt wFdA Ndd FEHAY A%
Fd, dFAY ToE oY HES FTHE A

o] HA.

*  ZUAdgn EEFE g, AL
% ZUddgn AdVEdFE A9
wxx ZLATI e EEFE T HAAA

_163 -

Yyy sase PrEd #3348 AHs A
A A Y moe A Eb wEaF gz A
3 A9 Bo} TREY A& wEaFo
g% Mz@gel WA ol ol=A Brk[l0]
A3 neel A4 TEFAL FAY @Rl 20
BEgP] o FoiAe} s FEE UTH Fu
R Aot a7 WEo] 2&FNUES el B

< =go] AAH vk

mela o] AFNAE ZEAANWE EIIEJ
Wt 984 HJAE gttt g4 2 H2AYY
58 FY3led BEAYWE E3dEY Hm 13}
1z g,
2.4 ¥
2.1 MR

Y FAWFE FHH TAE 2 I, AR
deh FAR HAE
&L 0, 04, 07, 1.0,



AdrledH(Fedgn FArEdTL =), A9, 1990.

Research Report. The Institute of Industrial Technology, Kangwon Nat'l Univ., Korea, No. 19, 1999.

15%2 stgew, Z4dF FAR(L/de 58, 60, 83
o2 vt A7|1A, ZFdF= Hooked® 24-+(30
mm, 50mm)$} Crimped® 74 /(35m)E AHE3tH 2
o, AMEE HE EEWUE AHESG 2&7 AHE
g A8

ol 3, Ny FaAd thste X ¥ Z=A
YE9 £ 4ESAE, TEIZAE, FAEE 7
Aol wet APg FPd F oo wE AP
THEE F3ld AFEARS vx BAsHY. A
FR} ZAYEY JHLE H AEE & F ]‘3
Aol e 3FF-MF BAZEE HAZAFE 4
&3t9 AAFX 2HE EAESET. # Hi’\]‘ﬁq]
o8 ZAF D wE SH-NEAFIF(S-N)
AT g AAst Y23 Es Hrissd

22 MEA R

Aol ALE" AHMELE Ul HAF AFe REX
EdeAHES TAF AEY EAHANNEESE ALE3}
Qow EFH EAL Table 13 2T F2ITA&=
EAA G R A4 19m EAE AR
on, AFAE FAZFGAAM AFHE FERYY &
7 FHeA AFE ARAE 2 JY=EEE
Ze 2 &7 Add 319 wE&Z TP ALE4A
o} ZA e EEH 542 Table 29 #th

Table 1 Properties of Normal Porfland Cement and Rapid-Set
Cement

. PN
Ceme Chemical Composition(%4) Blaine | Specific

~nt 2 .
™ [Si05| ALOs | Fex04 |0 [ MO 504 Tg loss | /8| Gravity

Nor

-mal
Rapid
-set

208{ 63 | 32 |61.2) 33 {23 -—- | 3200 | 312

154 91 | 21 |589| 06 |95| 22 | 5000 | 3.02

Table 2 Physical Properties of Aggregate

Specifi Ab ti
Type Max.Size pec1. i sorption F.M
Gravity (%)
Fine Aggregate - 2.61 0.9% 2.82
Coarse Aggregate|] 19mm 2.60 1.58 6.83

e T CA} AFELSE Table 3949 7o
A4 @30%x0.5mm, 50x0.6me] Y& Hookedd 3 =
W 1A A FS Crimped¥ o] A& AHE 9o,
2753 A= ASTM C 1017 Type 19 AEL AM$
sttt
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Table 3 Properties of Steel fibers

. i g Tensi| 's
Hooked | (®30%0.5) 60 7.85 10,646 29x10°
Hooked | (50X 0.6) 83 7.85 10,646 2.9%x10"
Crmiped| (935X%0.6) 58 7.8 - -

23 vl A F

Table 45 Aol ALEE FAES wigHE o}
Bl Roe=m dudge FIY3Y E- ]“ﬂl H]
45%, A JFAE 60%2 A FEEHE 22
12em AE7 HEE Yot ZLAEY wigtEAE
’?jv?%‘:] A& 7] A8 HA #2SAY FFA
g Tt ofF 307 AnpEE AN T AdE
E&sted o 187 BM S & 282 53
Aol W] 38 28 Y FF FA3 FH 90
27 H9E @ F 389 19 HFgSFEE AHtsly
12027 HYE 3T HFH o= 70“1‘3%91 R
A AAE 93 FnF B4 B} F of 387 v
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Table 4 Mix properties of Steel Fiber Reinforced Concrete

: . 3
Cement| Fiber {W/C|S/a| V¢ Unit Weight(kg/m’)

T T (%) | (%) [(%)
ype | ype IO wlc | s | 6 | sF |sp
Plain 0 2021449997682 | -—- |3.59
0412021449991 1678 | 31.4 {3.59
A 0.7| 202 | 449 | 986 | 675 | 55.0 [359
Hooked
& 45 | 60 | 1.0]2021449|981 | 672 | 78.5 |3.59
B 151202449973 66611178 3.59
042024491991 {678 | 314 |3.59
Crimped
0.7]202 449|986 [ 675 | 55.0 {3.59
%) A Type : Normal portland cement
B Type : Rapid-set cement
S.F : Steel Fiber, S.P : Super plasticizer
SP: Cx08%
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Figure 1 Measuring Method for Flexural Toughness in Terms of
Load-Deflection Curves (JCI-SF4)
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Figure 2 Schematic View of the Flexural Test Setup Used for
Fatigue Testing '
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Figure 3 Slump for Fiber Contents of SFRC
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Table 5 Compressive Strength for Age of SFRC by Cement and
Steel Fiber Types

Compressive strength (kgf/cn?) Relativg
Tyoe ' compressive
yp 12 R | Strength
hrs | 6us | 12 | 1y | by |7y | B Vi
FO — | — | — | 76 | 167 | 207 | 242 1.00
SOTH| — | — | — | 95 | 230 | 281 | 352 145
SIOH| — | — | — { 105 | 266 | 294 | 383 158
A SIBH| — | — [ — [ 117 | 261 | 299 | 374 1.54
LM4H} — | — | — | 111 | 191 | 268 | 361 1.49
LOTH} — | — | — [ 120 [ 204 | 301 | 394 1.63
PUAC | — | — | — | 80 | 171 | 262 | 349 1.44
POTC| — | — 1 — | 98 | 207 | 292 | 391 1.62

FO 115|121 1127 185 | 227 | 302 | 307 1.00
SO7H | 139 | 143 [ 161 | 200 | 276 | 332 | 390 1.21
S10H ] 152 | 168 1 173 | 219 | 319 | 347 | 405 1.26
S15H | 170 { 195 | 212 | 251 | 370 | 393 | 434 1.35
LO4H | 167 | 179 | 184 | 239 | 343 | 390 | 402 1.25
LO7H | 178 | 201 | 217 | 287 | 377 | 427 | 446 1.39
P04C | 134 | 150 | 171 | 237 | 346 | 370 | 382 1.19
PO7C | 166 | 167 | 201 | 217 | 363 | 393 | 413 1.29

%) A : Normal cement B : Rapid-set cement F : Fiber

F : Fiber
P : 35X0.6mn

) A : Normal cement B : Rapid-set cement
S 30X0.5mm L : 50X0.6nn

H : Hooked fiber C ! Crimped fiber
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Table 7 Flexural Strength of SFRC by Cement Types

S 30X 0.5mm L : 50X 0.6mn P : 35X0.6mn
H : Hooked fiber C : Crimped fiber A Type B Type
ype . .
Seri Flexural Relative Flexural Relative
Table 6 Splitting Tensile Strength of SFRC by Cement Types enes Strength | Flexural | Strength | Flexural
(kgf/cm®) Strength (kgf/em® | Strength
A Type B Type
Type : _ — _ FO 473 10 55.7 10
Splitting Relative Splitting Relative
Classi Tensile Tensile Tensile Tensile SO07H 684 1.447 74.7 1.342
. Strength Strength Strength Strength
~fi S10H 789 1.67 85.8 1.541
ication (kef/em®) Ratio (kgt/cm®) Ratio
FO 304 10 310 10 S15H 89.4 1.893 93.7 1.774
SO7TH 44.2 1.454 475 1.532 LO4H 61.7 1.307 69.6 1.25
S10H 486 1.598 502 1619 LO7H 749 1.585 86.5 1554
S15H 53.7 1.766 51 L779 PO4C 56.0 1.186 633 1137
LO4H 348 1.145 39.2 1.266
LO7TH 415 1.364 48.2 1.556 Porc 63 1381 a4 1.337
P04C 370 1.218 38.0 1.226 F) A : Normal cement B : Rapid-set cement F : Fiber
PO7C 3892 1.258 44.4 1.434 S 1 30x0.5mm L 1 50%0.6mn P : 35X0.6mn
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H : Hooked fiber C : Crimped fiber
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Figure 4 Relative Flexural Strength by Fiber Contents(28day)
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Figure 5 Comparison with Relative Strength by Fiber Contents
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Figure 6 Comparison with Relative Strength by Fiber Contents
(B Type)
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Figure 7 Load-Deflection Curves of Hooked fiber
(A Type, 30X%0.5mm)
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Figure 8 Load-Deflection Curves of Hooked Fiber
(A Type, 50x0.6mm)
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Figure 9 Load-Deflection Curves of Crimped Fiber
(A Type, 35%0.6mm)
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Figure 10 Load-Deflection Curves for Various Fiber Types
(A Type, Vi~0.7%)
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Figure 11 Load-Deflection Curves for Various Fiber Types
(B Type, Vi-0.7%)
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Table 8 Flexural Toughness Parameters for Fiber Contents

Toughness Parameters (kgf/cm’)
Vi A Type B Type

(%) Hooked | Hooked | Crimped | Hooked | Hooked | Crimped
(30 x0.5)|(50x0.6) (35X 0.6) [(30 X 0.5)| (50X 0.6) | (35X 0.6)

0 11 11 L1 1.5 L5 15

04 — 395 297 — 43.0 29.8

071 544 585 4380 61.8 69.1 459

10} 713 — - 86.6 - —

1.5 82.4 — — 98.6 - —
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Figure 12 Flexural Toughness Parameters for and Fiber Contents
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Figure 13 Load-Deflection Curves of Hooked Fiber
(B Type, 30%0.5mm)
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Figure 14 Load-Deflection Curves of Hooked Fiber
(B Type, 50%0.6mm)
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Figure 15 Load-Deflection Curves of Crimped Fiber
(B Type, 35%0.6mm)
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Figure 17 S-N Curves for SFRC by Various Fiber Types and Fiber
Contents (B Type)
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Figure 19 S-N Curves by Various Fiber Types (B Type, Vi 0.7%)
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Figure 20 S-N Curves of Hooked Fiber (A Type, 30 X0.5mm)
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Table 9 Test Results of Flexural Fatigue Test (A Type)

Ultimate
Classifica | Flexural ?25215 Stress | Pray | Pruin N%H;‘égs(’f
-tion ( kgaf) (5¢) | Ratio (kgf) | (kgf) N)
0 945 95 742
80 840 84 9,471
A-FO0 1050
70 735 74 86,722
60 630 63 361,068
90 1,371 | 137 7912
80 1,218 1 122 18,067
A-SO07H 1523
70 1,066 | 107 225546
60 914 91 1,464,761
90 1,579 { 158 10,697
80 1,403 | 140 33,106
A-S10H 1754
70 1,228 | 123 701,200
60 1,052 | 105 1,154,220
N0 1,789 | 179 3,312
80 1,590 | 159 39,017
A-S15H 1988
70 1,392 | 139 85,693
60 01 1,183 | 119 896,388
90 T 1,235 123 2,706
80 1,098 | 110 45,459
A-~LO4H 1372
70 960 96 367,689
60 823 82 746,379
0 1,498 { 150 11534
80 1,331 | 133 173,638
A-LOTH 1664
70 1,165 | 116 1,493,609
60 998 100 2,000,000
90 1,121 | 112 3,112
80 996 100 45678
A-P04C 1245
70 872 87 32,006
60 : 747 7 672,588
90 1,305 | 131 5,641
80 1,160 | 116 82,138
A-PO7C 1450
70 1,015 | 102 206,845
60 870 87 811,039
) A : Normal cement F : Fiber S ¢ 30X0.5mm
L : 50X0.6mn P : 35x06mm H : Hooked fiber

C @ Crimped fiber
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Table 10 Test Results of Flexural Fatigue Test (B Type)

Classifi gllgxntlxitﬁ SL%SZIS Stress | Pmax | Pmin N%r;léfgsd
-cation | Load %) Ratio | (kgf) | (kgf) N)
(kgf)
9 113 | 111 852
80 990 | 99 10,192
BFO | BT 866 | 87 | 70346
60 742 | 74 | 402,865
90 1,494 | 149 5,332
80 1328 | 133 | 26691
B-SO7H| 1660 7 1,162 | 116 | 103,141
60 996 | 100 | 1,210321
90 1715 | 172 6,456
80 152 | 152 | 11,304
B-SIOH| 1906 =7 1334 | 133 | 328655
60 1,144 | 114 | 1,086,152
9 1975 | 197 1,508
80 1755 | 176 | 14552
B-SISH| 2194 — tow | 5 T mas
60 of L1316 132 | 156385
90 1391 | 139 | 8195
norom| 156 2 1,237 | 124 | 21,444
70 1,082 | 108 | 56941
60 928 | 93 | 1105422
9 1730 | 173 8112
80 1538 | 154 | 74949
BrLOTH| 1922 g 1345 | 135 | 847,509
60 1,153 | 115 | 2,000,000
90 1,266 | 127 4,459
sopoac| Lar L 1,126 | 113 4,249
70 085 | 98 | 69384
60 844 | 84 | 981,217
90 1,480 | 149 7,130
80 1,323 | 132 | 16163
B-PO7C| 1,654
70 1,158 | 116 | 337,343
60 992 | 99 | 907653
%) B . Rapid-set cement F : Fiber S : 30x0.5mn
L : 50X0.6mn P : 35%X06mm H : Hooked fiber
C : Crimped fiber
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