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Fatigue Failure Characteristics of Steel Fiber Reinforced
Concrete Considering Cumulative Damage
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Abstract

Concrete containing discontinuous discrete steel fiber in a normal concrete is called steel fiber reinforced
concrete(SFRC). Tensile as well as flexural strengths of concrete could be substantially increased by
introducing closely spaced fibers which delay the onset of tension cracks and increase the tension strength
of cracks. However, many properties of SFRC have not been investigated, especially properties on repeated
loadings. Thus, the purposes of this dissertation is to study the flexural fatigue characteristics of SFRC
considering cumulative damage.

A series of experimental tests such as compressive strength, splitting tensile strength, flexural strength,
flexural fatigue, and two steps stress level fatigue were conducted to clarify the basic properties and fatigue-
related properties of SFRC. The main experimental variables were steel fiber fraction (0, 0.4, 0.7, 1, 1.5%),
aspect ratio (60, 83). The principal results obtained through this study are as follows:

The results of flexural fatigue tests showed that the flexural fatigue life of SFRC is approxmately 65%
of ultimate strength, while that of plain is less than 58%. Especially, the behavior of flexural fatigue life
shows excellent performance at 1.0% of steel-fiber volume fraction. The cumulative damage test of high-low
two stress levels is within the value of 0.6 ~1.1, while that of low-high stress steps is within the value of
2.4~4.0.

Keywords : Fatigue, SFRC(Steel Fiber Reinforced Concrete)
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Table 1 Properties of normal portland cement

Cement Chemical composition(%) Blaine | Specifi
type | Si0y| ALOy | Fex0s| Ca0 | MgO| S0s | Igloss | (at/g) | gravity
Normal | 208 | 63 | 32 1612( 33 (23| - [ 3200 312

Table 2 Physical properties of admixture

Admixture Speqﬁc Type | Color Remark
gravity
Superpla _ . Dark ASTM C
+
-sticizer 1.20:£0.05 | Fluid Brown | 1017 Type 1

Table 3 Physical properties of aggregate

Type Max, Sp eqflc Absorption | F M
size gravity

Fine - | 28 096% | 2.82
aggregate

Coarse | oym | 2560 158% | 683
aggregate

Table 4 Properties of steel fibers

' . Aspect | Fiber | Tensile | Young's
flber Ngﬁé&l ratio | aspect Sp:‘clglc strength modulu$
Y (/)| (mm) B (kgt/em) | (hgt/enr)
Hooked | Hooked(60) | 60 | (30X ¢05)| 78 | 10646 29
Hooked | Hooked(83) | 83 | (50x 206} | 78 | 10646 29

A 2% el ARE RS 2799 9
RRIE 2R ) A8 319 WER Eg
s, B E2 S92 Table 30

ERIQlEh. &8k, AR ] CAF AlEoR X<
30X ¢0.5mm, 50X ¢0.6 mme % Hookedd
.g_ A}%s}gigu:] 7M4 04 Eg] Z Hzl% Table 4
o et

2. B

a3 e E) 7] W449 A23, 2002



WEE - ¥

o]
T

Ig-‘_.

o4 - o] %3

BAN BN Agsgon, 7
299 me gL
a5 2 9 ARG 2Ad 219 0
1 AP B, AR FUEN

E E}M

wjskd] 2 Z2ALG

3. A H&

A7, PAA, FuE AES A AlgAe
100X100x350 mm# 2™, 45 2 A4
S AIA el ol AR "olrb 40
mmi 238k 4% %, Hookedd 50 mm:= ¢
15x30cm YHFECE ALsln 2AES Zols}
40 mm O]O}?_] 76“?"%:‘ $10X20cm Q¥EL=E
ARSI

4, AEurH

£ A4 Hooked(60)3 AH< & 0.4%
(SO4H) ol thaliME culdgels vepd Ais
BE FIgEY vud o 2Fadst o)as
OF vt & Ao Agstn HIE £}
k.

oL%ﬂr_' U_] zﬂo 7&-7}1: }\]64.0__ KS F 2405,
24238 3ol sto] SAsigon, 2aE
- ACT 5449142 3¢ e} 5ok
AP S Fig, 13 Zo] Fd Aspialo
2 J2a8E dAssit 2 wEzaEs Ay

V

>}L

3_/\1 64

Journal of the Korean Society of Agricultural Engineers, 44 (2), 2002.3

Table 5 Mixing design of concrete

Unit weight(kg/mx)
SF

W/C| S/a | Vi
() | | (%) W] C|S|G

Plain 0 [ 202 449 997, 682
04 |202] 449|991 678
0.7 | 202) 449 986/ 675
10| 202} 449 981 | 672
15 | 202} 449|973 666

l Load

Sp Remark

359
359
359
399
359

314
9.0
785
1178

SP=Cx
08%

Hooked

IlOcm

2.5cm

(@]
30cm _i[

Fig. 1 Schematic view of the flexural test setup

used for fatigue testing
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Table 6 Compressive strength for age of SFRC containing various types

Type (\Q;f Slump | Compressive strength (kef/cm®) colr(;leézrigs\gve S’tl“rzrrlls;te}} Rtéeﬂralls%ill\z;e sFtlr%);g‘?l IEZ%ZT
%) | (cm) : . . - strrzrtl%th (kgf/om?) strraetril(g)gth (kgf/cm’) strrzrtl%th
al A o 8
FO 0 | 230 | 764 | 167.3 | 2068 | 2420 1.000 304 1.0 46.7 1.00
SO7H | 0.7 | 115 | 785 | 1838 | 2245 | 2816 1.164 422 1.388 61.2 1.31
SIOH| 10| 80 841 | 2116 | 2354 | 3064 1.266 486 1.598 710 1.521
SIGH| 15} 35 939 | 2089 | 239.0 | 2989 1.235 537 1.766 774 1.656
LO4H| 04 | 145 | 88 | 1529 | 2142 | 289.0 1,194 34.8 1.145 56.5 1.210
LO7TH| 0.7 | 100 | 957 | 1629 | 2408 | 3154 1.303 445 1.464 755 1.617
LIOH| 10| 50 | 1062 | 1832 | 261.7 | 3486 1.440 56.7 1.865 88.3 1.892
LISH| 15| 20 | 1113 | 1918 | 2763 | 356.1 1471 674 2.217 99.1 2123
% F ¢ Fiber, S @ 30X ¢05mm, L : 50x ¢ 0.6mm, H : Hooked fiber
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Table 7 Test results of flexural fatigue test

Par | Stress ratio | Stess | p_ Pua | Amplitude | Mean Cycles to failure(cycles)
TP | (kgh) | R=Pr/Pras | 5 | (ke) | (keD) | (gh) | (2

7z kef) 1 2 3
90 934 93 420 514 210 329 3027
FO | 1,038 80 830 83 374 457 2,677 12,149 1.753
70 727 73 327 400 111,188 32,862 5.364
90 1,225 122 551 674 662 2,355 3.352
SO07H | 1.361 80 1,089 109 490 599 22.892 4,220 18.067
70 953 95 429 524 112,324 232,023 158.891
90 1,420 142 639 781 775 2.979 1,718
S10H | 1,578 80 1,262 126 568 694 24,970 35.895 8,358
70 1,105 110 497 608 123,561 523,023 358,154
90 1,547 155 696 851 2.096 1,915 9,736
S15H | 1,719 30 1,375 138 619 756 74,520 7,220 38,665
01 70 1,203 120 541 662 163,801 149,158 438,354
) 90 1,130 113 509 022 43 412 213
LO4H | 1.256 80 1,005 100 452 553 3.212 9,783 18,796
70 879 88 39 484 70,692 134,551 178,625
90 1,510 151 680 831 965 22875 10,534
LO7H | 1,678 80 1,342 134 604 738 128,762 43,683 55.124
70 1,175 117 529 646 170,465 348,817 436.762
90 1,767 177 795 972 8.707 2,747 10,455
L10H | 1,963 30 1570 157 707 364 31,271 73.699 121,115
70 1,374 137 018 756 | 1000372 414,904 657,852
90 1,983 198 892 1,090 8,982 52413 31.124
L15H | 2,203 80 1,762 176 793 969 152,312 89,895 433815
70 1,542 154 694 348 200,167 1086,457 356,479

oF 61~67%2 MAE R} FAFoE WA ek i H 25 65% dr HaE
¥ Hooked(60)® A9 HEFEe 61.2~ g7 Ag 43 S-N AE2RE 9245 (y)
63.7%0°]H, Hooked(83)8 Af= 61.6~66.4% g J2FE (Ve AE v 22 FgAdeR
7 Yepkch webA, 2 A dPza” 3y vehger, 4ARfE & 92 FagE:s
607 832 ZAHRE YT AS AEFAE Y =108.101 — 3.501 mN o2 YEPsith

=

Steel fiber reinforced concrete using Hooked (60} | Steel fiber reinforced concrete using Hooked(83)
1=04% - Y =112.668 — 3.522 InN
Ve=0.7% Y =117.292 — 3.867 InN Y =122.586 — 3.938 InN
Vi=1.0% Y =115.461 — 3.569 InN Y =123.971 — 3.965 InN
Vi=15% Y =120.728 — 3.986 InN Y =124.628 — 4.177 InN

x 9A0H Y=24E, N=Wzs

122 sy st s A A44d A2, 2002
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Table 8 Inelastic strain energy at static load(N=1 gh= AgS vehlgio
cycle) for stress level Fig. 6~0014 UEhd ule} o] A$ E9jeke]

Inelastic strain energy at static
load{N=1cycle) (kgf - mm)
150
Fiber type |Plain|  Hooked(60) Hooked(83) g - 90%(3070.5)
Vi) |0 o710 |15 (07 1015 B P
09 |13.74|3691| 1357 | 96.7 | 1239 | 1716 | 134.1 5 °° ’ :::
Stress ; 2679|3758 e -
level 08 | - - 3121 (3679|3755 1 1129 - g 60 .
0.7 | 736 114.65] 4757 |3387] 27.19 | 6853 | 32.86 2 4 © o«
E » - ~
© -+ hd N <
= % + + +
|_|_. Ht_l.gilzl\_o.” EH@. Hl -||:| 3501“-17“ 1 10 100. 1000 10000
el ‘]"‘oﬂ EHfﬂ- 4.0 E'_ ZLE]F,/] Of]_[L ' . Numt.>er of Ic.Jadlng C.ycles '
Al = o r- Fig. 6 Comparison of inelastic strain energy by fiber
o] W &A= oulx 2 WEE HAE] ¢ —5} volumes as loading cycles increase (Hooked

- [V}
of AlgA Fsktel WA (Extensometer) i (60)-Stress level 30%)

AAEtL st ARAE FAste] oo uigh B4
ZRE HYAE Aakste] BlwEih Fig.
6~12t 7% E9% 245 ddn 2 4 &
ol ui: ngy tﬁﬁé Aol WaE vepbd
Ziole], Table 8 7t W@z S¥5Fo u
gt A A eFEA wa\ 1 cycle) BvlgHdsIg oy
A AAARE Ve 74015}

e A SESEE 900%Y el A

200
90%(50*0.6)

0%

X 150 —5— 0.7%
+

1.0%

Inelastic strain energy(kgf.mm)

1 10 100 1000 10000 100000

Zoleko] upi HHEF o) EH?_} H]I;/_]-/‘gl?jﬁgOﬂLﬂ | Number of loading cycles
Walie 717} . Fig. 7 Comparison of inelastic strain energy by fiber
dsh: 747 1?'74’ 36.91, 135.7, 7?6:7 kef - mm volumes as loading cycles increase (Hooked
2 Uit RE ZagEr HMeE 2938 £ (83)-Stress level 90%)
Rlue) Wsl PRas el &8 o4

o zZ20 Ao L} Es A—]O Zolek 60
7 ooke AL Aoz ekt =4 12 oo
1L0%S 9 b4 2 wemaauds yee  E. o

- 0.7%

m, FAE] 70“&%% Eroga g7y
EAEE QYA 274 Sk ¢ 5 Sk
wa, w4} 27 1 we} Hlekg ol

At FA43] Fasigith wRas 10003 o

CEEE CREREE @%maoﬂ w742} —

17.39, 54.02, 25.74, 22.61%% A 72340} ; 10 100 1000 10000 100000 1000000

oleld Arl N RS Sk wek g  umber o o s ,

_ Fig. 8 Comparison of inelastic strain energy by fiber

ol &A=l vz A Ak, AlEAlzE volumes as loading cycles increase (Hooked

sajo] AR nleAdmEdUR7} 34 Z7} (60) -Stress level 70%)

4
° 1.0%

: 1.5%
30 :

Inelastic strain energy(kgf.mm)
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e
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Fig. 12 Comparison of inelastic strain energy by
fiber aspect ratio at 1.5% fiber volume
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Table 9 Result of cumulative damage subjected to Table 10 Result of cumulative damage subjected to
low-high stress steps high-low stress steps
Cycles at Ni Cycles at No | Average | y.2 Cycles at N Cycles at No | Average | s
T D) T DX
e n/Ni| N n n | ny/Na| nm/No N yoe m/Ni| Ni | m n n/Ne | n/Ns N
41 235 10544 | 020
F0 53234 | 10647 | 126 | 072 260 28 FO 176 35| 9660 018 042 | 062
88 | 488 46752 | 083
2248 | 194 51480 | 0.5
SO7H 204697 | 40939 | 1497 | 129 344 364 SO7H 1161 | 232 156023 | 076 046 | 066
8236 | 7.09 74865 | 037
897 | 072 49568 | 015
SI0H 340,609 | 68122 | 5423 | 432 37 3% S10H 1254 | 251 328514 096 0501 070
77841 621 128048 | 038
1887 | 085 159115 | 047
SI5H 336,908 | 67,382 | 6,698 | 3.00 230 | 276 SI5H 2230 | 446 | 475284 ¢ 141 0851 105
0 8547 | 383 0 226254 1 067
’ 2599 | 417 ' 141607 | 0.78
L04H 182255 | 36451 | 881 141 223 | 243 L04H 6231 125| 57758 032 042 | 062
690 | 111 30079 017
3998 | 102 170321 | 027
LO7H 630,708 | 126,142 | 18907 | 4.82 2781 293 LOTH 3926 | 785 33240 | 053 051 071
9854 | 251 4557201 072
15664 | 298 262663 | 032
L10H 815,630 (163126 | 1,723 | 0.33 221 241 LI0H 5259 (1,052 | 172913 | 021 058 | 078
17457 | 332 9745191 119
67841 L70 154235 032
L15H 479.190 | 95838 | 8467 | 212 249 | 269 L15H 3988 | 798| 2689841 (056 0631 083
14536 | 364 489567 | 102
Aol 2aASH 9% HAvlE ToNS . B B
2.4~4.0 AEE VERler olok= HIE 197
A4 18H0.9), AN ALHONE B B ATAME Hookedd PAHY F4h)
Aol Zn/Noj ¢k 0.6~1.1 F=& veRdch 60,8000 tistel & e HZHPE FH
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