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The Effect of Steel-Fiber Contents on the Compressive Stress-Strain
Relation of Ultra High Performance Cementitious Composites (UHPCC)

Su-Tae Kang"* and Gum-Sung Ryu"
YStructural Engineering & Bridges Research Division, Korea Institute of Construction Technology, Goyang 411-712, Korea

ABSTRACT The effect of steel-fiber contents on the compressive behavior of ultra high performance cementitious composites
(UHPCC) was studied to propose a compressive behavior model for UHPCC. The experiments considered fiber contents of 0~5 vol.%
and the results indicated that compressive strength and corresponding strain as well as elastic modulus were improved as the fiber contents
increased. Compared to the previous study results obtained from concrete with compressive strength of 100 MPa or less, the reinforcement
effect on strength showed similar tendency, while the effect on the strain and elastic modulus were much less. Strength, strain, and elastic
modulus according to the fiber contents were presented as a linear function of fiber reinforcement index (RI). Fiber reinforcement in
UHPCC had no influence on the shape of compressive behavioral curve. Considering its effect on compressive strength, strain, and elastic
modulus, a compressive stress-strain relation for UHPCC was proposed.
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Table 3 Mix proportion of cementitious composites
(ratio in weight)
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Table 1 Physical & chemical properties of cement and silica fume

Item Specific surface area Density Ig. loss Chemical composition (%)
(cm’/g) (g/em’) (%) Si0, | ALO; | Fe,0; | CaO | MgO SO,

Cement 3,413 3.15 1.40 21.01 6.40 3.12 61.33 3.02 2.3
Silica fume 200,000 2.10 1.50 96.00 0.25 0.12 0.38 0.1 -
Table 2 Chemical properties of filler

Tt Ig. loss Chemical composition (%)
em
(%) A1203 CaO F6203 8102
Filler 0.01 0.06~0.5 <0.02 <0.02 0.01~0.07 99.3~99.8

70

=32 Ests| =28 H23d H1S (2011)



EQE Aglel RE AWA Y FEHSH-AYE W
7 A HAFS dehltht 53w =8 4F #
Aoz salsE A5S UeRhl 4577k 200 MPa
oldoz 1 FEuAIAIA} wig AN AFHo=
Z4Ead olFe Yol Pashe 7] $HMYE
FHE ' Aol BkssA
Table 59 A3 AFAZFYH =A%, HUigholA e ¥
FE, AT g AR asds AFHe=r
H7re 4 ok oA YA E MR R S E
A5k 71E AT AFedA] diF R AEAT EAAH
AR E AREAATRNY A9Tgr-E £
S B S AUt gEA=e das AeE 50
UHPCCE EFshe, YS4EA tat Afnzaze] o
wshE AN ARRAARRN FEE AN v
glov, of AAHL olgstel o] Aol AY At B
Table 4 Test results for typical UHPCC with 2 vol.% steel fiber
No At 45% of maximum stress |Secant modulus of At maximum stress At failure
’ Stress (MPa) | Strain (x10°) |elasticity, E. (GPa)| Stress (MPa) |Strain (x10°)| Stress (MPa) | Strain (x10°)
1 95.64 2007 46.88 212.53 5353 212.42 5380
2 93.65 1823 51.84 208.45 4823 208.45 4823
3 95.77 1953 48.00 212.82 5260 212.38 5450
4 95.45 1963 4791 212.12 4980 210.16 5363
5 93.82 1880 48.75 208.48 4730 208.48 4730
Mean 94.87 1925 48.68 210.88 5029 210.38 5149
deviatsi:)Td(‘Z.d dovy| 1040 73.11 1.690 22185 270.5 1.9714 343.4
Table 5 Test results with various fiber volume fractions
No. v, %) Secant modulus of elasticity, £, (GPa) Peak stress (MPa) Strain at peak (x10°)
values mean st. dev. values mean st. dev. values mean st. dev.
1 48.47 207.2 4298
2 0 48.05 48.45 0.386 201.8 206.6 458 4023 4189 146.3
3 48.82 210.9 4247
4 50.13 204.3 4148
5 1 49.65 50.09 0.417 209.2 204.9 4.08 4244 4194 48.1
6 50.48 201.1 4190
7 49.69 219.1 4516
8 2 49.45 49.65 0.183 222.9 220.0 2.53 4429 4445 64.1
9 49.81 218.1 4391
10 50.71 213.5 4272
11 3 49.77 50.34 0.499 217.2 214.2 2.76 4434 4359 81.6
12 50.53 211.8 4370
13 51.35 225.9 4461
14 4 52.09 51.50 0.527 229.5 223.3 7.89 4518 4473 40.4
15 51.07 214.4 4440
16 52.26 2314 4531
17 5 52.80 52.27 0.525 235.1 229.5 6.70 4593 4540 49.1
18 51.75 222.1 4496
UHPCCS| ¢UESH-HHE HA/0 Cist 247 28 Yst| 71
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Table 6 Representative results for each fiber volume fraction

Vi (%) At 45% of maximum stress : Seca.n‘f modulus At maximum stress
stress (MPa) strain (x10°) of elasticity, £, (GPa) Stress (MPa) Strain (x10°)
0 93.26 1924 48.47 207.2 4298
1 91.93 1834 50.13 204.3 4148
2 98.59 1984 49.69 219.1 4516
3 96.09 1895 50.71 213.5 4272
4 101.7 1980 51.35 225.9 4461
5 104.1 1992 52.26 2314 4531
250 —

—E}— Exp. with 1 vol.% steel fiber
—2— Exp. with 3 vol.% steel fiber
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Fig. 10 Comparison of predicted curves with experimental
results
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