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Effect of Steel Fiber on Elastic Modulus of Ultra-High-Performance Concrete

YANG Jian, CHEN Baochun, SU Jiazhan
(Technology Innovation and Risk Mitigation of Bridges, National Center for International Research, College of Civil
Engineering, Fuzhou University, Fuzhou 350108, China)

Abstract: Effects of aspect ratio and volume fraction of straight steel fiber on the modulus of elasticity (MOE), compressive strength,
and flowability of ultra-high-performance concrete (UHPC) were investigated. The results show that the MOE and compressive
strength of UHPC increase and the flowability of the fresh UHPC decreases with the increase of fiber volume and fiber aspect ratio.
Steel fiber has both positive and negative effects on the MOE of UHPC. The positive effect of steel fiber is due to the high elastic
modulus of steel fiber itself. The negative effect is caused by the decrease of the MOE of UHPC matrix due to the decrease of the
flowability of fresh UHPC and the increase of the porosity and the inner defects after the fibers adding into the matrix. A
semi-empirical formula was proposed for predicting the MOE of the UHPC based on the experimental data, comprehensively
considering the positive and negative effects of fibers. It is indicated that the MOE of the UHPC could be strongly correlated to the
compressive strength.
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Table 1 Type and volume fraction of steel fiber

Sample No. dymm Iymm V%
U-0 0
U0313-1 0.3 13 1
U0313-2 0.3 13 2
U0313-3 0.3 13 3
U0213-1 0.2 13 1
U0213-2 0.2 13 2
U0213-3 0.2 13 3
U0220-1 0.2 20 1
U0220-2 0.2 20 2
U0220-3 0.2 20 3

dy: Diameter of fiber; /i: Length of fiber; Vi: Volume fraction.
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Table 2 Mixture proportion of matrix (mass ratio)

Binder (B) Aggregate

Cement (C) Silica fume (SF) Quartz sand (S)

Super-plasticizer (SP) Water/binder (W/B) ratio

Quartz powder (P)

1 0.3 1.08

0.025 0.18
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Table 3 MOE and compressive strength of UHPC

MOE E/GPa .
UHPC sample — Compressive strength/MPa
1 2 3 Mean Standard deviation
U-0 44.6 44.2 46.6 45.1 1.05 135.2
U0313-1 45.7 45.7 423 445 1.60 139.7
U0313-2 45.8 46.8 44.6 45.8 0.90 157.3
U0313-3 46.2 46.2 46.4 46.3 0.12 158.1
U0213-1 44.6 45.6 48.1 46.1 1.50 145.0
U0213-2 442 48.9 50.2 47.8 2.60 162.6
U0213-3 48.1 46.8 51.4 48.8 1.96 168.7
U0220-1 472 483 45.2 46.9 1.25 157.8
U0220-2 46.3 48.5 50.9 48.6 1.88 172.3
U0220-3 47.8 48.3 51.5 49.2 1.63 192.2
MOE: Modulus of elasticity.
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Table 4 Collected calculation equation of MOE

Reference Jfo/MPa Sample number

Error analysis

Formula

Mean/% Standard deviation/%
NF P 18-710" =140 7 E=9.5(f)" 9.1 0.8
FHWAM 126<£,<193 8 E=3.84(f)"° 5.6 2.1
Ali Alsalman'” 31<£,<235 9 E~8.01(f)"? 7.7 0.9
Sritharan!'¥! 170 10 E~4.153(f)"? 14.2 23
Ma JI'¥) 150<£, <180 11 E=19(f/10)"? 45 0.8
Kollmorgen!'®) 34<£,<207 12 E~11.8(/)" 28.3 1.0

E,: Modulus of elasticity; fo: Compressive strength.
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