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Bending behaviors of two-way slab of UHPC with steel fiber and
micro—nonmetallic fiber

YU Gen-she',DENG Zong-cai’
(1. School of Civil Engineering, Central South University, Changsha 410075, China; 2. College of Architecture and Civil
Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: To study the influence of hybrid fibers on the flexural properties of UHPC, steel fibers were
mixed with three new types of micro-nonmetallic fiber. Through the center point loading test of seven
groups of four-sided simply supported two-way slabs, the loading process, failure modes and load-
deflection curves of each group were studied, and the initial crack load, peak load and bending toughness of
hybrid fiber boards were analyzed. The results show that hybrid fibers can improve the initial crack load,
peak load, energy absorption value and deformation performance of UHPC slabs. The energy absorption
value of hybrid fiber board is higher than that of steel fiber (SF) doped 1.3%. The post-peak toughness
indexes T9(5.5) and T14(8), T19(10.5) of hybrid fiber UHPC slabs were higher than those of single—
doped with 1.3%SF and 1.8%SF specimens, and hybrid fiber improved the residual bearing capacity and
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deformation capacity. When SF is mixed with polyvinyl alcohol fiber (PVA), glass fiber (GF) and basalt
fiber (BF), the hybrid toughening effect of SF/PVA and SF/BF is better than SF/GF. Through energy

absorption method, hardening index and post—peak toughness index, the strengthening and toughening

effects of hybrid fiber UHPC slabs at different loading stages can be evaluated comprehensively.

Key words: structural engineering; ultra-high performance concrete; hybrid fiber; flexural toughness;

energy absorption; toughness index; hardening index; two-way slab
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Table 1 Parameters of UHPC specimen

A
, R,

e I ;ﬁ; B/ TN 4 R4
1 S-S1.3PVAO0.5-12 1.3 0.5%(PVA-12-0.04)
2 S-S1.3G0.5-6 1.3 0.5% (GF-6-0.014)
3 S-S1.3G0.5-12 1.3 0.5%(GF-12-0.014)
4 S-S1.3G0.5-18 1.3 0.5% (GF-18-0.014)
5 S-S1.3B0.5-12 1.3 0.5%(BF-12-0.02)
6 S-S1.3 1.3 —
7 S-S1.8 1.8 —
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Table 2 Mix proportion of UHPC (1 m’)
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0.18 1.2 11 2 182
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Fig.1 Stress—strain diagram for SF, PVA, GF and BF
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Table 4 Parameter of synthetic fiber and inorganic nonmetal fiber in test

4 A Fh 2 KJE/mm H A /mm LR/ GPa 5 [ /MPa W/ (kgem ) 25
PVA-12-0.04 12 0.040 40 >1600 1640 AHHL
GF-6-0.014 6 0.014 72 1700 2 680 TeHl
GF-12-0.014 12 0.014 72 1700 2 680 TeHl
GF-18-0.014 18 0.014 72 1700 2 680 JoHlL
BF-12-0.02 12 0.020 90 2 300 2 650 TeHL
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Fig.2 Fibers in test
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Table 5 Average cube compressive strength of

UHPC with fibers

b IR B LB/ MPa
1 S-S1.3PVAO0.5-12 113.2
2 S-S1.3G0.5-6 127.7
3 S-51.3G0.5-12 114.8
4 S-51.3G0.5-18 110.0
5 S-S1.3B0.5-12 116.5
6 S-S1.3 118.3
7 S-S1.8 121.1
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Fig. 4 Ultimate failure mode of square plate specimen
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Fig.5 Load deflection curve of UHPC specimen
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Fig. 6 Three stage load—deflection curve of typical
UHPC specimen
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Table 6 Initial crack load, peak load and corresponding deflection

FG AT P, /kN W AR 4% P,/kN MEBEE 5. /mm BRI 0,/mm
S-S1.3PVA0.5-12 49.7 60.5 0.91 1.45
S-S1.3G0.5-6 44.3 49.5 0.99 2.72
S-51.3G0.5-12 34.1 38.9 1.41 4.46
S-51.3G0.5-18 42.8 47.2 1.16 2.27
S-S1.3B0.5-12 26.7 39.1 0.58 2.53
S-S1.3 25.6 31.8 1.21 5.61
S-S1.8 65.6 84.6 2.22 3.36
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Fig. 7 Energy-deflection curve of UHPC specimen
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Table 7 Energy absorption values and corresponding loads in different deflection
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Table 8 Strain hardening index and post fracture toughness index
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