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Tensile Response of Strain-Hardening Ultra-High Performance Fiber Concrete Thin Layer
Based on Fiber Orientation Distribution
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(1. College of Civil Engineering, Hunan University, Changsha 410082, China;
2. Swiss Federal Institute of Technology Lausanne (EPFL), Station 18, CH-1015 Lausanne, Switzerland)

Abstract: The distribution of fiber orientation in strain-hardening ultrahigh performance concrete (SH-UHPC) thin slab was
measured by a non-destructive test (NDT) method using a magnetic probe. Afterwards, the dumbbell specimens and rectangular
plates were extracted orthotopically along the flowing direction of fresh mixture. The direct tensile test (DTT), 4-point bending test
(4PBT) and inverse analysis were then conducted. The results indicate that the fibers tend to align perpendicularly toward the flow
direction of fresh mixture in SH-UHPC thin layer under horizontal free-flow condition. The tensile response (inelastic part) of SH-UHPC
ranges widely in thin slab, mainly due to the continuous change of fiber orientation along the flowing direction. Compared with 4PBT,
DTT can directly, comprehensively, and accurately reflect the tensile response of SH-UHPC in thin slab. In addition, the correction
factor for tensile strength (i.e., K=1.12) in thin slab is less than the recommended value in AFGC standard, and the correction factor
for ultimate strain K in thin slab is 1.25 based on the experimental results and available data from the corresponding literature.

Keywords: strain-hardening; ultra-high performance concrete; non-destructive test; direct tensile test; 4-point bending test; fiber
orientation
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Table 1 Test results from extracted dumbbell specimens under DTT

No. Ey/GPa Jue /MPa fuw /MPa eun/% n Pattern DIC strain contours at f{,
T1-1 45.60 9.70 12.82 0.366 4045 Uniform
T1-2 49.09 9.41 11.55 0.233 2045 Uniform
T1-3 47.39 7.74 9.62 0.258 1245 2 Clusters
T1-4 49.64 7.25 9.80 0.159 1043 1 Cluster
T1-5 48.38 7.20 9.49 0.082 542 1 Cluster
T2-1 49.93 8.65 14.33 0.425 4545 Uniform
T2-2 48.36 7.60 10.59 0.087 12+4 1 Cluster
T2-3 47.12 7.91 10.21 0.214 18+3 1 Cluster
T2-4 48.13 8.02 13.98 0.185 23+4 Uniform
T2-5 48.24 8.60 15.50 0.550 50+5 Uniform
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Fig. 9 Fracture process of specimen T1-5 under DTT
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Table 2 Test and inverse analysis results of extracted rectangular plates under 4PBT
Sample No. F./kN oe (fuee)/MPa Fy/kN a,/MPa Jp/mm Ey/GPa fuw/MPa eun/107 DIC strain contours at £,
B1 6.12 10.29 20.42 34.30 2.42 48.75 13.16 0.310
B2 6.40 10.74 22.47 37.74 3.79 46.00 14.49 0.620
B3 6.15 10.33 20.15 33.86 3.30 47.38 12.97 0.490
B4 6.19 10.40 17.70 29.74 2.84 46.10 11.43 0.150
BS 6.17 10.37 12.90 21.64 1.16 46.70 8.29 0.022
B6 7.10 11.93 19.52 32.79 2.98 47.00 12.56 0.340
B7 6.71 11.27 23.16 38.90 3.55 47.76 14.94 0.500
B8 6.70 11.26 21.57 36.24 3.19 46.18 13.91 0.470
B9 7.79 13.09 25.70 43.17 4.05 47.54 16.56 0.730
B10 7.61 12.79 24.69 41.48 3.19 51.00 15.90 0.440
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Fig. 14 Fracture process of plate B2 under 4PBT
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