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Effect of Thickness of Ultra-High Performance Concrete on Its Axial Tensile
Stress-Strain-Crack
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(1. College of Civil Engineering, Hunan University, Changsha 410082, China;
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Abstract: Direct tensile tests were carried out on three types of ultra-high performance concrete (UHPC) specimens with different
thicknesses of arc-shaped dog bone shape, and the relationship among axial tensile stress, strain, and crack of UHPC was analyzed.
The results show that the tensile strength of UHPC increases slightly, the ability to limit crack development increases, the strain
capacity decreases significantly, and the strain softening rate increases as the specimen thickness decreases from 100 mm to 30 mm.
When the crack width is less than 0.2 mm, the post-crack stress of UHPC increases slightly. After the main crack forms, the crack
development rate and the post-crack stress decline rate increase correspondingly. The tensile strain value is fitted from the main crack
width, and it is indicated that the main crack development process of UHPC specimen be in reasonable agreement with the strain
softening stage.
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Table 1 Matrix composition of UHPC  kg/m’
Basis material of UHPC

Steel

Cement Quartz  Silica  Quartz Fly ash Water Water fiber
sand fume  powder reducer

771.2 848.4 1542 1542 77.1 20.1 180.5 157.5

F2 BN 2%TFEENTH ST UHPC 1516
Table 2 Characteristics of 2% steel fibers and mechanical

properties of UHPC

Size of steel Cube . Axial . Elasticity Flexural

Sample fiber/mm compressive compressive
_— modulus strength

No. Leneth Diamet strength strength EJGPa  f/MPa

eng 1ameter ¢ /MPa £./MPa ¢ !
LZ-A
MZ-A 13 0.2 170.95 157.43 5479  27.16
SZ-A
LZ-B
MZ-B 20 0.2 185.60 170.77 5228  28.85
SZ-B

Note: “LZ” stands for the specimen with a thickness of 100 mm, “MZ”
stands for the specimen with a thickness of 50 mm, and “SZ” stands for the
specimen with a thickness of 30 mm; “A” and “B” respectively represent
two types of UHPC, the length-diameter ratio of steel fiber adulterated in
type A UHPC is 65, the length-diameter ratio of steel fiber adulterated in
type B UHPC is 100.

1.2 R HFEIt
KBS S AR T e H R ks,
WE 1 fros. MEEE UHPC #yE NF P18-7102"
e T IR IR A3 bR UERISERR UHPC T REH A
[ R Ry (R A PR Y, BT 3 R R
100 mm. 50 mm 130 mm, XN A 2% UHPC
WA E T )RR SRR AR, AR R
B 2§ UHPC X145 il T JZalpF il il o
—ILUEE 6 43R5, B4 3 MAE, 3L 18 Ml

100
]
(=3
=4
o
T g
g g E
(=
2 8 - N B =
A v
.
m__
(=3
=

1R

Fig. 1 Diagram of specimen size
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Fig. 2 Stress-strain curves of direct tensile test
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Table 3 Tensile characteristic values for direct tensile test

Sample No. 6./MPa £.x10° 0,/MPa £,x10°
LZ-A 8.93 181 11.34 3298
MZ-A 9.61 187 12.21 2810
SZ-A 10.04 184 12.64 1989
LZ-B 8.75 179 10.75 3859
MZ-B 9.40 182 12.04 3487
SZ-B 9.68 178 12.12 3202

o Initial crack stress, ¢.: Initial crack strain, ¢, Peak stress, ¢,: Peak strain.
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Table 4 Average stress values for specific crack widths and
average number of cracks

Sample Average post-crack stress/MPa Average number

No. 0.05mm 0.10 mm 0.20 mm 0.50 mm 4.00 mm  of cracks

LZ-A 10.47 1022 10.31 9.90 4.30 73
MZ-A 12.02 12.00  11.77  10.60 3.17 10.3
SZ-A 11.26 11.72  11.77  10.31 1.44 12.7
LZ-B 9.51 9.71 9.81 9.86 5.42 11.7
MZ-B 10.56 11.19  11.37  10.60 3.33 15.7
SZ-B 10.53 11.00 1091 9.88 228 18.7
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