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Compression-shear performance and failure criteria of the high-performance

cement-based composite

XIE Faxiang , HAN Xu, CAI Dingpeng , CHEN Xudong
(College of Civil Engineering and Transportation, Hohai University, Nanjing 210098, China)

Abstract: High-performance cement-based composites (HPCC) is a prospecting material in the construction field.
Because of its high strength and increased toughness, the material has excellent applications prospects in the
future. High-strength steel fibers are usually incorporated in HPCC with proper mixing ratios. Four kinds of HPCC
with varying fibers volume fractions (0.0vol%, 0.5vol%, 1.0vol%, 2.0vol%) were designed and fabricated to study the
combined compression-shear performances of HPCC. Firstly, the Mohr-Coulomb-based model of compression-
shear strength of HPCC was proposed and verified based on the experimental data. The results demonstrate that the
fiber content has little effect on the friction coefficient of the compression-shear interface of HPCC, with an average
value of 2.8826, and the friction coefficients of HPCC with different fiber contents varies from -1.44% to 8.51%
compared with the average values. The cohesion stress exhibits a quadratic parabola relationship with the volume
content of steel fiber. However, the peak displacement of HPCC under compression-shear loads increases at first
and then decreases with the increasing content of steel fibers. Secondly, the SEM morphology of the failure inter-
face of HPCC was analyzed, and the microscopic mechanism of the influence of steel fiber on the HPCC matrix was

studied. The SEM morphology images explain the microscopic mechanism of the deterioration of compressive
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shear strength and variation of shear displacement. In the end, the Ottosen-based failure criterion of HPCC was pro-

posed by combining the experimental results and the research data from the existing literature. And the specific

fitting parameters were also presented, which predicts that the octahedral shear stress of HPCC is higher than that

of the ordinary concrete. The experimental data are in good agreement with the theoretical analysis results, which

can reflect the failure envelope characteristics of HPCC. The experimental data are in good agreement with the

regression results, which could reflect the characteristics of the failure envelope of HPCC.

Keywords: high-performance cement-based composites (HPCC); compression-shear performance; microscopic

mechanism; failure criterion; fiber-reinforced concrete
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Table1 Various mix proportions of high-performance cement-based composites (HPCC)

kg/m®
Specimen Cement HDC(V) Water Water reducing agent ~ Sand Steel fiber
C 800 360 180 17.0 930.0 -
0.5%SF/C 800 360 180 17.0 925.4 39
1%SF/C 800 360 180 17.0 920.7 78
2%SF/C 800 360 180 17.0 911.4 156

Notes: SF—Steel fiber; C—Concrete; HDC(V) is a mineral blending material with a certain fineness and activity with fly ash and ultrafine

mineral powder as the main raw materials.
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Table 2 Designed experimental cases of HPCC

Item Load profile Axial load/kN Number of load cases
pi-C-comp Uniaxial compression - 1
pi-SF/C-comp - - 3
pp-C-split Split tension - 1
pr-SE/C-split - - 3
prC-X - - 4
pi-SF/C-X Combined compression-shear 15, 25, 35, 45 11

Notes: p=0vol%, 0.5vol%, 1vol%, 2vol%, is the volume fraction of steel fibers; X=15, 25, 35, 45 kN, is the axial pressure in the composite

compression-shear tests.
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Table 3 Uniaxial compression and splitting tensile strength of various HPCC

Compressive strength/MPa

Splitting tensile strength/MPa

Specimen

Test 1 Test 2 Test3 Average Ztar_lde_lrd Test 1 Test 2 Test3 Average Star?d:?rd

eviation deviation
C 113.72 115.73 118.34 115.93 1.89 7.37 7.97 6.82 7.39 0.47
0.5%SF/C 135.14 121.65 121.56 126.12 6.38 12.29 12.61 13.21 12.70 0.38
1%SE/C 144.96 147.81 135.68 142.83 5.18 13.63 14.03 13.53 13.73 0.22
2%SF/C 137.61 120.19 127.58 128.46 7.14 14.44 13.41 14.00 13.95 0.42

2.3 HPCC EHIERIEE

R AR 3 30 245 SR W] AR AR 1 i R 55 2 A 1E
TR R T -0 AR 2, B B AN Al AR R
HPCC 2 {4 1 & 5 W 1 J) 7 R UGB IV A £ 4%
RIS LE LB BT 3 40

F4 AEEALL HPCC iR EHE &I 4HEE
Table4 Characteristic values of compression-shear
composite experiments for HPCC specimens
with different mix proportions

Specimen Peakload/kN  7¢/MPa £/1073
C-15 90.17 9.02 4.51
C-25 126.17 12.62 4.64
C-35 148.27 14.83 5.93
C-45 169.40 16.94 8.42
0.5%SF/C-15 129.60 12.96 4.36
0.5%SF/C-25 162.33 16.23 5.97
0.5%SF/C-35 174.30 17.43 6.27
0.5%SF/C-45 212.43 21.24 7.48
1%SF/C-15 152.21 15.22 7.52
1%SE/C-25 211.80 21.18 9.85
1%SE/C-35 217.67 21.77 9.83
1%SF/C-45 251.73 25.17 11.67
2%SF/C-25 199.93 19.99 9.29
2%SF/C-35 237.77 23.78 7.74
2%SF/C-45 252.27 25.23 9.94

Notes: ti,—Peak shear stress; £ —Strain of HPCC when the shear
stress reaches peak.
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ZAl, 5F¥EM2E T -1.44%~8.51% Z [8], A]
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Table 5 Friction coefficient yand cohesive stress c of HPCC

Specimen u(Error) c R2

C 2.8054(-2.68%) 5.1275 0.9726
0.5%SF/C 2.7558(-4.40%) 8.3305 0.9441
1%SF/C 3.1280(8.51%) 11.1074 0.9694
2%SF/C 2.8411(-1.44%) 13.0705 0.9504
Average 2.8826 - -

Note: R*—Coefficient of determination.
28
= C —— Linear fitting -

26  © 0.5%SF/C - - Linear fitting

4 1%SF/C - - - Linear fitting
24 | ¢ 2%SF/C - - Linear fitting E -
22 B _ /‘ T .t B B
aas: -
20 [Pt N Phs

Shear strength/MPa

1.0 1.5 20 25 30 35 40 45 5.0

Compression stress/MPa
P4 HPCC JRBY 551 1 ) 5 &
Fig.4 Relationships of compression-shear strength

and axial stress of HPCC
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Fig.5 Friction coefficient versus steel fiber content of HPCC
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Fig.8 Micro morphology SEM images of HPCC
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Table 6 Fitting parameters of Ottosen failure criterion

A B ki ko

1.32 4.01 12.68 0.98

Note: A, B, k,, k,—Fitting parameters in Ottosen criterion.
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