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Effect of Matrix Rheological Properties on the Properties of Engineering Cement — based Composites
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Abstract: The tensile strain — hardening behavior of Engineered Cementitious Composites ( ECC) is highly dependent on the
uniform dispersion of fibers, with the rheological properties of the matrix serving as a key factor governing fiber distribution. By
adjusting the water — to — binder ratio, superplasticizer dosage, and thickener content, and combining rheological testing,
flowability measurements, and uniaxial tensile tests, this study systematically investigates the correlation mechanism between the

rtheological properties of the ECC matrix and its macroscopic mechanical performance. The results indicate that the matrix
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rheological behavior conforms to the Modified Bingham (M - B) model, and its shear — thinning characteristics effectively inhibit

fiber agglomeration. A significant linear negative correlation exists between flowability indicators and plastic viscosity, validating

the feasibility of using flowability tests to evaluate rheological parameters. Optimal tensile strain — hardening performance was

achieved at a plastic viscosity of 2. 5 Pa s, yielding an ultimate strain of 3. 08% , with first — crack strength and ultimate strength

reaching 3. 50 MPa and 4. 76 MPa, respectively. Regulating matrix rheological parameters enables uniform fiber dispersion and

effective interfacial stress transfer, providing a quantitative design basis for optimizing ECC material performance.
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Table 1 Performance parameters of PVA fiber

W HAE O KE brhompEE EEsR WRE R
/(g/cm®) /mm /mm /MPa /MPa /%

1.3 0. 039 12 1 620 42.8 7
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Table 2 Mixture ratio of ECC
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GiS KB KR /% /%

WK ey K

MO 0.25 1.0 1.2 0.8 0.55 0.7
M2 0.25 1.0 1.2 0.8 0.55 0.7 0.02
M4 0.25 1.0 1.2 0.8 0.55 0.7 0. 04
M6 0.25 1.0 1.2 0.8 0.55 0.7 0. 06
NO 0.30 1.0 1.2 0.8 0. 66 0.25
N2 0.30 1.0 1.2 0.8 0. 66 0.25 0.02
N4 0.30 1.0 1.2 0.8 0. 66 0.25 0.04
N6 0. 30 1.0 1.2 0.8 0. 66 0.25 0. 06
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Fig. 1 Particle size distribution curve of raw materials
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Fig. 2 Matrix preparation process
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Fig.3 Article size distribution and ideal particle
size distribution of mixtures
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Table 3 Parameter values of M - B fitting curve

e 7o/ Pa n/ (Pa-s) c R?
MO 11.91 1.45 -0.000 3 0.993 72
M2 32.75 2.48 -0.002 9 0.995 13
M4 67.58 3.34 -0.006 9 0.997 43
M6 122.98 4.69 -0.002 0 0.979 60
NO 18.03 1.75 -0.002 9 0.997 23
N2 24.73 2.58 -0.004 8 0.988 59
N4 67.56 3.16 -0.0103 0. 996 56
N6 129. 96 4.32 -0.021 9 0.992 02
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Fig.4 M - B fitting curve of fresh matrix material
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Table 4 Rheological properties of matrix materials
Eihea n/ (Pa-s) d;/mm r
MO 1. 45 21.75 12. 14
M2 2.48 20. 50 10. 67
M4 3.34 18.75 8.77
M6 4.69 17.50 7.51
NO 1.75 22.05 12.51
N2 2.58 20.75 10. 96
N4 3.16 19. 15 9.19
N6 4.32 17.95 7.95
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Fig.5 Plastic viscosity — flow relation index curve
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Fig. 6 Uniaxial tensile stress — strain curve of ECC
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Table 5 Uniaxial tensile mechanical properties parameters of ECC

%5 0,/ MPa &/ % o, /MPa &,/ % E/GPa
MO 3.38 0.0130 4.57 2.21 25.95
M2 3.50 0.013 2 4.76 3.08 26. 48
M4 3.41 0.012 8 4.42 2.47 26. 67
M6 3.38 0.0133 4.52 1.72 25.44
NO 3.17 0.012 7 4.07 2.23 25.01
N2 3.25 0.0129 4.43 2.99 25.13
N4 3.17 0.012 7 3.99 2.02 24.91
N6 3.24 0.013 3 4.17 1.95 24.37
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