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Expansion of Early Warning Mechanism for Plastic Shrinkage Cracking of
Cement Mortar
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Abstract: In order to predict the plastic shrinkage cracking of cement mortar and prevent it effectively, the cracking
factors of the prediction equation( composition, constrained degree and segregated degree) were added and the range
of the environmental parameter was expanded by flat plate method and eight-character model method based on the
initial establishment of early warning mechanism for plastic shrinkage cracking of cement mortar. Thus the early
warning mechanism for plastic shrinkage cracking of cement mortar was expanded. The results show that the
seven-element constitutive equation of plain cement mortar without fibers and the nine-element constitutive equation
of cement mortar with polyvinyl alcohol(PVA) fibers are established which can effectively predict the cracking of
cement mortar. In addition, through combining the constitutive equations and their cracking criteria, the early warning
mechanism for plastic shrinkage cracking of mortar is established, which can effectively reduce cracking by adding
suitable PV A fibers after predicting the cracking condition of plain mortar correctly and ensure a good construction
quality.
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Table 1 Physical and mechanical properties of PVA fibers

Length/mm Diameter/pm

Elastic modulus/GPa

Tensile strength/MPa Elongation/ %

6,9,12,18 40

1600 7.0£0.5
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Table 2 Experimental data of seven-element constitutive equation of plain cement mortar'**"

v/ .
my/me ms/m wpa/ % wep/ % C d/cm (kg-m~*-h~) K Cracking state
0.35 1.00 10 0. 20 0.82 1.00 0.05 3.48 Uncracked
0.35 1.00 10 0. 20 0.82 1.00 0.05 4.09 Uncracked
0.50 1.00 0 0 0.82 1.00 0.06 3.06 Uncracked
0.50 1.00 0 0 0.82 1.00 0.06 3.39 Uncracked
0.40 0.67 10 0.10 0.82 1.00 0.11 1.52 Uncracked
0.40 0.67 10 0.10 0.82 1.00 0.11 1.61 Uncracked
0.35 1.00 0 0. 30 0.82 1.00 0.11 2.39 Uncracked
0.35 1.00 0 0. 30 0.82 1.00 0.12 1.78 Uncracked
0.35 1.00 0 0. 30 0.82 1.00 0.12 1.63 Uncracked
0.40 1.00 0 0 0.24 1.00 0.13 5.09 Uncracked
0.40 1. 00 0 0 0.24 1. 00 0.13 6.14 Uncracked
0.50 0.67 0 0 0.82 1.00 0.13 1.27 Cracked
0.45 1.00 0 0 0.82 1.00 0.13 1.81 Cracked
0. 50 1.00 0 0 0.82 1.00 0.15 1.38 Cracked
0. 50 1.00 0 0 0.82 1.00 0.15 1.48 Uncracked
0.35 1.00 0 0.20 0.82 1.00 0.15 1.54 Cracked
0.40 1.00 50 0 0.82 1.00 0.15 1.60 Cracked
0.40 1.00 50 0 0.82 1.00 0.15 1.73 Uncracked
0. 50 1.00 0 0 0.82 1.00 0.15 1.79 Uncracked
0.45 1.00 0 0 0.82 1.00 0.15 2.06 Uncracked
0.35 1.00 0 0.20 0.82 1.00 0.15 2.22 Uncracked
0.45 0.67 10 0 0.82 1.00 0.16 1.36 Cracked
0.40 1.20 55 0.10 0.82 1.00 0.16 1.53 Uncracked
0.40 1.20 55 0.10 0.82 1.00 0.16 1.54 Uncracked
0.40 1.20 55 0.10 0.82 1.00 0.16 1.49 Uncracked
0. 50 0.67 0 0 0.82 1.00 0.19 1.17 Cracked
0.45 1. 00 30 0 0.82 1.00 0.20 1.29 Uncracked
0.45 1.00 30 0 0.82 1.00 0.20 1.40 Cracked
0.45 0.67 10 0 0.82 1.00 0.21 1.24 Cracked
0. 50 1.00 0 0 0.82 1.00 0.22 1.03 Cracked
0. 50 1.00 0 0 0.82 1.00 0.23 0.95 Cracked
0.45 1.00 0 0 0.82 0.75 0.23 0.95 Cracked
0.40 1.50 0 0 0.82 1.00 0.23 1.94 Uncracked
0. 50 1.00 0 0 0.82 1.00 0.24 0.90 Cracked
0.45 1. 00 0 0 0.82 0.75 0.24 0.90 Cracked
0.45 1.00 0 0 0.82 0.75 0.24 0.95 Cracked
0.40 1.50 0 0 0.82 1.00 0.24 1.86 Uncracked
0. 50 1.00 0 0 0.82 1.00 0.25 0.98 Cracked
0.45 1.00 0 0 0.82 0.25 0.25 0.98 Cracked
0.45 1.00 0 0 0.82 0.25 0.25 1.08 Cracked
0. 50 1.00 0 0 0.82 1.00 0.27 0.98 Cracked
0.45 1.00 0 0 0.82 0.25 0.27 0.98 Cracked
0.50 1. 00 0 0 0.31 1.00 0.28 1.38 Uncracked
0. 50 1.00 0 0 0.31 1.00 0.28 1.61 Uncracked
0. 50 1.00 0 0 0.44 1.00 0.29 1.19 Uncracked
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v/ .
my/me mg/me wpa/ % wgp/ Y6 C d/cm (kgem 2h 1) K Cracking state
0.50 1.00 0 0 0.44 1.00 0.30 1.07 Cracked
0. 50 1.00 0 0 0.82 1.00 0.32 0.77 Cracked
0. 50 1.00 0 0 0.82 1.00 0.33 0. 84 Cracked
0. 50 1.00 0 0 0.82 1.00 0.34 0. 85 Cracked
0. 50 1.00 0 0 0.82 1.00 0.37 0.58 Cracked
0.50 1.00 0 0 0.82 1.00 0.38 0.98 Cracked
0. 50 1.00 0 0 0.82 1.00 0.39 0.67 Cracked
0. 50 1.00 60 0 0.31 1.00 0.41 0.98 Uncracked
0. 50 1.00 0 0 0.82 1.00 0.41 0.70 Cracked
0. 50 1.00 0 0 0.44 1.00 0.41 0. 90 Cracked
0. 50 1.00 0 0 0.44 1.00 0.41 0.92 Cracked
0.50 1.00 0 0 0.31 1.00 0.41 1.16 Cracked
0. 50 1.00 60 0 0.31 1.00 0.41 0.92 Cracked
0. 50 1.00 0 0 0.24 1.00 0.42 2.51 Uncracked
0. 50 1.00 60 0 0.31 1.00 0.42 0.93 Cracked
0. 50 1.00 0 0 0.24 1.00 0.42 2.32 Uncracked
0.50 1.00 0 0 0.24 1.00 0.44 2.47 Uncracked
0. 50 1.00 0 0 0.31 1.00 0.44 1.12 Cracked
0. 50 1.00 0 0 0.82 1.00 0.45 0.58 Cracked
0. 50 1.00 0 0 0.82 1.00 0.51 0.61 Cracked
0. 50 1.00 0 0 0.82 1.00 0.54 0. 64 Cracked
0. 50 1.00 0 0 0.82 1.00 0.54 0.61 Cracked
0.50 1.00 0 0 0.82 1.00 0.54 0. 64 Cracked
0.50 1.00 0 0 0.82 1.00 0.55 0.71 Cracked
0. 50 1.00 0 0 0.82 1.00 0.56 0.70 Cracked
0. 50 1.00 0 0 0.82 1.00 0.56 0. 60 Cracked
0. 50 1.00 0 0 0.82 1.00 0.63 0.70 Cracked
0. 50 1.00 0 0 0.82 1.00 0.65 0.57 Cracked
0.50 1.00 0 0 0.82 1.00 0.70 0.60 Cracked
0. 50 1.00 0 0 0.82 1.00 0.71 0.68 Cracked
0. 50 1.00 0 0 0.82 1.00 0.73 0.54 Cracked
0. 50 1.00 0 0 0.82 1.00 0.73 0.59 Cracked
0.50 1.00 0 0 0.82 1.00 0.73 0.53 Cracked
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Table 3 Parameter significant coefficient of the seven- element
constitutive equation

v C my/me Wep d Wep mg/mg

—8.64 —7.69 —4.53 —3.33 2.87 —2.00 1.09
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Fig. 1 Cracking criterion of seven-element constitutive equation (partial enlarged view )
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Table 4 Experimental data of nine-element constitutive equation of cement mortar with PVA fibers'

9.11)

my/me ms/me wpa/ % wep/ Yo rrlljn (kgfprjfg) C d/cm (k- r:i*h*l) K Cracking state
0.50 1.00 0 0 0 0 0.82 1.00 0.65 0.57 Cracked
0.50 1. 00 0 0 0 0 0.82 1. 00 0.37 0.58 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0.45 0.58 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0. 56 0. 60 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0.51 0.61 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0.54 0.61 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0.54 0. 64 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0.54 0. 64 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0.39 0.67 Cracked
0.50 1. 00 0 0 18 0.5 0.82 1.00 0. 50 0.68 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0.63 0.69 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0. 56 0.70 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0.41 0.70 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0.55 0.71 Cracked
0.50 1.00 0 0 18 0.5 0.82 1.00 0.49 0.72 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0.39 0.73 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0.37 0.76 Cracked
0.50 1. 00 0 0 18 1.5 0.82 1.00 0.67 0.76 Cracked
0.50 1. 00 0 0 0 0 0.82 1.00 0.32 0.77 Cracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.64 0.78 Cracked
0. 40 0.60 0 0.18 6 1.5 0.82 1.00 0.24 0.79 Cracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.67 0.80 Cracked
0.50 1. 00 0 0 0 0 0.82 1.00 0.33 0.84 Cracked
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my/me ms/me wpa/ % wep/ % nifn (kgi:lﬂ) C d/cm (kg- n?,/z.h,]) K Cracking state
0.50 1. 00 0 0 0 0 0.82 1.00 0.34 0.85 Cracked
0.45 1.00 0 0 0 0 0.82 0.75 0.24 0.90 Cracked
0. 50 1.00 0 0 0 0 0.82 1.00 0.24 0.90 Cracked
0. 50 1.00 0 0 0 0 0.44 1.00 0.41 0.90 Cracked
0. 50 1.00 0 0 18 1.0 0.82 1.00 0.45 0.91 Cracked
0.50 1.00 60 0 0 0 0.31 1.00 0.41 0.92 Cracked
0. 50 1.00 0 0 0 0 0.44 1.00 0.41 0.92 Cracked
0.50 1.00 60 0 0 0 0.31 1.00 0.42 0.93 Cracked
0. 50 1.00 0 0 18 1.5 0.82 1.00 0.48 0.94 Uncracked
0.45 1.00 0 0 0 0 0.82 0.75 0.23 0.95 Cracked
0.45 1.00 0 0 0 0 0.82 0.75 0.24 0.95 Cracked
0. 50 1.00 0 0 0 0 0.82 1.00 0.23 0.95 Cracked
0. 50 1.00 0 0 9 0.5 0.82 1.00 0.40 0.95 Cracked
0.45 1.00 0 0 0 0 0.82 0.25 0.25 0.98 Cracked
0.45 1.00 0 0 0 0 0.82 0.25 0.27 0.98 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0.25 0.98 Cracked
0. 50 1.00 0 0 0 0 0.82 1.00 0.27 0.98 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0.38 0.98 Cracked
0. 50 1.00 60 0 0 0 0.31 1. 00 0.41 0.98 Uncracked
0. 50 1.00 0 0 0 0 0.82 1.00 0.22 1.03 Cracked
0. 50 1.00 0 0 0 0 0.44 1.00 0.30 1.07 Cracked
0.40 0.60 0 0.18 6 1.5 0.82 1.00 0.23 1.07 Cracked
0. 50 1.00 0 0 18 1.5 0.31 1.00 0.55 1.07 Cracked
0.45 1.00 0 0 0 0 0.82 0.25 0.25 1.08 Cracked
0. 50 1.00 0 0 0 0 0.82 1.00 0.15 1.08 Cracked
0. 50 1.00 0 0 9 0.5 0.82 1.00 0.26 1.08 Cracked
0.40 0.60 0 0.18 6 1.5 0.82 1.00 0.25 1.09 Cracked
0.50 1.00 0 0 9 1.5 0.82 1.00 0.45 1.10 Cracked
0.50 1.00 0 0 6 1.5 0.31 1.00 0.53 1.10 Cracked
0.50 1.00 0 0 6 1.5 0.31 1.00 0.52 1.12 Cracked
0.50 1.00 0 0 0 0 0.31 1.00 0.44 1.12 Cracked
0.50 1.00 0 0 6 1.5 0.31 1.00 0.50 1.15 Cracked
0.50 1.00 0 0 0 0 0.31 1.00 0.41 1.16 Cracked
0.50 0.67 0 0 0 0 0.82 1.00 0.19 1.17 Cracked
0.50 1.00 0 0 0 0 0.44 1.00 0.29 1.19 Uncracked
0. 50 1.00 0 0 18 1.5 0.82 1.00 0.32 1.20 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.32 1.20 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.29 1.23 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.29 1.23 Uncracked
0.50 1.00 0 0 18 1.5 0.31 1.00 0.45 1.24 Cracked
0.45 0.67 10 0 0 0 0.82 1.00 0.21 1.24 Cracked
0.50 0.67 0 0 0 0 0.82 1.00 0.13 1.27 Cracked
0.50 1.00 0 0 18 0.5 0.31 1.00 0.43 1.28 Cracked
0.45 1.00 30 0 0 0 0.82 1.00 0.20 1.29 Uncracked
0.50 1.00 0 0 18 1.0 0.82 1.00 0.28 1.30 Uncracked
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my/me ms/me wpa/ % wep/ % nifn (kgiil 5 C d/cm (kg- n?,/z.h,]) K Cracking state
0.50 1.00 0 0 18 1.5 0.82 1.00 0.31 1.35 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.34 1.35 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.34 1.35 Uncracked
0.45 0.67 10 0 0 0 0.82 1.00 0.16 1.36 Cracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.42 1.36 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.32 1.37 Uncracked
0.50 1.00 0 0 18 1.5 0.31 1.00 0.43 1.37 Uncracked
0. 50 1.00 0 0 0 0 0.82 1.00 0.15 1.38 Cracked
0.50 1.00 0 0 0 0 0.31 1.00 0.28 1.38 Uncracked
0.45 1.00 30 0 0 0.82 1.00 0.20 1.40 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.35 1.45 Uncracked
0.50 1.00 0 0 6 0.5 0.82 1.00 0.31 1.48 Cracked
0.50 1.00 0 0 0 0 0.82 1.00 0.15 1.48 Uncracked
0.40 1. 20 55 0.10 0 0 0.82 1.00 0.16 1.49 Uncracked
0.50 1.50 0 0.10 9 2.0 0.82 1. 00 0.17 1.51 Uncracked
0.40 0.67 10 0.10 0 0 0.82 1.00 0.11 1.52 Uncracked
0.40 1. 20 55 0.10 0 0 0.82 1.00 0.16 1.53 Uncracked
0.40 0.60 30 0 12 0.5 0.82 1.00 0.15 1.53 Uncracked
0.35 1.00 0 0.20 0 0 0.82 1.00 0.15 1.54 Cracked
0.40 1. 20 55 0.10 0 0 0.82 1.00 0.16 1.54 Uncracked
0.50 1.00 0 0 6 0.5 0.82 1.00 0.32 1.58 Cracked
0.50 1.00 0 0 18 1.0 0.82 1.00 0.19 1. 60 Cracked
0.40 1.00 50 0 0 0 0.82 1.00 0.15 1. 60 Uncracked
0.40 0.67 10 0.10 0 0 0.82 1.00 0.11 1.61 Cracked
0.50 1.00 0 0 0 0 0.31 1.00 0.28 1.61 Uncracked
0.50 1.00 0 0 6 0.5 0.82 1.00 0.31 1.61 Cracked
0.35 1.00 0 0.30 0 0 0.82 1.00 0.12 1.63 Uncracked
0.50 1.00 0 0 18 1.0 0.82 1.00 0.18 1.63 Cracked
0.50 1.00 0 0 18 1.0 0.82 1.00 0.18 1.64 Cracked
0.55 1.00 0 0 6 0.5 0.31 1.00 0.30 1.65 Uncracked
0.55 1.00 0 0 6 0.5 0.31 1.00 0.30 1.65 Uncracked
0.50 1.00 0 0 12 1.5 0.82 1.00 0.21 1.67 Uncracked
0.50 1. 00 0 0 12 1.5 0.82 1. 00 0.21 1.67 Uncracked
0.55 1.00 0 0 6 0.5 0.31 1.00 0.29 1.69 Uncracked
0.40 0.60 30 0 12 0.5 0.82 1.00 0.14 1.69 Cracked
0.50 1. 50 0 0.10 9 2.0 0.82 1.00 0.14 1.69 Uncracked
0.40 0.60 30 0 12 0.5 0.82 1.00 0.14 1.72 Cracked
0.40 1.00 50 0 0 0 0.82 1.00 0.15 1.73 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.19 1.75 Uncracked
0.50 1. 00 0 0 18 1.5 0.82 1. 00 0.19 1.75 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.21 1.77 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.21 1.77 Uncracked
0.35 1.00 0 0.30 0 0 0.82 1.00 0.12 1.78 Uncracked
0.50 1.00 0 0 0 0 0.82 1.00 0.15 1.79 Uncracked
0.50 1.00 0 0 6 0.5 0.24 1.00 0.33 1. 80 Uncracked
0.50 1.00 0 0 12 1.5 0.82 1.00 0.20 1. 80 Uncracked




334 FEES VN B - = 9254
my/me ms/me wpa/ % wep/ % nifn (kgi:lﬂ) C d/cm (kg- n?,/z.h,]) K Cracking state
0.50 1.50 0 0.10 9 2.0 0.82 1.00 0.14 1.80 Uncracked
0.45 1.00 0 0 0 0 0.82 1.00 0.13 1.81 Cracked
0.50 1.00 0 0 18 0.5 0.24 1.00 0.33 1.84 Uncracked
0.50 1.00 0 0 18 1.0 0.82 1.00 0.15 1.85 Uncracked
0.40 1.50 0 0 0 0 0.82 1.00 0.24 1.86 Uncracked
0.45 1.00 50 0 18 0.5 0.31 1.00 0.20 1.89 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.15 1.94 Uncracked
0.40 1.50 0 0 0 0 0.82 1.00 0.23 1.94 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.15 1.94 Uncracked
0.50 1.00 0 0 6 0.5 0.24 1.00 0.32 1.99 Uncracked
0.50 1.00 0 0 18 1.0 0.82 1.00 0.14 2.06 Uncracked
0.45 1.00 0 0 0 0 0.82 1.00 0.15 2.06 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.15 2.06 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.15 2.06 Uncracked
0.50 1. 00 0 0 12 1.5 0.82 1. 00 0.19 2.06 Uncracked
0.45 1.00 50 0 18 0.5 0.31 1.00 0.21 2.13 Uncracked
0.50 1.00 0 0 18 0.5 0.82 1.00 0.21 2.13 Uncracked
0.50 1.00 0 0 9 0.5 0.82 1.00 0.14 2.14 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.13 2.16 Uncracked
0.50 1.00 0 0 12 1.5 0.82 1.00 0.15 2.19 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.11 2.19 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.11 2.19 Uncracked
0.50 1.00 0 0 18 0.5 0.82 1.00 0.20 2.20 Uncracked
0.50 1.00 0 0 6 1.5 0.82 1.00 0.20 2.20 Uncracked
0.35 1.00 0 0.20 0 0 0.82 1.00 0.15 2.22 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.11 2.27 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.11 2.27 Uncracked
0.50 1.00 0 0 9 0.5 0.82 1.00 0.14 2.27 Uncracked
0. 50 1.00 0 0 9 0.5 0.82 1.00 0.14 2.28 Uncracked
0.50 1.00 0 0 0 0 0.24 1.00 0.42 2.32 Uncracked
0.35 1.00 0 0.30 0 0 0.82 1.00 0.11 2.39 Uncracked
0.50 1.00 0 0 12 1.5 0.82 1.00 0.13 2.45 Uncracked
0.50 1.00 0 0 18 0.5 0.82 1.00 0.17 2.47 Uncracked
0.50 1.00 0 0 6 1.5 0.82 1.00 0.17 2.47 Uncracked
0.50 1.00 0 0 0 0 0.24 1.00 0.44 2.47 Uncracked
0.50 1.00 0 0 0 0 0.24 1.00 0.42 2.51 Uncracked
0.50 1.00 0 0 12 1.5 0.82 1.00 0.12 2.51 Uncracked
0.50 1.00 0 0 6 1.5 0.82 1.00 0.15 2.70 Uncracked
0.50 1.00 0 0 0 0 0.82 1.00 0.06 3.06 Uncracked
0.50 1. 00 0 0 18 1.5 0.82 1. 00 0.07 3.26 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.07 3.26 Uncracked
0.40 1.00 10 0.16 9 1.0 0.82 1.00 0.06 3.33 Uncracked
0.50 1.00 0 0 0 0 0.82 1.00 0.06 3.39 Uncracked
0.35 1.00 10 0.20 0 0 0.82 1.00 0.05 3.48 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.08 3.58 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.08 3.58 Uncracked
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my/me me/me wea/ % wep/ % nifn (kgiﬁlﬂ) C d/cm (kg- ifg.h,]) K Cracking state
0.50 1.00 0 0 18 1.5 0.82 1.00 0.06 3.89 Uncracked
0.50 1.00 0 0 18 1.5 0.82 1.00 0.06 3.89 Uncracked
0.35 1.00 10 0.20 0 0 0.82 1.00 0.05 4.09 Uncracked
0. 40 1.00 0 0.05 6 2.0 0.82 1.00 0.03 4.70 Uncracked
0. 40 1.00 10 0.16 9 1.0 0.82 1.00 0.03 5.00 Uncracked
0.40 1.00 0 0 0 0 0.24 1. 00 0.13 5.09 Uncracked
0.40 1.00 0 0.05 6 2.0 0.82 1. 00 0.03 5.25 Uncracked
0.40 1.00 10 0.16 9 1.0 0.82 1. 00 0.03 5.42 Uncracked
0.40 1.00 0 0.05 6 2.0 0.82 1.00 0.03 5.44 Uncracked
0.40 1.00 0 0 0 0 0.24 1.00 0.13 6.14 Uncracked
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Table 5 Parameter significant coefficient of the nine-element
constitutive equation

v C  my/me  wp, me/me d Wep @ l
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Fig. 2 Cracking criterion of nine-element constitutive equation (partial enlarged view )
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Table 6 Validation results of nine-element constitutive equation by pre-data

. v/ U ¢/ Theoretical Pre-theoretical Measured Error/ . Pre-predicted Measured
Test Location PR _ [ Predicted state
(kg'm “+h ') mm (kg-m °) K K K % state state
1 Indoor 0.33 0 0.94 0.93 0.97 2.7 Cracked Cracked Cracked
2 Indoor 0.33 12 1.5 1.33 1.25 1.33 0.1 Probability cracking ~ Uncracked Uncracked
3 Outdoor 0.32 0 0.96 0.95 0.88 9.2  Probability cracking Cracked Cracked
4 Outdoor 0.31 18 1.5 1.49 1.23 1.36 9.3  Probability cracking  Uncracked ~ Uncracked

Note: “Error” is relative error between theoretical K and measured K.
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Table 7 Experimental data of indoor and outdoor tests

. v/ o/ Theoretical ~ Measured Predicted Measured
Test  Location (kg-mZ+h-) my/me  {/mm (kgom™) K Error/ % ctate ctate
5 Indoor 0.55 0. 50 0 0. 64 0.71 10.4 Cracked Cracked
6 Indoor 0.58 0. 50 18 1.5 0.73 0.73 0.1 Cracked Cracked
7 Outdoor 0.45 0.45 0 1. 00 0.89 12.2 Probability cracking Cracked
8 Outdoor 0.45 0.45 18 1.8 1.32 1.28 3.3 Probability cracking Uncracked
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