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Durability Evaluation of Concrete Structure Based on Grey Relation Degree
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Abstract: To raise the accuracy and objectivity of concrete structure durability evaluation, we proposed a
method based on grey system theory. First, the models with "less data" were developed based on inspection data,
and the values of evaluation indexes were normalized by nonlinear mathematical methods replacing traditional
linear methods; second, the initial expert weights were improved by using the analytic hierarchy process, and the
variable weights were constructed; next, the sample and evaluation indexes were analyzed by the grey system
theory, and the concrete structure durability condition was evaluated by the grey relation degree. Finally, the
application process of the method was illustrated in a practical engineering case, and the reliability was also
proved. The results show that the durability evaluation method of existing concrete structures based on grey
relation degree can effectively reduce the influence of subjective factors and expert knowledge on the evaluation
results and the calculation process is simple, providing references for practical engineering application.
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Fig. 1 Analytic hierarchy process model of durability

evaluation of concrete structures
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Tab. 1 Variation section of durability evaluation index
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Tab.3 Grade standard for durability evaluation of concrete

structures( component)
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Tab. 4  Value of durability evaluation index
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appearance environment

concrete strength

member mm altenuation ratio / % rate / (%/a)
decay rate / (%/a)
rate / %
L1 4.4 3.6 0.09 1.5 0.3 1.1 0.05
L2 4.1 34 0.12 2.0 0.4 1.2 0.07
L3 4.0 33 0.15 2.3 0.4 1.2 0.08
71 3.7 3.0 0.22 2.5 0.5 1.8 0.13
72 3.8 3.0 0.21 2.5 0.5 1.6 0.12
73 3.6 3.0 0.24 2.5 0.5 1.8 0.14
74 3.9 3.6 0.27 2.0 0.4 1.2 0.09
75 4.1 3.7 0.21 2.0 0.36 1.0 0.06
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Tab.5 Processed result of evaluation index normalized
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concrete . crack width / concrete strength rebar corrosion rebar corrosion
appearance environment . concrete strength .
member mm attenuation ratio / % rate / (%/a)
decay rate / (%/a)
rate / %
L1 0.8211 0.6137 0.6813 0.779 6 0.590 0 0.687 6 0.849 5
L2 0.8211 0.566 8 0.590 0 0.7132 0.478 5 0.662 5 0.793 3
L3 0.7132 0.544 0 0.505 3 0.6750 0.478 5 0.662 5 0.766 1
71 0.637 8 0.478 5 0.3307 0.650 1 0.3775 0.5217 0.637 8
72 0.662 5 0.478 5 0.3539 0.650 1 0.3775 0.566 8 0.662 5
73 0.6137 0.478 5 0.286 2 0.650 1 0.377 5 0.5217 0.6137
74 0.687 6 0.6137 0.223 5 0.7132 0.478 5 0.662 5 0.739 4
Z5 0.739 4 0.637 8 0.3539 0.7132 0.5217 0.7132 0.821 1
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Tab. 6  Grey correlation coefficient of evaluation index
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concrete . crack width / concrete strength rebar corrosion rebar corrosion
appearance environment . concrele strength .
member mm attenuation ratio / % rate / (%o/a)
decay rate / (%/a)
rate / %
L1 0.736 5 0.564 1 0.6107 0.694 1 0.549 5 0.6155 0.768 6
L2 0.736 5 0.5358 0.549 5 0.6355 0.489 5 0.597 0 0.707 5
L3 0.6355 0.5230 0.502 7 0.606 1 0.489 5 0.597 0 0.681 3
Z1 0.5799 0.489 5 0.427 6 0.588 3 0.445 4 0.5111 0.579 9
72 0.597 0 0.489 5 0.436 3 0.588 3 0.445 4 0.5358 0.597 0
73 0.564 1 0.489 5 0.4119 0.588 3 0.445 4 0.5111 0.564 1
74 0.6155 0.564 1 0.3917 0.6355 0.489 5 0.597 0 0.657 4
75 0.657 4 0.579 9 0.4363 0.6355 0.5111 0.6355 0.736 5
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max

BRCECE A WIS R AL
evaluation index & 12 13 14 15 16 7 initial index weight
T1 1 0.5 1 0.5 0.5 0.4 0.4 0.076 8
2 2 1 2 1 1 0.75 0.75 0.1507
T3 1 0.5 1 0.5 0.5 0.4 0.4 0.076 8
T4 2 1 2 1 1 0.75 0.75 0.1507
Ts 2 1 2 1 1 0.75 0.75 0.1507
76 2.5 1.33 2.5 1.33 1.33 1 1 0.197 1
T7 2.5 1.33 2.5 1.33 1.33 1 1 0.197 1
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Tab. 8  Corrected index weight
TR BE + 5 e .
WA T
ShL HBLAE B . ol 2 . .
concrete . crack width / concrete strength rebar corrosion rebar corrosion
member  TPCATARCE environment mm attenuation concrete strength ratio / % rate / (%/a)
rate / % decay rate / (%/a)
L1 0.074 6 0.1552 0.077 4 0.1479 0.156 4 0.198 4 0.190 2
L2 0.073 3 0.154 8 0.078 3 0.1479 0.160 2 0.196 3 0.189 3
L3 0.074 7 0.1547 0.0800 0.148 2 0.158 8 0.194 6 0.1890
71 0.073 6 0.1529 0.0839 0.143 8 0.160 3 0.196 6 0.188 8
72 0.073 5 0.1539 0.0833 0.144 7 0.161 4 0.194 6 0.188 6
73 0.073 8 0.1522 0.086 0 0.143 2 0.159 6 0.1957 0.189 4
74 0.074 4 0.149 4 0.093 2 0.1450 0.157 1 0.1925 0.188 3
75 0.074 9 0.1513 0.086 7 0.148 0 0.157 5 0.193 5 0.188 1
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