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Durability Assessment and Life Prediction of Concrete by Entropy Weight Method
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Abstract: Wet-dry cycles of fly ash (FA) and cellulose fiber double-doped concrete with sulphate in Nazi Gorge water
conservancy pivot project were investigated. The durability value (D), a durability index that can comprehensively reflect the mass,
compressive strength and splitting strength of concrete were established based on an entropy weight method. The effects of
sulphate mass fraction and fly ash admixture on the D were analyzed. A grey model-back propagation (GM-BP) neural network
was constructed to reveal the time-varying law of the D. The results show that the D can reflect the effects of sodium sulphate
mass fraction and fly ash admixture on the durability of concrete. At 180 day, the D loss is proportional to sodium sulphate
solution mass fraction within 10% (mass fraction). The GM-BP neural network can predict the time-varying law of the D under
salt intrusion-wet and dry cycles more accurately than the GM.
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Table 1 Mixture proportion of concrete

Mix proportion/(kgm’3 )

Group  Water-cement ratio

Water Cement Fly ash Fine aggregates Coarse aggregates Water reducing agents Fibre
FAO 0.45 170 380 0 800 1 040 11.2 0.9
FA10 0.45 170 342 38 800 1 040 11.2 0.9
FA20 0.45 170 304 76 800 1 040 11.2 0.9
FA30 0.45 170 266 114 800 1 040 11.2 0.9
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[2.368 5229 2.04]
2372 5337 2.06
2.380 51.15 2.09
2381 53.57 2.16
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2403 5426 223
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Table 2 Experimental data table of FAOSS group

Wet and dry Compressive Split tensile
cycles/d Mass/ke strength/MPa strength/MPa
0 2.368 52.29 2.04
15 2.372 53.37 2.06
30 2.380 51.15 2.09
45 2.381 53.57 2.16
60 2.395 55.16 2.23
75 2.403 54.26 2.23
90 2.408 53.10 2.18
105 2.409 50.53 2.07
120 2.397 44.96 2.04
135 2.387 44.88 1.95
150 2.379 40.41 1.87
165 2.367 39.49 1.69
180 2.341 37.98 1.50
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Table 3 Durability indicators weight (w;)

Group Mass Compressive strength Split tensile strength
FAO0S5 0.002 3 0.5829 04148
FA10S5 0.003 2 03979 0.598 9
FA20S5 0.002 3 0.596 3 0.401 4
FA30S5 0.002 7 0.440 5 0.556 8
FA0S2 0.008 2 0.564 6 0.4272
FA0S10 0.002 2 0.547 4 0.450 5
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Table 4 Calculation result of D

Wet and dry cycles/d FAO0S5 FA10S5 FA20S5 FA30S5 FA0S2 FA0S10
0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0
15 1.0150 1.016 7 1.054 7 1.022 9 0.998 5 1.032 4
30 0.997 2 1.049 7 1.0812 1.046 2 1.014 0 1.108 0
45 1.038 4 1.072 6 1.124 6 1.086 8 1.0310 1.096 6
60 1.069 7 1.075 6 1.1382 1.083 7 1.0315 1.0433
75 1.060 3 1.080 4 1.1199 1.0711 1.048 6 1.0117
90 1.0379 1.028 7 1.073 1 1.029 5 1.064 8 0.9576
105 0.986 4 1.016 1 1.0191 1.0233 1.060 6 0.883 5
120 09171 09725 0.965 1 0.960 1 1.023 2 0.840 7
135 0.898 6 0.938 3 0.943 4 0.924 2 1.002 4 0.765 0
150 0.8329 0.882 6 0.887 4 0.8423 0.9797 0.703 9
165 0.786 5 0.8326 0.8300 0.8053 0.947 5 0.614 2
180 0.7302 0.779 1 0.792 6 0.733 6 0916 4 0.5262
D is durability calculated in Formula (1).
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1T M 2CF AR AT T AR dEAL, FTLLE S D Table 5 Characteristics of D for Group 1
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Fig. 1 D of FAO in different sodium sulphate mass fraction
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Table 6 Characteristics of D for Group 2

Peak of D D of

Group Mean of D
Time/d Value 180d

FAO0S5 60 1.069 7 0.730 2 0.9516

FA10S5 75 1.080 4 0.779 1 0.980 4

FA20S5 60 1.138 2 0.792 6 1.002 3

FA30S5 45 1.086 8 0.733 6 09715
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Table 7 Numerical evaluations

Model MAPE/% Maximal.error Minimal.error R?
GM-BP 1.11 0.0212 0.000 2 0.99
GM 2.49 0.072 6 0.002 2 0.97

MAPE is mean absolute percentage error.
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Table 8 Comparison diagram of life prediction values

Group Test/d GM-BP/d GM/d
FA0S2 >180 285-300 285-300
FAO0S5 165-180 165-180 165-180
FA0S10 135-150 135-150 120-135
FA10S5 >180 180-195 195-210
FA20S5 >180 195210 195-210
FA30S5 165-180 165-180 180-195
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Table 9 Comparison diagram of life prediction values

Group Test /d GM-BP/d GM /d
ABO 42-49 42-49 42-49
AB20 49-56 49-56 56-63
A0 48-60 48-60 48-60
A20 48-60 48-60 36-48
BO 160-200 160-200 160-200
B20 >240 240-280 240-280
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