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Estimation of Concrete Durability Subjected to Freeze-Thaw Based on Artificial
Neural Network

Khaliunaa Darkhanbat', Inwook Heo?, Seung-Ho Chot’, Kang Su Kim®*

Abstract: In this study, a database was established by collecting experimental results on various concrete mixtures subjected to freeze-thaw cycles,
based on which an artificial neural network-based prediction model was developed to estimate durability resistance of concrete. A regression analysis
was also conducted to derive an equation for estimating relative dynamic modulus of elasticity subjected to freeze-thaw loads. The error rate and
coefficient of determination of the proposed artificial neural network model were approximately 11% and 0.72, respectively, and the regression equation
also provided very similar accuracy. Thus, it is considered that the proposed artificial neural network model and regression equation can be used for
estimating relative dynamic modulus of elasticity for various concrete mixtures subjected to freeze-thaw loads.
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Table 2 Database of freeze-thaw resistance
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Table 1 Information of training database from literature

Reference Total number of data Freeze-thaw test Method

ASTM C666;

Yuet al.(2017) 60 o /TS ph ng_gg’og*

Shang et al.(2009) 7 GB/T 50082-2009"

Shang et al.(2013) 33 GB/T 50082-2009"

Wu et al.(2016) 28 GB/T 50082-2009"
Duan et al.(2013) 29 ASTM C666
Cho et al.(2007) 25 ASTM C666
Janssen et al.(1994) 14 ASTM C666

*GB/T 50082-2009 is a Chinese standard, whose details are very
similar to ASTM Standard C666.

No. Water-cement Sand-aggregate Air content (%) Compressive Number of Relative dynamic modt;lus
ratio, w/c ratio, s/a strength, f; (MPa)  freeze-thaw cycles  of elasticity, RDME (%)
1 0.320 0.613 3.1 81.1 50 98
2 0.320 0.613 3.1 81.1 100 98
3 0.320 0.613 3.1 81.1 150 98
4 0.320 0.613 3.1 81.1 200 93
5 0.250 0.613 2.9 91.4 50 101
6 0.250 0.613 2.9 91.4 100 98
7 0.250 0.613 2.9 91.4 150 97
8 0.250 0.613 2.9 91.4 200 96
9 0.320 0.613 3.2 74.2 50 100
10 0.250 0.613 3.2 74.2 100 98

J. Korea Inst. Struct. Maint. Insp. 145



AFAAEE HlolEo] g 7No 2 slof Qo)
2 Aolo] BRR MG BAF Fol/ks wlol B
[e] [e)

=5 333 AE T2 7] (weight) 2 gi](bias)i il
=)o} o} g AL 7HeA| #g AGH o= A5t
A= HAglsh= Weko 2 g HETHRussel, 2010; Cho,
2015; Cho, 2017; Kang, 2019; Darkhanbat 2021).

Fig. 20l vFERd vle} o] QIFAIA ™ Skl A AREH Y
TS E/AME], 2H2A0], 3713, 4545 2 52850 A
olF FEIN, YT wE, FET At sE q71]—|‘—En—
T35 tlolE o] 2~ 5 1A BEle] ShF, AF
ﬂﬂﬂ%ﬁﬂﬂﬂHATWEiﬂﬂm@w%%w%iﬁﬁ
SFATE Fig. 301l UERA e} do] 230 ‘] e A R |
S 9% &3 SR AR E Al 1RL0] E(Hyperbolic
tangent sigmoid) & Z-83tH oM, FHIFol A= =4
& 3+<(Pure linear function) & 283} AFA14H Sh5S
433159 th(Hagan, 1994; Lee, 2016; Nielsen, 1989).

o] AFAA A} garglFS 7HHO R o=H Ak
(t,)= ol et 22 3= 18T 4 ok

F

T

[1+f2(W2f1( (17|2( )|)+b1)+b2)]/2 (D

Input Layer

A7, p,& AR Q=R w, W, Dby, be A2 7SR
o} 94X, 1,2 AYGSH 29T ] GRS, f,E 24T
7 2 Z 2ke] S4TE JERAT Table 3= 54830
A 152173 S5 o)l &85 vlo|E 5] HUA
T 5 hE YERRIT

Table 3 Range of input parameters and RDME

Hidden Layer

Parameters Min Max
Water-cement ratio, w/c 0.1 0.6
Sand-aggregate ratio, s/a 0.06 0.82

Air content (%) 1.1 7.0

Compressive strength, f, (MPa) 14.0 92.7
Number of freeze-thaw cycles 10.0 1143.0

Relative dynamic modulus of
elasticity, RDME (%) 251 101.0
Input Layer Hidden Layer Output Layer
Lmear
Tangent
Pn Slgmde Pure lmear

Fig. 3 ANN structure
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Fig. 2 Freeze-thaw resistance prediction model
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3 9 3o we} 34 Geixith. 238 Ee] 54-53] dH Relative dynamic Relative dynamic
o :[LZ}%(Yang, 2002)2 AN EEdAS HrleHe] 0 28 Case modulus of elasticity, modulus of elasticity, Error. %
e ‘ No. RDME (%) RDME (%) ’
o] F 15% oJ3lRl 7B-f-oll T2a o= Frskitial Hal [Experiment] [Prediction]
skal lom, A2 o] & Farste] Q1A = gl 3 1 98 98.94 0.96
T4 o] B7HA R E 28-Sk 2 98 96.20 1.84
1F3A7 % mdll o) sk & Foto] 5488l 2He-2 vt 3 08 92.70 541
© ZIAYES 3% dF Za9] VA9 9 & EE5) 4 93 87.73 5.66
%01, Table 41| VFERA ATE Fig. 4 B! Table 50l A|9F Q1% 5 93 84.38 927
A7 mde] 5AE A5 W TAYES] AT & 6 81 80.23 0.95
FATE YR Zloltt. d5A7ke] A A (Coefficient of 7 7 68.86 436
determination, R?)+= 0.93, 1 SAH&2 ¢F 5% S B or, 8 56 61.47 9.77
o= Q1B BHo] ul$ 947 S AT E EEaiAT) 0 i 510 1063
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AVG. 4.91
Table 4 Weight and bias
Hidden Weight 1 (W) Weight 2 (W)
neurons Bias1 (b)) Water-cement Sand-aggregate  Air content Compressive Number of Relative dynamic modulus
ratio, w/c ratio, s/a (%) strength, f. (MPa) freeze-thaw cycles  of elasticity, RDME (%)
1 -1.409 -0.428 -3.987 -2.584 1.339 -0.784 2.600
2 4.206 2.227 -1.698 -0.059 0.090 -4.733 -6.563
3 -2.395 -2.257 -3.958 1.121 -2.783 -2.419 4.783
4 3.133 0.138 0.570 0.910 -2.289 1.299 -0.204
5 -1.988 0.689 3.581 3.100 0.219 1.519 -0.727
6 0.850 -4.592 -1.342 2.144 1.214 -4.618 -1.740
7 1.570 -1.840 -0.081 -1.733 4.216 -1.062 0.921
8 3.692 -0.314 1.702 2.181 2.961 -1.665 3.654
9 -2.460 -1.799 1.044 0917 -1.357 1.799 -1.561

Bias 2 (by) = 1.704
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Fig. 5 ANN validation results Fig. 6 Importance evaluation results

Table 6 Validation results of ANN model

. Compressive Number of Relative dynamic Relative dynamic
No. Wate_r ~cement Sand-a.ggregat Air content strength, f; freeze-thaw  modulus of elasticity, % modulus of elasticity, % Error
ratio, wic ¢ ratio, s/a ) (MPa) cycles (Experiment) (Predicted) o)
1 0.35 0.51 6.5 19 100 65.3 60.4 7.5
2 0.35 0.51 6.5 19 150 52.8 66.2 254
3 0.35 0.53 6.5 20 50 78.5 70.9 9.6
4 0.35 0.53 6.5 20 100 67.2 75.3 11.9
5 0.35 0.52 6.5 19 50 82.4 61.4 254
6 0.35 0.53 6.5 21 50 81.9 74.4 9.2
7 0.35 0.53 6.5 21 100 69.4 78.1 12.4
8 0.35 0.71 6.5 26 50 97.1 112.9 16.3
9 0.35 0.73 6.5 27 50 114.1 114.2 0.1
10 0.35 1.09 6.5 41 50 97.3 110.2 13.3
11 0.35 1.14 6.5 42 150 67.0 65.9 1.6
12 0.35 1.11 6.5 62 150 68.5 63.0 8.0
13 0.45 0.54 2 26.5 300 76.8 87.4 13.8
14 0.45 0.54 2 26.5 258 83.2 79.0 5.0
15 0.45 0.54 2 26.5 268 83.1 81.1 2.5
16 0.45 0.54 2 26.5 276 80.5 82.6 2.6
17 0.45 0.54 2 26.5 280 79.9 83.5 4.5
18 0.45 0.54 2 26.5 292 79.8 85.9 7.6
19 0.550 0.49 1.9 42.5 25 74.1 70.5 4.9
20 0.550 0.49 1.9 42.5 50 46.8 59.1 26.3

AVG. 10.40
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Fig. 7 Correlation for each variables with RDME

Table 7 Comparison between equation with experiment

Water-cement Sand-aggregat Air content Compressive ~ Number of Relative dynefrr‘lic Relative dyne.m}ic
. . strength, f, freeze-thaw  modulus of elasticity, % modulus of elasticity, %  Error
No. ratio, wic ¢ ratio, s/a ) (MPa) cycles (Experiment) (Equation) (%)
@ Va 4 ok N RDME RDME
1 0.320 0.613 3.1 81.1 50 98.0 100.1 22
2 0.320 0.613 3.1 81.1 300 72.0 70.0 2.8
3 0.250 0.613 29 914 150 97.0 99.7 2.8
4 0.250 0.613 29 914 200 96.0 94.2 1.9
5 0.250 0.613 29 914 225 95.0 92.0 3.2
6 0.250 0.613 2.9 914 250 92.0 90.1 2.1
7 0.400 0.600 4 40 25 95.1 95.6 0.5
8 0.400 0.600 4 40 50 86.6 832 3.9
9 0.400 0.600 4 40 150 68.3 66.8 2.2
10 0.550 0.539 4 55 10 96.2 89.9 6.5
AVG. 11.8
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