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The Prediction of Durability Performance for Chloride Ingress in Fly Ash Concrete
by Artificial Neural Network Algorithm

Seung-Jun Kwon', Yong-Sik Yoon®

Abstract: In this study, RCPTs (Rapid Chloride Penetration Test) were performed for fly ash concrete with curing age of 4 ~ 6 years. The concrete
mixtures were prepared with 3 levels of water to binder ratio (0.37, 0.42, and 0.47) and 2 levels of substitution ratio of fly ash (0 and 30%), and the
improved passed charges of chloride ion behavior were quantitatively analyzed. Additionally, the results were trained through the univariate time series
models consisted of GRU (Gated Recurrent Unit) algorithm and those from the models were evaluated. As the result of the RCPT, fly ash concrete
showed the reduced passed charges with period and an more improved resistance to chloride penetration than OPC concrete. At the final evaluation
period (6 years), fly ash concrete showed 'Very low' grade in all W/B (water to binder) ratio, however OPC concrete showed 'Moderate' grade in the
condition with the highest W/B ratio (0.47). The adopted algorithm of GRU for this study can analyze time series data and has the advantage like
operation efficiency. The deep learning model with 4 hidden layers was designed, and it provided a reasonable prediction results of passed charge. The
deep learning model from this study has a limitation of single consideration of a univariate time series characteristic, but it is in the developing process
of providing various characteristics of concrete like strength and diffusion coefficient through additional studies.
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Table 1 Mix proportions for OPC and FA concrete(Yoon and Kwon,
2020)

Unit weight(kg/m®)

W/B i
w C FA Fine

S.P
Coarse (%)

Agg. Agg.

037 168 454 0 767 952 1.10

OPC 042 168 400 0 787 976 1.00

047 168 357 0 838 960 0.95

037 168 318 136 745 952 1.40

FA30 042 168 280 120 768 953 1.20
047 168 250 107 820 939 1.00

W/B : Water to Binder ratio, W : Water, C : Cement,
FA : Fly Ash, S.P : Super Plasticizer

Table 2 Physical properties of fine and coarse aggregate (Yoon and
Kwon, 2020)

Items Gma  Specific gravity ~ Absorption

Types (mm)  (glem) w M
Fine aggregate - 2.58 1.01 2.90
Coarse aggregate 25 2.64 0.82 6.87

F.M. : Fineness Modulus

Table 3 Properties of super-plasticizer(Yoon and Kwon, 2020)

Items Main

Types Type pH component Solid  Density
2000 Liquid 67 ‘owearbonic oo og
Acid
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Table 4 Evaluation standard of passed charge of chloride ions (ASTM
C 1202, 2005)

Total passed charge (Coulomb) Chloride ions permeability

> 4,000 High
2,000 ~ 4,000 Moderate

1,000 ~ 2,000 Low
100 ~ 1,000 Very low
<100 Negligible

Fig. 1 The photo for ASTM C 1202
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Fig. 2 The results of passed charge in FA and OPC concrete
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Fig. 3 The increasing rate of passed charge by W/B ratio
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Fig. 4 The results of compressive strength in FA and OPC concrete
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Table 5 The train data of passed charge in OPC and FA concrete for
deep learning model

Q(Coulomb)
Train data
28 49 180 365 730
days days days days days
OPC-37 4922.6 44946 24084 11,7284 1,692.0
OPC-42 59242 5266.8 3,3804 2,754.0 2,484.0
OPC-47 72834 68634 45972 3,0114 29862
FA30-37 49362 20124 1,401.0 1,007.6 953.0
FA30-42 6,3206 2,262.6 1,537.0 1,149.2 1,064
FA30-47 84583 2,566.8 11,9044 1,324.6 1,163
Train data Test data Validatio
n data
1,095 1,460 1,825 2,190
days days days days
OPC-37  1,663.7 1,585.6 1,5689 1,319.2
OPC-42 24353 23924 273851 2,062.8
OPC-47 29353 28632 28574 2,702.9
FA 30-37 928.3 920.3 913.6 801.9
FA30-42 1,0342 1,009.6 1,003.6 864.0
FA30-47 1,141.6 1,071.7 1,067.2 966.6

Hs Ass 2t o g "ok webs] B AFAE
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°ﬂ 13]5F ARg-ate 7 RElo) AsS rletit H-2

=24 744 Al 4824 root-mean-square error, mean
absolute error, mean absolute percent error 53 22 thFshH
7 AR E DL T B AFAE H-EY BE 7 A
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Z £ T2 A Y7 A F LXHMSE: Mean Squared Error) &
A7tk ol B3l 9-2d 29 epoch®] X180l whE
& AFE 78R 0 MSE B7F 212 of#f 4] (2)ll e}
WA & Aol A =33 |-2)d 34 2712 of2l] Table 6
of, 9eld =do| 7/} 2 E Fig. 6 YERASITE
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Table 6 The analysis condition of deep learning model for prediction
of passed charge

Main Activation

. . Nodes Cost Function
Algorithm Function
Hyperbolic MSE
GRU .
tangent function (Mean Squared Error)
. . The number
Learning rate ~ Weight Decay = Drop out
of epochs
1.5% 0.001 10 % 25
Optimizer
SGD
(Stochastic Gradient Descent)
e Input shape | Output shape
[(None, 4, 1)] | [(None, 4, 1)]
Hidden Layer-1 (GRU) Input shape | Output shape
The number of parameter : 12,864 (None, 4, 1) (None, 4, 64)
Hidden Layer-2 (GRU) Input shape | Output shape
The number of parameter : 24,960 (None, 4, 64) | (None, 4, 64)
Hidden Layer-3 (GRU) Input shape | Output shape
The number of parameter: 24,960 | (None, 4, 64) | (None, 4, 64)
Hidden Layer-4 (GRU) Input shape | Output shape
The number of parameter: 24,960 | (None, 4, 64) | (None, 4, 64)
Output Layer Input shape | Output shape
The number of parameter : 65 (None, 64) (None, 1)

Fig. 6 The overview of deep learning model for prediction of passed
charge
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Fig. 7 The analysis result of MSE by deep learning model
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Fig. 8 The comparison of measured HCP and predicted HCP by deep
learning model
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