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Study on Prediction of Compressive Strength of Concrete based on Aggregate
Shape Features and Artificial Neural Network

Jun-Seo Jeon', Hong-Seop Kim', Chang-Hyuk Kim**

Abstract: In this study, the concrete aggregate shape features were extracted from the cross-section of a normal concrete strength cylinder, and the

compressive strength of the cylinder was predicted using artificial neural networks and image processing technology. The distance-angle features of

aggregates, along with general aggregate shape features such as area, perimeter, major/minor axis lengths, etc., were numerically expressed and utilized

for the compressive strength prediction. The results showed that compressive strength can be predicted using only the aggregate shape features of the

cross-section without using major variables. The artificial neural network algorithm was able to predict concrete compressive strength within a range

of 4.43% relative error between the predicted strength and test results. This experimental study indicates that various material properties such as
rheology, and tensile strength of concrete can be predicted by utilizing aggregate shape features.

Keywords: Concrete aggregate shape features, Compressive strength, Artificial neural network, Image processing technology
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Table 1 Mix proportion

Gmax W/C Air S/a Unit weight[kg/m’]
[mm]  [%] [%] []  Water Cement Sand Gravel

13 40 4 45 165 412.50 764.50 967.24
20 50 4 45 165  330.00 794.77 1005.54

Table 2 Mechanical properties of the used materials

Material Properties
Portland cement, Density : 3.15g/cm’
Cement Fineness : 3,630cm*/g
Sand Density : 2.56g/cm®, Absorptance : 0.97%
Crushed gravel, Maximum size : 13, 20mm
Gravel

Density : 2.65g/cm’, Absorptance : 0.90%
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Fig. 1 Shape features of concrete aggregate
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(c) Cross-section image (d) Distance-angle feature

Fig. 2 Distance-angle feature
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Fig. 3 Aggregate segregation of concrete cylinder
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Table 3 Extracted shape features of concrete aggregate

Shape features of concrete aggregate

Distance-Angle

No. Area Major  Minor - ) featur
ratio 1:1{;}1 12:5}1 Buoaircly Perimeet Mean Standard
deviation
1 0.0095 167.97 80.11 0.88 411.71 5485 15.50
2 0.0070 130.07 85.58 0.75 368.89 47.36 11.69
3 0.0052 97.19 80.49 0.56 29438 41.63 6.37
4 0.0045 99.32 71.62 0.69 296.18 38.46 8.12
5 0.0045 130.00 50.28 0.92 304.85 36.36 14.33
6 0.0043 112.84 5391 0.88 280.34 36.87 10.01
7 0.0041 9748 60.05 0.79 260.39 36.34 7.51
8 0.0040 140.19 41.77 095 306.96 3298 16.16
9 0.0039 9096 6091 0.74 25476 35.83 5.93
10 0.0037 79.10 67.44 052 237.17 35.39 3.45
11 0.0036 90.22 59.41 0.75 24622 3445 6.79
12 0.0036 78.05 71.11 041 25534 3441 5.90
13 0.0036 75.77 67.87 044 232.14 34.72 3.24
14 0.0036 90.54 59.74 0.75 26122 33.80 7.35
15 0.0032 73.14 62.76  0.51 220.52 32.62 3.65
16 0.0031 77.64 6045 0.63 233.63 31.96 5.52
17 0.0030 80.71 58.65 0.69 235.01 31.44 6.22
18 0.0025 87.18 4222 087 21447 27091 8.26
19 0.0024 9422 3755 092 229.89 26.54 9.56
20 0.0023 97.42 3578 093 229.19 2579 10.72

Photo 1 Compressive strength test set up
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Table 4 Compressive strength (MPa)

Gmax [mm] 13 20
W/C [%] 40 50
NO. 1 40.9 29.1
NO. 2 39.8 -
NO. 3 39.3 28.7
NO. 4 40.8 29.0
NO. 5 42.9 30.3
NO. 6 41.3 273
NO. 7 41.2 28.5
NO. 8 41.9 30.2
NO. 9 35.1 29.9
NO. 10 39.3 272
NO. 11 40.0 28.3
NO. 12 39.2 31.0
NO. 13 40.6 28.7
NO. 14 40.5 29.9
NO. 15 39.7 27.9
NO. 16 40.6 28.2
NO. 17 414 26.6
NO. 18 41.1 27.8
NO. 19 41.2 29.3
NO. 20 40.2 27.0
NO. 21 38.9 28.0
NO. 22 40.0 27.6
NO. 23 324 28.6
NO. 24 393 27.7
NO. 25 38.8 29.9
NO. 26 37.6 26.6
NO. 27 37.6 25.8
NO. 28 412 27.6
NO. 29 41.0 29.4
NO. 30 38.7 29.3
AVE. 39.8 28.5
MAX. 42.9 31.0
MIN. 324 25.8
StDev 2.02 1.24
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Fig. 6 Regression plots of the proposed ANN model

Table S Comparison in compressive strength between experimental
data and predicted data

Compressive strength )
Relative error

No. [MPa] %]
Experimental data  Predicted data

NO. 1 27.30 28.26 3.52
NO.2 29.40 28.77 2.15
NO.3 29.30 28.53 2.63
NO. 4 41.20 39.63 3.81
NO. 5 39.30 36.95 5.99
NO. 6 39.70 37.53 5.46
NO. 7 41.10 37.70 8.26
NO. 8 38.90 38.37 1.35
NO. 9 37.60 40.14 6.76
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