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Cementitious Composites Based on Deep Learning
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Abstract: It is important for the accurate identification of cracks of engineered cementitious composites (ECC) to investigate the
mechanical properties and durability of ECC. To solve the problems like the large number and density of ECC cracks and heavy noise
interference, this study adopted the U-NET model suitable for biological image recognition, and optimized part of ResNet network layer
structure based on the deep learning method. This study also used the neural network model and combined with the created data suitable
for the ECC, and performed the semantic segmentation to obtain the crack pixels. For crack parameter extraction, this study used the bone
extraction method and combined with digital image processing process, and used the CLAHE filter and half-peak full-width concept to
obtain the crack width. The crack identification and parameter extraction method was applied to detect the cracks on hybrid-fiber ECC
dog bone specimen and ECC link slab. The results show that the error range between the ECC crack identification and intelligent
detection established by the deep learning method and the actual manual measurement is within 0.6 mm. The results of this study can
provide an accurate, effective and high-throughput analysis for the ECC crack inspection and feature quantitative identification.
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Table 1 Chemical composition of cement and fly ash wW/%
Material CaO SiO, Al,O; Fe,04 MgO SO; Na,O K,O0 TiO, P,0s
Cement 63.21 18.48 6.74 3.45 3.24 3.16 0.17 0.53 0.35 0.16
Fly ash 2.58 32.54 24.76 4.92 0.40 1.17 0.52 0.59 0.72 0.25

W is mass fraction.
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Table 2 Physical and mechanical characteristics of fiber

Fiber Diameter/um Length/mm Strength/MPa Elastic modulus/GPa Elongation/% Density/(g-cm™)
Polypropylene fiber (PE) 20 12 3000 100.0 2.0-3.0 0.97
Basalt fiber (BF) 15 18 3 800—4 800 79.3-93.1 3.1 2.60-2.80

%3 ECCHEAL
Table 3 Mix proportion of ECC

¢(Fiber)/% Mass ratio
Sample No. Water-binder ratio  Sand-binder ratio W(HRWR-Binder)/%
PE Basalt Cement Fly ash SF
P15 1.50 0.00 0.26 0.72 0.02 0.27 0.36 1.23
P20 2.00 0.00 1.84
P15B05 1.50 0.50 1.84
Note: HRWR is high efficient water reducer; SF is silica fume; ¢ is volume fraction.
1.2 7%
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Fig. 1 Particle size distributions of Portland cement, fly ash
and silica sand
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Fig. 2 Uniaxial tensile stress-strain curves of ECC specimens
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Table 4 Numbers of cracks and tensile properties of the represent specimen of three groups of ECC

Sample No. First cracking strength/MPa Tensile strength/MPa Strain capacity/% Number of cracks
P15 2.81 5.08 4.94 23
P20 3.22 6.23 9.07 51
P15B05 4.92 5.72 5.66 21
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Fig. 4 Deep Neural Network structure used in our method, U-Net with some of ResNet101 encoder blocks
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Fig. 5 Typical residual network block structure
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Note: (a) and (d) are original images; (b) and (e) are detected results; (c) and (f) are detected results over original image.

6 %:F Khanhha J7 7 S4B 5 I 4 1 H (ResNet101)7E ECC FEAS L G 45 5
Fig. 6 Test results of the model trained based on khanhha's original data set (ResNet101) on ECC sample.
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Note: (a) and (d) are original images; (b) and (e) are detected results; (c) and (f) are detected results over original image.
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Fig. 7 Test results of the training results of the new data set on the same ECC samples
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Fig. 8 Results on the ECC dog bone samples
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Fig. 9 Crack parameter extraction process
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(a) Direct result of crack detection

(b) Result after thresholding

(c) Result of removing small blocks by contour analysis
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Fig. 10 Parameter extraction image processing results on the whole dog bone sample
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Fig. 12 Skeleton & with the same crack as in Fig. 11
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Fig. 14 Two samples for measuring crack width using two methods
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Fig. 15 Cracks width of sample 1 and sample 2 by manually measurement and algorithm measurement
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Fig. 16 Bending test on the inverted FRP bar-reinforced ECC link slab

(a) Sample 1

(b) Sample 2

K17 FRP 5% ECC B IR E 77 17 2242 Ul 151
Fig. 17 Crack detection result on the side of FRP bar-reinforced ECC link slabs
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