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Generally, repair cost estimation of building structures after an earthquake is derived from the
members’ damage state (DS1, 2, 3...) with the unit cost and the damaged area.

If DS is defined by the maximum damage (IDR, crack width ...), the “same DS level” might not
indicate the “same amount of damage (crack width and length)”.

For the RC structural damage & loss estimation which can describe “amount of damage (crack
width and length)”, this research proposed the “crack width distribution characteristics” using the
deep-learning based damage detection.

Crack width distribution
characteristics
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Colour noise

Colour noise

Noise reduction ON — Thin crack might be disappeared
Noise reduction OFF — Crack width might be overestimated
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Hyperparameters of the learning model

CNN ResNetl8 & DeeplLabv3+

Layer 108 layers

Number of Classes 3 (background, crack, and spalling)
Optimization Adam

Initial learning rate 0.0005

Mini batch size 10

Input Image Size 300 x 300

Deeplabv3+ with Stochastic Dropout

(RIS

Encoder Decoder

Prediction
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Optimization

Initial learning rate
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Input Image Size
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Hyperparameters of the learning model

ResNetl8 & DeeplLabv3+

108 layers

3 (background, crack, and spalling)
Adam

0.0005

10

300 x 300

Detected Crack Area
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Hyperparameters of the learning model

CNN ResNetl8 & DeeplLabv3+

Layer 108 layers

Number of Classes 3 (background, crack, and spalling)
Optimization Adam

Initial learning rate 0.0005

Mini batch size 10

Input Image Size 300 x 300

Detected Crack & Spalling Area
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Crack Length

(with crack with wl~w2)
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li: the crack length corresponding to the crack width class i.

Crack width and length relationship
(Crack width distribution)
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(b-1)WD1 specimen at 1/500rad.
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(c-1)WD2 specimen at 1/500rad.
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Crack length based on geometric shape model
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l;: the crack length corresponding to the crack width with i class.

Crack length estimation for RC shear wall
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» To obtain the crack width distribution characteristics, new image processing techniques of

thinning and contour extraction as noise reduction ON/OFF system are applied to the pre-
process of annotation for deep-learning.

» WM specimen (shield-cured, little drying shrinkage) showed a slightly larger log standard
deviation in the crack width distribution characteristics. WD2 specimen (cured for 3 months

with drying shrinkage) and WD1 specimen (cured for 8 months with drying shrinkage) showed
smaller log standard deviation.

» Considering the combined amount of crack width and crack length, the selection of the
appropriate repair method for a given crack width changed with the percentage of crack
length with a given crack width in the total crack volume, and the overall repair cost also
changed.
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