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Supplementary Recycled Aggregates

Cementitious
Materials Combinations
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When the structure is too IMportant, too eXpensive, or too embedded to replace?

All are aging. None can be destroyed. All must be repaired,
sustainably.

Repair is not a fallback; it is the
only path forward.
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Carbon Emissions Breakdown: New Build vs Retrofit (Final)
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New Building Retrofit

kg CO2e per m?

*Ouantities assume a 10,000 122 building with a lifetime of 20 years and 1 fit-out

https://2050-materials.com/blog/refurbishment-or-new-build-the-carbon-and-business-case-for-each-option/
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Naked Eye
Time
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Repetitive Subjective
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LEARNING
Input Dataset Output
Images ‘ 6 - Classification
Automated Feature

Extraction and Classification
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Develop a DL
Image Based
Technique

High
Accuracy

D

Less Computing
Time
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Data Preparation Data Processing Data Labelling

Ozgenel, 2019
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UNIVERSITY
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/v{ 1st-Classifier: C or 8

» { 2nd-Classifier: HR, HL, VR, VL.

Softmax

\ 3rd-Classifier: HR, HL, VE, VL and §

Main Layers of the CNN classifier

Three

Layers

*CNN: Convolutional Neural Networks
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Convolutional Neural Nets

Intact surface Cracked surface

OTSU Image Processing

Results

1- Crack quantification

&\y Y

’\ .allﬂ\i g &

2- Damage severity check

3- Mode of failure prediction
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02
Image Thresholding
Improvement Otsu Method

Convert to Grayscale Form a binary image

Original Image Improved Image Binary Image
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Applv boundari Compute the maximum
PRIy POHRTATES distance between them
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Orientatio | Area L | W W_¢e Ang Ang ¢
Figure | Method
n (m?) | (cm) (%) (cm) (%) (°) (%)
Experimen. HR 69.85 2.85 14.53
Fig 20 0.38 0.07 5.26 0.61
Algorithm HR 69.9 3 14.44
Experimen. VR 46.9 2.09 5.96
Fig 21 0.196 2.14 4.3 3.7
Algorithm VR 45.9 2 5.74

Global
For the total number of the tested Samples
Avg.

1 L] 1

Length Width Angle
Error Error Error
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Single Crack
Pattern

(a) Accurate quantification for a single VR crack (b) Accurate quantification for a single HL crack
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° Novelty & Contributions
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Current Research

Demonstrates

Precise Quantification of An automated Inspection
cracks is essential to A new configuration of platform that limits
characterize the damage the CNN DL architecture engineering judgement
in concrete structures for vision-based crack and its associated time

detection and cost
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a Future Research
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Al-driven Repair Recommendation Output

07

Optimization & Ranklng

05 Material Filtering
Functional Repair Requirements
Exposure & Context Mapping @

Failure Mode Inference I'n.palr
Crack Classification & Quantification n.eomm.ndﬂlon Eng“l‘

Al-based Crack Detection

B Completed

Current Stage (Future Work)
Il Next Steps
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Vertical Loading (Gravity Loads)

Flexural
Damage

Flexural Shear
Damage

Lateral Loading

(Seismic, Wind...) /
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Exposure Class

Environment Risk

(Building Codes)

XS3a Tidal/splash Chloride ingress

Yukon
XF4 Freeze/thaw Scaling/spalling

XC1 Dry indoor Carbonation

iy

PRECIPITATION
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Durability

Impermeability
FT Resistance
Thermal compatibility

Structural

F .I T Load-carrying capacity
al “re ype * Flexural and Shear

* Bond strength and
Adhesion

Ductility and toughness

-—
+ Serviceability
Functional e B Concionconto
E Rick Repair
Xposure kis Requirements

Sustainability & LCA

B :
LC Al * Increased durability
|

Reduced maintenance
Environmental Impact
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Apply Multi-criteria
decision making
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1. DL model combined with IPTs accurately classifies and quantifies various crack
types, significantly reducing manual effort.

2. From new construction towards precise preservation of existing infrastructure.

3. Al-driven repair solutions can offer optimized and context-sensitive
recommendations.
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e

How soon can we fully trust Al with critical

CONCRETE infrastructure decisions?
Thank You!

4

}E flahm@mecmaster.ca
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