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Cracks in Concrete: Why They Matter

Figure 1. Concrete Pipe Cracks

Accelerate water ingress and 
reinforcement corrosion

Reduce structural capacity and 
durability

Increase maintenance cost and 
shorten service life

Presenter Notes
Presentation Notes
Concrete forms the backbone of modern society, However, it is vulnerable to various types of defects that can compromise
safety and durability.
In this research, we focus specifically on cracks, as they are among the most common and critical
forms of deterioration.
From the production perspective, cracks are critical because they often indicate problems such
as poor curing, shrinkage, or settlement during construction. 
From the inspection perspective, cracks are one of the most visible signs of deterioration over
time. They can accelerate water ingress…, so detecting and quantifying them accurately is essential for preventing severe failures and extending the service
life of concrete structures. ”
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Cracks in Concrete: Standards
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AUSTRALIA - AS 3600:2018 USA - ACI 318

EU - EN 1992-1-1 CHINA - GB/T 51231-2016

Production

Component Type Crack Width Limit (mm)

Reinforced concrete 
(general)

≤ 0.2–0.3 (typical)
up to 0.4 for non-critical 

appearance

Component Type Crack Width Limit (mm)
Reinforced concrete 

(general)
≤ 0.3 (wet exposure)
≤ 0.4 (dry/indoor)

Component Type Crack Width Limit (mm)
Reinforced concrete 

(general)
≤ 0.30 (indoor)

≤ 0.20 (outdoor/humid)

Component Type Crack Width Limit (mm)

Reinforced concrete 
(general)

≤ 0.3 (typical)
≤ 0.2 for severe environments 

≤0.4 for less critical

Presenter Notes
Presentation Notes
When we talk about cracks, it is important to recognize that standards already exist to control
them.
In the production stage, international and national codes such as AS in Australia and ACI in the
United States all provide requirements on acceptable crack widths during reinforced concrete
construction.
Typically, these codes set maximum widths in the range of 0.2 to 0.3 millimeters, depending on
the structural element and the exposure conditions.
The aim of these standards is to ensure structural durability and serviceability right from the
beginning, by limiting early-age cracking and preventing long-term deterioration
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Cracks in Concrete: Standards
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3
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4

Inspection

AUSTRALIA - AS 3600 USA - ACI 318

EU - EN 1992-1-1 CHINA - GB 50010-2010
Exposure Class Crack Width Limit (mm)

Carbonation corrosion ≤ 0.2
Chloride corrosion ≤ 0.2 – 0.3
Chemical attack ≤ 0.2

Exposure Class Crack Width Limit (mm)
Moderate exposure ≤ 0.4
Severe exposure ≤ 0.25

Exposure Class Crack Width Limit (mm)
Non-corrosive exposure ≤ 0.3

Mild corrosivity ≤ 0.2 – 0.25
Severe corrosivity ≤ 0.2

Exposure Class Crack Width Limit (mm)
Moderate exposure ≤ 0.3
Severe exposure ≤ 0.2

Presenter Notes
Presentation Notes
Once structures are in service, standards also guide how cracks should be assessed during inspection
These inspection limits are usually in the range of 0.3 to 0.4 millimeters, with stricter
requirements for aggressive environments such as marine exposure.
This provides inspectors with clear and objective thresholds to judge whether cracks are
acceptable or whether maintenance is required.
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Current Solutions & Challenges

Figure 2. Manual inspection

Figure 3. Deep learning methods

• High subjectivity and variability
• Low efficiency and limited coverage
• Safety risks and inaccessibility

• Higher efficiency
• Improved consistency
• Enhanced safety

Crack Image

Segmentation Mask



#ANSHM2025  www.17ANSHM2025.com.au 05

Integrated framework for high-
precision and robust concrete pipe 
crack detection and quantification

• Capable of identifying cracks as 
narrow as 0.1 mm

• Automated and consistent results

• Robust performance in challenging 
backgrounds

Figure 4. Overall architecture of proposed crack quantification algorithm

Crack Detection Crack Quantification

Crack Segmentation

Presenter Notes
Presentation Notes
“Our method provides an integrated framework for high-precision and robust thin crack detection and quantification. It can detect and measure cracks as narrow as 0.1 millimeter, which goes beyond the practical limits of most existing approaches. 
information fusion is the foundation of this capability. �As shown in Fig, our concrete crack quantification algorithm operates in two stages. First, in crack detection, we capture RGB-D image pairs of concrete surfaces.  

Then the collected RGBD images are processed by our multi-modality feature fusion network to precisely identify crack regions. 

Finally, in crack quantification, we extract crack skeletons from the binary masks, then using the spatial ratios calculated form depth information to providing precise crack measurements in real-world scale.” 
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Data Collection

High-precision depth sensing

Compact and portable

Cost-effective

Figure 5. Intel® RealSense LiDAR Camera L515

Figure 6. SunFounder GalaxyRVR RC Rover

Parameter Specification
RGB
Frame resolution 
(pixels)

1920 × 1080

Sensor FOV (H × V) 70° × 43°(±3°)
Frame rate (FPS) 30
Depth
Frame resolution 
(pixels)

1024 × 768

Sensor FOV (H × V) 70° × 55°(±3°)
Frame rate (FPS) 30
Mechanical ∅ 61 mm × 26 mm; 95g; USB-C interface
Depth range 0.15~6.5m

Figure 7. The assembled Crack Capture 
Equipment 

Table 1. Camera Parameters

Presenter Notes
Presentation Notes
“So we use an RGB-D camera to capture both color and depth images of pipeline surfaces. �This gives us not only how cracks look, but also their geometric information. 
We chose the Intel RealSense LiDAR L515 because it provides: 
High-precision depth sensing for accurate crack width and depth; 
Compact and portable design for easy use with drones or robots; 

The RGB-D camera was mounted on RC Rover platform, which severs as the carrier for image collection insid the pipe. As shown in Figure, the rover adopts a six-wheel suspension, providing stability and traction on uneven surface. It is manually operated via a Wi-Fi-based smartphone control app, enable flexible movement. 
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Crack Segmentation

Figure 8. RGBD Fusion-based Crack Segmentation Deep Learning Network

Presenter Notes
Presentation Notes
After capture the crack images, we perform multi-modality fusion-based crack segmentation to identify crack from images.�RGB provides surface appearance, while depth adds geometric details. 
Our network combines them through a multi-stage fusion process, where features from both sources are gradually integrated. �During this process, the system performs feature selection, keeping the most informative depth cues and aligning them with visual features. �This ensures that only the most relevant depth information contributes to crack detection. 
With this strategy, the model can identify very thin cracks more accurately and remain robust under difficult conditions such as poor lighting or rough textures.”
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Crack Quantification

Crack Width Calculation - maximum inscribed circle method

𝐿𝐿𝑝𝑝 = �
𝑖𝑖=1

𝑛𝑛−1
𝑥𝑥𝑖𝑖+1 − 𝑥𝑥𝑖𝑖 2 + 𝑦𝑦𝑖𝑖+1 − 𝑦𝑦𝑖𝑖 2

Figure 9. Crack Skeletonization

Crack Length Calculation

Figure 10. Crack Width Calculation
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Crack Quantification
intrinsic matrix of the RGB-D camera

Figure 11. LiDAR-based depth scaling and camera calibration for crack quantification

Real-world coordinates Spatial ratio (𝑅𝑅)
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Experimental Settings

Figure 13. Data Samples
Figure 12. On-Site Experiment
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Zero-Shot Crack Segmentation Results

Figure 14. Crack Segmentation Results

RGB

Results

Scenario1
Watermark

Scenario2 
Textured Surface

Scenario3 
-Plant 

Scenario4 
Spalling

Depth
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Table 2. Quantification Results of the Minimum Crack Width

Crack Quantification Results - Width

Tabel 3. Quantification Results of the Maximum Crack Width

Min crack width 
(mm) Absolute error

(mm)
Relative error 

(%)GT Pred

S1 0.087 0.085 0.002 2.3

S2 0.044 0.053 0.009 20.45

S3 0.113 0.1 0.013 11.5

S4 0.091 0.069 0.022 24.18

Max crack width 
(mm) Absolute error

(mm)
Relative error 

(%)GT Pred

S1 0.135 0.101 0.034 33.66

S2 0.2 0.203 0.003 1.5

S3 0.16 0.153 0.007 4.38

S4 0.15 0.163 0.013 8.67
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Crack Quantification Results - Width
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Figure 15. Crack Width at Selected Points Along the Skeleton
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Crack Quantification Results - Length

Table 4. Quantification Results of the Crack Length

Crack length (mm) 
Absolute error (mm) Relative error (%)

GT Pred

S1 15.71 14.98 0.73 4.65

S2 28.24 22.98 5.26 18.63

S3 11.22 9.69 1.53 13.63

S4 14.56 13.41 1.15 7.9
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Crack Segmentation- Failure Cases

RGB

Results

Scenario1 
Graffiti

Scenario1
long distance

Scenario1 
Uneven Surface 

Depth

Figure 16. Crack Segmentation Results – Failure Cases 
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THANK YOU
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