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2Testing Apparatus
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Static: All fractures in each sketch (red & black)

Black: fractures from previous sketch (𝑡!"#)
Red: new fractures (𝑡!"# → 𝑡!)

3Quantitative Analysis: Static vs Dynamic

Dynamic: only incremental fracture growth in each sketch (red only)
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Calculate Branch Lengths & Orientations

4Static Analysis



Trends: 2: 𝑠ℎ𝑜𝑟𝑡 ⊥ 𝑏𝑒𝑑𝑑𝑖𝑛𝑔1: 𝑠ℎ𝑜𝑟𝑡 ∥ 𝑏𝑒𝑑𝑑𝑖𝑛𝑔 3: 𝑙𝑜𝑛𝑔 ∥ 𝑏𝑒𝑑𝑑𝑖𝑛𝑔

5Branch Length & Orientation Distributions



6Static Fracture Network Distributions

Exponential

𝜆 ≈ 1
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Dynamic Fracture Propagation Behavior

Power Law



CNNs for Semantic Segmentation DeepLabv3+ Architecture
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CNN Output Trimming
Spatio-temporal coherence in each successive frame of an experiment allows 
improved accuracy provided a single manual trace of the final frame.

CNN Prediction 
(Frame 20/40)

Manual Trace of Final  
Experiment Image

Overlay Output 
(Frame 20/40) 
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Static Analysis
Manual ML
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Manual ML

12Dynamic Analysis



Manual ML

13Branch Length & Orientation Distributions



Manual ML

14Static Fracture Network Distributions (over time)
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Manual ML

15Dynamic Fracture Propagation Behavior



16Conclusions

Hydraulic Fracture of Granite

Quantitative Analysis ML Fracture Detection
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