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 Vibration-based methods (global):

• Natural frequency-based method

• Modal curvature-based method
Reliable approach

 Non-destructive test methods (local) 

 Structural Health Monitoring (SHM)

Fibre optic

Accelerometer
Sensor Close-Up

Sensor Close-Up

Data transmission

Wireless Ultrasonic Sensor

 Magnetic Particle Testing

 Laser Testing

 Digital Image Correlation

 Radiography Testing

 Ultrasonic Testing
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 Machine Learning (ML):

 A multi-sensor system is ideal for SHM,

 However, such systems generate vast data volumes,

 ML algorithm  Unsupervised ML
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The present study
This work introduces a real-time 

structural damage localisation based on 

ML algorithm using modal curvatures 

which is novel in ML–SHM 

applications
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Dimensionality Reduction
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Histogram Transformation  

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

Future workResultsNumerical modellingIntroduction Conceptual framework 5/14



6

Variation Quantification
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The FEM of beam (mesh size 0.01m )

Schematic of damaged beam longitudinal view

Time-acceleration data

11th time interval

𝑑𝑑𝑛𝑛 = 3000 𝑚𝑚𝑚𝑚

L=4000 mm

h=127 mm

Future workResultsNumerical modellingIntroduction Conceptual framework 7/14



8

Equation of motions 𝜕𝜕𝜎𝜎𝑥𝑥
𝜕𝜕𝑥𝑥 +

𝜕𝜕𝜏𝜏𝑥𝑥𝑥𝑥
𝜕𝜕𝑦𝑦 = 𝜌𝜌𝑢𝑢

..
𝑥𝑥

𝜕𝜕𝜏𝜏𝑥𝑥𝑥𝑥
𝜕𝜕𝑥𝑥 +

𝜕𝜕𝜎𝜎𝑦𝑦
𝜕𝜕𝑦𝑦 = 𝜌𝜌𝑢𝑢

..
𝑦𝑦

Harmonic solution𝜎𝜎𝑖𝑖𝑖𝑖 = 𝐶𝐶𝜀𝜀𝑖𝑖𝑖𝑖 )𝑢𝑢𝑖𝑖(x, y, t) = 𝑈𝑈𝑖𝑖(𝑥𝑥, 𝑦𝑦)𝑐𝑐𝑐𝑐𝑐𝑐(𝜔𝜔𝜔𝜔 − 𝛼𝛼Hooke’s law

𝜇𝜇∇2𝑈𝑈𝑥𝑥(x, y) +
𝐸𝐸

2 1 − 𝜐𝜐
𝜕𝜕
𝜕𝜕𝑥𝑥

𝜕𝜕
𝜕𝜕𝑥𝑥 𝑈𝑈𝑥𝑥 x, y +

𝜕𝜕
𝜕𝜕𝑦𝑦𝑈𝑈𝑦𝑦 𝑥𝑥, 𝑦𝑦 = −𝜌𝜌𝜔𝜔2𝑈𝑈𝑥𝑥(𝑥𝑥, 𝑦𝑦)

Governing equations

𝜇𝜇∇2𝑈𝑈𝑦𝑦(x, y) +
𝐸𝐸

2 1 − 𝜐𝜐
𝜕𝜕
𝜕𝜕𝑦𝑦

𝜕𝜕
𝜕𝜕𝑥𝑥

𝑈𝑈𝑥𝑥 x, y +
𝜕𝜕
𝜕𝜕𝑦𝑦

𝑈𝑈𝑦𝑦 𝑥𝑥, 𝑦𝑦 = −𝜌𝜌𝜔𝜔2𝑈𝑈𝑦𝑦(𝑥𝑥, 𝑦𝑦)

Simply supported boundary conditions 𝑈𝑈𝑥𝑥 = 𝑈𝑈𝑦𝑦 = 0 
𝑋𝑋 = 0

𝑋𝑋 = L

𝜒𝜒 = ⁄2𝜀𝜀𝑥𝑥𝑥𝑥 ℎModal curvatures
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Experimental tests
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IF=13.7
H-Index=209
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Small concrete beams
Composites (CFRP/GFRP)
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Corroded prestressed concrete beam Uncorroded prestressed concrete beam
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Four-point bending test Impact test

Fibre optic
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YOUR QUESTIONS

Email: M.Mohandes@soton.ac.uk

Real-time structural damage localisation 
using modal curvatures based on Machine 
Learning algorithm


	� Real-time structural damage localisation using modal curvatures based on Machine Learning algorithm	
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15

