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Background

Long-span bridges significance

• At critical locations, providing vital links

• High cost to construct and maintain

• Extensive social impact – closure due to structural issues

Long-span bridges issues

• Ageing bridges – 42% of bridges are 50+ years old in the US

• 7.5% of bridges are structurally deficient in the US

• Truss end link failure discovered on the Forth Road Bridge, Edinburgh, UK in 2015
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Background

Forth Bridge, 1889

Forth Road Bridge, 1964

Queensferry Crossing, 2017

Firth of Forth

Project Ambition:

Big Data & Data Centric 

Engineering: 

The Forth Bridges

Aim:

Develop this new holistic 

structural health monitoring 

SHM strategy on the Forth 

Bridges and then extend the 

research via the Yangtze 

River Bridge -  towards the 

“International Living Bridge 

Laboratory”
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Background

• The NDB, formerly known as the Third Nanjing Yangtze River Bridge, opened in 2005

• Vital transportation link crossing the middle and lower Yangtze River & connecting Nanjing City and its Liuhe District. 

• It is a double-steel-tower cable-stayed bridge with a main span of 648m. 

• A unique feature of this bridge is its 215m-high arc-shaped steel tower - first-of-kind among such long-span bridges . 

• Superstructure deck: 3.2-m deep x 37.5-m wide orthotropic steel box girder - 3 traffic lanes in each direction.
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Background

Inspections

Visual Inspection
Structural Health

Monitoring (SHM)

Non-destructive 

Testing (NDT)

• Using periodically 

sampled response 

measurements to 

monitor changes to the 

material and geometric 

properties of engineering 

structures.

The difference between NDT 

and SHM is the sensors in the 

SHM systems are permanently 

installed on the structures to 

monitor environmental factors, 

external loadings and 

structural responses. 
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Sensors on bridges

Number of 

sensors

Bridge

~2,000 Queensferry

~192 Forth Road Bridge

~1,000 Yangtze Bridge

• Various original sampling rates (e.g. 1Hz, 

10Hz)

• Recorded sampling rate: 1Hz

• Data size

• FRB: 24GB/month

• QC: 200GB+/month
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Sensors layout

Queensferry Crossing
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Sensors layout
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ANE: anemometer

TEM: temperature sensor

CPS: connected pipe system

ALC: anchor load cell RHS: air temperature and relative humidity sensor

SG: strain gaugeACC: accelerometer

Yangtze River Bridge
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Queensferry Crossing – finite element model
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Yangtze River Bridge – finite element model
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Temperature field – concrete deck

• 0 - 10°C

• Large temperature 

difference due to low 

thermal conductivity and 

direct solar radiation
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Temperature field – Tower temperature difference

0 – 3℃

❑QC: thermal centre tower

Temperature difference (Max) Distribution of temperature difference

Max
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Temperature field – Tower temperature difference

Temperature difference (Max)

Max 0-10℃

❑NDB: thermal centre tower
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Extreme temperature estimation – GPD 

Calculate the mean excess Calculate cumulative probability:

Calculate the extreme value xp
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Extreme temperature estimation – Tower

• Estimated maximum temperature difference in 120 

years is 4.66°C

• Not specified in Eurocode

• Chinese Design Code, 5°C
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Thermal-deflection relationship

• Displacements oscillate in a higher 

frequency compared to 

temperature

• High frequencies due to dynamic 

loads need to be separated from 

the signal
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Thermal-deflection relationship

WT is developed from the Fourier Transform, can be used to separate low to high frequencies 

in a series of signals
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Thermal-deflection relationship

• High predicting accuracy: R=0.927
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Traffic induced deflections – traffic simulations

Average: 80,000 vehicles per day on the Queensferry Crossing

Queensferry Crossing traffic flow

Northbound Southbound
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Traffic induced deflections – traffic simulations

• Discrete vehicle attributes information

• Gross weight & velocity distributions on 

each lane and vehicle class

Dynamic Weigh-in-motion (DWIM)
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Traffic induced deflections – traffic simulations

Velocity & weights

Simulated vehicle flow trajectory
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Traffic induced deflections – traffic simulations
Deflection influence line at the south midspan

Simulated deflections at the south midspan
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Traffic induced deflections – traffic simulations

• 2 GPS stations installed at the 

south midspan

• The simulated deflections show 

similar pattern as the monitored 

data



THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE

Traffic induced deflections – predictions 
Neural networks predictions

Long-short term memory (LSTM)

R = 0.847

Input 
Neural 

networks Output 

Vehicle attributes at entrance Mid-span deflectionLSTM

Forecasting 
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Conclusions

• Temperature difference should be considered in the analysis for concrete sections

• Extreme temperature difference analysis reveals that the extreme estimation for 

bridge tower thermal load is close to the Chinese Design code - A revision of 

Eurocode in this part should be considered.

• LSTM is efficient in mapping the relationship between traffic attributes and deck 

deflections - In practical use, the model can be first trained on simulated data and 

then calculate the actual deflections at any locations of interest by being provided

with real WIM data.

• LSTM demonstrates robust predictive capability on temperature-deflection relations 

even with time lag between them.
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Thanks!
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