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MOTIVATION – CHALLENGES AND LIMITATIONS

OF CURRENT PRACTICE

1

 Current practice largely depend on visual 

inspections

 Subjective

 Expensive and time-consuming

 Prone to errors

 20% of 155,000 bridges in UK reported as 

structurally deficient to some degree (Das, 

1997)

 The number of substandard council-

maintained road bridges in the UK has risen 

by 35% (RAC Foundation Report, 2018)

 Huge impact on the economy and the 

environment



BRIDGES ARE STRONGER THAN WE THINK!

2
Capacity

Actual > 5 x Design
(Puurula et, al. 2015)

The Örnsköldsvik Bridge, Sweden

Bridge 7R, Delware. US 

Capacity

Actual > 17x Estimated
(McConnell et, al. 2015)



SOURCES OF ADDITIONAL STRENGTH RESERVE

 Uncertainties involved in 

bridge design/assessment codes

 Structural behaviour

 Material Resistance

 Loading condition and etc.

Load Model 1

(Eurocode)

GVW= ~ 67 tons
+  UDL

max. allowable 

GVW = 40 tonsThey are derived to produce the most onerous load actions on any 

bridge spanning between 2m to 200m of any structural configuration. 

The load models in Eurocode do not 

describe actual loads.

(Cl. 4.2.1.(1) – EN 1991-2)



STAFFORDSHIRE BRIDGES PROJECT -

FIRST SOME BACKGROUND… 

1/XX

• Staffordshire Area Improvement 

project

• Flyover to reduce the bottleneck

• Norton Bridge project - 10 new 

bridge construction

• 2 new bridges were instrumented



1/XX



Norton Bridge

• Composite bridge half-through

• With steel I girders and cast-in-

site RC deck

• Span Length: 26.8m

Chebsey Bridge

• Precast concrete bridge

• Span length: 11.9m

Two most common bridge types 

in the UK infrastructure 

network



INSTRUMENTATION – NORTON BRIDGE (2015) 



INSTRUMENTATION – CHEBSEY BRIDGE



PHASE I & II – COMPLETED (2017)

Main objective

 Feasibility of fibre-optic sensors for

long term monitoring

 Time-dependent behaviour such as

prestress loss, creep, shrinkage

 Load distribution path across the

deck



PHASE III - BRIDGE PERFORMANCE

MONITORING USING DIGITAL TWINS

Input Output

Digital 

Twin

System

Realistic

representation

Loading:

• Dead load

• Superimposed deal load

• Creep, Shrinkage, Temperature

• Traffic Loading

Site 

Monitoring 

Data

Structural configuration

• Boundary conditions

• structural stiffness

• contribution of non-structural elements, 

• Skew effect

• transverse load distribution of the deck 

etc. 

Eliminate Uncertainties

Built-in data 

processing 

algorithms



REMOTE MONITORING SYSTEM AND ADDITIONAL

SENSOR INSTALLATION

Mains power was installed in January 2021 Cabinet was installed in November 2021



ADDITIONAL SENSOR INSTALLATION



PERFORMANCE MONITORING SYSTEM



SETTING UP A REAL-TIME TRAIN LOAD MONITORING

SYSTEM USING BRIDGE WEIGH-IN-MOTION TECHNOLOGY

1

Axle Weights

Measurements

During Installation 

(Calibration)

Known Weight

Output

Influence Line

Test truck

During Operation

Unknown Weight
Output



B-WIM CALIBRATION – FLYING BANANA TRAIN

CROSSING NMT Axle

Weights

5



B-WIM CALIBRATION

6



FINAL REMARKS

• What are the actual load effects the 

bridges are experiencing?

• How much the structural capacity is 

utilized?

• What is hidden strength reserve of a 

bridge?

• Are we using our assets efficiently?

• Can we increase the network 

productivity?

• Increase speed

• Easy weight restrictions

• Can we reduce the safety factors

• Can we design more efficient 

structures?
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