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MOTIVATION — CHALLENGES AND LIMITATIONS
OF CURRENT PRACTICE

o Current practice largely depend on visual
inspections
Subjective
Expensive and time-consuming

Prone to errors

o 20% of 155,000 bridges in UK reported as
structurally deficient to some degree (Das,
1997)

o The number of substandard council-
maintained road bridges in the UK has risen
by 35% (RAC Foundation Report, 2018)

o Huge impact on the economy and the

environment




BRIDGES ARE STRONGER THAN WE THINK!

B . d 7R D 1 U S BRIDGE TESTING—A SURPRISE EVERY TIME
rl ge ) e are ° By Baidar Bakht,' Member, ASCE, and Leslie G. Jaeger’
5T
AssTRacT: Expericnce with field testing of highway bridges in Ontario, Canada,
during recent years shows that nearly every bridge has some aspect of behavior
that can escape the attention of cven experienced bridge designers and analysts,
* This paper lists some of the various surprises encountered in bridge testing that
ap aCltV may have a significant influence on the load-carrying capacities of bridges. In
particular, reference is made to the behavior of bridges wilh steel girders and con-
. crete deck slabs, and of steel truss bridges. Lessons drawn from tests on these
A t 1 > 1 E t t d bridges are summarized, so they can provide an advantage in the load-carmrying
C ua X S lma e capacity evaluation. It is also shown that in some cases the appearance of a bridge

can be misleading with regard to its true load-carrying capacity. In such cases,

(MC Connell et al 201 5) field testing is shown to be the most effective means of evaluating the bridge.
) .

InTRODUCTION

There is no better way for a bridge engineer to understand the shortcom-
ings of the mathematical models used for design or evaluation of bridges
than to mvcstlgale the behavmr of brldges through field testing. The Ministry
EaRanl: 2 for many years, conducted a pro-
that has included both static and
cssarily of the behavior type, but
s, but proof tests and a few ulti-
e been tested in Ontario, Canada,

less cumplele Wignored in the cvaluauou analysls of the bridge.
e to draw some valuable lessons from these experiences
although not all, of the surprises that have been en-

Capacity
Actual > 5 x Design

Many bndges proaf lested in Ontario were able to sustain safely mucl
(PLLZU"LLZG et, Cll. 201 5) larger loads than thclr estimated capacities as reflected by the posting loads.|

the behavior was not arrived at until long)

5 por [
Flg 1, Wthh had a posred vehicle weight limit of 2 metric tons, yet was




SOURCES OF ADDITIONAL STRENGTH RESERVE

Load Model 1

(Eurocode)
bridge design/assessment codes 150N s VW= ~ 67 tons

150kN 150kN

e Structural behaviour S W + UDL

o Material Resistance

o Uncertainties involved in

» Loading condition and etc.

The load models in Eurocode do not
describe actual loads.
(Cl. 4.2.1.(1)— EN 1991-2)

e

max. allowable
They are derived to produce the most onerous load actions on any GVW =40 tons
bridge spanning between 2m to 200m of any structural configuration.




STAFFORDSHIRE BRIDGES PROJECT -

FIRST SOME BACKGROUND...

To Stoke &
Manchester

To Crewe
& the North

....................

Package 1: May 2014

18 miles of linespeed improvements — 100mph Slow Lines
Package 2: Dec 2015
Stafford Re-signalling & Enhancements

« Stafford Re-signalling (Renewal)

« Freight Regulation Loop (SGL) (Enhancemen t) Colwich

PaCRage 3: Dec 2017 To the Midlands & To London\

« Norton Bridge — 100mph Grade Separated Junction the West Country

Staffordshire Area Improvement
project

Flyover to reduce the bottleneck
Norton Bridge project - 10 new
bridge construction

2 new bridges were instrumented
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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)

d

e

Concrete deck (midspan and end spans):
7 FBG strain sensors (top and bottom) at

1 metre spacing

Cross girders (midspan and end spans):
7 FBG strain sensors (top and bottom) at
1 metre spacing

250 THICK
/_ CONCRETE DECK

1.96 m|

- '\.\\ Main girders:
~~ > 20 FBG strain sensors (top and bottom)
at 1 metre spacing

26.8 m span
Two lines of rail traffic

10m
“ TYP AL FBGs

e e =
ummnmhwwmimmM

368 DEEP CROSS
GIRDER

N_ FBG STRAIN

SENSOR ARRAYS
(7 FBGs PER ARRAY)

Main Girders (160 FBGs)
Concrete Deck (28 FBGs)

PCC Sleepers (24 FBGs)
Web Stiffeners (9 FBGs)

Cross Beams (70 FBGs)

Total = 291 FBG sensors




INSTRUMENTATION — CHEBSEY BRIDGE

Concrete Deck and
Transverse Ties
(40 FBGs)

PCC Sleepers (24 FBGs)

Prestressed Beams (260 m
BOTDR cable; 156 FBGs)

Total = 220 FBG sensors

11.9 m span +260 m BOTDR
Single line of rail traffic




PHASE I & II — COMPLETED (2017)

Main objective

o Feasibility of fibre-optic sensors for

long term monitoring

o Time-dependent behaviour such as

prestress loss, creep, shrinkage

o Load distribution path across the

deck




PHASE III - BRIDGE PERFORMANCE cdbb
MONITORING USING DIGITAL TWINS

Site Realistic
o - Moxll)itoring ) > representation
_, ata _

Self-sensing
structure

Digital
win Siees M)
System

[ " 1
| . I
[ . I
I Performance Design I

I

Capability Damage Asset
assessment scenarios management
prediction optimisation

Eliminate Uncertainties

Structural configuration
Boundary conditions
structural stiffness
contribution of non-structural elements,
Skew effect
transverse load distribution of the deck
etc.

Loading:
Dead load

Superimposed deal load
Creep, Shrinkage, Temperature
Traffic Loading




REMOTE MONITORING SYSTEM AND ADDITIONAL
SENSOR INSTALLATION PoE and Time synchronisation

USB-over-Cat5e box

4G Router

Gbit Ethernet FEEE
switch

Fuse box, heaters
| | and thermostats

Micron Optics FBG kit Mini-PC

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




ADDITIONAL SENSOR INSTALLATION

ccelerometer




PERFORMANCE MONITORING SYSTEM

Future

Accelerometer
Deployment

Data Transfer

Router (4G)

Dashboard

Fibre Optic Sensor

A

4

Stafforshire Bridge “

Axel Detection System
- Laser Rangefinders

Data Acquisition
System (DAQ)

7,
47

%

Temperature and Humidity
Sensor

Structure Health Monitoring
System

Mini PC

Data Acquisition System

File Storage
System

JLDatabase

A

python

Built-in Data
Processing
Algorithms

3-D Visualisation model

Digital Twin System




SETTING UP A REAL-TIME TRAIN LOAD MONITORING
SYSTEM USING BRIDGE WEIGH-IN-MOTION TECHNOLOGY

_ Deformation Axle X Influence -
response = Weights Line 1.0

Known Weight

Axle Weights ___——S S\ s Influence\Line

Test truck W
(L L

0 10 20 30
Unit Load position (m)
Measurements

8

-

10

12 lbs 13.51Ibs

15.0 15.5 16.0 16.5 17.0
Time (sec)




B-WIM CALIBRATION — FLYING BANANA TRAIN
CROSSING

NMT Axle
Weights

0 18.72
18.72
18.32
18.32
10.96
10.96

9.2
9.18
10
10.08
10.04

Wain Girders (160 FBGs)
‘Concrate Dack (28 FBGs) 9.94

Bridge Entrance

PCC Siespers (24 FBGs)

1 1 10.98
‘Wab Stiffeners (9 FBGs)
11.02
c Cross Beams (70 FBGS)
§ Two lines of ralNpalfic Total = 291 FBG sensors 10‘93
3
b 10.96
a 60/
% 9.34
a0 'M‘t 9.36
0 \ s 9.36
14.0 14.5 15.0 15.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0 19.5 20.0 \
Time (sec) 20 4\ [ 9.32
Bridge Exit \ . 10.16
1 - = = e £ [Tl b‘:ﬁ .
E 0 i f : 10.2
£ £ \ ‘ 10.2
s 20/ Y i, ", e o Ve
b g F o™ i 10.2
o W o’ "
b e . 18.32
% o Bottom Flange
Top Flange 18.32
Axle projection-Entrance
0 —60 Axle projection-Exit 18.72
14.0 14.5 15.0 15.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0 19.5 20.0 14.0 17.0 17.5 18.0 18.72
Time (sec)

Time (sec)




B-WIM CALIBRATION

0 500 1000 1500 2000 2500 3000
Point Load position




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

+ Kasy weight restrictions
Can we reduce the safety factors
Can we design more efficient
structures?
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