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Developing New Standards for NDT of Bridges
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Future Infrastructure needs to demonstrate: 

Sustainability 

Resilience 

“One Goal” of the FIF project: 

say ~30% reduction in construction costs 

Predictable long-term life of the structure 

Predictable cost expenditure over structure’s life
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26th & 27th September 2011 -

 

Robinson College, Cambridge



♦ University of Edinburgh demonstrates:

♦
 

Sustainability, &
♦

 
Resilience

♦
 

in multiple environments
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The BRE Centre for 

Fire Safety Engineering 
Mitigating the risks of innovation in the built environment

http://www.see.ed.ac.uk/fire/



♦
 

People:
6 PhD Research Associates
Full-time Technician
> 40 PhD Students
> 20 MEng

 

Project Students

♦
 

Laboratories:
–

 

Fire Dynamics Lab
–

 

Fire & Materials Lab
–

 

Structures (& Fire) Lab
–

 

Access to the Building Research Establishment

♦
 

External Relationships:
–

 

In-house consultancy business
–

 

Links with Fire Brigades, Building Regs

 

& Codes (internationally)
–

 

Strong academic/industry links (internationally)

Also...

http://upload.wikimedia.org/wikipedia/en/b/b5/Epcc_logo.jpg
http://www.ihmc.us/index.php


Experimental Capabilities: Fire Lab



Tall buildings in fire

Weak floor collapse Strong floor collapse

WTC towers collapse modelling

Lessons learnt….

Possible to design for
multiple floor fires!

Int. J. of Steel Structures 9 (2009) 17-28

Fire Safety Journal 38 (2003) 501–533

New grant: EPSRC EP/J001937/1
"Real fires for the safe design of tall buildings“
Nov 2011 - Nov 2014
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First ever full-scale fire testing of damaged RC frames subjected to fire
UoE-IIT Roorkee (India) project funding by UKIERI
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during
cyclic loading to simulate
seismic damage

OpenSees
Simulation

of cyclic loading Tempr-disp

 

during fire from simulation

Displaced shape at
end of cyclic loading

Displaced shape
(x20) at end of fire

Frame geometry and loading

Accepted for publication, ICE Structures and Buildings



for real-time sensor-assisted fire emergency response,
(spin-off project: energy efficiency in modular buildings)

System architecture
Visuals of system and real fire from project demoJ. Parallel Distrib. Comput. 70 (2010) 1128–1141

Integrated energy efficiency and
intelligence + structural monitoring
in modular buildings



♦

 

Behaviour of structures/materials under 
extreme conditions, especially fire / blast / 
/seismic/ –

 

computational and 
experimental 

♦

 

Failure mechanisms under such 
conditions, both locally and globally

♦

 

Resilience through material and local 
enhancement (e.g., through optimisation 
of material composition with micro-

 
mesoscale

 

analysis)

♦

 

Resilience through enhancing robustness 
of system –

 

ongoing development of new 
metric for robustness assessment of 
structural systems

Detonation

Air blast (shock wave)

Shock strike causing 
localized damage

“Total blast load” on 
structure

Stress wave in earth 
causing ground 
vibration

Detonation

Air blast (shock wave)

Shock strike causing 
localized damage

“Total blast load” on 
structure

Stress wave in earth 
causing ground 
vibration

Large scale analysis on comprehensive 
effects of shock and blast

Resilience of structures under extreme conditions

Real fire behaviour and effects on structures



♦

 

High fidelity micro-meso

 

scale analysis of 
cementituous

 

materials

 

(3D random particles 
in finite elements: unique at UoE) 

♦

 

Optimisation of material composition for 
best resilience under specific conditions 
e.g. dynamic / elevated temperature 

♦

 

Assessment and optimal design of 
composites made of recycled materials

♦

 

Extension to multi-scale modelling for 
analysis of environmental effects 
concerning durability and degradation

♦

 

Well-suited also for investigation of 
effective repairing/retrofitting, as well as 
effective monitoring and NDT techniques

Resilience of structures under extreme conditions

FE mesh

3D random 
meso-

 
structure



♦

 

Example application:

 

dynamic strain 
rate effects on behaviour of brittle 
composites

Resilience of structures under extreme conditions

Static Dynamic  



The Forth Bridge

Forth Road Bridge Forth Replacement Bridge

Acoustic Emission Relaxation Ratio:

Achieves

Sustainability & Resilience

Predicting the life of bridge cable stays



Corrosion of stay cables

♦
 

poses a serious problem for cable stayed bridges. 

♦
 

Stay cables -
 

sheathing
 

opposed to wrapping wires, & paste 

layer typically used to protect suspension cables. 

♦
 

Cracked sheathing develops a humid microclimate
 

-
 

leads to 

fast deterioration of the high strength steel wires.

Collaborations:

Forth Crossing Bridge Constructors

Bridge Technology Consulting, New York, NY, USA

Professor Masayasu

 

Ohtsu, Kumamoto University, Japan



Cracked sheathing on 
Luling Bridge in Louisiana, USA

♦
 

cable stayed bridge opened to traffic in 
October 1983. 

♦
 

stays’
 

protective 1⁄4-inch to 1-inch thick, 
high-density polyethylene sheathing has 
deteriorated leading to the corrosion of 
wires. 

♦
 

In 2008, in Louisiana  -
 

most economical 
solution -

 
replace all 72 stay cables. 

♦
 

$30-million project to replace cables



Köhlbrand Bridge, Hamburg, Germany

♦
 

Opened in 1974; 88 locked coil ropes 
made of bright wires (non-galvanized), 
due to fear of hydrogen embrittlement. 

♦
 

two years in service, during a 1976 
inspection 25 broken wires detected, 22 
of which were found at the lower cable 
anchorages -

 
a significant contribution of 

deicing salt. 
♦

 
Eventually, all cables had to be replaced. 



Maracaibo Bridge, Venezuela

♦
 

opened to traffic in 1962. The bridge across 
the Lake of Maracaibo, Venezuela, 

♦
 

Main span supported with 16 locked coil 
ropes. 

♦
 

Between 1974 & 1978, several broken wires 
were detected. 

♦
 

In-depth inspection at the end of 1978 
showed more than 500 broken wires. 

♦
 

In early 1979, three ropes had completely 
severed. Bridge was re-cabled





“Relaxation Ratio”

RELAXATION RATIO = Average energy during unloading phase 
Average energy during loading phase

Collaboration:

Prof Masayasu

 

Ohtsu, Kumamoto University, Japan



Key AE Conclusions

♦

 

RELAXATION RATIO = 

average energy during unloading phase

average energy during loading phase

♦

 

Relaxation ratio became > 1 when approx 45% of ultimate bending load was 
reached

♦

 

Predict failure load of RC beams by multiplying load at Relaxation Ratio of 1 
- by a factor of 2.2 

♦

 

Limitations: Loading rate & concrete mix?



Simplified Railroad Test Rig:
General Arrangement



Edinburgh
Rail Trackbed

 Test Rig



Particle Size Distribution Results‐2009

1 2

1.

 

Ballast samples collected
2.

 

Shaker distributed particles in sieves
3.

 

PSD charts produced and analysed

3

1
0.90% Clean

2
1.05% Moderately Clean

3
0.77% Clean

4
0.84% Clean

5
1.37% Moderately Clean

6
0.79% Clean

7
3.00% Moderately Clean

8
4.80% Moderately Clean

9
7.12% Moderately Clean

10

7.20% Moderately Clean
11

0.99% Clean
12

13.79% Moderately Fouled
13

17.45% Moderately Fouled
14

10.79% Moderately Fouled
15

11.70% Moderately Fouled
16

20.47% Fouled



Radar Data Collection

•

 

Data collected ‐

 

500MHz, 900MHz, 1.0GHz, 1.6GHz, 2.6GHz antennas
•

 

Deterioration based on wave scattering
•

 

Compared with particle size distribution analysis of cribs
•

 

Each antenna ‐

 

scanned the length of the track in both orientations.

Photo of Scanning in Progress

Diagram of Scanning Procedure



Metrics to Determine Scattering

Typical 

 Area Of 

 Scan

•

 

Length of track scanned ‐

 

data for each crib isolated.
•

 

3 metrics developed to numerically analyse crib radar data:
–

 

Calculation of area of each individual radar scan
–

 

Calculation of number of times each individual radar scan X‐es

 

axis
–

 

Calculation of number of inflection points on each individual radar scan

Typical Axis  

 Crossings
Typical 

 Inflection 

 Points



Fouling index correlation factors for full-time range scattering analysis 



Experimental Setups

Setup 1 Ballast impacted Ballast measured

Setup 2 Ballast impacted Tie measured

Setup 3 Ballast impacted Rail measured

Setup 4 Rail impacted Ballast measured

Setup 5 Tie impacted Ballast measured

•

 

Hammer imparted force 

 onto various parts of 

 railtrack

 

structure

•

 

Geophone measured 

 response



•

 

Impulse 

 

or 

 

Frequency 

 

Response 

 

Function 

 

(FRF) 

 

can 

 

determine 

 

structural 

 properties – known as Impulse Response

•

 

FRF normalises the effects of magnitude and type of loading

•

 

Thus, low frequency content can be related to track stiffness

Impulse or Frequency Response Function ‐
 

FRF

auto spectrum of geophone response
auto spectrum of hammer impact

FRF=



Impulse Response



Hit ballast, measure ballast 18Hz gradient results



Railway Enginering

♦
 

Design Guidelines of High Speed Rail

♦
 

GPR & Impulse Response correlated to ballast Fouling Index

♦
 

More cost effective –
 

non-invasive quantification of ballast

♦
 

Better targeted maintenance & lower cost

EPSRC: EP/H029397/1

Development of Design Guidelines for High-speed Railway Track Including Critical Track 
Velocities and Track Mitigation Strategies 

April 2010 – March 2013

Collaborations: Heriot

 

Watt University, Edinburgh

Network Rail, RSSB, AECOM, Holequest, Carillion, Balfour Beatty, XiTrack



Process Modelling

•

 

The stochastic nature of construction means non-deterministic 
techniques are needed for planning, estimating & control

•

 

Previously, simulation & regression analysis have been used 
successfully

•

 

More sophisticated methods are now employed with very good 
results:
–

 

Neural Networks
–

 

Case based reasoning
–

 

Hybrids

Simon.smith@ed.ac.uk



Simon.smith@ed.ac.uk

USER INPUTS 
DETAILS RETRIEVAL

MECHANISM

CASE 
BASE

MOST SIMILAR CASE

DISCRETE 
EVENT

SIMULATION

PROCESS 
PERFORMANCE

MEASURES

OutputInput

Case Based Reasoning (CBR) + Simulation 
Hybrid

CBR

DE Simulation



Safety risk management systems

•
 

web enabled central database system
•

 
allows company wide knowledge to be implemented on 

 each project
•

 
tackles the continuing problem of construction fatalities

•
 

Knowledge ‘search’
 

enhanced through use of case‐based 
 reasoning



FIF - Conclusions

♦
 

More informed analysis & design
♦

 
Lower initial construction cost

♦
 

Lower lifetime cost
♦

 
Better infrastructure utilisation

Mike Forde
m.forde@ed.ac.uk
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