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Rallways
NOW & FUTURE
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SYSTEMS
COMPLEXITY

Rain
Surface flow
:/ Surface flow \//
Surface flow ‘\
Drain
[ L 1 |
— T e
AN/
i NN/ NN PN 1N i g W AW |\
Capping sheds Subgrade Drain
Drain water to cess
drains
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Wheel/Ralil Loading (i)

A wheel burn

i loss of contact

Remennikov and Kaewunruen (2008) Structural Control & Health Monitoring



PRACTICAL
PROBLEMS

Effect of Impact loads on ballast degradation
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Kaewunruen (2014) International Journal of Railway Technology



PRACTICAL

PROBLEMS
Track Geometry

Kaewunruen et al. (2015) Acoustics Australia



Rail Squat Strategies

Kaewunruen and Remennikov (2009) Engineering Structures



Wheel/Ralil Loading (i)

A dipped weld
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Kaewunruen (2014) Case Studies in NDT&E



PRACTICAL
PROBLEMS

Impact loads due to crossing and turnouts
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Case Study: complex urban double slips

Kaewunruen (2014) Structural Monitoring and Maintenance



PRACTICAL
PROBLEMS

Reduction of failures due to crossing and turnouts

Kaewunruen (2014) Structural Monitoring and Maintenance
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Kaewunruen and Remennikov (2015) Australian Journal of Civil Engineering


squeal.wav
flanging.wav
Impact.wav
corrugations.wav

PRACTICAL
PROBLEMS

Concrete Damage Repair

Kaewunruen et al. (2014) Frontiers in Materials
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REALITY
CHECK]!

d Railway is complex by nature. Construction of
rallway thus emits significant carbon footprint.

 Sus-systems and their components deteriorate
under interdependent systemic functions.

 Corrective and preventative maintenance Is
often required, depending on situation.

d Unplanned maintenance can cause excessive
financial penalties.



Construction
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O 2 Types of Constructions
— Greenfield = new construction of infrastructure (new asset)

— Brownfield = renewal, retrofit, refurbishment or
reconstruction of infrastructure (existing asset)

|



Construction

O Construction of a New Track:
— Surveying
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Construction

O Construction of a New Track

(video)

ing

Ballast



ballasting.avi

Construction

O Construction of a New Track:
— Rail and Sleeper layi
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Construction

O Construction of a New Track:
— Rail and Sleeper laying

.




Construction

O Construction of a New Track:
— Resurfacing (alignment adjustment)
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Construction

O Construction of a New Track:
— Tamping (video)



tamping.avi

Construction

O Construction of a New Track:
— Regulating & Blooming (video)



regulating.avi

Construction

O Construction of a New Track:
— Stabilising (0.1-0.5MGT) (video)



stabilising.avi

Maintenance

O Railway Assets:

M

1 life cycle

integrity

time
— Tracks !

— Special Trackwork (Turnouts, Yards/Sidings)
— Signals, Controls & Communications System
— Overhead Wiring Structures (OHS)

— Platforms / Stations

— Bridges & Viaducts

— Tunnels

— Airspace Development (Shopping Centre,
Busway)

— Billboards; Buildings; etc.



Track Services

O Track Inspections

Engine Ride

Track Walking

Detailed Track Patrol

Track Inspection Vehicle (Geometry)
Rail surface testing

Crossing Inspection

Crossing Ultrasonic testing

Survey Mark Review

Clearance Review

Rail Creep Measurement

Bridge Inspection

Overhead wiring inspection
Wayside detection systems

Ride comfort (Customer Experience)

>

@

O Track Data Analysis

Operational Analysis
Prioritisation
Assurance & Audit

Condition Monitoring &
Maintenance Analysis

Scheduling

¥

O Track Maintenance

Planning & Re-Design
Operations Management
Logistics and resources
Maintaining assets:

o Renew & Repair

o Restoration
Commission and Report



Low Carbon Railways
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Kaewunruen et al. (2015) Frontiers in Environmental Sciences



Low Carbon Railways

Greenhouse gas contributors:

. Steel embodied carbon

. Concrete embodied carbon

Gravel embodied carbon

. Brick embodied carbon

. Soil and bed matenal embodied carbon
. Timber embodied carbon

. Aluminium embodied carbon

. Copper embodied carbon

. Insulator embodied carbon

10. Polymer/Rubber embodied carbon

11. Other materials (chemical, synthetics)
12. Fuel Consumptions

13. Electricity

14. Other energy sources (e.g. gas, etc.)
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rall, crossings, guard rails

construction

quality and service lives

maintenance / operation v

1,10, 11 .
| fastening system
| 2,(1) .
——  concrete & composites
12,13, 14 — 2,6, 10, (1)
- T sleepers
—————— ballast
: capping layer & subgrade
12,13 material transport & inventory
12,13 earth movement, drilling, blasting
4 stations, buildings and facilities
1,2 L
5 tunnel, retaining walls, culvert
6,10 bridge, viaduct, grade separation
3.5,10,11 substructure construction
16.10.11 super structure construction
ballasted track )
3,5,6,10 turnout and special trackwork
3 level/road crossing
12,13 11,14 welding, mechanical joints
= 10,11 foundation construction
ballastless track 1 slab track construction
1 turnout and special trackwark
.14 welding, mechanical joints
9 signalling, telecommunication
7.8,9.11 overhead wiring structure, electrification
12,13 commissioning / certification / assurance
12,13 personnel transport
12,13 . . I
track inspection, patrol, monitoring
2.3 ) )
track geometry resurfacing, maintenance
1213 1,11,14 rail grinding, defect removal, repair
’ 1.2,3.5.6 track reconstruction, turmout renewal
1,24 station maintenance, cleaning
1 building services maintenance & operation
12, 13' 14 demolition

end of life

waste management, recycle



Systems-based strategy to achieve
carbon-efficiency

E, (kg/m)
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Years after construction

m Ballasted Track m Rheda 2000 m BBEST

Extensive monitoring and
measurements of railway
construction management
practices were conducted.

Life cycle carbon emission from
plain-line railway renewal
activities are assessed.

Field data suggests the carbon
footprint due to ballasted track
construction and maintenance is
less than that of ballastless tracks
over the lifespan.

Krezo et al. (2016) Transportation Research Part D: Transport & Environment



Systems-based strategy to achieve
carbon-efficiency

o Significantly more maintenance emission in
ballastless track bed can be observed at
e the 30 and 60 year interval.

o Emissions from the embodied carbon of
o railway construction materials are the
dominant contributor.

— o Prolonging the
N BBEST System (100 year life span) reconstruction )
frequency by optimal
routine maintenance
Ballasted Track (120 year life span) activities is the key to
End of Life reducing lifecycle
Years after Construction COZ'e emissions.

E, (kg /m.year)

Rheda 2000 (100 year life span)

60 Years

Krezo et al. (2016) Transportation Research Part D: Transport & Environment



Carbon Emissions (kg/hour)

Systems-based strategy to achieve
carbon-efficiency

o Resurfacing machine TJO61 and TJ091 are
the most efficient tampers. It is found that
although the dual head tamper (TJ096) is
more productive, it is not carbon-efficient.

600
500

400
300
200
100

TI061 TJ 091 TI096

Machine Type

o By adopting the right

combination of work

equipment, carbon

efficiency can be
optimised through
appropriate use of
resurfacing machines.

BX 055 BX060 DS 003

B Travel Mode Carbon Emissions (CO2)

B Work Mode Carbon Emissions (CO2)

Krezo et al. (2014) International Conference on Railway Technology



Systems-based strategy to achieve
carbon-efficiency

Table : E from machineries and materials used.

Turnout 68,097 kg CO,

“ Total CO, Project duration
emissions da s

U NN

The overall results exhibit that
similar ratios of construction
methodologies and activities can
result in similar amounts of CO,,
and material emissions, which are
linearly dependent on the re-
construction length.

Extensive cost reviews and expert
interviews also suggest a strategy
that re-constructing multiple
special trackworks (i.e. multiple
turnout units) should be carried
out simultaneously to help reduce
CO, emissions instead of
seqguential unit construction.

Kaewunruen et al. (2015) Proceedings of the 20th National Convention on Civil Engineering



Systems-based strategy to achieve
carbon-efficiency

CO, emissions from 50 Special Trackwork projects

350,000,000
300,000,000
250,000,000
200,000,000

CO, emissions (kg CO,-e)

per annum over a life-cycle approach

150,000,000 -
100,000,000 -

50,000,000 -

5% combined 20% combined 30% combined

% of special trackwork projects performed as multiple serviced units

M 20 year lifecycle

M 50 year lifecycle 1 100 year lifecycle

o The comparative results

showed a 31% reduction
in CO2 emissions by
using this parallel
construction strategy and
should be considered by
construction and rail
transport managers to
help reduce CO2
emissions from future
special trackwork re-
construction projects.

Kaewunruen et al. (2015) Proceedings of the 20th National Convention on Civil Engineering
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