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Topics to be covered

Brazilian Freight Railroads

MRS Logistics overview and challenges

Wheel-Rail Project

Dynamic Forces project

Big Data project

Conclusions
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• 11 Freight Operators (private concessions)

• 4 Class I Railroads – 32 to 36 tonne axle

• Network length 30.485 km

• 44.000 workers railway operators

• 3.500 locomotives

• 120.000 freight wagons

• 60% reduction in train accidents in the last 10 years

• Production increasing in 30% last 5 years

• Projected expansion in 5 years: 9.000 km
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6.000 direct employees

30% of national railway production

100% of operational lines

5.814
Cuts and Fills

4.200
Culverts

141
Tunnels

1.000
Crossings

631
Railway bridges

Within the most populated region 

in Brazil:  60 million people 
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Ferrovia do Aço division

190 MGT

96 km length

4 km of bridges

10 km of tunnels

Max. grade 2,2 %

Radius min 150m

Built: 1880

10 MGT

95 km length

Rack track: 8 km length

with 2 km of bridges

Max. grade 11,8 %

Radius min 200m

Built: 1960

170 MGT

354 km length

50 km of bridges

45 km of tunnels

Max. Garde 1,2%

Radius min 600m

Built: 1989

Cremalheira subdvisionSerra do Mar subdivision
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• Increase the axle loads: 32,5 to 36 tonnes.

• Duplicate the train size to 272 wagons.

• Increase speed in 25%.

• Advance in hybrid and electric systems.

Track renewal

Track renewal of 600 km.

Clean the ballast and restore the drainage.

Replace more than 1 million ties.

Rolling stock

Acquisition of new generation of

locomotives, wagons and machines.
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Total volume carried (millions of tonnes)

401
770

1996 2020

11.108
18.969

Locos

Cars

Fleet

2.96
2.48

2010 2020

Energy Efficiency (liters/kTKB)

2008 20201996

45

160
4x

Number of Accidents per millions of trains

2013 20202006

24

8
Tonnes axle

120 to 144
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1996 2002 2008 2013 2015 2017 2019 2022

Dynamic Forces project
Track stiffness investigation and 

geometry correlation

Track improvements

MRS Wheel-Rail Project
• Premium and SPP Rails

• Started lubrication

• Grinding management

• Flash-butt welding 

•RGI 02 48 stones

•Trackstar

•Shoulder Ballast Cleaner

•Hi-rail Ultrasonic

• RG407 (90 stones) 

• Grinding (60 to 15 MGT)

• Lubrication fully 

implemented

• Railvac

• Tie gang

•Excessive RCF

•Excessive wear

•Standard rails

Elevated 

number of 

accidents 

caused by track

Big Data project
Predicted maintenance started •Track renewal program

•Undercutter 

•ATGMS

•VTI`s
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1996 2002 2008 2013 2015 2017 2019 2022

Dynamic Forces project
• Implantation of microalloyed wheel in locomotive  

• Wheelset management 

• Developments of new materials

• Implementation of Preventive wheel turning

• Spring elasticity improvements

• Wayside (phase2)

Rolling stock improvements

MRS Wheel-Rail Project
Improvements in wagons and wheels

Waysides implementation, Wheel impact, hot box.

No advances in rolling stock implemented

Shelling in GDT wheels

•New wheel profile (high conicity)

•Microalloyed wheels

•Radial trucks

•Retrofitting started
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1996 2002 2008 2013 2015 2017 2019 2022

PTC signaling system 

(31% more trains in HH corridor)

Locotrol v2

(increased the train length to 272 cars)

Dynamic Forces project
(improvements in loading)

Operations improvements

MRS Wheel-Rail Project
AC locomotives operations

Locotrol increased the train length to 136 cars

Autonomous 

operation
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720
633 605 601 624

563
496 537 513 532 520 479

379 420
351

400 420
521

391
474

364

483

339
292

192 165 152 148 135 109 100

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Geometry defects (priority and urgent)

381
451 449

515
594

653 671 717 753
821 829

314 350
298

207
311 270 291 218

166 144 156

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Rail breaks

Avg. rail life (MGT) HH corridor
curve and tangent

142 135
125

35
21

0

2010-2012 2012-2014 2014-2016 2016-2018 2018-2020 2020-2022

Wagons derailed 
main line
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! Investment in research and data analysis to integrate the inspection technologies
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20232020PARAMETER

5 to 10 MGT10 to 15 MGTUltrasonics inspection cycle

5 MGT (autonomous)30 to 50 MGTTrack geometry inspection cycle

15 MGT15 to 20 MGTRail grinding cycle

1.200 MGT in tangents

600 MGT in sharp curves

1.000 MGT in tangents

500 MGT in sharp curves
Avg. rail life

Concrete ties with under tie pads (UTP)

Track renewal program
Annually 8% (wood)Resleepering

Every 5-8 years, incl. crossings
Cycle not implemented 

(corrective with vacuum machine)
Switch undercutting

Undercutter - 12 to 18 years 

Shoulder cleaning - 5 years
Only shoulder cleaning - 3 yearsBallast cleaning

1 – 3 years1 – 3 yearsProduction surfacing/tamping

5 years8 yearsDitching

3 yearsInitial studies
Substructure inspection cycle

(MRail/GPR)

Track Maintenance Strategy HH Corridor
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2002

20052000

2008

• Use of standard rails 

• No structured rail grinding process (cycles, patterns, etc.)  

• Inefficient attrition management

• No advances in rolling stock implemented

• Shelling in GDT wheels

•New wheel profile (high conicity)

•Microalloyed wheels

•Radial trucks

•Retrofitting started
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•Premium and SPP Rails

•Lubrication started

• Flash-butt welding 

2008 Wheel-Rail Project

2012

2008

2018

• RG407 (90 stones) 

• Grinding (60 to 15 MGT)

• Lubrication fully implemented (160 units) TOR and GF

•Improvements in wagons and wheels

•Rail life increased 65%

7.7

3.5

1.0
0.3 0.3

2010 2012 2014 2016 2018

Wheel with impact % fleet 
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4 groups x 4 wagons

2017 Dynamic Forces project
Purpose: Increase the tons/axle

Extensive project of simulation and instrumentation: involved Operations, Track and Rolling

Stock teams to evaluate the maintenance parameters and create an action plan to reduce the

dynamic loads in the MRS railway system.

Loading deviation Wheel defects

Axle load target: 36 tonnes Speed (kph): 20, 40, 70

Damaged springs 

2x32 t
2x40 t20 t

16 t

Dedicated train with deviations: Locomotive + 16 Gondola Wagons + Locomotive 
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Monitoring of the test train, two bridges, a track section to investigate the dynamic

deviations during three runs with different speeds.

Instrumentation truck

Action plan based on MRS condition: 

Instrumented bridge 

2017-2019: Main resources applied to rolling stock: Springs, pads and

adjustment of the wheel inspections cycles.

2017-2020: Restoration of bridge's transitions, replacement of 2

bridges and reinforcement of another 5.

2018-2020: Adjust the rail grinding cycle in some sections, adjust the

tamping cycle and investigate the track stiffness.

An appropriated spring elasticity reserve is requested in 

poor track combined with overload situation

Dynamic Forces project



Insert logo here in 

first Master slide

21

Track modulus for 2 km of track
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Concern Zones

• The MRS average modulus is approximately 33 MPa

• 6% experimented great influence of the wet season.

• The locations with low track modulus represent almost 34

km and are spread over MRS track.

Track Stiffness Investigation
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24Transforming data into action

Number of indications

1,020
Independent 

concern 

locations

188
Combinated

concern 

locations

Lo
n

g
it

u
d

e

Latitude

Defect localization
DATA

INFORMATION

INSIGHTS

ACTION

PROCESSING

ANALYTICS

FINAL TUNE
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Look beyond our own domain 

expertise to improve the analysis
Example of Big Data (Nii Attoh-Okine 2019)

Data Techniques in the maintenance plan
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Example of Big Data 

(Nii Attoh-Okine 2019)
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DIGITAL RAILWAY
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… converting the “Mountain” of data collected into effective maintenance planning information with agility.

… take full advantage of the data available to transform this potential in information.

… find the root cause of the problem and address the correct action.

… improve the track and rolling stock quality to control the dynamic forces. 

… think not only on initial costs, but in long term evaluation. 

These will lead any rail HH system to achieve a sustainable asset management, minimize track 

maintenance costs and promote high reliability systems.

Conclusion
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39

See you in Rio de Janeiro!
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Thank you!


