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Vale SA
• Mining company with world class assets, present on five continents;

• World leader in the production of iron ore, pellets and nickel;

• Vale also produces copper, coal, fertilizers, manganese, ferro-alloys and 
by-products of gold, silver, cobalt and platinum group metals;

• It invests in logistics, steel and energy.
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Victoria to Minas Railway
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Victoria to Minas Railway
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• The First railroad segment was opened in 1904, four decades before the creation of 
the Vale.

• Carries about 30% of the country's train load: 24 million tons of general cargo and 
134 million tonnes of ore per year (external and internal market).

• Main freight: 60 types of products, such as steel, iron ore, soybeans, coal, limestone 
and steel products.

• Metric Gauge, 27,5 tonnes/axle, Double line with modern signalling system

• 322 locomotives, about 12700 wagons and 6 thousand employees.

Victoria to Minas Railway
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Steel Ties
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Matrix of Ties at Victoria to Minas Railway

C2 1953374 574465 4927 200
Percentage 77,1 22,7 0,2 0,0
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C1 PolymericOthersWoodSteel

2500000

2000000

1500000

1000000

500000

0

100

80

60

40

20

0

Am
ou

nt

Pe
rc

en
ta

ge

Sleepers Matrix EFVM

- ties at VM(2016);

- The mainline had 90 % of steel ties(2016);

- The expected life 40 years.
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Steel Tie UIC-865 – Profile 12 mm

UTS (range) 510 – 620 MPa

Elongation(minimum) 18 %

Hardness 150 HB

Steel ties mechanical properties(SAE 1522)
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Steel Tie UIC-865 – 2200 mm for metric gauge. Rail 136 
RE. Cant 1:40. Fastening Deenik Clip with Polyamide 
Pad
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Steel Tie UIC-865 – 2200 mm for metric gauge. Rail 136 
RE. Slope 1:40. Fastening Deenik Clip with Polyamide 
Pad
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Steel Tie UIC-865 – Spacing 600 mm
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Steel Tie UIC-865 – In Service at VM (Aimorés-MG)
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Historic of steel Ties at Victoria to Minas Railway

1985

• Due to 
commercial 
agreements 
between Vale 
and 
Romanian 
companies 
the tests with 
steel ties 
were initiated 
in the 
Railway 
Victoria to 
Minas.

2001

• Vale 
develops a 
national 
supplier and 
stops imports 
of steel ties.

2004

• Aiming at 
cost 
optimization, 
the steel ties 
factory was 
installed in 
the 
operational 
area of ​​the 
EFVM with 
service by rail 
branch

2005

• Concerned 
about the 
company's 
long-term 
sustainability, 
the purchase 
of native 
wood ties for 
the railway 
was banned. 
Starts the 
exchange of 
ties matrix 
from wood to 
steel.

2017

• 90% of the
mainline has
steel ties. 
80% of the
complete 
railway.
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Steel Ties in Service at VM – Life Data
• First Steel tie in VM: 

1985;

• Mean life weighted by 
the set amount of ties in 
Main Line is 12.14 
years;

• In recent years, the VM 
has placed about 
120,000 ties per year.
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Need for Ties in Victoria to Minas Railway - 2016

Source: Reliability VM 2016

138339

82287

220626

0

50000

100000

150000

200000

250000

Steel Wood Totality

Ties Unserviceable

• The projected life was 40 years;

• This data indicate that we have a
problem;

• This date indicate a life slow than
projected.
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Field observation results
EH 53/54, Km 349,187  ao 349,443 L1

Broken Steel tie steel with defective shoulder weld.
Year manufacturing 2008

Defective shoulder weld. Year manufacturing 2008.
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Field observation results
53/54, Km 349,643 ao 349,908 L1

Cracked steel tie. Year manufacturing 2008. Steel tie with wear caused by the insulation cushion.
Year manufacturing 2008
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Field observation results
43/44, Km 277,609 ao 277,779 L2

Steel tie with corrosion and excessive wear. Year 
manufacturing 2007.

Low ballast with fouling. year manufacturing 2007.
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Field observation results
43/44, Km 277,871 ao 278,128 L2

Common cracked tie. Year manufacturing 2007.Cracked tie with corrosion. Year manufacturing 1987
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Field observation results
11/12 L2 – Km 50+200.

Tie with corrosion. Year manufacturing 2006. Tie with corrosion. Year manufacturing 2006.
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Field observation results
Pátio 02.

The underside of the tie with corrosion. Year 
manufacturing 1989.

Pitch of corrosion in stell tie. Year manufacturing
1989



22

Data analysis of removed steel ties.

• The ties that were taken in a
curve in the track had a mean
life of 16.82 years;

• The following analyzes were
made on steel ties:

• Dimensioning
according to AREMA;

• Corrosion
measurement;

• Instrumentation in field;
• Statistical

analysis(Reliability).

1o. Quartil 9,000
Mediana 19,000
3o Quartil 25,000
Máximo 29,000

15,683 17,964

14,000 19,000

7,304 8,926

A-Quadrado 5,88
Valor-p <0,005

Média 16,824
DesvPad 8,034
Variância 64,542
Assimetria 0,02875
Curtose -1,40702
N 193

Mínimo 4,000

Teste de normalidade de Anderson-Darling

Intervalo de 95% de Confiança para Média

Intervalo de 95% de Confiança  para Mediana

Intervalo de 95% de Confiança  para DesvPad

282420161284

Mediana

Média

191817161514

Intervalos de 95% de Confiança

Summary Report for Removed Sleepers Life (years)
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Dimensioning according to AREMA

Comparing the values of tension obtained to the values of last tension to the constant traction in
the specification of steel ties we find the situation below:

Faced with the calculated values at specified rupture stress values, it is noted that the stress at 
which the ties are subjected is very close to the steel ultimate tensile strength.

510

620

477

TENSILE

UTS Inferior Limit UTS Upper Limit calculated
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Corrosion Measurement

Samples were taken from the ties that were sent to a workshop to be cut and analyzed;

The sample presented consists of a tie without cracks, year 2008, taken from KM 349 + 
500 L1.

New

8 Years
Service

Cut Line
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• The pieces were cleanly measured 
and weighed;

• An average loss of 13.0% by weight 
was found in the shoulders region 
and 8.14% in the middle of the tie.

• Measurements of thickness were 
made and this showed that there are 
losses of up to 3mm in the 
longitudinal axis of the tie.

Corrosion Measurement

tie with Corrosion

New tie
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Instrumentation in field



27

Instrumentation in field

Comparison between the life estimated by fatigue and estimated by the interaction between
corrosion and fatigue.

1. Tangent: Fouling ballast (without information ballast cleaner): 16I / 16V-km 134 + 000 – ties with 60 cm spacing;
2. Tangent: standard ballast (ballast cleaner 2011): 60/61-km without registration – ties with 60 cm spacing;
3. Curve 3 ° 20: standard ballast (ballast cleaner 10/2016): 68/69 -km 455 + 470 to 455 + 825 - ties with 60 cm spacing;
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Statistical analysis (Reliability)
• Data are being analyzed through Weibull reliability metrics.

• Assumptions:
• When standing up a bend the unseen ties are considered as failure and the good as 

censored ties.
• This feature allows us to use the tool to make estimates.
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Statistical analysis (Reliability)

• The data show that at the age of 18 Years, 30% of the ties would have failed. 
This percentage of damaged ties in a curve already indicates maintenance.

Years Years
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Analysis results

Based on the analysis of Weibull curves from data collected in the field, which gave a 
result of 17 years so that in a set represented by the samples presented 30% of 
failures in convergence with the average of the elements removed that is of 16,82 
years. The average life of the steel ties in the EFVM in curves was estimated at 17 
years. In tangents, the value of 30 years was assumed, based on the performance of 
elements with life close to this.
This value is reinforced by the data obtained by the instrumentation, which indicate 
even lower values for the current conditions of the EFVM.

The ties spacing was changed for 55 cm in anywhere of the railway.

So, the strategy of ties maintenance was made for the next years.



The current passive of ties, considering their age, is 430,000 ties, considering the life of 17 years for 
curve and 30 years for the tangents. 

Analysis results
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Two scenarios have been created for the remainder of this backlog, as follows:

Replacement of 110 thousand ties per year - passive elimination in 5 > years

Replacement of ties 90,000 per year- passive 15 elimination > years

* Monthly average replacement demand, projecting the next 15 years, if there was no backlog would be 66 
thousand ties per year

Analysis results



Next steps

• Improving the corrosion
resistance of steel ties;

• Improve the structural
strength of steel ties;

• Do a critical analysis of the
current matrix of ties in the
EFVM and propose new
materials for ties.

Test with galvanized ties

Development of concrete ties to EFVM
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