
Environment_Friendly_Solutions_For_Underground_Works



Who Are We
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Bekaert In A Nutshell*

 Founded In 1880 By Leo Leander Bekaert

 Customers In 120 Countries And In The Most Diverse Industry Sectors

 Global Manufacturing Platform

 28 000 Employees Worldwide   

 Combined Sales Of 4.6 Billion Euro 

 Consolidated Sales Of 3.3 Billion Euro

 Listed On Euronext® Brussels 

 Bekaert Is A Worldwide Player Active In Selected Applications 

 Based On Our Two Core Competences

 Advanced Metal Transformation 

 Advanced Materials And Coatings

1 µm  6.5 mm
A human hair = 50 µm

From traditional coatings to                 
advanced coatings





History
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Bekaert Journey in India
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1999 completed over 15 Hydro Projects and 
also  Bekaert steel cord plant in Ranjangaon, 
Pune

This partnership continued until 2005. Bekaert made a 
strong leadership position in the hydropower market. 
2007 Bekaert started its own office for building products

2005-07

Completed 400+ Projects (flooring 
+ hydro) within a span of 4 years*. 
31+ ongoing & completed 
tunneling projects. Worked with 
Indian railways,  NHAI 

1999

2012

Got approval for cast in situ
(USRBL)& PSCL Application
(Mumbai Metro)

1985
Bekaert entered India market with Dramix® steel fibres, with 
Tata Steel as an agency agreement in  1985. 
First Project – Srisailam Hydro Power.

Nathpa Jhakri hydropower project largest 
and longest headrace tunnel, and 
underground power complex.

1996

Marsyangdi hydropower project  was one of the 
notable projects by Bekaert done in Nepal 

1998

Tala Hydroelectricity is the biggest hydroelectric joint project 
between India and Bhutan

2010

Bekaert continues to enjoy its leadership in the road tunnels sector with 
major projects like Jaipur  tunnel , Rohtang road tunnel and Mumbai-Pune 
expressway (1998) reinforced with Dramix® SFRS

1995

2009

Worked with all major Government bodies  in 
power sector since 1985  including, NHPC, 
NTPC, NEEPCO, SJVN, etc.

2020 
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• Double Shell Lining (DSL):

‒ Traditional Tunnel Lining System Consisting Of:
o Temporary Sprayed Concrete Primary Lining Immediately Applied After Excavation

o Waterproofing Membranes Installed & Fixed On The Primary Lining At A Later Stage (Separation Layer)

o Durable Secondary Cast-in Place Concrete Lining Installed At A Later Stage, Incl. Architectural Or Protective Finishing 

Layer (E.G., Case Of Fire)

• Single Shell Lining (SSL):

‒ Permanent Sprayed Concrete Lining Consisting Of A Single Layer, Or Several Layers Placed At 

Different Times:
o Initial Sprayed Concrete Layer As Sacrificial Layer (5-10 Cm) 

o Primary Sprayed Concrete Layer Immediately Applied 

o Secondary Sprayed Concrete Applied At A Later Stage

o Architectural Or Protective Finishing Layer (E.G., Case Of Fire)

Introduction
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 Typically, The Tunnel Supports (Lining’s) Are Broadly Divided Into Two Types:



Lining Considerations Aspects

 Linings Should Perform Satisfactory In The Working Environment During 

Its Foreseen Service Life:
• Long Term Durability

• Strength Development

• Predicted Loadings And Load Bearing/ Load Transfer

• Longevity & Finish

• Repair & Maintenance 

 Choice of Lining Type Must Consider:
• Constructability…..

• Time Frame….

• Required Quality Of Finishing

• Water Proofing System



Current Practices & Possible Challenges

 Cycle Times:
• Installation of Reinforcement
• Concrete Casting (Large Gantries)

 Space Constraints:
• Steel Storage Yards
• Reinforcement Fabrication Yard

 Concrete Placement:
• Dense Reinforcement
• Maintaining Proper Cover
• Compaction Methods (Shutter 

Vibrators, etc.?)

 Post Construction Repairs & 
Maintenance:
• Construction Joints & Honeycombing 

(Difficulty in Compacting)
• Small Surface Cracks
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 Current Systems With Re-bars Have Following Challenges:

• Need Large Space For Storing Reinforcement and Fabrications

• COVER- >40 MM Most Susceptible ….

• Depending Upon Design Requirements Sections Can Have Congested Reinforcement Cages

• Handling Reinforcement Cages Need Additional Resources (Manpower, Machines, etc.)

• High Degree of Compaction Needed To Achieve Maximum Density & Especially In Thickly 

Reinforced Sections (Honeycombing, etc.)

 Consequences:

• Large Area Fabrication Yards Needed

• Additional Contractors For Bar Bending & Reinforcement Cage Manufacturing

• Additional Resources for Reinforcement Installation in Gantries

• Increased Cycle Times
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Current Practices & Possible Challenges



How To Mitigate The Issues….

 By Replacing Steel Re-bars With Dramix® Steel Fibre In Lining 
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Dosage Rates: 5D 65/60BG 
25 – 40 Kg/M3

Wt. of Rebar's varies  70- 150 Kg /Cum
*Depending on the Diameter of the Tunnel



How Is This Possible……
Understanding Concrete Behavior…
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 Concrete Is Naturally BRITTLE And Has 
Low Tensile Strength And Ductility. When 
Subjected To Tensile Stresses, 
Unreinforced Concrete Will Crack And 
Fail. 

The Principle Of Concrete 
Reinforcement 

 In Order To Change This Brittle 
Behaviour Into A More Ductile Behaviour, 
Mesh, Rebar Or Steel Fibres Are Added. 
The Role Of The REINFORCEMENT Is 
To Increase Load Bearing Capacity And 
Limit Crack Opening.



 Steel Fibre 
Is Engineered To Replace Rebar And Mesh In 
Concrete. It’s A Proven Technology For More 
Than 40 Years. However, Many People Still Think 
That Steel Mesh Can Support More Load Than 
Steel Fibres. 
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How Is This Possible……
Understanding Concrete Behavior…



How Fibres Work….

Steel Fibre Reinforcement Provides 
Superior Resistance To Cracking And Crack 
Propagation. Unlike Traditional 
Reinforcement, Steel Fibres Actively 
Reinforce Every Part Of The Concrete 
Structure, Allowing Them To Detect Small 
Cracks Immediately After They Occur. 
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Steel Fibres In Concrete Primarily Act To 
Bridge The Growing Cracks, Thus 
Restricting Their Further Growth And 
Propagation. 

Friction
Pressure



Types of Fibres…..

 Different Types Of Steel Fibres 

 Steel Fibres For Concrete Appear In All 

Colors, Shapes, Sizes And Materials.

 The Performance Of Steel Fibres Is 

Influenced By Different Factors:

• Wire Strength

• Shape

• Wire Elongation

• Amount Concrete

• Strength
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Introduction to Fibre Reinforced Concrete

 The Fibre-reinforced Concrete (FRC) Is A 

Composite Material Made Of Basic 

Concrete In Which A Fibre Reinforcement 

Is Incorporated And Homogeneously 

Distributed.

 Steel Fibres Are Discrete, Discontinuous 

Pieces Of Reinforcement

 Steel Fibres Add Ductility To An 

Otherwise Brittle Concrete
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Why SFRC



Why SFRC?
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 Constructive

• Avoid Conventional Reinforcement (Mesh, 

Rebars)

• Labor Reduction

• Reduction Of Checking Time

• Reinforcement Correctly Placed

 Structural

• Smaller Crack Width Openings

• Higher Durability

• Higher Impact And Abrasion Resistance

• Higher Fatigue Strength

 Cracking Control
• The Fibers Sew The Cracks And Redistribute 

The Tensile Stresses In A Larger Concrete 
Area.

• Reduce The Crack Width And Spread The 
Cracking Due To Loads Or Constraints.

• Prevent Rebar Corrosion, Stop Water Paths, 
Better Aesthetic Presentation, Prevent Spalling 
Due To Load Or Impacts.

• Increase Of Durability.

Re-bar 
concrete

SFRC

Results In A Shear Test Of A Full Scale Beam



Why SFRC?

 PP Micro- Fibers For Plastic Shrinkage Control …

18

• Free Water Is Held Back 
On The Surface Of The 
Fibers When
• Special Coating Of 

The Fibers For The 
Interface Is Provided

• Large Specific Surface
Is Provided

• Large Number Of Fiber 
Units Is Given

 Reduced Shrinkage
 Improved Green Strength
 Less Bleeding
 Better Hydration
 Higher Density/StrengthFire Damage In Gotthard 

Tunnel, 2001

… and for passive 

fire protection



Why SFRC?

 Fire Resistance Spalling Control
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Plain Concrete 

340 Mm Spalling Depth (RABT Fire Curve)
2 KG PP Fibre RC

15 Mm



Advantages of Fibre Reinforced Concretes

 Five Advantages Of 

Steel Fibre Concrete 

Reinforcement 
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Reinforcing Capacity And Efficient Crack 
Control



Reinforcing Capacity And Efficient Crack Control
EN 14651 Material Properties And Test Method EN14651- 2005 Beam Test Test Method For Metallic Fibre Concrete -

Measuring The Flexural Tensile Strength (Limit Of Prop. (LOP), Residual)

*CMOD: Crack Mouth Opening Displacement



 Shear Resistance of SFRC
• Steel Fibres Can Contribute To The 

Shear Capacity Of Any Structure By 

Bridging Of Shear Cracks. 

23

Reinforcing Capacity And Efficient Crack Control



Homogeneous Reinforcement



Homogeneous Reinforcement

 Easy Mixing- Dramix® Steel Fibres Are Glued Into Bundles, Which Enables Fibres To Be Mixed 
Easily And Uniformly Throughout The Concrete.
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 Glued Fibres Are Found To Perform Better:
• The Design Is Guaranteed Only If Homogenous Distribution Of Steel Fibres In Concrete Can Be Ensured
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Homogeneous Reinforcement

Homogeneously Mixed 
Glued Fibres

Loose Fibres With High L/D 
Ratio Have The Risk To Ball 
During Mixing

Bekaert Invented Glued Fibres In Order To Avoid The Potential For Balling Related To 
Adding Loose Fibres With A High L/D Radio (And Thus Better Performing) To A Concrete Mix. 



Quick And Easy Application 



Quick And Easy Application 
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 Working With Steel Fibres Is Less Labor- Intensive And Helps You Save Time And Money. 

 Steel Fibre 

Reinforcement

 Add The Steel Fibres 

To The Concrete (At 

The Ready-mix Plant 

Or Job Site)

 Pour The Concrete 

 Steel Mesh 

Reinforcement

 Transport The 

Mesh/Rebar

 Handle And Stock The 

Mesh/Rebar On Site

 Place The Mesh/Rebar

 Pour The Concrete 



Quick And Easy Application 
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 Safer Jobsite Conditions 
 Using Steel Fibres Enhances The Safety On 

Your Construction Site. Reinforcement Mesh 
And Rebar Not Only Hampers Other Work On 
Your Site, but They Are also, Very Often The 
Cause Of Accidents And Severe Delays.



 Steel fibres represent a concrete reinforcement system that is quick and easy to install 

with:

30

Quick And Easy Application 



Cost Effective 
€
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Unit cost Cost/m3

Unit Price  Per Kg kg/m3

50.00 105.000 5250.00
5.40 567.00

5817.00
Unit cost /Ring Per Kg

1500 1.50 157.50
1000 0.65 68.25

225.75
Man-Hours/Segment Cost/Hour

1 18.75 18.75
0.5 1200.00 600.00
0.5 31.25 15.63

634.38
Percentage

15% 843.6
Man-Hours/Segment Cost/Hour

1 18.75 2.81
0.25 1200.00 45.00
0.25 31.25 1.17

Cost/Segment Total cost
25.00 21090 3.75

Total Cost/Cum    Rs 6729.86
1112.28Saving per cubic metre of concrete  

Cost of repair materials

% of segments requiring major repairs

Labour for repair
Cost of cranage in/out repair areas

Administration/QC costs

Labour to place cages
Cost of cranage

QC costs (checking cover)

Repair of damaged segments

Transporation Loading & unloading cost

Cage Fabrication 
Labour for fabrication (Cutting & Bending)
Transporation of Cages from yard to site

Placing of cages into moulds

Reinforcement

CONVENTIONAL REINFORCEMENT CAGES

Segments for repair

Cost Economics- Case Reference

Unit cost Cost/m3

Unit Price Per Kg kg/m3

Fibres 160 35 5600.00

Repair of damaged segments Percentage
% of segments requiring major repairs 5% 281

Man-Hours/Segment Cost/Hour
Labour for repair 1 18.75 0.94
Cost of cranage in/out repair areas 0.25 1200.00 15.00
Administration/QC costs 0.25 31.25 0.39

Cost/Segment Total cost
Cost of repair materials 25.00 7030 1.25

Total Cost/Cum      Rs 5617.58

STEEL FIBRE REINFORCED CONCRETE SEGMENTS

Segments for repair
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Cost Economics- Green Solutions…
Dramix® Minimizes The Impact On The Environment -Using Less Steel
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Cost Economics- Green Solutions…
Dramix® Minimizes The Impact On The Environment -Using Less Steel

EPD CERTIFICATE



Durability



Durability
 For Concrete To Be Durable, It Needs To Be

36

Strong Ductile

Even When Steel Fibres Corrode, Due To The Geometry Of The 
Fibres, The Corrosion Produced Does Not Exert Enough 
Stresses To Crack The Concrete, Unlike In Rebar, Where This 
Is A Concern. 



Bekaert Support



Bekaert Support
Bending Moments M, Axial Forces N, Shear Forces V

 
OTM 4 MSd [kNm] 

NSd [kN] 
(tension positive) 

VSd [kN] 
 

1-1 321.5 -994.6 18.7 

325.5 -994.3 13.7 

2-2 -256.0 -1434.3 -12.3 

-267.9 -1443.1 -16.9 

3-3 -226.1 -1464.8 113.7 

-169.4 -1474.6 113.1 

4-4 -128.8 -1523.7 97.3 

-195.5 -1545.2 100.8 

OTM 4-1  

1-1 103.6 -670.4 8.9 

105.3 -670.2 4.8 

2-2 -62.4 -880.1 7.2 

-59.8 -886.9 2.6 

3-3 -35.6 -910.5 44.5 

-13.5 -918.7 43.9 

4-4 -50.8 -963 91.9 

-112.8 -982 91.6 

X  Y  x  y  N  T  M  

[ m ]  [ m ]  [ m ]  [ m ]  [ k N / m ]  [ k N / m ]  [ k N m / m ]  

       

6 6 , 3 9  3 7 , 9 5  - 5 , 9 3  - 0 , 5 3  - 8 0 8 , 6 7  4 8 , 1 7  - 1 3 9 , 2 2  

6 6 , 5 4  3 7 , 0 8  - 5 , 7 9  - 1 , 4 0  - 7 3 6 , 2 2  5 5 , 7 0  - 9 2 , 6 0  

6 6 , 8 1  3 6 , 2 4  - 5 , 5 2  - 2 , 2 4  - 6 7 9 , 6 5  8 3 , 6 9  - 3 4 , 6 9  

6 6 , 8 6  3 6 , 1 2  - 5 , 4 7  - 2 , 3 6  - 6 5 0 , 9 0  7 5 , 3 8  - 2 4 , 3 4  

6 6 , 9 6  3 5 , 9 0  - 5 , 3 7  - 2 , 5 8  - 6 0 0 , 4 3  6 3 , 6 5  - 7 , 2 0  

6 8 , 8 7  4 3 , 2 8  - 3 , 4 6  4 , 8 0  - 7 5 4 , 4 1  - 4 2 , 2 3  3 9 , 5 5  

6 8 , 6 0  4 3 , 0 8  - 3 , 7 3  4 , 6 0  - 7 7 4 , 6 4  - 4 5 , 0 4  2 4 , 7 3  

6 8 , 3 4  4 2 , 8 6  - 3 , 9 9  4 , 3 8  - 7 9 5 , 7 5  - 4 7 , 5 0  9 , 0 1  

6 8 , 2 1  4 2 , 7 4  - 4 , 1 1  4 , 2 6  - 8 0 6 , 4 4  - 4 8 , 5 7  0 , 8 5  

6 7 , 9 7  4 2 , 5 0  - 4 , 3 5  4 , 0 2  - 8 2 7 , 8 2  - 5 0 , 3 8  - 1 5 , 9 6  

6 7 , 8 6  4 2 , 3 8  - 4 , 4 7  3 , 9 0  - 8 3 8 , 3 5  - 5 1 , 1 1  - 2 4 , 5 7  

6 7 , 6 4  4 2 , 1 2  - 4 , 6 9  3 , 6 4  - 8 5 8 , 8 2  - 5 2 , 1 9  - 4 2 , 1 2  

6 7 , 4 4  4 1 , 8 4  - 4 , 8 9  3 , 3 6  - 8 7 7 , 8 5  - 5 2 , 7 1  - 5 9 , 9 4  

6 7 , 3 4  4 1 , 7 0  - 4 , 9 8  3 , 2 2  - 8 8 6 , 5 9  - 5 2 , 7 3  - 6 8 , 8 9  

6 7 , 1 6  4 1 , 4 1  - 5 , 1 6  2 , 9 3  - 9 0 2 , 2 0  - 5 2 , 2 4  - 8 6 , 7 3  

6 7 , 0 8  4 1 , 2 7  - 5 , 2 4  2 , 7 9  - 9 0 8 , 8 9  - 5 1 , 7 0  - 9 5 , 5 6  

6 6 , 9 3  4 0 , 9 6  - 5 , 4 0  2 , 4 8  - 9 1 9 , 6 7  - 5 0 , 0 0  - 1 1 2 , 8 6  

6 6 , 7 9  4 0 , 6 5  - 5 , 5 3  2 , 1 7  - 9 2 6 , 3 6  - 4 7 , 2 2  - 1 2 9 , 3 9  

6 6 , 7 3  4 0 , 4 9  - 5 , 5 9  2 , 0 1  - 9 2 7 , 9 4  - 4 5 , 2 9  - 1 3 7 , 2 4  

6 6 , 6 2  4 0 , 1 7  - 5 , 7 0  1 , 6 9  - 9 2 7 , 3 2  - 3 9 , 9 2  - 1 5 1 , 7 7  

6 6 , 5 8  4 0 , 0 1  - 5 , 7 5  1 , 5 3  - 9 2 5 , 0 2  - 3 6 , 1 4  - 1 5 8 , 2 6  

6 6 , 5 0  3 9 , 6 7  - 5 , 8 3  1 , 1 9  - 9 1 5 , 7 6  - 2 4 , 4 8  - 1 6 8 , 9 7  

6 6 , 4 4  3 9 , 3 3  - 5 , 8 9  0 , 8 5  - 9 0 0 , 2 5  - 6 , 4 8  - 1 7 4 , 4 7  

6 6 , 4 0  3 8 , 9 9  - 5 , 9 3  0 , 5 1  - 8 8 0 , 2 2  1 1 , 6 1  - 1 7 3 , 6 6  

6 6 , 3 7  3 8 , 3 0  - 5 , 9 5  - 0 , 1 8  - 8 3 4 , 4 2  4 0 , 5 7  - 1 5 4 , 7 6  

7 5 , 7 8  4 3 , 2 8  3 , 4 6  4 , 8 0  - 9 7 9 , 1 4  6 3 , 1 5  - 4 5 , 0 5  

7 5 , 4 8  4 3 , 4 8  3 , 1 5  5 , 0 0  - 9 4 3 , 7 3  6 1 , 4 9  - 2 2 , 0 2  

7 5 , 1 6  4 3 , 6 7  2 , 8 3  5 , 1 9  - 9 0 7 , 9 6  5 8 , 1 0  0 , 0 7  

7 4 , 9 9  4 3 , 7 5  2 , 6 7  5 , 2 7  - 8 9 0 , 2 9  5 5 , 9 0  1 0 , 5 9  

7 4 , 6 6  4 3 , 9 1  2 , 3 3  5 , 4 3  - 8 5 5 , 7 3  5 0 , 6 9  3 0 , 2 6  

7 4 , 4 9  4 3 , 9 8  2 , 1 6  5 , 5 0  - 8 3 9 , 0 5  4 7 , 7 8  3 9 , 3 4  

7 4 , 1 4  4 4 , 1 0  1 , 8 1  5 , 6 2  - 8 0 7 , 1 9  4 1 , 7 4  5 5 , 8 5  

7 3 , 7 9  4 4 , 2 0  1 , 4 6  5 , 7 2  - 7 7 7 , 8 7  3 5 , 5 0  7 0 , 0 9  

7 3 , 6 1  4 4 , 2 4  1 , 2 8  5 , 7 6  - 7 6 4 , 3 6  3 2 , 3 6  7 6 , 3 4  

7 3 , 2 4  4 4 , 3 1  0 , 9 2  5 , 8 3  - 7 3 9 , 7 4  2 6 , 0 7  8 7 , 1 1  

7 3 , 0 6  4 4 , 3 3  0 , 7 4  5 , 8 5  - 7 2 8 , 7 3  2 2 , 9 3  9 1 , 6 3  

7 2 , 6 9  4 4 , 3 7  0 , 3 7  5 , 8 9  - 7 0 9 , 4 7  1 6 , 7 8  9 8 , 9 6  

7 2 , 3 3  4 4 , 3 8  0 , 0 0  5 , 9 0  - 6 9 4 , 1 2  1 0 , 6 9  1 0 4 , 0 1  

7 2 , 1 4  4 4 , 3 8  - 0 , 1 8  5 , 9 0  - 6 8 8 , 0 0  7 , 6 4  1 0 5 , 7 0  

7 1 , 7 7  4 4 , 3 5  - 0 , 5 5  5 , 8 7  - 6 7 8 , 8 3  1 , 6 2  1 0 7 , 4 0  

7 1 , 5 9  4 4 , 3 3  - 0 , 7 4  5 , 8 5  - 6 7 5 , 8 0  - 1 , 3 6  1 0 7 , 4 3  

7 1 , 2 3  4 4 , 2 8  - 1 , 1 0  5 , 8 0  - 6 7 2 , 8 8  - 7 , 1 4  1 0 5 , 8 6  

7 0 , 8 7  4 4 , 2 0  - 1 , 4 6  5 , 7 2  - 6 7 4 , 0 8  - 1 2 , 8 0  1 0 2 , 1 8  

       

X  Y  x  y  N  T  M  

[ m ]  [ m ]  [ m ]  [ m ]  [ k N / m ]  [ k N / m ]  [ k N m / m ]  

       

7 0 , 6 9  4 4 , 1 5  - 1 , 6 4  5 , 6 7  - 6 7 6 , 1 7  - 1 5 , 6 0  9 9 , 5 5  

7 0 , 3 4  4 4 , 0 4  - 1 , 9 9  5 , 5 6  - 6 8 3 , 2 3  - 2 1 , 0 3  9 2 , 8 0  

7 0 , 1 6  4 3 , 9 8  - 2 , 1 6  5 , 5 0  - 6 8 8 , 1 2  - 2 3 , 6 6  8 8 , 6 8  

6 9 , 8 2  4 3 , 8 3  - 2 , 5 0  5 , 3 5  - 7 0 0 , 5 0  - 2 8 , 7 0  7 9 , 0 3  

6 9 , 4 9  4 3 , 6 7  - 2 , 8 3  5 , 1 9  - 7 1 5 , 9 9  - 3 3 , 4 8  6 7 , 5 5  

6 9 , 3 3  4 3 , 5 8  - 2 , 9 9  5 , 1 0  - 7 2 4 , 7 5  - 3 5 , 8 0  6 1 , 1 6  

6 9 , 0 2  4 3 , 3 8  - 3 , 3 1  4 , 9 1  - 7 4 4 , 0 2  - 4 0 , 1 8  4 7 , 1 5  

7 8 , 2 6  3 7 , 9 5  5 , 9 3  - 0 , 5 3  - 8 8 6 , 8 4  - 4 1 , 9 1  - 1 5 3 , 1 8  

7 8 , 2 8  3 8 , 6 0  5 , 9 5  0 , 1 2  - 9 4 2 , 5 2  - 2 9 , 2 6  - 1 7 6 , 7 2  

7 8 , 2 3  3 9 , 2 4  5 , 9 0  0 , 7 6  - 9 9 8 , 4 2  - 1 3 , 8 9  - 1 9 0 , 4 6  

7 8 , 2 0  3 9 , 4 0  5 , 8 8  0 , 9 2  - 1 0 1 3 , 1 5  - 1 0 , 8 5  - 1 9 2 , 4 6  

7 8 , 1 4  3 9 , 7 2  5 , 8 2  1 , 2 4  - 1 0 4 2 , 8 4  - 4 , 3 4  - 1 9 4 , 9 3  

 

 



Bekaert Support
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Project name: 3rd Bridge - Riva Tunnel Final Lining - 5D 65/60BG - km 4+050

allowable 
compression:
0.8N min

5D 65/60BGFiber type:
35 kg/mcFiber dosage:

C30/37Concrete class:

Plotted domain: FRC (no reinforcement)

Location:
Project nr:

Istanbul - Turkey
Contractor:

Standard: Model Code 2010
Client:
Author:

Date: 22 June 2015

Verification Of Safety (ULS)
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Bhanupalli Bilaspur Rail Project (Ongoing)

• Client- Indian Railway/ RVNL

• General Consultant- AECOM

• Application : Cast In Place Lining

• Contractor : Max Infra 

• Product- Dramix 3D®65/60 BG 

• Dosages Used- 45 Kg /Cum   

• Grade Of Concrete- M 35

• Thickness- 300 mm



References….
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USBRL T48- Gammon, (Ongoing)

• Client- Indian Railway /IRCON 

• General Consultant- Lombardi India 

• Application : Cast In Place Lining 

• Contractor : Gammon India 

• Product- Dramix 3D®65/60 BG 

• Dosages Used- 45 Kg /Cum

• Grade Of Concrete- M 35

• Thickness- 300 mm to 400 mm



References….
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USBRL T49 A- HCC, (Ongoing)

• Client- Indian Railway /IRCON 

• General Consultant- Lombardi India 

• Application : Cast In Place Lining 

• Contractor : HCC

• Product- Dramix 3D®65/60 BG 

• Dosages Used- 45 Kg /Cum

• Grade Of Concrete- M 35

• Thickness- 300 Mm



References….
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USBRL T1- ABCI, (Ongoing)

• Client- Indian Railway /KRCL

• General Consultant- Geo Consultant 

• Application : Cast In Place Lining 

• Contractor : ABCI

• Product- Dramix 5D®65/60 BG 

• Dosages Used- 25 Kg /Cum

• Grade Of Concrete- M 35

• Thickness- 500 mm



References….
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• Client- Indian Railway 

• General Consultant- Nippon Koei / SMEC

• Application : PSCL

• Contractor : Sojitz- L&T Consortium 

• Product - Dramix 4D®65/35 BG 

• Dosages Used- 25 Kg /Cum & 35 Kg/ Cum

• Grade Of Concrete- C32/40

• Thickness- 225 to 430 mm

DFCC Project- WDFC Phase-II, Package CTP-14



References….
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UGC 06- Sahar Cross- Over- Mumbai Metro 

• Client- Mumbai Metro Rail Co Operation 

• General Consultant- MAPLE 

• Application : PSCL

• Contractor : J Kumar- CRTG (JV)

• Consultant- Bedi Consulting Ltd 

• Product- Dramix 4D®65/35 BG 

• Dosages Used- 30 Kg /Cum 

• Grade Of Concrete- C32/40

• Thickness- 300 Mm



References….

 Date: 2014-2015
 Project Name: Riva Tuneli– 3rd 

Bridge Tunnel
 Tunnel Type: Highway
 Client: Istanbul Municipality
 Country: Turkey
 Contractor: IC Ictas – Astaldi 

Consortium
 Fiber Type: 5D 65/60BG
 Dosage Rate: 20 Kg/Mc
 Concrete Class: C30/37
 Max Diameter: 22 Meters
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 Lee Tunnel London UK (2015)

 Final Lining FRC

• Tunnel (Ø: 8.8 M)

• Designed With MC 2010 By 

UnPS Traditional Reinforcement 

Removed, About 15000 Tons

• Just 2100 Tons Of Dramix® 5D 

6560BG @ 40kg/M (67pcy), 

60mm Long & 0.90mm Diameter.

• This Dosing Rate Provided 

Excellent Bending Hardening 

Properties To The Concrete 

Section. 

 3D 65/35 BG For The Shaft 

Lining
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 Jansen Mine Shafts – Saskatchewan, 

Canada

 Shaft Basics– Construction:

• Shaft Walls Range From 800mm 

Thick Up To 1.1m Thick

• Interior Diameter Of 8.5 M

• Shaft Walls Are Slip Formed With A 

Scheduled

• Production Of Up To 3m Per Day.                    

 Concrete Strength 60mpa 

 Dosage Rate 40kg / M³
49



References….
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 400+ Projects 

References 

 Established Design 

Codes/Guidelines 

 Accepted Testing 

Methodologies

 Environmentally 

Friendly 
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Available Resources….



Conclusion….



Conclusion….
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 The Principle Of Steel Fibre Concrete Reinforcement In A Nutshell:
 Elimination Of Traditional Reinforcement (Mesh Or Rebar) 

 Faster & Safer Construction

 Homogeneous Distribution

 Uniform Reinforcement Of Your Concrete Structures 

 Redistribution Of Stresses

 High Ductility & Increased Load Bearing Capacity

 Excellent Crack Control

 A Significant Reduction Of Concrete Cracking And Spalling Of Segments

 Optimal Resistance Against Impact And Dynamic Loads 



Right Fibre For The Right Application….
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…& All Fibres Are Not Same…
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And It’s Green….

Comparison Of Embodied CO2 For Different Types Of Binder And Steel Reinforcement Used For Various Major
Infrastructure Projects (Edvardsen et al)
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Thank you!

www.bekaert.com/
dramix


