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Table 1: Structural damage in recent tunnel fires

GreatBelt 76MPa 800°C- 7hrs 16segmentrings  Peakof spaling

(1994) 28day  1,000°C (1.65m long) 270mm
damaged in crown

Channel  110MPa 1,100°C Ohrs  500m with 50m Up to 100% (400m)

(1996) mature severely affectad by of thickness spalled
spalling showing grout
Mont Blanc Not 1,000°C  50hrs 200m - tunnel Serious damage

(1999) reported crown most affected  to tunnel structure
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Standard fire curves for three scenarios: tunnels, hydrocarbons and buildings.
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CONCRETE IN FIRE: PHYSIOCHEMICAL PROCESSES

Temperature (°C) What happens

1000

900 Air temperatures in fires rarely exceed this level, but flame
temperatures can rise to 1200°C and beyond.

800

700

600 Above this temperature, concrete is not functioning at its full structural
capacity.

550-600 Cement-based materials experience considerable creep and lose their

loadbearing capacity.

400

Strength loss starts, but in reality only the first few centimetres of
concrete exposed to a fire will get any hotter than this, and internally
the temperature is well below this.

250-420 Some spalling may take place, with pieces of concrete breaking away

from the surface.
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Typical temperature profile within concrete during test
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Ciria Technical Note 118 — 3 Categories.

Surface Pitting
Corner Break-off

Explosive Spalling
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Cirla Technical Note 118

“ Spalling Is the breaking off of layers
or pieces of concrete from the
surface of a structural element
when it Is exposed to high and

rapidly rising temperatures
experienced in fires "
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Definition of Surface Pitting.

Small pieces up to 20mm In size fly off the
?urface during the early part of it's exposure to
Ire.

Usually caused by splitting of pieces of
aggregate due to physical or chemical change
at high temperatures
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Definition of Corner Break Off. (sloughing-off)

Usually occurs during the later stages of fire exposure
when the concrete has become weak and cracks
develop along edges and corners.
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Definition of Explosive Spalling.

Occurs during the early part of a fire where rapid heat rise
IS encountered.

Characterised by forcible separation of pieces of concrete
accompanied by a loud bang.
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A preformed thermal barrier or board fixed to
the concrete

Secondary applied protective coating

Integral protection incorporated into the
structural lining
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CEN/TC 104 WG11 N44E

Fibres for concrete —Part 2 :Polymer fibres — Definition,
Specification and Conformity

Four classifications of fibre
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Class 1 : Fibres to improve plastic properties.
Class 2 : Fibres to improve hardened properties.
Class 3 : Fibres to improve RFS.

Class 4 : Fibre to resist explosive spalling in concrete
subject to fires.
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To reduce explosive spalling the fineness of fibres is the
primary requirement.

Ultra-fine fibres have more individual fibres/Kg than any other
fibre type.

Ultra-fine fibres have a greater surface area/kg than any
other fibre type.
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Number of Surface Area of

Fibres / Kg fibres / Kg
18 Microns Up to
diameter /720 Million 246 sq metres

32 Microns
diameter 110 Million 133 sg metres
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At 160 Deg/C the fibres will start to melt.

The fibres will have disappeared creating
voids in the concrete when the temperature
reaches 360 Deg/C.

Vapour pressure is released through the
newly formed voids

Explosive spalling is substantially reduced.




T.N.O Testing of Fibrillated &
Monofilament Fibres

January 1999.

Monofilament fibre used — 18 Micron dia.
Fibrillated fibre used — 50 micron dia.
Dosage rate — 2 kg/m3.

Temperature 1300 °C
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Testing for Ralil Link Engineering — Channel Tunnel Rail Link.

! Specimens loaded to pre-
"# $ % determined load level of 2.5n/mm2
$ & % ; in equal increments of 100kn.

Samples heated to temperatures
) ranging from 1100 to 1200 deg/c.

$1$ * *x 1& Fibre dimensions used 18 and 32
1 & microns.

+ Fibre dosage 1kg/m3 and 2kg/m3.
%, %# $
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Fibres. Aggregates.
Steel Fibres have no effect on Lightweight
explosive spalling, but do aggregate test pieces
reduce degree of tensile spalled badly.
cracking.

Limestone and
Granite test pieces
suffered light spalling
with cracking in
remaining concrete.

Monofilament polypropylene
fibres significantly reduce
explosive spalling.
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Ralil Link engineering conducted tests to replicate the 1996
Channel Tunnel fire. One of the key recommendations was:

“Addition of polypropylene fibres gave the most
significant indication of improved fire resistance
throughout the test program, in particular the
monofilament fibre mixes showing no indication
of spalling.”
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Maximum Minimum
Spalling Depth | Spalling Depth

18 Micron dia 15mm 6mm

32 Micron dia 60mm 20mm

Reference: Peter Shuttleworth — Fire Protection of Concrete Tunnel Linings







At 360 deg/C the fibre will start to
convert back to its constituent
material.

The process ends and all that is left
where the individual fibre was is
Soot.

This will occupy approximately 5%
of the void.



Gases given off are burnt away by
the fire or will dissipate into the
atmosphere.

The toxic gas given off by the fibre
IS so small that it meets UK Health
and Safety Regulations for this
type of project.
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Pre-stressed tunnel
segments were exposed to
a R.W.S. Fire Curve.

Samples were loaded to a
pre-determined level of
6.5n/mm2.

Monofilament fibre
dosages were: 1kg/m3, 2

kg/m3 & 3kg/m3.






Characteristic strength

Shape of concrete
section

Loadings

Fibre Dosage

Mesh / reinforcement | Aggregates

Length of fire test Type of fire curve




St. Johns to Elstree Cable Contract. Kentish Town Cable Tunnel.

De Westerschelde Tunnel, Holland. North Downs Tunnel (410) C.T.R.L.
Dublin Port Tunnel, Eire Contracts 103/ 220/ 240/ 320 C.T.R.L.
Dartford Cable Tunnel. Link 200 KCRC project, Hongkong

Lea Valley Cable Tunnels

Penchala Tunnel, Kuala Lumpur. -
. Airside Tunnel & SWOT Tunnel,
Weehawken Project, New York. Heathrow Airport

Mersey Kingsway Cross Passages, Liverpool. Malmo City Link Railway Tunnels
Various Tunnels in Norway, Austria.



A fibre is not a fibre....... performance is dependent upon:

Length and diameter (Aspect ratio — fibre count)

Fibre melt point

Fibre dosage

Proven test data to give numerical values on spalling depth

Ability to be easily mixed and batched into concrete (dispenser
system and traceability)
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How will this tunnel portal wall perform
In the event of fire?

Type of Fire?

Concrete strength?

Water/Cement ratio?

Moisture content?

Permeability?

Materials composition?

Workmanship?
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Concrete — a simple material comprising:
- Cement
- Aggregates
- Water

1950’s concrete — still in widespread use
today!
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Can we still apply the rules
of 1950’s concrete to the
type of material that is
needed to build the cities of
the 21t Century?



J 1 J

21t Century concrete
comprising of:

Cement
Aggregates
Water

PFA, GGBFS
Microsilica
Admixtures

Plus

Metakaolin
Limestone fillers

Other ground ultrafine
mineral fillers

Superplasticisers
(PCES)

Fibres
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The slab track concrete was designed as a
continuous unreinforced section to be cast

around and under the rall sleepers and ties.
Thickness varied between 80mm & 160mm,

with two drainage channels in its top surface.

An estimated total quantity of 27,500 m?3 of concrete
was required to be installed in the tunnels.



& ) 1

Concrete Train — London Tunnels

« 10 No. aggregate wagons
2 No. cement wagons

1 No. mixer wagon

1 No. water tank

e Holding hopper

e Concrete pump
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The fibre dispenser at
concrete batch plant
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800 tonnes stockpile
of pre-blended sand,
aggregate and
monofilament
polypropylene fibres
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Rall track set
up prior to
concreting



& )

Trowelling of
slab track
concrete In
London
Tunnels
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Trowelled and
finished fresh
concrete In
London
Tunnels
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Completed slab
track showing
surface
drainage
channels
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London Tunnels — Technical

Average compressive strengths

1 day 11.8 MPa

3 days 29.4 MPa

7 days 38.8 MPa

28 days 52.9 MPa
Standard Deviation (28 days) 4.6 MPa
Drying Shrinkage (28 days) 270 um

Slump retention in excess of 2 hours
Pump distances up to 350m

No plastic cracking was evident in 40 km of slab track concrete!!!
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CTRL contract C576 slab track concrete was successfully completed
some 2 months ahead of schedule

Success of the project was assisted by early interactions between the
Client, the Contractor and Suppliers

The inclusion of monofilament polypropylene fibres improved the
concrete characteristics in terms of cohesion, pumpability,
freeze/thaw resistance and plastic cracking. It gave additional benefits
of reducing sand/aggregate segregation and improved resistance to
explosive spalling in case of fire



