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COMMENTARY

ew Year revnlulmny

WHAT WILL be the themes of 1997? Here at

eer, preparations are well in hanc}/for our
ilee celebrations, including our 2
issue on 8 May. We hope that
turning 25 Joes not make too many of yod feel- too
old, though it has that effect on certain golleagues
here who remémber the early days.

The other blg event of the year is thé inevitable
general election. The pollsters got it spectacularly
wrong in 1992 and\John Major scraped back in. It is
hard, however, to envisage him repéating the trick
and a change of govetnment after/18 years appears
likely, though not quite as certainas the opinion
polls have thus far sugg&sted

A third theme, God wﬁlmg, is/recovery. After
three, four or even six dire yeays for civil
engineering - depending on ypur sector - the signs
are growing clearer that 1 may indeed be the
turning point that the for ers have predicted.
The traditional collapse of I_1cal decision-making
in the run up to and in the wake of a general
election normally takes itsjtoll on the construction
industry. But today with sb many, clients now in the
private sector, the effects/are miti¥ated.

One of the stronger indlicators ofirecovery is that
the recruitment industry has got its'ail up. Civil
engineers are harder to/find, or at least the ones of
the right calibre and age. This may be bad news for
employers and industfy clients, but fot the basic
self-interest of you tlfe reader, your salary is likely to

apressed i Now Gl Engesr do noe neossmas il refTeon thie views
FICE Counal e VO atimitiess.
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* For this bright, enthusiastic, 28 year oid civil engineer, with site
and design experience -do | hear £30K2”
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fFire

A new fire safety
strategy needs to
be developed for
the Channel
Tunnel, argues Dr
Gordon Cooke,
international fire
safety consultant
and visiting
professor in the
department of
civil engineering
at City University.
e contract is about o be
let by Eurorunnel for repair
of the Channel Tunmel lin-
ing structure which was
severely damaged by firein
a heavy goods vehicle shuttle
train on 18 November 1996.
Damage to a 280m length was
rated as serious and w 8 40m
length, now supported by col-

liery arches, very serious. Cost of
reinstating the structure and ser-

| vices is put at £50M. Other costs

in loss of revenue are far larger
and more difficult to quantify.
Full operation of the runnel
may not bé re-established unti
six months after the fire, so it is
¢learly important to understand
what the present construction is,
why the damage was so severe,

-and to ensure that such damage

cAnnot occur again,

The running nmnel is lined
with precast high strength con-
crete segments 1.6m wide and
approximately  400mm  thicle

* Each segment is reinforced with

a cage of high performance rein:
forcing steel using 8mm and
12mm diameter high tensile steel
bar and 8mm diameter cold-
rolled wire. Several segments
make up a ring and their geome-
try is complicated by the need for
each ring to have atapered end
so that when placed end-to-end
the tunnel lining can “bend” o
follow the bored hole.

Each segment has a groove
around and near the outer face to



accommodate a watertight neo-
prene seadl gasker and the annu-
lar space between the lining and
the chalk wall is grouted with a
mix of sand-based mortar and
high alumina cement. The: com-
posite construction so formed is
designed to be watertight and
capable of withstanding a hydro-
static pressure of 100t/m* for a
minimum life of 120 years.

Two factors account for why so
much damage was sustained diar-
ing the fire: the tendency of the
conerete wspall; and the severity
of the fire.

In the runnel fire, explosive
‘spalling caused the detachment
. of large amounts of concrete near
the sear of the flames, while
sloughing, which features the
removal of thin layers (each typi-
cally 10mm thick}, eccurred fur-
ther away where the hear was
less intense. There are several
unfortunate  features which
make the tunnel lining especially
‘susceptible to explosive spalling;
‘@ The circular form of the mn-
nel, the hydrostatic pressure act-
ing on the outside of the lining
via the grour (parts of the tunnel
are 40m belowthe seabed) and,
in the fire condition, the high
level of hoop stress imposed by
the ourermost remnforcing steel/
concrete of the lining. This
means the high compressive
stress generated in the concrete
near the fire-exposed surface
cannot be relieved, asitcanin a
building, by thermal bowing (fig-
ure 1).

@ The low water/cement ratio
and high level of compaction
needed 1o achieve high strength
when the concrete was made,
This leads to a concrete with min-
imum porosity making it difficult
for fire-generated moisture 1o
escape withour producing explo-
sive pressures.

® The likely high moisture con-
tent of the lining due to the con-
tact with the damp ground.

It is recognised in the litera-
ture that these factors have a sig-
nificant effect on spalling. But
how important is the thermal
bowing effect? In tests in the
standard  fire resistance floor
furnace made by mysell on 4.5m
long by 150mm thick simply sup-
ported reinforced concrete slabs,
the specimens of normal weight
concrete were exposed to the
standard “cellulosic”™ (ISO 834)
amd the “hvdrocerbon™ (NPD)
combustion gas temperature-
tme conditions:  Mid-span
deflections were measured with
no imposed load.

The tesis showed that thermal
bowing deflections were larger
than expected, and were espe-
cially large early on in the hydro-
carbon fire exposure, but no
spalling occurred. The suppres-
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Y Fire load dansity 20kg/me

- B - Thammat bo PR, on
TE0 2007 300 400 | | compyais suess i rpvsed oo,
Fire diration (min apinsivE spifing uliesty
sion of thermal bowing, which  thavthe fire effluent cannor ben-
occures in the tunnel ring config-  eficially eseape to the outside air
uration, can ‘only lead o a and the wapped heat causes
greater tendency for explosive more damage.

spailing.

The tunnel ring configuration
15 also the key o explaining why
the fire was so severe, the second
factor accounting for the large
amount of damage sustained.
Compared 1o a fire in a spacious
room in a building, & fire in the
Channel Tunnel (assuming the
same fire load density) will be
more severe because:
@ the ceiling is low so that the
thermal plume has less height

Itis imperative that a fire
occurring in open polling
stock in the tunnel must be

suppressed at the earfiest
stage n its development to
avoid major damage to the
structurg of the tunnel and
M&E services, quite apart
from life safety
considerations.

through which it can beneficially
entrain cooler air, hence the tem-
peratures of the flames and ceil-
ing jer will be high.

@ again because of the low ceil-
ing, the feedback radiation from
flamesand the Hot gas layer trav-
elling under the ceiling causes
rapid fire spread to fuel packages
nearby leading to an earlier
accurrence of flashover,

@ the absence of windows means
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@ radiation from the flame front
is not beneficially “lost" to the
outside asin radiation througha
window opening in a building -
radiation loss can account for a
third of the heat generated in a
fire in a building.

In a fire in a conventional
building the maximum combus-
tion gas temperature that can be
reached is around 1,200°C but
the fire duration is shorr. Figure
2 shows ceiling temperatures

achieved in tests I arranged in

1993 in a compartment nomi-
nally 23m long by 6m wide by 3m
high with twb exireme amounts
of ventilation in one of the 6m
wide walls, Reducing the ventila-
ton area from 100% ro 12.5%
rediiced the temperature (mea-
sured at a peint 6m from the ven-
tilation opening) from 1,200°C
to 700°C but, more importantly,
markedly extended the fire dura-
tion, by a factor of six wsing
500°C as 4 common cutoff.

A stationary train in the Chan-
nel Tunnel would correspond toa
low ventilation condition and,
even assuming a very low fire
load density of 20kg/m*, would
lead to a long duration fire which
would have a very punishing
effect on the tunnel lining.

So it is imperative that a fire
occurring in open rolling stock in
the tunnel must be suppressed at
the earliest stage in its develop-
ment to avoid major damage o
the structure of the runnel and

M&E services, «uite ‘apart from
life safety considerations. Many
strategies are possible:
® Construct all rolling stock as.
totally enclosed fire-resisting
compartments so that fire could
never spread from one wagen ©
another orinto the tunnel. In the
event of fire the train would be
driven at high speed to the open
air terminal where evacuation
and fire fighting could take place
safely and more effectively. Com-
partmentation can be achieved
for the shuttle wagons. It is for
the car shuttle but the HGV wasg-
ons are apenssided because there
was a weight problem. This com-
partmentation strategy could not
be adoped for through wraing
carrying goods and passengers.
® Construct all rolling stock with
open tops, except for passenger
wagons, and protect the entire
tunnel fength with a fire-intelli-
gent fire suppression system. In
the event of a fire, the train
would be stopped and the sup-
pression system, eg sprinkler or
high expansion foam, would be
operated to control or extinguish
the fire, High expansion foam
would have the additional bene-
fit of plugging the gap between
the rolling stock'and the tunmnel
lining to prevent the flow of
effluent, The suppression system
would need to be fire-intelhgent
o avoid exhaustion of the sup-
pression agent before the train
CAmME 10 a stop.
® Assuming thar all the rolling
stock is not constructed as fire
resisting compariments, drive
the train ar a high speed through
the tunnel on the assumpton
that the fire effluent will be
diluted to such an extent thar
thermal damage o the tunnel
will be minimal, This mav be
acceprable for a fire, but what
about an explosion leading w a
fire - malice cannot be ruled out
@ Stop the main in the tmnel,
abandon the rolling stock on fire
for fire fighters to deal with, and
take the non-fire affected rolling
stock out of the tunnel in both
directions. This may not be easy if
following trains cannot swiftly
reverse out of the tunnel. This
option appears impractical, as
the fire on 18 November proved.
There are, of course, many
possible fire protection, fire con-
tainment or five suppression sys-
tems that could be exploited once
the various accidental and mali-
clous fire hazards and fire sce-
narios have been identified and
their risks and cost implications
quanitified. Bearing in mind the
objectives of life safety, property
protection, public confidence
and financial viability, ler us hope
sufficienrefforvand lateral think-
ing has gone into present fire

safery strategies and precautions.
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