
The design fire size for a road tunnel has far-reaching implications on the
design and costs associated with the tunnel structure and the fire and life
safety systems.

My presentation looks at:
•the process of determining the design fire size for road tunnel projects,
•what the approach was previously,
•what alternative approaches are now available,
•and how a risk review process, as used on the Tugun Bypass project,
has significant benefits in obtaining a lower cost, tailored, fire and life
safety solution which meets the broad requirements of the project
stakeholders.
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The design fire size for a tunnel has direct influence on the fire engineering
analysis, the tunnel structural design (or its resistance to failure due to fire)
and the design of the fire and life safety systems such as the tunnel
ventilation, fire detection and fire protections systems.

Up until the last four to five years, the maximum tunnel design fire size had
traditionally been quantified in the design criteria of client briefs for road
tunnel projects.  This was based on the fact that most tunnels within
Australia were in urban areas, the speed limit was generally limited to
80km/hr, and no dangerous goods were permitted to travel through.

The authority stipulated maximum design fire size for road tunnels was
typically 50MW, and by comparison, for Bus and Rail Tunnels was typically
30MW.

With the introduction of tunnel projects such as the Tugun Bypass project
having parameters outside these usual norms, the standardisation of
design criteria was no longer a valid option.  An alternative approach was
necessary which took into consideration the unique risks associated with
each project.
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Before we look at the alternative approach, lets have a brief look at where
Australian fire safety design has come from.

Prior to the design of the Sydney Harbour tunnel in 1992, little
consideration was given to the fire safety design in tunnels.  The design of
the Sydney Harbour tunnel fire and life safety systems was based on limited
US and PIARC data available at the time.

In 2001, the Australasian Fire Authorities Council produced the Fire Safety
Guidelines for Road Tunnels.  This document included relevant fire safety
issues designed to provide information and guidelines to those Fire
Brigades who may be involved in providing comment or requirements to
road tunnel developers.

Recent tunnels up to year 2006 were ‘fire engineered’ mainly for smoke
management and egress provisions in line with the designated maximum
design fire size.

Since 2006, the risk review process has enhanced the fire engineering
process and considers the maximum credible fire scenarios unique to the
project location and operating parameters.3



On the international scene, I was fortunate enough in May this year to attend the
Tunnel Fire Safety & Ventilation Conference in Graz in Austria, and following that was
a guest at the PIARC Ventilation Working Group Meetings.

It was interesting to observe that of the 20 or so countries represented in the PIARC
Working Group, each had various local Authority requirements to follow either a
performance based or prescriptive approach to fire engineering.

This group is currently working on a technical report titled “Design Fire Characteristics
for Road Tunnels” in relation to determining the design fire size for road tunnel
projects.  The aim of the report is not to advocate that a performance based approach
is better or more appropriate than a prescriptive approach, rather to provide
information and case studies to enable decision-making around the available options.
There was a strong emphasis by the group on the importance of basing the report on
solid research and the results from recently executed tunnel fire tests.

The photo in this slide was taken in the 2.4km long Kirchdorf S35 Tunnel (20km north
of Graz) during the fire testing of the smoke control system that we witnessed as an
excursion to the conference.  It passed with flying colours, as we’re still alive today
after standing only 20m or so from the large fire!
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To touch on the outcomes and conclusions from a number of full scale
tunnel fire tests, we were able to see from theRunehamar, Memorial and
Reppafjord Tunnel fire tests that uncontrolled tunnel fires (or those
where no fire suppression is applied) result in poor visibility, very high
temperatures and heat release rates, and significant impact on the
integrity of the tunnel structure.  These tests also showed that heat
release rates in excess of 200MW could be generated from a fully
developed non-dangerous goods fire.
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By comparison, the results of the Benelux and Piota Negra Tunnel fire tests
showed us that controlled tunnel fires (or fires where fire suppression is
activated) result in cooler tunnel temperatures, limited visibility, lower heat
release rates, and, generally, tenable conditions with the exception of
visibility.

The outcomes of the fire events in both the Sydney Harbour Tunnel and
Melbourne City Link Tunnel are also testament to these conclusions.
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The Tugun Bypass project involvedthe  design and construction of 7km of new motorway and a 340m long
tunnel to improve interstate travel through the Gold Coast and relieve the impact of traffic congestion on the
local roads at Tugun.  The project was designed and constructed under the PacificLink Alliance between
Queensland Main Roads, SMEC and Abigroup, where “best for project” thinking was encouraged at every
level and across all aspects of the project.  NDY was a sub-consultant to SMEC responsible for the design of
the motorway and tunnel services.

The project was unique in that:
•the route was located across the NSW/QLD border, thereby doubling the number of stakeholder and
interest groups involved
•part of it was constructed below the extension of the main runway of the Gold Coast Airport
•theposted speed limit was 100km/h, higher than most in the country
•and most classes of dangerous goods (except explosives and flammable gases) were permitted through

The project was very successfulin opening 6 months ahead of the contract schedule and under budget.

The originalproject brief issued at the time of tender prescribed that the tunnel and services were to be
designed to accommodate the effects of a maximum 100MW design fire.

However, giventheunique parameters of the project, the scope of works andtechnical criteria issued at the
time of contract award was changed to shift the responsibility for determination of the design fire size to the
�A�l�l�i�a�n�c�e� �t�e�a�m.  In fact the words stated ��T�h�e� �m�e�c�h�a�n�i�c�a�l� �v�e�n�t�i�l�a�t�i�o�n� �a�n�d� �s�m�o�k�e� �c�o�n�t�r�o�l� �s�y�s�t�e�m�s� �m�u�s�t� �b�e
�c�a�p�a�b�l�e� �o�f� �f�u�l�l�y� �f�u�n�c�t�i�o�n�a�l� �c�o�n�t�i�n�u�o�u�s� �o�p�e�r�a�t�i�o�n� �f�o�r� �t�h�e� �r�a�n�g�e� �o�f� �f�i�r�e� �e�v�e�n�t�s� �u�p� �t�o� �a�n�d� �i�n�c�l�u�d�i�n�g� �a� �5�0�M�W
�d�e�s�i�g�n� �f�i�r�e� �a�s� �a� �m�i�n�i�m�u�m�.� �T�h�e� �d�e�s�i�g�n� �f�i�r�e� �m�u�s�t� �m�e�e�t� �t�h�i�s� �m�i�n�i�m�u�m� �r�e�q�u�i�r�e�m�e�n�t� �a�n�d� �m�u�s�t� �a�d�d�r�e�s�s� �t�h�e
�r�e�q�u�i�r�e�m�e�n�t�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �t�h�e� �n�a�t�u�r�e� �o�f� �g�o�o�d�s� �t�h�a�t� �w�i�l�l� �b�e� �p�e�r�m�i�t�t�e�d� �i�n� �t�h�e� �t�u�n�n�e�l�. �

Wow, where do we go to from here?
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