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SUMMARY 
Traffic growth and congestion continue a relentless progression and the public continue to demand 
and to expect ever increasing tunnel safety, meanwhile in the UK road tunnel stock and associated 
infrastructure is ageing and the consequent pressure to ‘sweat’ the assets to meet today’s demands is 
posing new challenges. The demands for refurbishment and upgrade are considered, and a 
methodology for discriminating between demands and determining the best value response for each 
specific project is proposed. The peculiar experiences and challenges of refurbishing road tunnels 
while minimising impact is considered in the context of Old Blackwall Tunnel (1897), Mersey 
Queensway (1934), and Dartford (1963). 

 

INTRODUCTION 
In the UK road tunnels are an ageing asset with considerable economic impact potential, operating in 
a very aggressive environment usually at the limit of capacity and dependant on obsolescent 
technology. The number of in-tunnel serious traffic accidents is small; however, in tunnel fire accidents 
have in recent years attracted considerable attention. In Europe today about 75% of goods are 
transported by road and road traffic is predicted to grow by 40% to 60% during the next 10 years. The 
previous factors combined mean that road tunnels will probably always be in need of both 
refurbishment and upgrading. Typically the requirement for refurbishment is the result of response to 
wear with time and or the obsolescence of ‘intelligent’ systems. Upgrading arises either as an 
opportunity associated with refurbishment or as a requirement to ‘sweat’ the asset fuelled by 
unforeseen or unplanned for demand. 
There is good evidence to suggest that road tunnels compare well for safety with the adjoining 
highway, however, a number of recent high profile fires have compelled legislators and bodies 
responsible for public safety to take a deeper interest and this has resulted in revised legislation and 
standards. In Europe before 1999 there were some 14 deaths attributable to in-tunnel fires since 1999 
there have been in excess of 70 fire related fatalities. 
It is also clear that road tunnels suffer significant neglect and this in itself eventually creates a 
requirement for refurbishment. 
This paper examines all of these factors and their inter-relationship, see Figure 1, and provides a 
rational basis to ensure that investment in upgrade or refurbishment of road tunnels represents good 
value. The paper reviews some recent tunnel upgrades in Europe and the UK and comments on the 
principal upgrade feature and the underlying rationale. Finally the paper makes some observations on 
desirable improvements in standards and practices to ensure better and more holistic value from 
tunnel upgrade and refurbishment. 
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Figure 1: Refurbishment and Upgrade drivers 
 

REFURBISHMENT AND UPGRADE DRIVERS – 
EXAMINED 

REFURBISHMENT  
Refurbishment is the necessary replacement of life-expired tunnel features and assets in accord with a 
planned tunnel maintenance programme. In the UK the Highways Agency (HA) design standard 
BD78/99 (1) provides guidance on the design life of various tunnel elements. Whilst the nominal 
design life of the civil structure is 120 years, the design life for the Mechanical and Electrical (M&E) 
components varies between 10 and 50 years. The frequency of major refurbishments expected to be 
around 20 years coinciding with the 18 year nominal design life of the tunnel luminaires and jet fans. 
A well planned and diligently executed maintenance regime will prolong the period between major 
refurbishments. The HA standard BD53/95 defines the form and frequency of the Principal Inspection 
(PI) process for road tunnels and tunnel systems. The timing of a major refurbishment is a planning 
output from the PI process. These inspections are to be carried out typically every 3 years for M&E 
equipment, and every 5 years for civil components and provide commentary on design life and the 
timing for refurbishment. Appendix G of BD78/99 provides a summary of factors which affect the 
service life of equipment which includes; 

·  Corrosive influences such as vehicle emissions, cleaning methods, road salt and weather 
conditions 

·  High equipment running hours caused by congested traffic conditions  
·  Other factors such as infrastructure damage during incidents 

Refurbishment of the tunnel structure is commonly required in response to the ravages of water 
ingress especially when design or construction shortcomings did not allow for the ingress or for the 
proper management of the ingress. 

UPGRADE 

Upgrade is the enhancement of existing tunnel infrastructure, or the provision of new infrastructure 
which enhances tunnel safety maintenance or operation or reduces operating costs. Unless accident 
data indicates a serious problem, upgrades are normally undertaken at the same time as 
refurbishment to minimise impact on the travelling public. 
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In the UK the need, justification and detail of an upgrade will be reviewed by the Tunnel Design and 
Safety Consultation Group(TDSCG) an organisation defined in BD78/99. This review process is 
significant both in intent and in the effort required and demands close liaison and consultation between 
the Tunnel Operator, the Emergency Services (Police, Fire Brigade and Ambulance) and the Designer 
all members of the TDSCG. In particular the tunnel operating procedures for normal operation, 
operation during routine maintenance and operation during emergency incident response scenarios 
may need review. Table Top Exercises are routinely used to simulate the operating response to 
hypothetical incidents. The exercises require organising and planning and in particular the attendance 
of senior personnel from Emergency Services and the Tunnel Operator and synchronisation of 
calendars to facilitate such an exercise often proves challenging. 

Upgrade Drivers 
The main reasons for tunnel upgrades are: 

·  Traffic Growth requiring congestion alleviation 
·  Obsolescent technology 
·  Asset protection to guard against the adverse economic impact of disruption 
·  Accident data assessment e.g. indicating a systemic hazard 
·  Improved safety including new or changed legislation 
·  Change in allowable levels of chemical pollutants principally NOx, CO, PM10 
·  Enhanced public self rescue provisions 
·  EuroTAP - Benchmarking of tunnels 
·  Improved routine inspection and maintenance procedures arising e.g. from CDM requirements 
·  Opportunity improvement 

Traffic Growth 
Traffic volumes continue to grow leading to increased congestion and possibly decreased safety 
leading to requirements for better traffic monitoring and control, and provision of extra lanes as 
currently proposed for the Holmesdale Tunnel Upgrade and Refurbishment. Alternatively increased 
demand may be addressed by change from bi-directional operation to uni-directional operation 
through the construction of a duplicate tunnel as occurred for both the Old Blackwall Tunnel, and the 
first Dartford Tunnel. 
Additional lane provision will usually require upgrading of tunnel ventilation and lighting and 
emergency escape facilities and procedures will need to be reassessed. Both additional lanes and 
improved congestion control require that the tunnel operating procedures, traffic control systems 
including; VMS, signage, and integrated traffic control loops and CCTV systems be reviewed and most 
probably replaced.  

Obsolescent Technology 
The continual progress in the development of technology, particularly electronic based control 
technology, can often mean that systems which are delivering perfectly adequate performance can no 
longer be maintained. This occurs typically because an original system component is no longer 
manufactured and the newer substitute component is not compatible with the existing tunnel system. 
The Designer guards against this eventuality by specifying a sufficient stock of key spares but this 
strategy has its limitations. 

Economic Impact of Service Disruption 
Tunnel Operators are acutely aware of the impact on the public of disruption and minimising disruption 
from whatever reason is always a key consideration. The national consequential cost of the service 
disruption following the fire in the Mont Blanc Tunnel far exceeded the cost of the actual refurbishment 
and upgrade (11) and this is typical, see Table 1.  
 

Table 1:  Direct and consequential costs of tunnel incidents 
Tunnel Cost of Repairs (€) Total Cost (€) 
Channel Tunnel 48.5m 252.5m 
Mont Blanc Tunnel 189m 392m 
Tauern Tunnel 8.5m 28.5m 
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‘Fire in tunnel’ is the most common cause of major disruption but inundation, terrorist explosion and 
similar potentially disruptive scenarios must be considered. Clearly collapse of the structure due to, 
severe but realisable, in tunnel-fires should if possible be designed out. In addition it is necessary to 
consider the effect of, and likely duration of, systems outage due to fire or similar e.g. loss of cabling 
providing luminaire supply or communications cables to CCTV cameras safety monitoring systems 
and the like. The RWS time temperature curve, see Figure 2, having a duration of 2 hours, a peak 
temperature of 1350�C and a rate of temperature rise in excess of 100�C per minute is the most 
severe currently in common use. This temperature exposure is judged sufficient to simulate tunnel 
fires up to 300MW rating.  
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Figure 2: Various Fire Scenarios including the RWS Fire Curve 
 
Some tunnel linings, e.g. brick lined tunnels, may have inherent resistance to such extreme fires. 
Other tunnel linings e.g. cast-iron linings may require fairly minimal treatment, e.g. 50mm of sprayed 
on cementitious based fire-barrier, to provide acceptable fire resistance, see for example Figure 3 
showing results of finite element thermo-mechanical modelling of the cast iron lining on the 
Northbound Blackwall Tunnel.  

 

 
Figure 3: Northbound Blackwall Tunnel lining – Stress analysis due to fire loading 
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The realisation by Tunnel Operators of the potentially great magnitude of consequential costs of 
incidents and the reality of the value of the tunnel asset is now causing these Operators to take 
preventive action by e.g. installing active and/or passive fire protection in tunnels. 

Accident Data Review 
Tunnel Managers are required (HA requirement in BD78/99, EU Directive) to collect accident data for 
their tunnels. These figures can highlight a systemic issue leading to a tunnel or more likely tunnel 
approach or exit or traffic control upgrade. The trend in Europe is to enhance traffic control in order to 
reduce traffic accident figures, and hence improve tunnel safety. Some typical measures include: 

·  Lane control 
·  Speed control 

The introduction of number plate recognition systems allows average vehicle speed through the tunnel 
to be measured with cameras positioned at each portal.  
The chart in Figure 4 below shows a comparison of various tunnel accident rates. The data presented 
also includes accidents which occur within 200m of the tunnel portals. Such data needs to be 
analysed to determine and address systemic hazards where possible. 
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Figure 4 : UK Road Tunnels – Injury Accidents per 100 million Vehicle km 

Improved Safety - New or Changed Legislation 
Congestion in Tunnels has many safety implications and is to be avoided. In the Mont Blanc Tunnel 
following the fire of 1999, information and policing systems were introduced to ensure a 2 second 
headway between successive vehicles; the EU Directive advocates a similar philosophy. Typical 
information systems include static chevron signs on the road to indicate inter vehicle stance or moving 
lights on the tunnel sidewalls. Policing systems include CCTV with automatic number plate 
recognition. 
The Disability Discrimination Act requires reasonable provision to be made to accommodate the 
disabled and mobility impaired e.g. wheelchair user, mother with infants, elderly, deaf etc.. In the 
tunnel context this usually implies emergency equipment, emergency phone and fire extinguishers in 
accessible locations, step free access and emergency egress, wheelchair negotiable ramps and 
passageways. 
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Allowable Levels of Pollutants Principally NOx, CO 
Noxious gasses are an inevitable output of the combustion engine and legally acceptable atmospheric 
pollution levels are subject to change. At present minimum acceptable levels of CO and NOx are 
being considered by HSE and, once decided, Tunnel Operators will be concerned to establish the 
prevailing levels in their tunnels. This will possibly entail new monitoring and control systems. 

Enhanced Self-Rescue Provisions 
One outcome of the Mont Blanc fire was a significant increase in emphasis on the importance of 
providing and designing systems to promote self rescue. Some of those who died in Mont Blanc were 
close to safety but died in ignorance of this. Technology now allows many cost effective aids to self 
rescue, such as paint-on thermo luminescent guidance, audible directional sound beacons, radio 
rebroadcast, cellular phones, public address systems all may need revisiting in the context of specific 
tunnel upgrades. 

EuroTAP - Benchmarking of Tunnels 
The European Tunnel Assessment Programme (EuroTAP) inspected 49 tunnels in 14 European 
countries over the last year (4). This testing programme has been running for seven years, and 
between 2005 and 2007 EuroTAP will inspect 150 tunnels throughout Europe, benchmarking their 
quality and safety. 
Across Europe one in six tunnels tested rated “Poor” or “Very Poor”. All the major tunnels in the UK 
have been inspected. Four out of seven rated as “Poor” or “Very Poor” however major improvements 
for the ‘Poor’ rated tunnels are either currently being constructed, or are planned in the next two years 
(4). 

CDM Impact on Maintenance Procedures  
In many old tunnels the invert space beneath the road deck, pump rooms and machine rooms are 
difficult to access and equally important in the even of incident, e.g. sudden illness of an operative, 
would prove challenging to evacuate. In the design of tunnel upgrades and refurbishments inspection 
and maintenance procedures need to be reviewed and upgrades initiated if necessary. 

Opportunity Improvement 
The requirement for refurbishment will sometimes afford the opportunity for upgrade e.g. the 
requirement to replace life expired luminaires may allow the opportunity to replace with a more power 
efficient alternative system. Similarly replacement of a life expired fire main with an identical new 
system may not offer best value. 

 

UPGRADE SCOPE ASSESSMENT STRATEGY 
The tunnel ‘Principal Inspection’ PI requires an audit of tunnel safety and the identification of non-
compliance with current standards, and this process will naturally identify desired tunnel upgrades. It is 
not economically feasible to upgrade all tunnels and tunnel systems to match new-build standards. A 
process is required which identifies those upgrades which are justifiable and should be implemented. 
A generic process is as follows: 

·  Audit of current provisions- scope and condition 
·  Review of accident data 
·  Risk assessment 
·  Cost benefit analysis 

 
The aim being to identify a specific scope under the following generic headings: 

·  Refurbishment of existing provisions due to their condition 
·  Additional or upgraded provisions required to comply with design standards 
·  Additional enhancements to safety and operations 
·  Additional enhancements providing perceived safety benefits 
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ASSESSMENT PROCESS 
The key first steps to determine the upgrade scope are as outlined in Figure 5 below. 
 

 
Figure 5: Road tunnel upgrade scope assessment process 

Step 1 - Audit of Current Provisions 
The audit of current provisions includes an assessment of the tunnel infrastructure to establish its: 

·  Condition and life expectancy 
·  Compliance with current standards and best practice 
·  Compliance with legal requirements 

Life expiry will require refurbishment and non-compliance with legal requirements will require upgrade. 
Non compliance with current standards and best practice will require cost benefit analysis justification. 
The HA has indicated its intention that all road tunnels comply with a common standard so that all UK 
tunnels should be tested against the requirements of the EU. 

Step 2 - Risk Assessment 
The Highways Agency Value for Money Manual (5) suggests a simple, qualitative method to 
categorise highway scheme risks, followed by further assessment of the higher category risks in terms 
of their likelihood and impact on scheme costs in order to determine the scheme ‘risk allowance’. 
Given that not all of the identified risk events would be expected to occur on one project, a Monte-
Carlo simulation is used to quantify scheme risk allowance. Such a technique can be used to simulate 
the consequences of combinations of risk events given defined boundaries for input (likelihood and 
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consequence) parameters. BD78/99 (DMRB 2.2.9) describes a semi-quantitative method of 
assessment of operational risk whereby the likelihood and consequences of scenarios are scored. 
Combining scores enables categorisation of the risks and indication of their tolerability. This method is 
termed the Risk Priority Number method and is also described in PIARC 2004 (6).  
The PIARC/OECD Quantitative Risk Assessment (QRA) Model - Cassini et al, 2002 (7) provides a 
means of assessing the societal and individual risk associated with the transport of dangerous goods 
along defined routes.   
A similar method to the PIARC/OECD method is a quantitative risk assessment method described by 
Considine et al 1989 (8). In this study, the likelihood and consequences of tunnel incidents (societal 
risks) are assessed by considering tunnel, traffic and incident frequency data along with the results of 
consequence analyses. 
The objective of the risk analysis as part of determining upgrade scope is to provide a means of 
quantifying the benefits of implementing various upgrade options identified in Step 1. The risk analysis 
process suggested draws on the methods described above and involves the following sequential 
steps: 

·  Identification of relevant risk scenarios; 
·  Evaluation of likelihood of scenarios occurring (quantitative); 
·  Evaluation of consequences of scenarios (qualitative); 
·  Evaluation of risk in terms of likelihood and consequences; 
·  Evaluation of risk reduction gained through implementation of each potential upgrade 

measure; 
·  Evaluation of the costs and benefits (Step 3); 
·  Sensitivity analyses (using Monte-Carlo simulation) to establish: 

I. the range of possible outcomes given a defined degree of uncertainty in the various 
input assumptions; 

II. the degree of influence of the uncertainty in the various input assumptions on the 
outcome of the analysis. 

The benefits of implementing each of the upgrade measures are evaluated by estimating the potential 
reduction in likelihood and/or consequences of the risk scenarios; providing a basis for prioritising 
safety improvement measures and comparing the benefits of implementing particular measures with 
alternative equivalent risk reduction measures. 
The main limitations in the accuracy of this process relate to uncertainties in the estimates of likelihood 
and consequences of scenarios and in modelling simplifications such as using discrete fire size 
scenarios.  Estimates of likelihood and consequences of more common events can be based on 
analysis of historical accident and fire data. However estimates for rarer events are inevitably less 
certain because of the scarcity of data. 

Step 3 – Cost Benefit Analysis 

Following the risk assessment process which identifies the measures which may enhance the tunnel 
safety or improve its operational efficiency, the final step is to determine the specific scope of upgrade 
measures to be implemented based on their relative whole life cost and the value they would bring 
over their foreseeable life, expressed as a Benefit Cost Ratio (BCR).  

The suggested methodology requires the establishment of baseline conditions for which the cost of 
incidents including personal injuries, delays to road users and damage to the tunnel asset are 
calculated. Analysis of recorded tunnel incidents and their consequences enables the quantification of 
parameters used to calculate the cost of incidents to determine the baseline cost estimate. 

The outcome of step 2 is a list of upgrade measures that offer some reduction in the frequency or 
consequences of road traffic incidents. The cost benefit of each of these measures is determined 
relative to the baseline outlined above. This methodology considers circumstances where the risk is 
generally considered to be tolerable, and there is not a well established link between the provision of a 
particular upgrade measure, and mitigation of a risk. Where beneficial effects in mitigating risks are 
not clear cut, value for money must be demonstrated before implementing a particular upgrade 
measure (BCR > 1). Because of the variability of the input data it is not appropriate to present the BCR 
as a single figure and a Monte Carlo simulation is used to determine the probability of a BCR > 1 
being achieved by each particular upgrade measure. 
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Whole life costs must be appropriately discounted. Costs models must assess the probability and cost 
of the following incident types: 

·  Breakdowns 
·  Accidents 

o Damage only accidents 
o Personal injury accidents (PIA’s) 

·  Fires 
o Damage only fires 
o Minor fires 
o Severe fires 
o Very severe fires 

Assessment Strategy Conclusion 
The assessment strategy described above is a robust methodology for determining the most suitable 
suite of measures for each upgrade project. Experience from following this process on various projects 
indicates that not all upgrade measures provide a significant contribution to an increase in tunnel 
safety, and may not be justified on a cost benefit basis. 

 

REFURBISHMENT AND UPGRADE CHALLENGES 
Refurbishment is generally much more challenging than new build and as a consequence requires 
more careful planning, design and general preparation. Typical factors to be considered include: 

1. Minimising the impact on the travelling public leading to night time and weekend working, and 
short working windows. 

2. Advance warning, typically 12 weeks, to the public of upcoming closures leading to 
constrained logistics programming restrictions 

3. General asset ignorance arising as a result of lack of archive drawings or modifications 
effected without adequate as-constructed drawings. 

4. Legacy infrastructure and general clutter; e.g. old communications cables sharing trays with 
newer communications cables neither of which are adequately tagged. 

5. 3rd party interests; e.g. way leaves for services, services which may themselves be in need of 
refurbishment, not clearly identified etc. 

6. Tunnel environment; e.g. working in airways that may be old and uncomfortable, the road 
tunnel environment will be noisy, during congestion permissible pollution exposure levels may 
be exceeded, mobile phones may not work etc. 

7. Opportunity upgrade or refurbishment; e.g. the opportunity for closer inspection of some 
systems leads to identification of the merit of upgrading, leading to scope creep etc.. 

8. Construction logistics, materials storage, materials and labour access, tunnel security on 
handback 

It is generally the case that the Client, or Operator or Maintainer will in fact have good knowledge of 
the tunnel asset; however, this knowledge may not be stored or accessible in conventional formats. 
Often the knowledge will be in people’s heads and the principal skill will be in ‘knowing who to ask’. 
The value of his knowledge is very significant. 
Relationships between contracting parties will be particularly important especially to; facilitate transfer 
of knowledge, appreciate the importance of construction logistics, understand the significance of the 
timeliness of design information. In consequence the procurement of the construction contractor and 
the form of contract should be given careful consideration. Experience teaches that a simple fixed 
price lump sum contract will be inappropriate. Likewise design and build is not best suited, however, 
design build and maintain may have merit. 
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EXAMPLE STUDIES 

DARTFORD TUNNEL 
The reinforced concrete road deck of the 2nd Dartford Tunnel suffered significant structural 
deterioration, principally rebar corrosion, within 20 years of its construction caused by road salt carried 
into the tunnel on vehicle bodies. The concentration was raised by the continuous drying atmosphere 
in the tunnel due to the forced ventilation. The structural road deck was originally designed with a life 
expectancy of 120 years. However, there was not then a full appreciation of the raw aggression of the 
road tunnel environment arising from the combination of aggressive exhaust fumes, the drying effects 
of the forced tunnel ventilation, the rapid growth of traffic over the years and the effect of concentrated 
road salts. 
The road deck was monitored for a number of years before final replacement during which time 
temporary under deck propping and axle load limits were introduced. Finally the road deck was cut 

into manageable sections which were removed and 
replaced with precast modular units in night time 
possessions with negligible impact on the ordinary 
travelling public. 
This example demonstrates both the extreme aggression 
of the road tunnel environment and the ingenuity of the 
Designer in effecting refurbishment with minimum 
customer impact. 
 
Figure 6: Deck replacement in progress 
 
 
 

 

MERSEY TUNNELS 
Three road tunnels cross beneath the river Mersey in Liverpool, the Kingsway Tunnels comprising twin 
bored dual lane uni-directional road tunnels and the single bore 4 lane bi-directional Queensway 
Tunnel. Mersey Tunnels was concerned for the safety of their customers and following poor EuroTAP 
rating reviews proceeded to introduce 3 new cross-passages connecting the twin bores of the Mersey 
Kingsway Tunnels. This effectively upgraded the Tunnels to equal or exceed the principal requirement 
of the EU Directive requiring emergency escape cross-passages at not more than 500m centres. The 
EuroTAP test of 2002 rated the Kingsway Tunnels as ‘Good’ and the EuroTAP review of 2005 rated 
the Kingsway Tunnels as ‘Good’ with medium risk potential. 
 
 

 
Figure 7: Mersey Queensway Road Tunnel Emergency Escape Refuges 
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Construction commenced in Spring 2004 on the Mersey Queensway Tunnel Additional Emergency 
Escapes Contract. The intention of this contract as its name implies was to upgrade the existing 
emergency escapes to comply with current best practice. When this, bi-directional road tunnel, was 
first opened to traffic in 1934 it had 2 emergency escapes. One was located on each bank of the 
Mersey River, with an intervening distance of some 1300m. The upgraded tunnel has introduced 6 
additional emergency escapes at approximately 180m centres between the original 2 escapes. The 
Operator was especially concerned to provide for the disabled and mobility impaired. 
The tunnel is closed to HGVs, fuel tankers and dangerous goods and given the construction of the 
tunnel lining, cast iron segments infilled with concrete, it was decided that the lining had sufficient 
innate fire resistance and did not require further fire resistance enhancement. 
During the upgrade the opportunity was taken to relocate the pump room in the tunnel invert to allow 
safer and easier inspection and maintenance access. Previously the pump room had but one 
restricted access route and was classified as a confined space. Likewise the opportunity was taken to 
introduce a mid tunnel high voltage transformer room and a communications room. Construction was 
effected with negligible impact on the travelling public and materials were supplied to and extracted 
from the tunnel during the routine maintenance closures. 
Provision of the escapes required cutting and propping of the structural road deck and the construction 
of ramps leading from carriageway level to secure refuges beneath the carriageway. A key feature of 
the design phase was the decision by the Operator to construct mock ups of the proposed design to 
trial ramp inclines and escape route clearances for the wheelchair bound. 
The Operator now looks forward to the next EuroTAP inspection and an improved safety and risk 
rating for the facility compared with the 2002 rating of ‘Acceptable’. 

BLACKWALL TUNNEL NORTHBOUND 
The contract for the design of the refurbishment and upgrade of the Blackwall Tunnel Northbound was 
let in January 2005. The tunnel had previously undergone major upgrades in 1969 and 1992. The 
tunnel was originally opened in 1897 as a bi-directional road tunnel allowing horse drawn vehicles. 
The tunnel is now open to uni-directional traffic permitting vehicles of maximum height 4.06m and 
2.88m in the slow and fast lanes respectively. Dangerous goods vehicles are not allowed through the 
tunnel; however, the tunnel carries a large volume of HGVs. 
The principal aims of the work are to: 

1. upgrade emergency escape facilities to meet current guidelines including those of the EU 
Directive on tunnel safety; 

2. secure the asset to mitigate economic loss in the event of a severe in tunnel fire; 
3. refurbish and upgrade life expired communications, lighting, and controls services and 

upgrade safety systems to current standards; 
4. safely address the ingress through the tunnel lining of tar products from surrounding 

contaminated ground; 
5. create an aesthetically pleasing facility. 

The major activities are envisaged as a) upgrade the ventilation concepts and systems to meet the EU 
Directive requirements b) provide fire barrier protection to the tunnel lining intrados to secure the 
tunnel against fire damage, c) refurbish the systems and introduce CCTV and pattern recognition 
software to improve safety by prevention, detection and response to incident d) seal the tunnel against 
poisonous tar ingress using grouting systems and providing a management system to collect and 
secure remnant tar ingress. 
A key characteristic of this project was the recognition by the Client that that there was no unique 
solution to any of the major issues and his agreement to proceed with exploratory trials in advance of 
construction procurement. A key finding in the design stage was that the tunnel lining in the cut and 
cover construction, which comprised brick construction within mass concrete surround, is itself 
sufficient to resist a severe fire equivalent in intensity to the RWS fire curve specification. Figure 3 
shows the results of thermo-mechanical analysis of the cast iron lined section of the tunnel where fire 
barrier protection was deemed necessary. 

EUROPEAN ACTIVITY 

The tunnel fires at the turn of the century had a cathartic effect. The most tangible legal outcome was 
the promulgation of Directive 2004/54/EC on minimum safety requirements for tunnels located on the 
Tran European Road Network. This legislation followed from work done by PIARC, OECD, 
WERD(Alpine countries), Switzerland, France, Germany, Austria, Norway, UN-ECE recommendations 
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from December 2001 and EU commission working group meetings between February and September 
2003. 
 
Some of the more notable actions included the decision by the Austrians to proceed to construct 
parallel escape tunnels alongside existing single bore road tunnels and a policy of not employing 
asphalt type road paving in road tunnels longer than 1000m because of its ability in a fire to act as a 
fire spread vector and be a potentially significant source of smoke. Spain and Slovakia have similar 
practice. The Dutch became acutely aware of the vulnerability of rectangular cross section tunnels, 
such as immersed tube tunnels, to the effects of severe fire and embarked on a campaign of fire 
barrier testing and proceeded to fire barrier protect all immersed tube tunnels.  

 

OBSERVATIONS 
Design of tunnel upgrade schemes is a complex matter, which often requires competing constraints to 
be satisfied. It is essential during the feasibility stage of project development to have a robust 
methodology that allows the efficacy and economic value of the various potential upgrade measures to 
be assessed. Historically the primary focus has been on preservation of the safety of tunnel users, 
today the intrinsic value of the operating asset and the economic impact of unplanned closure must 
also be given due consideration. 
It is clear even to the travelling public that many tunnels are poorly inspected and maintained. This in 
the long term leads to lack of pride in the asset by the maintenance community and leads to a ‘vicious 
circle’. Equally Designers stand accused of paying too little attention to how the tunnel infrastructure is 
inspected maintained and refurbished. This should improve with application of CDM principles and 
practice. It has been suggested that infrastructure in the private sector does not suffer equal neglect 
and that tunnels are victims of government fiscal whimsy and short term planning horizons. 
It is not uncommon for refurbishment and upgrade to be effected without removal from the tunnel of 
the life expired or replaced systems. This practice in the long term leads to build up of clutter has 
adverse safety implications, causes waste and unnecessary cost increases and should not be 
allowed. 
The use and promulgation of performance standards rather than prescriptive standards should be 
encouraged. This is particularly relevant to refurbishment and upgrade where the prescription may be 
expensive or risk-laden to execute and engineered solutions may be more appropriate. 
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