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The manuals pertaining to the Public
Roads Administration are given pursuant
to the regulations relating to the Roads Act
concerning highway construction.

This Design manual applies to all types of
road tunnels. The manual apply for new
tunnels but do not apply retrospectively.
Initially, the manual shall apply in respect
of upgrading of safety aspects of existing
tunnels. Any deviation from the specifica-
tions in the norm must be approved by the
Directorate of Public Roads.

The manual replace those stated in the
edition of August 1992.

The manual cover all aspects of the plan-
ning of a tunnel project, from the early
planning stages to completion of the proj-
ect, together with operation and mainte-
nance. Tunnels comprise a considerable
part of the highway network in Norway.
Particular attention is given to the envi-
ronment relating to the requirements of
nature conservation and the urban envi-
ronment.

Tunnel construction implies long-term
maintenance. It is important therefore that

the choice of solutions and technical
equipment is made on the basis of life-
expectancy where operation and mainte-
nance costs are evaluated.

Compared to the 1992 edition, most chap-
ters have been largely rewritten. A number
of subjects which may be considered to fall
outside the manual material have been
included with regard to accessibility.
Reference is also made to other norms and
guidelines rather than these texts being
copied here.

Work with revising the design manual was
undertaken in the period 1997 - 2001.
Regional offices, consultants, constructors
and others have made important contribu-
tions.

The Design Manual will be available on
the Norwegian Public Roads
Administration´s internet pages 
www. vegvesen.no.

The Directorate of Public Roads, 
June 2003.
Responsible Department: 
Road Development Department

Preface
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Reference is also made to Chapter 3,
“Consideration of the local environment”.

Act relating to water courses and ground-
water
For highway construction which is includ-
ed in the definition of water course meas-
ures in the Water Resources Act § 3, cer-
tain concessions may be necessary as
determined in § 8. For example, conces-
sion has to be given by the water resources
authority in order to “commence water
course projects which may be detrimental
to the public interest”. Initially, it is the
client who has to determine whether there
is a responsibility to apply for concession.
Further, the Norwegian Water Resources
and Energy Directorate(NVE) – may also
determine that concessions have to be
applied for in respect of a specific con-
struction. The rights to, or control of
ground water, have to be granted by con-
cession where determined by the water
course authority. As no regulations specify
which type of construction is subject to
concession, it will largely be the responsi-
bility of the water course authority to
determine whether a concession has to be
applied for in each individual project.
Whether application has to be made for a
concession should be determined at an
early stage in the planning process, prefer-
ably in connection with the general plan of
the highway project.

The Act relating to Historic Monuments
Highway construction which comes into
conflict with ancient monuments protect-
ed under §§ 15, 19 or 20 of the Historic
Monuments Act will not be permitted until
the Directorate for Cultural Heritage has
granted dispensation or exception for con-
servation. The status of specified monu-
ments (and the obligation to investigate
this pursuant to § 9 in the Act) should be
determined during the planning stage.

101 A brief summary of relevant laws
and regulations
The basic specifications relating to road
construction, including tunnels, are con-
tained in the “Plan- og bygningsloven”
Planning and Building Act (PBA). A num-
ber of formal components are also gov-
erned by regulations including:

•   Regulations to impact assesments, and
• Regulations concerning procedures 

and control of the construction 
process.(SAK)

In addition to the requirements of the PBA
a number of other aspects of tunnel con-
struction are required to be considered in
accordance with other Acts. Those of par-
ticular importance are discussed below.

The Pollution Act
The Pollution Act applies to pollution aris-
ing from the construction site activity as
well as pollution resulting from the actual
highway construction. 

Regarding pollution which may arise
during the construction phase, dispensa-
tion may be necessary from the relevant
pollution authority (normally the County
Governor) according to §11 of the Act. It
follows that consent is necessary, among
other things, for activity which breaches
that described as “normal pollution from
temporary activity”.

Permission may also be required for per-
manent discharge into the atmosphere,
water or soil resulting from highway con-
struction. Further, the Pollution Act § 9
also requires that ground levelling must be
reported to the authorities as determined
by the Ministry of the Environment, 3.
April 1989.

The necessity of obtaining permission
according to the Pollution Act should be
clarified with the pollution authorities at
an early phase in planning, for example in
connection with the approval of the princi-
pal design of the highway construction.

1. The Formal Basis for Planning 
Tunnels
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The Nature Conservancy Act
Highway construction conflicting with
protected areas as defined by the Nature
Conservancy Act including areas of land-
scape preservation, national parks, nature
reserves or significant geological features,
will not be permitted without prior dispen-
sation being granted for the protected area
as required by the Nature Conservancy
Act (§ 23). Initially it is the government
which is the dispensation authority, but in
certain instances these powers are delegat-
ed to the County Governor.

The Fire Protection Act
The Fire Protection Act applies to tunnels
in use and provides for the local fire pro-
tection authority, among others, to deter-
mine the necessary fire-protection meas-
ures to be implemented (§ 25). Guidelines
for considering fire protection measures in
road tunnels, approved jointly by the
Ministry of Local Government and the
Ministry of Transport ensure that fire safe-
ty in new tunnels is determined in accor-
dance with the Planning and Building Act.

Act relating to supervision of electrical
plant and equipment
All electrical plant to be installed shall be
in accordance with norms determined by
the Norwegian electro-technical commit-
tee (NEK 400), and the regulations relat-
ing to low tension electrical installations.

Other relevant Acts of significance for
tunnel construction include:
• Harbour and Coastal Waters Act
• Municipal Health Services Act
• Game Management Act
• Salmon and Inland Fisheries Act
• Reindeer Herding Act
• Cultivated Land Act
• Forestry Act
More information concerning these Acts is
given in the Directorate of Public Road’s
information brochure Special Acts of rele-
vance to road planning as determined by

the Planning and Building Act and
Manual 054 “General planning”. 
(The titles of the relevant documents are
translated,but are issued only in
Norwegian). In general, when planning
projects which are subject to the Planning
and Building Act contact should be made
at an early stage with the respective
authorities in order to obtain their opinion
on the extent to which it may be necessary
to apply for dispensation for the projects
in addition to clarifying the provisions of
the Planning and Building Act.

102  Procedures  according to the
Planning and Building Act
102.1 General Planning
In the guidelines for planning state and
county roads according to the Planning
and Building Act (PBA), it is required that
the projected road shall comprise part of
the general plan, either a municipal plan
or a county plan. Detailed regulations for
the administration of the municipal and
county plans are given in the PBA,
Chapters V and VI, particularly §§ 19-4
and 20-5.

In the initial phase of the general plan-
ning, a number of special reports may be
required which may either be published as
separate reports or be incorporated in the
formal planning process.

That part of the municipal plan which is
concerned with land-use for a specified
area will be legally binding as soon as it is
ratified (PBA § 20-6, No. 2). This implies
that there will not be opportunity to carry
out measures which conflict with land-use
already ratified and included in the plan,
except under certain specified circum-
stances. A county plan is not legally bind-
ing concerning land-use, but provides
guidelines for land-use both for municipal
and state planning as well specific activi-
ties.

Plan content and reports
Where the general plan provides the basis
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• The influence areas or resources which
are preserved according to the Nature 
Conservancy Act. Contact should be 
made with the County Governor in 
order to clarify whether the construc-
tion conflicts with the conservation 
order. The question of dispensation 
from the conservation requirements 
must be clarified before the plan is 
approved according to the Planning 
and Building Act.

• In the guidelines for fire protection in 
tunnels it is stated that the Norwegian 
Public Roads Administration in asso-
ciation with the local fire authorities 
undertake a general evaluation of fire 
protection measures in the proposed 
tunnel. In general resolutions on safety
measures for tunnels is not included in
the principal design. Questions which 
can have considerable significance for
the project’s total costs should, how-
ever, be clarified at his stage.

Structure of the Design
Regarding the county plan, no further
details are given in the Planning and
Building Act as to how this plan shall be
prepared. The guidelines are given in the
“Guidelines for national and county roads
according to the Planning and Building
Act” (T-1057) published jointly by the
Ministry of the Environment and the
Ministry of Transport, and also in the
Ministry of the Environment’s guide
“Municipal Land-use Planning” (T-1382).
In Manual 054, specific examples are
given of the presentation of route choices
in accordance with the guidelines in the
above documents.

If the tunnel is to impose restrictions on
existing land-use, this should be stated in
the plan. This is important both for those
who will be affected by the project and to
ensure better control by the Norwegian
Public Roads Administration such that
measures are not commenced which may

for decisions on the choice of a road route
and highway standards, specifications are
included in the guidelines for national and
county roads in the PBA (T-1057, Chap.
4.3).

Preparation of the general plan will nor-
mally require a number of fairly compre-
hensive reports. In the guidelines, there
are, for example, requirements that the
costs of the various alternatives for the
parts of the municipal plan are prepared
within a margin of ± 25%. This necessi-
tates geological investigations and reports
which are designed to meet these require-
ments. (See Chapter 2 )

At an early stage in the preparation of
the general plan, a programme should to
be prepared in association with the plan-
ning authorities to include the main ele-
ments of the planning process. If an
impact study is to be prepared as part of
the process, this will be included as a part
of the design.
Certain aspects of tunnel construction
require to be specially evaluated or 
clarified during this planning stage of the
tunnel, including:
• Circumstances which may require 

approval according to the Pollution Act
§ 11.

• Possible consequences for water cours
es (including ground water). 
Clarification with the NVE is required
where dispensation has to be sought in
accordance with the Water Resources 
Act

• Conflict with cultural monuments 
which are automatically protected 
and/or monuments included under the
Historic Monuments Act §§ 15, 19 and
20. Concerning roads which may con-
flict with listed monuments and which
will require dispensa tion or exception 
by the Director General for Cultural 
Heritage the question of dispensation/-
exception must be taken up during 
the general planning.
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be an obstacle to the plan, and that other
measures are not permitted which may
have unfortunate effects for the completed
project. In addition to the tunnel route on
the map being indicated as “… an impor-
tant link in the communications system”,
or as “..restricted areas..”, a description of
the restrictions expected to be incurred by
the tunnel project for activity on the sur-
face should also be given. If these areas
are “built-up areas” (for example housing
development) or “agriculture, natural and
recreation areas” where dispersed settle-
ment is permitted, then to a certain extent
these restrictions may be included in the
provisions of the plan. Regarding other
land-use categories where the possibility
for determining provisions is more limit-
ed, the restrictions for the area above the
tunnel are commented upon in the plan
details.

Impact studies in accordance with
Planning and Building Act.
The Planning and Building Act (Chapter
VII-a) and accompanying regulations on
impact studies contain more specific regu-
lations regarding the planning of the indi-
vidual measures. It is assumed that the
impact study will be carried out according
to the regulations in coordination with the
evaluation of the first formal plan where
the route or corridor is approved.

Which measures shall be the subject of
an impact analysis are given in the regula-
tions. The client shall then prepare a note
proposing a programme of the impact
studies to be included in the report. On the
basis of the proposal the Directorate of
Public Roads (in regard of trunk roads and
new roads) or the planning authority (for
other roads) shall determine that a pro-
gramme be drawn up stating which reports
are to be prepared, and of the content of
the impact study which the client shall
prepare.

The Ministry of the Environment give

more detailed information regarding the
administrative process concerning impact
analyses. The Ministry of the Environment
has also prepared a separate guide to inter-
preting the criteria in the regulations.

102.2 Zone Plan
With the exception of minor projects, a
zone plan has to be prepared for all nation-
al and county road construction as laid
down in the Planning and Building Act. A
zone plan shall always be made for tun-
nels. Similarly to the land-use plan in the
municipal plan, a zone plan is legally
binding as determined by the PBA § 31.

A zone plan which has been approved,
provides the basis for expropriation as
determined by the Highways Act § 50.

The tunnel route shall be specified in the
zone plan.

Content
The requirements for zone plan is
described in the guidelines for national
and county road plans according to the
Planning and Building Act.

The requirements in the guidelines are,
among other things, that supplementary
investigations shall be carried out.(See
Chapter 2) The costs shall be calculated
with a precision of ± 10 %. If a broader
range is required, the reason for this has to
be given.

The legally binding design includes a
map showing one or more objects of
development. The fact that the zone plan is
legally binding implies that there will not
be opportunity to carry out subsequent
measures which conflict with land-use
approved by the plan, with the exception
that smaller adjustments may be made
through a formal dispensation of the exist-
ing plan, changes to the plan, or in con-
nection with a new general or zone plan.

In the Ministry of the Environment’s
guide “Development plan. Building plans”
(T-1381), detailed norms are given for
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that restrictions on the surface must be
shown on the map and/or in the provi-
sions. Examples of such restrictions are
the prohibition of specified construction
work, blasting or boring in the ground.
Alternatively, it may be stated that any
work which may cause damage to the tun-
nel is prohibited, and that specific meas-
ures must be approved by the Public
Roads Administration.

The assumption that the zone plan shall
be the basis for acquiring land and rights
to proceed with the construction and pro-
vide those affected with the best possible
understanding of the consequences of the
project require that any restrictions
imposed are clearly described.

Some basic points concerning zone plans
for tunnels:
• Regarding the tunnel construction it-

self together with the associated safety
zone (assuming this is regulated) and 
the approach zones, the objectives 
“Public traffic areas” as stated in the 
PBA § 25, No. 3 is commonly used.

• Even though the tunnel might not have
any physical impact on the surface, it 
would be appropriate to combine the 
objectives of “public traffic areas” with
the regulations which is relevant to the
area above the tunnel. Particularly 
where it is necessary to impose restri-
ctions on land-use above the tunnel, it 
will be proper to indicate the area cov
ered by such restrictions by combin-
ing purposes, or by adopting other 
development objectives. 

• Concerning the portal construction and
concrete tunnels, the construction 
phase will result in temporary upheaval
on the surface which will frequently 
have broader consequences for the 
landowners and those licensed to use 
the area than the permanent restric
tions. These circumstances should be 
clearly indicated in the zone plan. 

maps of development and building areas.
A number of examples are included in the
guidelines which provide directions
preparations of the map and the accompa-
nying design measures.

There are no special requirements in the
law or regulations relating to the formula-
tion of zone plans for tunnels. In each indi-
vidual case it must be determined which
aspects are required to be clarified in the
design.

Based on the following, the design of the
tunnel including the approach zones,
should be established:
• It is assumed that a detailed account of

fire-safety measures is included in the 
preparation of the zone plan accord
ing to “Guidelines for fire protection in
road tunnels”, Chap. 3.2.

• Exceptions to procedural handling of 
tunnel construction are conditional 
upon the location of the tunnel, the 
design of the entrances and possible 
restrictions in use of the area above the
tunnel having been incorporated in the
design as outlined in the thematic guide
“Public road construction and building
projects” (Report HO-2/2000).
In particular, the location of the tunnel
and restrictions for use of the area 
above the tunnel are most conveniently
handled in the zone plan.

Other circumstances which will be signi-
ficant in determining the detail of the
design in connection with development of
the tunnel area include:
• existing, planned and expected activity

on the surface or in the ground
• the type of tunnel, rock cover and 

ground conditions
• control of sealing measures carried out.
The plan must indicate the necessary pro-
tective measures against activity which
can cause damage of the tunnel construc-
tion. Consideration should therefore be
made as to whether a safety zone should
be defined around the tunnel. This implies
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This may be done, for example, by 
combining “public traffic area” with 
the development objectives covering 
the future land-use of the surface area,
and the relationship between these two
objectives is more precisely defined in
the design regulations. These regula-
tions can, among other things, contain 
a description of the effects during the 
construction period and rules relating 
to the preparation of – and restrictions
on – the area above the tunnel follow
ing the completion of construction.

• The plan should contain reference to 
temporary construction measures such
as construction roads, temporary road 
diversions, construction plant areas, 
deposition sites for waste (temporary 
and permanent), such that the plan 
provides the basis for any necessary 
expropriation associated with these 
measures.

• All questions likely to arise associated
with the environment should be de-
scribed in detail. If it has not been de-
termined in any previous stage whether
the tunnel construction requires per-
mission or approval to be granted by 
special acts (for example, permission 
for run-off in respect of the Pollution 
Act § 11, concession based on the 
Water Resources Act etc.), an account 
must be given in the zone plan. It is a 
requirement in the plan that an investi
gation is made into the effects that the
construction may have on monuments 
automatically covered by the Historic 
Monuments Act.

• A detailed explanation of fire safety 
measures shall be given as part of the 
plan.

• The plan shall clearly determine 
whether expropriation of property is 
necessary for the area above the tunnel
where there is a thin rock cover and in
the case of concrete tunnels.

102.3 The Construction Process
102.31 Application and notification
requirements in general for road projects
According the Planning and Building Act
§ 93, notification is required for all road
projects. However, there are comprehen-
sive exceptions for public roads as defined
in “Regulations concerning procedures
and control of the contruction process” §§
5 and 6. The exception to the general rule
of notification applies to all road projects
which are described in detail in the zone
plan or construction plan as laid down in
the Planning and Building Act. Further,
public highway construction where the
Norwegian Public Roads Administration
is the client is always exempted from the
regulations on liability and control.

The background for the exceptions
which apply to road construction where
the Norwegian Public Roads Administration
is the client are as follows:
• It is not necessary to conduct a new

evaluation of circumstances in con-
struction projects which are accounted
for in the previous plan.

• The rights of consultation in respect of
planning affecting authorities, land-
owners, those with rights of access 
and neighbours , shall be ensured 
during the process.

• The regulations pertaining to the Roads
Act and the experience and resources 
of the Norwegian Public Roads 
Administration imply that this body 
has the best assumptions for ensuring 
road construction of a high technical 
standard.

Work involving temporary or portable
buildings, constructions or plant is initial-
ly subject to notification according to the
Planning and Building Act. The regula-
tions for notification do not, however,
apply to buildings, constructions, or instal-
lations on building or construction sites in
the immediate vicinity of such sites.
Nevertheless, these shall not be placed



ROAD TUNNELS -  THE FORMAL BASIS FOR PLANNING TUNNELS

17

that the client supplies corresponding
information on the progress.

In the thematic guide “Public road con-
struction and building projects” (Report
HO-2/2000), the requirements for admin-
istrative procedures are described for a
large number of elements incorporated in
road construction. A summary of those
most relevant to tunnel construction are
included below, Those included under (A)
should be considered as elements for
which it is absolutely necessary that a
detailed description is given, such that
demands are not made for application or
notification. Those listed under (B) are not
absolute requirements, but documentation
should nevertheless be presented.

“Tunnels
(A) Exception from administrative  con-
struction processes is dependent upon the
location of the tunnel, the design of the
tunnel portals and any restrictions in the
use of the area above the tunnel being
determined in the planning process. Any
restrictions in use of the area above the
tunnel must be clearly stated in the provi-
sions of the plan. Further, reference must
be made to the necessary technical draw-
ings which show the design of the portals
and any other related building measures.
(B) Subsidiary information should be sup-
plied in the form of illustrations which
provide the involved parties with an
impression of the appearance of the tunnel
portals.

Reference is also made to “Guidelines
for considering fire protection in road tun-
nels” of July 2000, issued jointly by the
Ministry of Transport and the Ministry of
Local Government. The guidelines have
been prepared within the existing regula-
tions and are based upon a draft from the
Directorate for Fire and Electrical Safety
(DBE) and the Directorate of Public
Roads in association with the National
Office of Building Technology

such that they are a hindrance to normal
public access or recreation area or in other
way are detrimental to the surroundings.

Even though public road projects will be
largely exempt from building regulations,
a number of regulations will always apply.
See “Public road construction and build-
ing projects”:
• § 74, no. 2 on aesthetics
• § 77 on  construction procedures and 

requirements for products used in con
struction

• § 92 on changes to or removing con
structions

• Chapter XVIII on liabilities
• Chapter IX on illegal contruction activ

ity.
Reference is also made to Section 102.33
for processing of applications and notifi-
cations.

102.32 Further information on excep-
tions to construction applications
Where the road construction is not
described in detail in the zone plan or con-
struction plan, an application must be
made for the remaining details associated
with the project. As mentioned, the regula-
tions on liability and control are not appli-
cable.

Where it is desired that the zone plan is
to be described in such detail as to exempt
the road project from administrative pro-
cedures, it is important to understand that
this will result in less room for adjustment
in later stages of the project and that this
can result in the need for a new evaluation
of the plan to include circumstances which
would have been sufficiently considered
in an initial administrative evaluation.

Through the application or notification,
residents and others in the vicinity will
often be informed of the period of the
project and practical circumstances during
the construction period. For measures
which are exempt from construction
administrative procedures, it is assumed
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Administration. The guidelines have been
placed on the Internet by the Ministry of
Transport:
http://www.odin.dep.no/sd/

Concrete tunnels
(A) Corresponding regulations apply to
concrete tunnels. In addition, the excep-
tion to administrative procedures are on
condition that the covering and use of the
area above the tunnel having been speci-
fied in the planning process.

“Ventilation and electrical installations
Ordinary ventilation and electrical instal-
lations which are part of the road con-
struction, i.e. that they can be regarded as
road-technical installations, require nei-
ther application or notification.

This does not apply, however, to larger
constructions such as ventilation shafts
which are visible to neighbours.
(A) Where the location, design , choice of
material has been specified in the planning
process, there is no obligation to submit an
application.

Ventilation and electrical installations
which are incorporated into buildings are
not included in the exceptions to adminis-
trative evaluation.”

A comparable review of other elements
which may be relevant to road construc-
tion is given in Report HO-2/2000.

102.33 Administrative processes for
applications and notification
The regulations relating to applications
and notifications are given in the regula-
tions concerning procedures and control of
the construction process (SAK).
According to SAK § 5, the regulations on
liability and control do not apply where
the Norwegian Public Roads
Administration is the client. This also
means that the requirements of documen-
tation stipulated in §§ 14 and 15 do not
apply in respect of liability and control.

The requirements which nevertheless do
apply are indicated in SAK § 14.

Administrative procedures undertaken
in separate stages will apply only occa-
sionally for public road measures in so far
as Stage 2 of the administrative procedure
is essentially concerned with a clarifica-
tion of terms relating to liability and con-
trol. It should thus be considered that
applications for public road construction
are considered in a single stage.

Resulting from the fact that highway
construction shall initially be considered
according the regulations relating to appli-
cations, the regulations relating to the
administrative process for notification in
SAK Chapter IV are scarcely relevant for
road construction. An exception to this
would be that certain constructions could
be considered according to the regulations
for notification. The administrative regu-
lations in §23 no. 2 will apply to these
projects. Among other things this implies
that notification to neighbours is not
required.

Summary of the process for handling
applications and notifications
It is emphasised that on account of the
exemption from the regulations on liabili-
ty and control for public road construction
where the Norwegian Public Roads
Administration is the client, it will not be
necessary to complete those parts of the
forms in the summary which related to
these themes.
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Single stage administrative evaluation

Initial discussions

(The need for discussion is determined in each
individual case)
Form NBR no. 5170 and no. 5169
Summary of initial discussions
Form NBR no. 5171

Advice to neighbours
Form NBR no. 5154
Copy of Advice to neighbours
Form NBR no. 5155

Application to commence project
(Alt. application for individual measures)
Form NBR no. 5151

Permission for the project
Form NBR no. 5151

Notification
(Applies to temporary construction measures
which are subject to notification according to the
Planning and Building Act § 85)

Initial discussions
Form NBR no. 5170 and no. 5169

Summary of initial discussions
Form NBR no. 5171

Advice to neighbours 
Form NBR no. 5154
Copy of Advice to neighbours 
Form NBR no. 5155

Notification of project
Form no. NBR no. 5153
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Tunnel projects extending under the sea
must be planned according to the require-
ment of a minimum rock cover of 50 m.
Special conditions apply to any deviation
from this (See Section 204).

As a minimum the investigation must
include:
• Assembly and evaluation of existing 

information, geological and topo-
graphic maps, and any reports from 
previous investigations.

• Stereographical studies of air photo
graphs (Scale 1:15 000 – 1:30 000).

• Field investigations. Geological map
ping scale 1:5000.

• Evaluation of areas which may parti-
cularly be affected by the tunnel 
including drainage, subsidence, 
vibrations, runoff etc.

• Maps which give a broad estimate of 
the thickness of the soil cover 

• Evaluation of uncertainty concerning 
the rock cover.

The findings shall be summarised in a
report which includes:
• A summary of the local geology, a 

description of structural geological and
hydrogeological conditions of signi-
ficance for the feasibility of the project
together with alternatives

• Summary of areas which require 
special measures in connection with 
the project

• Feasibility study
• Suggestions for further investigations.

203 General plan (county plan/munici-
pal plan)
An investigation at this level shall provide
the geological basis for the selection of the
road route.

This investigation will be based on the
investigations from the previous planning
phase and as a minimum will include:
• Air photo studies based on stereoscop

ic photos /Scale 1:6000 - 1:15 000) 
collated with topographic maps 

201 Introduction
Modern road construction places special
demands on geological investigations in
connection with tunnel construction. The
investigations for tunnel projects shall
provide an account of alternatives and
total costs together with a survey of condi-
tions relating to safety, the community,
and the environment. Further details are
included in the Manuals 054 –
“Development planning”, 140 – “Impact
analyses” and 151 – “Management of con-
struction projects”.

An important requirement, among oth-
ers, is geological investigations which
comprise detailed geological mapping and
engineering geology. This is often supple-
mented by geotechnical, hydro-geological
and geophysical investigations. 

A rational and qualitative procedure
requires that the investigation is carried
out systematically in stages and that the
results are carefully evaluated before pro-
ceeding to the next stage. The extent of the
investigations will depend upon the level
of the specific plan.

The procedure and reports associated
with the investigations shall be carried out
such that the data from one planning phase
may be satisfactorily transferred to the
next. The nature and extent of the  investi-
gations must be considered in relation to
the actual projects in hand. (See also
Section 702 “Working face assignments”).

202 The preliminary plan
The investigations at this stage shall pro-
vide the basis for an evaluation whether
the geological conditions are such that the
project may be carried out. It is particular-
ly important to obtain an impression of the
regional geology. The following studies
should be included:
• Locate suitable tunnel routes
• Mapping of those areas which may 
be critical for costs and safety, and the 
feasibility of alternative tunnel stretches

2 Geological Investigations
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(scale 1:1000 – 1:5000). These maps 
will be used to determine the distribu
tion of soils and rock, weakness zones
and the orientation of faults and joints.

• Field and site investigations.
The investigations and evaluations 
shall include the following:
- Soil cover. Type and thickness. 

Water depth for sub sea tunnels.
- Rock type and boundaries

For sub-sea tunnels rock types on 
both sides of the fjord or sound 
should be stated.

- Bedding and foliation
- Joint orientation and frequency
- Weakness zones
- Rock cover
- Hydrological and hydrogeological 

registration:
• Measuring programme for 

groundwater level and pore pres-
sure where necessary, including 
registration of water reservoirs 
and marsh areas together with 
seasonal variation for these

• Sensitivity with regard to flora 
and fauna

• Registration of areas liable to 
subsidence

• Requirements for control of 
leakage into the various 
sections of the tunnel

- Quality of rock material with a 
view to possible use in road con-
struction

- Investigation for dumping sites
- Tunnel entrance site alternatives, 

cuttings, danger of rockslides
- Need for core drilling
- Need for seismological investiga-

tions
If measurements are to be taken of the sta-
tus of the water table and pore pressure,
frequent measuring should be taken to
document natural variations over time (for
example, at monthly intervals).

The investigations undertaken shall

ensure that the technical solutions pro-
posed may be implemented and that these
provide the basis for quantitative esti-
mates.

Following the completion of the  inves-
tigations a report is prepared in sufficient
detail as is required for the plan.

A distinction has to be made between
measurements, actual observations and
interpretations.

204 The Zone Plan
The need for supplementary investigations
made in connection with the general plan
must be considered.

The purpose of the evaluations at this
stage are :
• To establish the geological basis for 

cost estimates
• Report the degree of uncertainty in 

the investigation results and the conse
quences of this for cost estimates

The impact of the tunnel in the neighbour-
ing district must be examined and evaluat-
ed in detail.

The following must be carried out:
• A scrutiny of the results of previous 

investigations
• Planning and execution of supplemen

tary investigations together with a 
verification of previous conclusions

• Vibrations
The limits for permitted vibrations 
within the area of influence are deter
mined and a measurement programme
prepared for follow-up. Plan for build
ing inspection, registration of settle-
ments and damage and the time when 
this shall be carried out is to be deter-
mined.

• Groundwater, pore pressure and settle
ment. Using investigations undertaken
as part of the general plan an eva-
luation must be made of possible dam
age arising and necessary protective 
measures. Consideration must be made
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205.2 Geological and geo-technical
reports as a part of tendering
A separate report shall be prepared for
submission of tenders on the basis of the
investigations conducted. The report is
specially formulated for tendering in so far
as job descriptions associated with seal-
ing, building, safety measures, completion
etc. are considered elsewhere in the tender
basis.

The report shall provide the constructor
with a basis for his own evaluations and
interpretations of the geological condi-
tions.

The report shall therefore include:
• A description of geological, hydro-

geological and geotechnical conditions
along the tunnel route

• Maps and longitudinal profiles which 
show the occurrences of rock type, 
weakness zones and the rock cover.
It shall be stated whether these are 
based on investigations, observations 
or interpretations

• Analysis of joints, frequency and 
direction

• Summary of calibrations from the 
detailed analyses. Reference to other 
reports where further data is given

• Particular local circumstances to which
special attention is drawn (e.g. water
wells)

• Reference list. Reports in the reference
list shall be available for consultation 
if required.

as to whether concession must be 
applied for in respect of water, 
drainage, etc. as an alternative to com
prehensive water tightning measures.

Reports are required for the following:
- areas of influence
- investigation of the thickness and 

potential for settlement of sedi
ments

- registration of conditions for the 
fundament for constructions

- determination of permitted leakage 
along the tunnel route 

- evaluation of necessary measures to
meet demands for leakage control.

Special conditions relating to sub-sea tun-
nels include:

A rock cover of less than 50 m can only
be accepted where it is well documented
that the rock mass conditions are
favourable. A cover of less than 50 m must
be approved by the Directorate of Public
Roads.

Reports
Special reports are required in connection
with preparation of the zone plan.

205 The Construction Plan/Tendering
Complete construction plans shall be pre-
pared such that these can be used as a
basis for tenders.

205.1 Supplementary geological investi-
gations
It may be appropriate to prepare supple-
mentary investigations in order to confirm
quantity estimated, or following other cir-
cumstances which emerge during the
course of the project, for example details
around the tunnel portals/cuttings which
are essential for openings.

Further, it may be necessary to adjust the
extent of registration and control planned
in the vicinity as a result of measurements
obtained.
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• measurement for documentation of 
water leakage in the tunnel in the light
of specified requirements.

• the quality of runoff water from the 
tunnel following cleaning

• follow-up of water quality in the recip
ient area

• noise measurements with a view to 
documenting compliance with regu-
lations

These measurements are to provide the
basis for a detailed investigation and
measurement programme. It must be
determined who is to undertake the vari-
ous investigations.

Responsibility will be divided between
the client and the contractor:

Client’s responsibility:
• determine the necessary restrictions 

and demands
• property inspection
• monitoring and follow-up programmes
• damage adjustment

Contractor’s responsibility:
• implementation according to the regu-

lations
• measurements which are specified as 

the responsibility of the contractor
• damage liability where the regulations

have not been complied with.

304 Vibrationrestrictions and building
inspection
Limitations have to be determined for
vibrations resulting from blasting. One
method for determining this is given in
the Norwegian Standards publication NS
8141 

The limits are determined such that
possible damage may be avoided.
Normally these values are determined
such that they apply to the fundament or
the load-bearing construction in proximi-
ty of the fundament.

The possible danger for disturbances/-
settlements resulting from activities lead-

301 Introduction
It is the client’s responsibility to carry out
an evaluation of risks to the  environment
and to ensure that the project proceeds
with full regard to relevant laws and reg-
ulations.

With regard to the landscape, aesthetical
values and so forth, reference is made to
Chapter 5 “Aesthetic design of tunnels”

302 Requirements and constraints
The construction shall be carried out such
that those regulations governing prepara-
tion of plans and their approval shall be
complied with.

These requirements include, among oth-
ers, the following:
• settlements, vibrations, air shock,

noise, dust
• the natural environment, hydrologic 

balance
• assumptions included in the approved 

plans (particularly the zone plan)
• applications and reporting require

ments in accordance with the Planning
and Building Act and other laws and 
regulations

• Constraints of working hours
• Neighbour contact and information.

303 Registration and investigation 
programmes
On the basis of the investigations which
have been carried out, an evaluation of
the material to be registered and the
accompanying investigations has to be
made to ensure completion of the project.
This will include, among other things:

• The need for, and extent of, building 
inspection

• programme for measurement of 
vibrations.

• the need for registration and control 
of ground settlements.

• the need to register the ground-water 
level (see section 203)

3 Consideration of the local environment
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ing to vibrations shall be particularly
evaluated. This also applies to possible
damage to sensitive inventory, computer
installations etc, and also the possible
inconvenience to neighbours. The limits
apply to the maximum permissible peak
particle velocity given as mm/sec., and
which are determined on the basis of the
following:

• ground conditions where the construc-
tion is located

• the type of construction and the quality
of building materials used

• method by which the fundament is pre
pared

• distance from the blast
• type of vibration (blasting, demolition,

piling, etc.)

Special ground conditions, at distances of
less than 5 m and other special circum-
stances may require separate risk-analy-
ses.

Inspection and registration of buildings
are to be undertaken in the presence of the
owner and conducted by an independent
specialist. The description should be sup-
plemented by photographs or video film.
In areas where specified limits have been
determined, vibration measurements
should always be undertaken. The guide-
lines in NS 8141 state the required specifi-
cations of the investigation equipment and
how the vibration should be measured and
reported. The measurements should
ensure the necessary documentation and
provide the basis for continual adjustment
of the salvo.

305 Requirements for water control

305.1 Water tightness criteria
The investigations and evaluation of the
consequences for the environment result-
ing from leakage in the tunnels should be
made as part of the geological investiga-
tions. 

(See Chap. 2, Geological Investigations”).
On the basis of these it should be

determined whether specifications should
be made regarding maximum allowable
leakage into the tunnel. These may vary
along the tunnel route dependent upon
the conditions of the influence zone, set-
tlement conditions and the risk of damage
to the surrounding area.

305.2 Methods for meeting the sealing
requirements. Organisation of the task
If demands for sealing are determined for
the whole or part of the tunnel, there are
number of circumstances which must be
continually followed up in order to ascer-
tain that these demands are complied with.

Pre-grouting ahead of face is a normal
method of water control during tunnel
construction.

Post-grouting can easily result in poor
results as there are limitations on the pres-
sure that may be applied and the grout
material may easily return into the tunnel.

If there is a danger that the water tight-
ness requirements cannot be met by sys-
tematic pre-grouting methods, the relevant
parts of the tunnel must then be sealed
with a membrane-isolated concrete con-
struction designed to withstand the actual
water pressure. Preparation must be made
for this, for example in the design of the
tunnel cross-section during construction.

Water injection from the surface or from
the tunnel can contribute to maintaining
the groundwater and the pore pressure
during the construction periods. The effect
of water injection is, however, difficult to
predict. Water injection also requires con-
tinual supervision and maintenance. The
method is consequently only exceptional-
ly employed as a permanent measure.

In order to be able to carry out pre-
grouting based on systematic probe
drilling criteria as to critical amount of
leakage from the probes must be deter-
mined.
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Environmental Department.
Smaller installations in categories A and B
may be handled by the municipality. These
are defined as installations serving a max-
imum of 25 persons or equivalent.

Effluent resulting from chemical injec-
tions must be considered separately.

306.2 Contents of the application
Information about the applicant

The applicant must be registered.
Normally this will be the client. If
another is to be the registered appli-
cant (e.g. the constructor) this must
be agreed with the County
Governor’s Environmental Depart-
ment in advance.

Information about the project
A description of the project with esti-
mates of the extent and duration. In
addition the rigging areas, waste tips
etc., should be indicated. Any neces-
sary maps should be attached.

The application coverage
The various forms of effluent and
estimated extent, water volume and
quality should be described.
Regarding runoff and drainage from
operations estimates should be given
of the suspended material, nitrogen
from explosives and pH following
the use of cement products.

Description of the recipient
Description of the water quality and 
water volume throughout the year 
for the recipient.

Cleansing
-The planned cleansing plants shall 
be described.

-Measures for effluent from work- 
shops and washing places are
designed according to “Regulations

In order that the need for grouting shall
be precisely determined, the number of
probes should be carefully calculated. In
the initial phase the number should be
increased to above that which is normally
determined as necessary.

In addition careful consideration should
be made of those circumstances which
could influence the content and perform-
ance of the grouting work such that unex-
pected consequences are avoided. These
include circumstances such as:
• measurement of leakage in the tunnel. 

This is carried out by measuring the 
total leakage from the tunnel and over 
sections

• measurement of ground water level, 
pore water pressure and ground settle
ments

• registration of the water level in 
streams and marshes

• water seepage in injection wells.
All the information assembled shall be
considered in total.

306 Temporary water effluent

306.1 General
Permission must be applied for temporary
effluent resulting for the construction
work.
The various forms of effluent may be clas-
sified as follows:

Category A:
Discharge from sanitation in connection
with workman’s sheds, offices etc.

Category B:
Discharge from workshops and washing
places

CategoryC:
Discharge from operations during tunnel
construction.
The application for temporary discharge is
considered by the County Governor’s
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relating to discharge of oil-con-
taining water”.

-Measures for sanitation drainage
are designed according to
“Regulations on discharge from
separate drainage systems”.

-Run-off from operations and
drainage from tunnelling. The
normal cleansing methods will be
use of oil separators and sediment
basin. With particularly sensitive
recipients, further cleansing may
be made by sand filters.

Evaluation of the effluent (consequences
for the environment) 

A summary is to be given of the user
interests for the recipient together
with an evaluation of possible effects
of the discharge.

Other information:
The following shall be referred to in
the application:

- seepage from mass rock waste sites
- routines for depositing sludge and 
oil from the oil separators

- safety measures for oil and fuel 
deposits.

306.3 Control and supervision
A programme for supervision of the water
quality of drainage water following
cleansing is normally required together
with a follow-up of the water quality in the
recipient.

A proposal should accompany the appli-
cation for a control and supervision pro-
gramme aimed at ensuring that the cleans-
ing units function as anticipated.

307 Use of chemicals in tunnel con-
struction
Use of chemical injection products or
other chemicals obliges the producer,
importer and/or supplier of such material
to prepare and provide documentation.

The product information shall include,
among other things, the chemical compo-
sition, risks to health and the environ-
ment, and preventive measures.

Procedures for acquiring of chemicals
which are a health and environmental haz-
ard are given in Manual 214, “Health,
environment and safety”.

The conditions in the recipient shall be
registered with regard to water mass, and
on the basis of this the appropriate dilution
shall be calculated. Further, user-interests,
biological circumstances etc. of the recip-
ient shall be registered.

An evaluation of the environmental haz-
ard resulting from the use of these materi-
als shall be undertaken by qualified per-
sonnel.

If the environmental hazard is consid-
ered to be such that there is a danger of
pollution, the client shall ensure that the
necessary dispensation is obtained for the
pollution control authorities.

308 Permanent drainage
An application for permanent drainage of
water is not required.

When planning the tunnel consideration
has to be made to those assumptions
which apply to cleaning as a part of oper-
ations and maintenance.

As a general rule the washing frequency
should be planned such that special meas-
ures are not required to accumulate wash-
ing water outside the tunnel.

For tunnels where long intervals
between washing occur, or where the vol-
ume of traffic is particularly heavy, con-
sideration should be made as to whether
the washing water can be so polluted that
a special drainage system outside the tun-
nel is required such that water which may
be an environmental hazard can be man-
aged.
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309.2 Recommended air quality criteria
The recommended values for air quality
determined by the Norwegian Pollution
Control Authority are given in Table 3.1

309.3 Emissions through ventilation
shafts
Where it is difficult to achieve the recom-
mended levels of air quality criteria
through emission at the tunnel entrances,
emission via a ventilation shaft is an alter-
native.

The dispersion of the emission from
ventilation shafts is calculated with the aid
of dispersion models used for chimneys.
The ventilated air jet stream is directed
vertically upwards. This implies that the
pollution is lessened before reaching
ground level.

The height and the dimensions of the
shaft are determined by the air volume and
demands for air quality at ground level. In
addition, consideration shall be made for
noise emanating from the ventilation shaft
(especially with high air speeds).

310 Cleansing tunnel air
Today, equipment is available which
enables tunnel air to be cleansed both of
particles and NO2. 

The necessity of cleansing measures is
determined by the permitted concentra-
tion in the tunnel or the recommended air
quality criteria outside the tunnel.

309 Emission of gas and particles

309.1 Impact analysis
The ventilation method in road tunnels
can be decisive for the level of emission
and location of the emission points. In
connection with the zone plan, an impact
analysis is required of the tunnel ventila-
tion including the possible need for and
location of a ventilation tower, cleaning
plant, etc.

In the impact analysis the level of air pol-
lution in the vicinity of housing is calcu-
lated based on the recommended criteria
determined by the Norwegian Pollution
Control Authority (SFT). Simultaneously,
it should be ensured that the levels of
pollution defined in the Pollution Act
covering local air pollution and noise are
not exceeded.

On the basis of the estimated concentra-
tion of pollution in the emission, the level
of pollution in the immediate vicinity must
be evaluated. The term ‘concentration of
pollution’ implies a comparison of the
actual level with that of the recommended
air quality criteria as given by the
Norwegian Pollution Control Authority.

See Appendix A for an evaluation and
calculation of air pollution for road tun-
nels.

Marginal values Unit of measurement Period of measurement*
C 15 min.          1 hour 8 hours 24 hours       6 months

CO mg/m3 80 25 10

NO2 µg/m3 500 100 75 50
Airborne  articles PM10 µg/m3 35
Airborne  articles PM2,5 µg/m3 20

Table 3.1 Recommended air quality criteria for air outside the tunnel 

* The period of measurement is that for which the mean level of pollution shall be calculated.

From SFT-report no. 92:16 “Effects of air pollution on health and the environment. Recommended air quality criteria”.
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If a ventilation solution is planned which
includes cleansing measures, this has to be
approved by the Norwegian Public Roads
Administration.

Cleansing particles
On order to clean the tunnel air of parti-
cles, an electrostatic filter may be
employed. This technology enables
80–95% of particles to the removed from
tunnel air which goes through the filter
and which is bound to special particle
fractions.

In order to attain the greatest efficiency
the design and planning shall be adapted
to the actual tunnel.

Electrostatic filters for cleansing parti-
cles can be installed in side tunnels as an
overlying installation, or included in the
ventilation shaft.

The risk of an explosion is present in the
event of a major leakage of heavy, inflam-
mable gases/fluids. When mounted in a
side tunnel a raised skirt at the entrance to
the bypass is recommended in order to
divert the gases.

Cleansing NO2
In order to clear the tunnel of NO2, a spe-
cial type of active carbon is used resulting
in up to 70% of the NO2 content in the tun-

nel air being removed. On account of the
restricted space, the cleaning equipment is
placed in a side-tunnel.

311 Noise in the proximity of the tunnel
entrances

Two levels of noise exist in proximity to
the tunnel entrances:

• noise from the open road in the tun-
nel approach

• noise emanating from the tunnel itself.
Inside the tunnel, a higher noise level is
generated than that of the open road on

account of the reflecting surfaces. In addi-
tion to the distance, the length of the tun-
nel and the gradient of the roadway in the
tunnel entrance will also be factors in
determining the noise level. A higher gra-
dient will result in a higher noise level on
account of acceleration.

The Ministry of the Environment
defines the noise limits for new construc-
tions. The pollution limits prescribed in
the provisions of the Pollution Act con-
cerning local air pollution are required to
be complied with for existing roads.

A simplified method for calculation of
noise levels from road tunnels has been
prepared and which is designed to evalu-
ate the need for counter-measures. This is
illustrated in Appendix B. The method
shows the calculated noise level from the
tunnel entrance. When aggregated with the
noise level outside the tunnel, this shows
the total noise level at any point. When
this is compared to other guidelines, it is
then possible to determine whether meas-
ures are required for noise reduction. 
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same road with corresponding traffic 
type and volume.

The demands placed on standards increase
correspondingly with traffic volume and
tunnel length. Tunnels are therefore placed
in categories which determine the required
geometric specifications and features.

402 Selection of tunnel category
The traffic volume is normally given in
AADT (Annual Average Daily Traffic vol-
ume). AADT is the total annual traffic
divided by 365 and is given as the total
traffic volume in both directions.

The tunnel category is determined
according to the estimated traffic volume
twenty years after opening, AADT(20).

Where the traffic volume varies
throughout the day or over the year, or
where there is considerable uncertainty in
calculating AADT(20), the tunnel catego-
ry may be based on selected criteria. The
chosen category must be approved by the

401 General
Tunnels are distinguished from open roads
in respect of conditions such as:

• little or no lateral movement
• other winter conditions
• regular lighting throughout the day and

year, except from the entry zone
• difficulties in estimating gradients
• difficulties in estimating distance to 

vehicle in front
• other safety measures, breakdown 

services, etc.
These require that a number of design ele-
ments will differ to those of the open road.

Maintenance and operations shall ensure
a constant level of safety in the tunnel.

Important elements in this connection are:
• selection of the appropriate construc

tion method and equipment in the plan
ning and construction phases

• uniform standard for tunnels along the

4 Geometric design
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Directorate of Public Roads.
The tunnel categories are based upon traf-
fic volume and tunnel length. (See Figure
4.1) The tunnel categories are the basis for
a specific cross-section, number of traffic
lanes, need for emergency lay-bys and
turning points together with safety equip-
ment. The latter is described in more detail
in Chapter 6, “Traffic and Fire Safety”.

Figure 4.1 applies to tunnels longer than
500 m. Initially, the cross-section is also
selected according to this figure for short-
er tunnels except that the width of the
shoulder at the open road may be extend-
ed throughout the tunnel.
Tunnels with a single lane (AADT< 300
on county roads) are defined as Tunnel
Category A. The cross-section of these
tunnels is shown in Figure 4.4.

Tunnels on trunk roads in Categories C
and E shall be constructed with tunnel
cross-section 9.5

If traffic volume AADT(20) prescribes
tunnel Category E, a decision of when to
construct the second tube shall be made.
Where this is deferred, circumstances

must be allowed facilitating construction
of this second tube at a later point in time.

If construction of tunnel tube number
two is deferred, this may necessitate con-
struction of an overtaking lane in accor-
dance with section 412.5 “Overtaking
lanes”.

403 Tunnel cross-sections
The tunnel cross-sections are designated
according to the total width of the road
surface. (See Figure 4.2).

The cross-section of Tunnel T4 has ver-
tical walls.

Tunnel cross-sections  T5.5 – T12.5
have a circular contour above the road sur-
face.

The vertical clearance requirements in
tunnels is 4.6 m except for pedestrian and
cycle tunnels. The vertical clearance spec-
ifications apply to the vertical distance
measured on the carriageway boundary.

Normal cross-sections will be in excess
of this to allow for:
• extra clearance for subsequent road 

resurfacing

Figure  4.2 Tunnel cross-section
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. . .
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Figur 4.3 Tunnel cross-section T4 (measured in metres) T4 is used for pedestrian and cycle paths.
Stipulated clearance height is 3 m. This cross-section is also used for footway interconnections in tunnels
with two tubes (Tunnel categories E and F)

.

.

.
.

.

.

Figure 4.4 Tunnel cross-section T5.5 (measured in metres)T5.5 is used for sliproads with a single lane
without requirements that a broken-down vehicle may be passed. T5.5 is also used for single lane roads
with meeting points in Tunnel category A. Vertical walls may be an alternative in single-lane tunnels.



Figure 4.5 Tunnel cross-section T7 (measured in metres).T7 shall be used for slip roads on a single lane
with possibilities for a broken-down vehicle to be passed. The carriageway is marked as a driving line
width 3.5 m, and an emergency lane width 1.5 m. The emergency lane is included in the extended bre-
adth in order to ensure vision requirements.
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Figure 4.6 Tunnel cross-section T8.5 (measured in metres) T8.5 is used for tunnels with two-way traffic
in tunnel categories B and C, and for each tube in Tunnel category E.
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Figure 4.7 Tunnel cross-section T9.5 (measured in metres). T9.5 is used for tunnels with two-way traffic
in tunnel category D, and for each tube in tunnel category F together with tunnel categories C and E on
the trunk road network.
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Figure 4.8 Tunnel cross-section T11.5 (measured in metres) T11.5 is used where there is a requirement
for three lanes or an emergency lay-by in tunnel categories B,C and E. The cross-sections also provides
room for two lanes and a separate pedestrian and cycle path seperated with concrete guardrail. (see
Figure 4.16). The figure shows normal lane partitioning with an emergency lay-by. In other situations the
lane partitioning must be considered in the light of the local traffic situation.
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Figure 4.9 Tunnel cross-section T12.5 (measured in metres) T12.5 is used where there is a requirement
for 3 lanes or emergency lay-by in tunnel categories D and F. The figure shows the normal partitioning
with an emergency lay-by. In other situations the lane partitioning must be considered in the light of the
local traffic situation.

• normal tolerance for tunnel linings, 
water and frost protection / concrete 
linings (total deviation = 0.1 m)

• requirements for vertical clearance 
including kerbstone.

Normally the tunnel cross-section will
also include space for traffic signs and
technical installations. The need for extra
width locally must be considered in each
individual case. The minimum height for
technical equipment must be 4.8 m above

.

.

.
. . . .

.
.

the carriageway. For laterally-mounted
equipment such as traffic signs etc., the
clearance must be individually deter-
mined. With consideration to emergency
exits laterally mounted signs should be
placed such that the minimum height
below the sign is at least 2.0 m.
Requirements of signs are discussed in
Section 414.

Total Carriage- Centre point  Centre height Wall radius Centre height Lining
Cross- width way width wall radius wall radius lining radius radius
section BT BK X YV RV YH RH

T4 4.0 3.0 - - - 1.33 2.40

T5.5 5.5 3.5 3.40 1.77 4.79 3.17 2.59

T7 7.0 5.0 2.06 1.57 4.79 2.78 3.20

T8.5 8.5 6.5 0.40 1.77 4.79 1.98 4.50

T9.5 9.5 7.0 0.44 1.57 4.79 1.22 5.20

T11.5 11.5 9.5 2.60 1.77 4.79 - 0.26 7.20

T12.5 12.5 10.0 3.44 1.57 4.79 - 0.46 7.45

Table  4.1 Geometric specification for the various tunnel cross-sections

All measurements in metres
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Figure 4.10 Geometric measurements for tunnel cross-sections categories T4 -T8.5 (measurements are
given in Table 4.1).

Figure 4.11 Geometric measurements for tunnel cross-sections categories T9.5 - T12.5 (measurements
are given in Table 4.1).
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Geometric measurements
The geometric specifications are given in
Table 4.1 and illustrated in Figures 4.10
and 4.11

The cross-section data of the tunnel
cross-section are given under the assump-
tions made in Table 4.2 and Figure 4.2.

The tables also apply to tunnel cross-
sections with a unilateral cross-fall. In this
event the cross-section pivots on the cen-
tre carriageway. The tables are thus inde-
pendent of the degree of the cross-fall. 

Standard cambers are not normally used
in tunnels.

404 Verge area
The verge area refers to the area outside
the marked driving lane.

The shoulder should be bordered with
kerbstones and constructed of asphalt or
concrete with a minimum decline of 5%
towards the carriageway. The kerbstones
should be low with an obtuse face (lip
kerbs) placed 0.25 m from the edge of the
carriageway. (See Figure 4.2).

In the entry zones where the environ-
mental impact is particularly large, shoul-
ders shall always have a concrete surface
in tunnel categories C, D, E and F.
Shoulders in these zones with a concrete
surface should extend a minimum of 200
m into the tunnel at each end.

405 Safety measures with dangerous
side obstacles
Cushions should be used along slip roads
and other structures which may comprise
dangerous side obstacles.

The ends of the linings shall be designed
to take safety into consideration. This is
done using a slope (1:10) for a minimum
of 0.9 m above the carriageway.

406 Construction below the carriage-
way level.
The formation level (the theoretical exca-
vation cross-section) is determined by the
thickness of the pavement. The formation
below the carriageway level is otherwise

ROAD TUNNELS GEOMETRIC  DESIGN

Theoretical excavated cross-section Normal cross-section

Tunnel cross-section Area AS Arc length, BS Area AN Arc length, BN

m2 m m2 m

T4 20.31 12.31 13.65 10.04

T5.5 39.11 17.12 28.77 14.90

T7 47.85 18.32 37.23 16.01

T8.5 61.92 20.56 49.66 18.24

T9.5 66.53 21.02 53.53 18.71

T11.5 85.95 23.76 70.89 21.43

T12.5 91.23 24.30 75.41 21.99

Table 4.2 Cross-section data for the various tunnel cross-sections

Specifications will be dependent  upon the pavement construction and area reserved for lining. The following specifications apply to the table: 

AS = Area calculated on a theoretical excavation cross-section. The pavement has been determined at 0.5 m and lining at 0.4 m in the 

table.
AN  = Calculated area of a normal cross-section above the carriageway and verge area assuming a 5% decline on the shoulder 

BS = Calculated arc length based on a theoretical excavation cross-section down to the formation level assuming 0.5 m for the pavement

and 0.4 m for lining.
BN = Calculated area of a normal cross-section down to the level for the carriageway
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might suggest a deviation from the nor-
mal tunnel cross-section include:

• The need for a shallow tunnel course. 
The tunnel roof is formed parallel to 
the carriageway while the circular 
cross-section is retained for the walls

• When it is desirable that the breadth of
the building site is reduced

• For tunnels where the design is deter-
mined by water pressure, a square 
profile has a lower volume and conse

quently less buoyancy.
If it is necessary to reduce the height of a
concrete tunnel, the technical equipment
and signs can be placed in the side areas.
This may then require the shoulder area to
be increased.

determined by drainage trenches, cable
ducts, and so forth.

The excavated base shall have an incli-
nation corresponding to that of the pave-
ment.

See also Chapter 8 and Chapter 9 

407 The tunnel cross-section for
concrete tunnels
The choice of tunnel cross-section is
determined following a comprehensive
technical/economic evaluation. The main
rule is that the ordinary tunnel cross-sec-
tions will apply unless special circum-
stances determine otherwise.

Examples of circumstances which

Figure 4.12 Emergency lay-by

Figure 4.13 Turning point
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408 Extension for lay-bys and niches

408.1 Design and location of emergency
lay-bys and turning points
Emergency lay-bys enable parking outside
of the carriageway in the case of emer-
gency. Emergency lay-bys are designed as
in Figure 4.12. The tunnel cross-sections
in emergency lay-bys are shown in
Figures 4.8 and 4.9.

Turning points are built into two-way
tunnels. Emergency lay-bys can also func-
tion as turning points for light vehicles.
Turning points for heavy vehicles are
designed as in Figure 4.13.

Technical equipment is located in sepa-
rate niches with an enclosing wall along
side the traffic lane. These niches should

be located together with the emergency
lay-bys. See Section 408.2.

In long tunnels, special turning points
for snow ploughs are required. An exam-
ple of the design is given in Figure 4.14

The distance between the lay-bys is
determined by the tunnel category. The
distances given are approximate. The loca-
tion will depend upon the local circum-
stances including rock mechanics and geo-
metric considerations. Further, considera-
tion must be made to designing niches for
several purposes (for example, technical
room, pump station etc.). Deviations in
location should be within ±50 m for emer-
gency lay-bys and ±100 m for turning
points.

Figure 4.14 Example of a turning point for a snowplough.

Tunnel Normal distance Normal distance  Comments

category emergency lay-bays turning points

A - - See Section 410 for meeting points

B 500 m                    2 000 m

C 375 m 1 500 m

D 250 m 1 000 m

E, F 500 m - The given distances for tunnel categories E 

and F apply to each of the tunnels tubes

Table 4.3 Normal distances between lay-bys
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an extra overtaking lane is constructed
(see Section 412.5).

408.2 Niches for technical equipment
Technical equipment must be located in a
separate niche, preferably linked to an
emergency lay-by and separated by a
sealed off wall from the traffic lanes
(Figure 4.15). Regulations for cooling
require that the technical equipment niche
shall be constructed in concrete.

Where the niche is located away from an
emergency lay-by, a separate parking lay-
by must be constructed. The design for
this is illustrated in Figure 4.15.

408.3 Extension in mountain tunnels
with convoy traffic
In tunnels with periodic closures on
account of convoy traffic for example,
consideration should be given to increas-
ing the width in order to increase the safe-
ty factor with convoy formation.

409 Interconnections
Where two parallel tunnel tubes have been
constructed, interconnections linking the

The normal distance between lay-bys is
shown in Table 4.3. Examples of location
are given in Chapter 6 “Traffic and fire
safety”.

For Tunnels in Category A, single lane
tunnels, see section 410.

The first emergency lay-by shall be
located not less than 250 m from the tun-
nel entrance.

When preparing a lay-by plan the fol-
lowing additional considerations must be
made regarding the number of lay-bys and
their location:
• Normally, lay-bys should not be situat

ed on an inside curve with regard to vis
ibility for approaching vehicles

• At a junction in the tunnel, the start  
and the end of the slip roads is consid
ered as an emergency lay-by area

• In tunnels where the AADT(20) <2500
and the gradient >6% over a length of 
1 km, consideration should be given 
to an extra emergency lay-by for every
kilometre of the incline.
If the AADT(20) is >2500 in tunnels 
with two-way traffic, the need for an 
extra lay-by is catered for in so far as 

Figur 4.15 Niche for technical equipment
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two tunnels shall be constructed at inter-
vals of 250 m.

The footway interconnections shall be
constructed using tunnel cross-section T4.

Further information is given in Chapter
6 “Traffic and fire safety”.

410 Single lane tunnels
In single lane tunnels used by traffic in
both directions meeting points have to be
constructed. Distance between meeting-
points should be 250 m, but never longer
than that a driver can see ahead to the
next meeting point. Meeting points shall
be designed as emergency lay-bys. See
Figure 4.12.

411 Pedestrians and cyclists
Under certain circumstances it may be
necessary to permit pedestrian and cycle
traffic in tunnels where no alternative
route exists. Only in exceptional circum-
stances should pedestrian and cycle traf-

fic be permitted in tunnels longer than 4
km. There are special requirements for
lighting and ventilation for these tunnels,
as described in Chapter 10 “Technical
equipment”

The pedestrian and cycling area is locat-
ed on one side of the tunnel, having a min-
imum breadth of 2.0 m and a minimum
height of 3.0 m. A concrete safety barrier
separates pedestrian/cycle traffic from
automobile traffic.

Tunnel cross-section T11.5 is designed
to permit the construction of a pedestri-
an/cycle way separated from the two-lane
carriageway by a concrete safety barrier
(Figure 4.16). In special circumstances the
Directorate of Public Roads can permit
pedestrian and cycle traffic in tunnels with
other cross-sections, and without a con-
crete barrier. One solution can be a foot-
way with a high kerbstone combined with
a low speed limit.

Where pedestrian and cycle traffic pro-

Figure 4.16 Pedestrian and cycle paths in a two-lane tunnel, tunnel cross-section T11.5
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prevent overtaking and to avoid daylight
in the openings complicating the lighting
conditions for motorists. In tunnels longer
than 6 km gentle curves may be designed
to counteract monotony.

The horizontal curve diameter is con-
stant within 2/3 of the stopping sight dis-
tance within the tunnel entrance and the
approach section. It is particularly impor-
tant to avoid a transition from a curve to a
straight section within the immediate tun-
nel entrance.

The requirements of the stopping sight
distances will determine the sharpest hori-
zontal curve. (See Table 4.4). 

Where it is desirable or necessary that
the horizontal radius is less than that
required by the stopping sight distance,
the width of the inner curve must be
increased.

The association between the horizontal
curve radius (R), the length of sight (stop-
ping distance) (LS) and distance as viewed
from the driver’s eye to the tunnel wall (B)
is given by the formula:

R = LS2 / 8B [m]

See Figure 4.17, Table 4.4 and Figure
16.25 in Manual 017 for further specifica-
tions. 

I two-way tunnels the eye is considered
to lie 1.1 m above the carriageway and 1 m
from the centre line.

ceed in a separate tunnels cross-section T4
is used.

412 Alignment

412.1 General
Alignment specifications in a tunnel differ
from those of a normal highway on
account of different driving conditions.

Trunk roads employ a different align-
ment theory which may permit some devi-
ation to that described below. 

Both the under-mentioned and trunk
road norms can be used in the design.

412.2 Design speeds
In tunnels the radius of the sharpest hori-
zontal curve is determined by the viewing
distance. Thus, based on dynamic consid-
erations it is possible to drive faster than
the speed for which the tunnel is designed.
If the tunnel exceeds 2.5 km the design
speed should be at least 80 km/h.

If the gradient is 6% or steeper for at
least 1 km, the design speed should be at
least 80 km/h.

For shorter tunnels and tunnels in urban
areas the design speed may be determined
by the neighbouring road system of which
the tunnel forms a part.

412.3 Horizontal curves/view
A curve should be considered as part of
the approach at each end of the tunnel to

.

Figure 4.17 Line of sight in a tunnel
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In left-handed curves in one-way tun-
nels, the eye distance is considered to lie 1
m from the carriageway boundary.

The specifications for lane widening are
the same as for open roads.

Widening is carried out on the inside
lane and does not change the radius of
the tunnel wall.

412.4 Vertical curves
The maximum incline for tunnels is shown
in Table 4.5.

Where an overtaking lane is constructed,
the values in the table may be increased by
1%.

Tunnels with local characteristics and
low traffic volume, together with urban
tunnels outside the main road network,
may be constructed with a gradient of up
to 10%. It is necessary to have this ratified
by the Directorate of Public Roads.
The AADT values for one-way traffic in
Table 4.5 apply to both tunnel tubes in
aggregate.

The AADT values in Table 4.5 apply to
road stretches with a normal traffic distri-
bution throughout the year and where the
proportion of heavy vehicles throughout
the year is 10-15%.

In suburban areas with typical rush-hour
traffic where the proportion of heavy vehi-
cles is < 7%, the AADT values in the table
may be increased by 25%.

412.5 Overtaking lanes
With regard to the general norms for over-
taking possibilities along each 5 km road
stretch, measures will often be required in
tunnels to facilitate overtaking.
Opportunities for overtaking require that
the line of sigth is sufficient, or that an
extra lane is constructed.

The need for an overtaking lane is based
upon estimated capacity.

In  tunnels with two-way traffic and a
gradient of > 6%  over a stretch exceeding
1 km, a separate overtaking lane shall be
constructed when the AADT(20) is > 2500.

AADT(20) 0 - 1 500 AADT (20) 1 500 - 5 000 AADT(20) > 5 000

gradient s gradient s gradient s

≥ -8 % -7 - +7 % ≥ 8 % ≥ -8 % -7 - +7 % ≥ 8 % ≥ -8 % -7 - +7 % ≥ 8 %

50 55 49 41 59 57 47 64 54 49

60 72 64 58 79 68 61 88 73 64

70 94 82 74 109 87 77 116 94 82

80 119 102 91 131 109 96 149 119 102

90 146 124 110 164 134 116 189 147 124

100 178 149 131 201 162 139 234 178 149

110 215 177 154 244 193 165 288 215 177

120 255 208 180 293 229 193 350 255 208

Table 4.4 Stopping sight distances (LS) in metres for different incline gradients, AADT and design speeds

Design.
speed  

km/h

Two-way traffic One-way traffic

AADT (20) 0 - 1 500 > 1 500 < 15 000 > 15 000

Max.gradient 8 % 7 % 7 % 6 %

Table 4.5  Permitted gradients for tunnel 
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ority, normal intersections (X-junction and
T-junction) should not be located closer to
the tunnel entrance than 2 x the stopping
sight distance (LS). With good visibility
and satisfactory advance warning of the
junction, the distance may be reduced
somewhat, but not less than 1.5 x the stop-
ping sight distance.

When traffic exiting the tunnel has the
obligation to give way or is controlled by
traffic lights, the distance from the tunnel
opening to the give-way line, stop line or
pedestrian crossing shall not be less than

The lane commences latest at that point
where the difference in speed of heavy
vehicles and light vehicles is 15 km/h or
greater, and should be at least 1 km in
length.

In tunnels where overtaking possibilities
have to be ensured with an adequate line
of sight, it is preferable to construct long
straight stretches rather than long curves
with large radii. This also applies to tun-
nels with an overtaking lane in long gradi-
ents to give the possibility for overtaking
traffic in a single lane (decline). Very strict
regulations apply where such overtaking
may be allowed.

412.6 Vertical curve radius
The recommended vertical curve radius is
shown in Table 4.6.
In dips with a gentle curve  the driver will
have difficulty in recognising the change
from a decline to an incline. This can
result in an involuntary reduction in speed
resulting in reduced traffic flow and dan-
ger of collision in the rear.

The radius of the summit is designed as
for open roads in accordance with Manual
017.

The transition from decline to incline
can be indicated with the warning sign
“Steep Incline”, or with horizontal mark-
ing on the tunnel wall.

413 Intersections 

413.1 Intersections outside the tunnel
entrance

When the road through the tunnel has pri-

30 40 50 60 70 80 90 100

H1, S1 240 420 650 930 1270 1650 2090 2580

H2, S2 140 250 390 560 760 990 1250 1550

H3, S3, A1 100 180 280 400 550 710 900 1110

Table 4.6 MInimum permitted vertical radius (m) in dips

Design speed (km/h)

Standard class

70 - 80 90 - 100

L1 70 m 90 m

L2 30 m 50 m

Design speed
km/h

Figure 4.18 Required lengths of the decelerati-
on lane at the tunnel exit. Values for LS are given
in Table 4.4

LS

Direct slip road

Parallel slip road

Parallel slip road

L1 L2

L1 L2_ 50m>
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the stopping sight distance, based on the
speed limit at the tunnel exit. In tunnels in
urban areas with a speed limit 50 km/h or
lower, this distance may be reduced where
there is satisfactory stopping sight dis-
tance to traffic islands, signs, traffic lights
and other road users. Roundabouts may be
situated near to the tunnel opening if the
traffic speed is low and the central island
can be observed in good time before exit-
ing from the tunnel. If the roundabout is
located closer to the tunnel than 2 x LS,
the give-way warning should be shown on
a dual-faced sign in the tunnel.

When the junction is located outside the
tunnel opening, special importance must
be attached to the reduction of glare prob-
lems for traffic driving out of the tunnel.
In two-level junctions outside the tunnel
entrance, neither the entry nor exit lanes
shall be shorter than that stated in Manual
017. The entry lanes shall have merged
before the tunnel opening.
A direct slip road shall not commence
closer to the tunnel entrance than the stop-
ping sight distance (Figure 4.18). A paral-
lel deceleration lane may commence at the
tunnel entrance although can be located
entirely within the tunnel. In this event the
lane shall be extended for an extra 50 m
beyond the tunnel entrance. Where a

deceleration lane commences within the
tunnel, road signs shall be placed above
the driving line.

413.2 Intersections inside the tunnel
413.21 General
Intersections within the tunnel shall
always be approved by the Directorate of
Public Roads.

Intersections in tunnels often require
large excavated space. Rock-mass proper-
ties shall always be evaluated to ensure
that the required excavations are possible.

With regard to lighting, no part of an
intersection shall be located closer to the
tunnel entrance than a distance correspon-
ding to the entry zone where special light-
ing requirements apply plus transition
zone I (see Figure 4.19). A slip road may,
however, commence in the transition zone
if the deceleration lane commences at least
100 m before the tunnel entrance. In the
intersection zone and on stretches where
much lane-changing occurs in connection
with the intersection, the minimum lumi-
nance shall be 3 cd/m2.

Ventilation in the tunnel is complicated
by intersections. It is important that elec-
tro-technical considerations are made at an
early stage in the planning process.

With regard to safety, the intersection in
the tunnel shall be designed for a higher
traffic volume than for corresponding
intersections on open roads. The ratio of
designed traffic/calculated capacity (v/k)
shall not exceed 0.75 for the period of
maximum traffic volume.

Crossroads or signal-controlled intersec-
tions shall not be used in tunnels.

Forks in tunnels shall be protected with
buffers (see Section 405).

413.22 Roundabouts
Roundabouts in tunnels may be used in
urban and built-up areas where the speed
level (defined as 85 % fractile) in the tun-
nel does not exceed 60 km/h. A 3-arm
mini-roundabout or a larger roundabout

60 70 80 90 - 100

L1 80 m 110 m 140 m 175 m

L2 30 m 50 m 50 m 50 m

Design speed
km/h

Figure 4.19 Required length of acceleration lane
at the tunnel entrance and in the tunnel

L2L1 L= entrance zone + transition zone I
(see tunnel lightning)

L1 L2
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er curve radius is required or where the
traffic volume is greater, a parallel decel-
eration lane should be used.

The entry slip roads shall end with a par-
allel lane for acceleration and shall be at
least 50 m longer than the corresponding
lane on open roads as the sight conditions
from the slip road are more restricted in
junctions inside the tunnel.

Slip roads in the tunnel should be broad-
er on the inner curves to satisfy the
requirements for free sight in the curve. If
possible, the slip roads should not have
sharper curves than R = 50 m.

When planning two-level junctions in
tunnels, importance should be attached to
solutions which reduce the need for
changing lanes inside the tunnel.

Where traffic on the entry slip road
exceeds 1200 vehicles/h in designed time,
consideration should be given to the entry
slip road continuing as a separate lane. A
separate lane for exiting traffic should also
be considered where there is a high risk of
queue formation in the exit lane.

Where traffic on the through-lane and
the entry/exit lanes is of such volume that
there is a danger for queues, speed restric-
tions should be considered on the tunnel
approach rather than in the tunnel itself.

413.24 T-junctions
T-junctions should not be used in tunnels,
although may be exceptionally permitted

with 3 or 4 arms and a raised central island
may be used (Figures 4.20 and 4.21).

Mini-roundabouts are primarily used on
local roads where AADT(20) is less than
ca. 5000.

3-arm mini-roundabouts entail 120-
degree angles between the arms, and a
marked-out central island about 1.5 m in
diameter. Under these conditions the sight
zone (10 x 50 m) will correspond to the
broadened approach to the junction.

Medium sized and large roundabouts
may be constructed with concrete or natu-
ral rock pillars on the central island.

The size of the pillars depends upon
rock mechanics. A free-sight zone with a
width of ca. 4 m is required around the pil-
lar. The width of the carriageway around
the roundabout should be 8–10 m. For a 3-
arm roundabout with an 120 degree angle
between the arms, the diameter may be
reduced slightly.

The criterion for free sight is that from a
point 10 m behind the give-way line in
each approach, there shall be 50 m free
sight to the left along the circulation area
and into the previous approach road
(Figures 4.20 and 4.21).

413.23 Exit and Entry slip roads – two-
level junctions
Exit slip roads with a small amount of traf-
fic can be designed as a direct lane leading
to a curve with R > 50 m. Where a small-

4m
10m

Figure 4.20 Three-armed mini-roundabout Figure 4.21 Large roundabout, three or four-
armed
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where the traffic volume is small with
AADT(20) < 500 on the main highway,
and AADT(20) < 100 on the side road.
The design will be considered with regard
to the specific circumstances.

414 Equipment, traffic signs and road
marking

414.1 General
A detailed sign/signal plan shall be pre-

pared for the tunnel. This is done at an
early stage in the project as this is essential
for the design of the tunnel and can be a
decisive factor for important construction
aspects. 

Detailed regulations for traffic signs and
road marking are given in Manual 50
“Traffic signs” and Manual 49 “Road
marking” (in Norwegian). Signs and
marking outside the tunnel shall be in
accordance with these manuals. Some
signs and selected road markings require
to be approved. These are specified in the
manuals together with the approval
authorities.

Signs in connection with road works and
surveillance equipment are supplementary
to ordinary traffic signs and are described
in Chapter 6 “Traffic and fire safety”.

414.2 Equipment and traffic signs out-
side the tunnel
With regard to traffic safety, signs near the
tunnel entrance should be reduced to a
minimum. Signs shall be considered with
respect to the individual tunnel. Some of
the safety measures inside the tunnel will
require to be linked to signs

The sign 712 “Tunnel name” with a tun-
nel symbol and length shall be used for
tunnels exceeding 500 m in length. The
sign is located on the right-hand side, at
least 50 m from the tunnel entrance.

As an alternative to sign 712, warning
sign 122 “Tunnel” may be used where the
tunnel entrance is not clearly visible and

appears suddenly for road users. Sign 122
may be combined with sign 802
“Distance” positioned below sign 122, but
shall not be used in conjunction with sub-
signs which show the tunnel length.

The prohibition sign 314 “Height limit”
is only used for tunnels where the meas-
ured clearance is 4.59 m or less. Prohibition
sign 334 “No overtaking” and 306.8
“Prohibited for pedestrians and cyclists” is
only used where curves in the road or
other special circumstances advise this.
Special regulations apply to the cross-sec-
tion, illuminations and ventilation in tun-
nels used by pedestrians and cyclists.

The information sign 601 “Radio sta-
tion” shall be used in all tunnels with
radio communication

The flashing red stop signal (see Section
602.207 and Manual 048 “Traffic sig-
nals”) is indicated with sub-sign 808. No
other signs shall be placed on the same
pole as the flashing red warning sign.

Barriers must bear sign 908 “Barrier”, or
be similarly designed but in red and white.
See also Section 602.208 “Remote-con-
trolled barriers for tunnel closure”. The
barriers should be located at least 50 m
before the tunnel entrance to ensure suffi-
cient space in the event of evacuation,
smoke hazard, etc.

Emergency telephones and fire extin-
guishers, where found (See Chapter 6), are
installed outside the tunnel entrances. The
precise location will depend upon the
actual tunnel, but it will be convenient to
assemble emergency equipment, emer-
gency telephone, fire extinguishers etc at
the same place, i.e. about 50 m from the
tunnel entrance.

The minimum distance between signs
given in Manual 050 “Traffic signs” also
applies to the tunnel approach. The
Manual also gives precise information on
which signs may be attached to the same
pole/mast and the maximum number of
signs per post.
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Figure 4. 23 Example showing location of signs in the tunnel approach

Figure 4.22 Road signs approaching the tunnel
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Consideration shall be given whether
signs relating to the tunnel and which are
normally located near the tunnel entrance
are better located at the last opportunity
for turning or the last intersection before
the tunnel. Examples of such signs are 314
“Restricted height” combined with sub-
sign 802 “Distance”, together with a flash-
ing red stop signal with associated sub-
signs and barriers.

Example of the location of signs is
shown in Figure 4.23.

414.3 Traffic signs in the tunnel
The number of signs inside the tunnel
should be kept to a minimum. This applies
particularly to large signs as the tunnel
cross-section provides only restricted
place for signs. Intersections in the tunnel
or immediately after the tunnel require a
number of signs, and this should be taken
into consideration.

All signs in the tunnel shall be clearly
visible using either built-in or external
lighting.

Signs in the tunnel do not differ from
those employed outside the tunnel. Traffic
regulation signs, warning, information and
direction signs shall be considered in a
similar manner to signs on the open road.
The following describes some signs which
are especially appropriate to tunnels.   

See Figure 4.24.
The service sign 601 “Radio station” is

located outside the tunnel as described in
Section 414.2. Where it is possible for the
Norwegian Public Roads Administration
or emergency services to be able to inter-
rupt broadcasts with warnings to road
users the sign must be repeated every 500
m in the tunnel. The sign is then combined
with a flashing amber warning light which
is activated when the warning is broadcast
(See Table 6.1 and Chapter 6 “Traffic and
Fire Safety”). The text on the sign shall
also refer to radio NRK channel P1 even
though the warning is broadcast on other
channels.

All emergency telephones are indicated
with service sign 605 “Emergency tele-
phone”. All fire extinguishers are indicat-
ed with service sign 606 “Fire extinguish-
er”. The signs shall be indicated on the
front and reverse; alternatively signs are
placed facing oncoming traffic in both
directions.

Sign 916 “Distance marking for tunnels”
shows the distance to the tunnel entrance
in both directions. These are relevant for
tunnels longer than 3 km.

Turning points are indicated with a sep-
arate sign with a flashing stop signal.
These have to be approved by the
Directorate of Public Roads. In the event

Figure 4.24 Signs used in the tunnel

601 605 606 916
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shall be indicated according to the given
cross-sections. See guidelines for use of
profiled road marking. Reflectors on the
road should be considered, particularly
where lighting is poor. Normally the pro-
filed marking and road reflectors should
continue for at least 100 m outside the tun-
nel. Otherwise the marking is as for the
open road.

In tunnels with poor lighting and diffi-
cult curves, sign 914 “Tunnel marking””
may be used to improve visibility.

of a fire extinguisher being removed all
signs up to the point of closure will be
automatically switched on. In the direction
of the exit all signs are switched off.

For emergency signs which are not traf-
fic signs, see Section 602.203 “Emergency
exit signs”.

Certain interior-illuminated signs may
be reduced in size compared to those on
the open road. This applies to triangular
and circular signs where those of medium
size (900 and 800 mm respectively), and
large size (1200 and 1000 mm respective-
ly), can be reduced by one class size. This
applies also to information signs 530–538,
which may be reduced by up to 30 percent,
and service signs 605 and 606 which can
have a width of 440 mm. For overhead
traffic lane sign 724, a minimum height
for the text of 210 mm can be used.
Manual (050) “Traffic signs” provides
details.

As far as possible effort should be made
to locate signs in the tunnel corresponding
to that on the open road. Road direction
signs require considerable space and
should be placed above the driving lanes.
The effect of signs on ventilation and illu-
mination have to be especially considered.
Normally, there is insufficient space for
more than one or two text lines on road
direction signs above the lane. The num-
ber of direction signs should therefore be
reduced to a minimum. Laterally placed
signs which are too large with regard to
the tunnel cross-section may be placed in
the emergency lay-bys. The clearance
under lateral signs should to be at least 2.0
m. See Section 403 “Tunnel cross-sec-
tions”.

See also Chapter 6 “Traffic and fire safe-
ty”.

414.4 Road marking and visibility
Warning lines, prohibitory lines and com-
binations of these together with the car-
riageway boundary line in the tunnels
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This includes cuttings in soil and rock,
vegetation, tunnel entrance, the portals,
walls etc. The approach zone shall be
located and designed as part of the setting
such that contributes to a positive driving
experience .

In general, the same principles apply for
defining and designing the tunnel as for
the open road. That which distinguishes
the tunnel approach zone from the open
road is that the cuttings, breaks in the land-
scape and the portals often make a greater
encroachment upon the landscape. This
places particular requirements on the loca-
tion and design of the tunnel approaches.

The tunnel cutting shall be located such
that the approach zone makes minimal
encroachment upon the terrain. Scars in
the landscape resulting from poor location
must be rectified using the appropriate
measures. 

The tunnel approach zones can be locat-
ed and designed according to two princi-
ples. The construction can:
• be integrated into the existing land

scape
• comprise a positive visual contrast to 

the landscape.
In most cases a ‘positive contrast’ will
imply that the tunnel approach zone is
regarded and designed on the basis of an
architectural theme which contrasts posi-
tively with the general landscape without
that the natural landscape of the tunnel
entrance becomes secondary or camou-
flaged. The construction or terrain design
should have:

• good architecture
• good craftsmanship
• materials which maintain their quality 

over time.

The curves forming part of the highway
known as Vinhellavegen (Figure 5.1) and
the tunnel on national highway 15 (Figure
5.2) are examples of independent struc-
tures which are positively incorporated
visually into the overall landscape. Here

501 The main objectives
As a rule tunnels are a part of a more
comprehensive road system which again
is part of a route way. Tunnel projects
require to be planned as a sequence of the
route way of which it is part.

The highway/tunnel driving experience
in a car consists of movement where space
is experienced as a continual sequence.
Tunnel projects shall be located and
designed such that:
• the journey comprises a continual and 

positive experience
• the immediate vicinity outside the tun

nels has a well-designed landscape 
architecture with consideration to the 
environment

Longer tunnels shall additionally:
• maintain a continuity of the journey 

experience
• be informative providing the possibili

ty for orientation, for example provide
information on the distance driven in 
the tunnel and distance to the exit

• provide the traveller with the possibi-
lity to locate himself in respect of the 
main features of the landscape traver-
sed by the tunnel

• give an understanding of, or supply 
information about the district traversed

• provide contrasts with good transition 
together with a rhythm and balance 
along the route

• comprise several subsidiary goals.
Tunnels can be designed as an experience
of a theme. Different tunnels should have
different themes. A journey can be com-
pared to reading a fascinating book where
the tunnel, for example, relates the history
of the region one is crossing.

502 The tunnel approach zone

502.1 General
The tunnel approach comprises the entire
zone which is affected by the excavation.

5 Aesthetic design of tunnels          
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the construction has been well designed
with material and craftsmanship which
stand the test of time.

502.2 Location
As far as possible the tunnel approach
zones should be located with respect to the
natural features of the landscape, and the
tunnel entrance placed in a steep rock face.
The most suitable locations are where the
terrain changes relatively abruptly from
undulating to steep. Gently sloping terrain
should be avoided as long cuttings make
deep scars in the landscape (Figure 5.3). It
is very expensive to construct long portals,
slope the lateral terrain (Figure 5.4), or
employ other measures to mould the ter-
rain.

As far as possible the tunnel approach
zone should be located such that:

• the direction of the tunnel approach 
follows the form of the natural land
scape

• the entrance to the tunnel is orthogo-
nal to the natural rock face of the 
entrance

• cuttings in soil and rock are kept to a 
minimum. 

Long cuttings in valley sides should be
avoided as these will normally be quite
exposed. Where it is unavoidable that the
cutting shall be along a valley side the
effects from a distance must be particular-
ly evaluated.

In towns and built-up areas efforts
should be made to locate the tunnel
approach zones in areas which are not in
the view of the built-up areas, Where this
is not possible the location must take into
consideration existing buildings and street

Figure 5.1 Vinhellavegen. A historic mountain
road. (Photo: Ingerlise Amundsen)

Figure 5.2 National highway 15(Photo: Astrid
Taklo)
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Figure 5.3 Approach zone in an area with slight gradient. The cutting is long and deep and does not
give a clear impression of approaching a tunnel. Illus. Ingeborg Langeland Degnes.

Figure 5.4 Approach zone in an area with slight gradient. In order to avoid the  impression of entering
a shaft at the tunnel entrance, the landscape has been comprehensively planned. Illus. Ingeborg
Langeland Degnes.



ROAD TUNNELS AESTHETICS DESIGN OF TUNNELS

56

layout such that the portals are incorporat-
ed into this structure as much as possible.
In built-up areas the approach zones
should be as restricted as possible.

502.3 Design
502.31 Terrain and building construc-
tions
The approach zone, including the tunnel
portal, shall be designed with considera-
tion to the character of the local surround-
ings. That is to say it should be based on
the existing landscape. Where a principal-
ly visual contrast is selected, this contrast
should result in a positive visual experi-
ence. The terrain and/or constructions
such as the portals and similar shall be
deliberately designed according to an
architectural motive which makes a posi-
tive contribution to the landscape.

In landscapes where the tunnel approach
zone has to be located on a valley side,
special demands are made concerning the
design of this zone. In many instances the
design will result in a positive contrast in
these situations.

When the design of the tunnel approach
zone is to be based on the existing land-
scape, it shall appear as a part of the natu-
ral landscape to the greatest possible
degree. The design shall include:
• placement of the tunnel entrance
• the length of the portal
• lateral areas towards the portal opening
• the portal construction
The tunnel ought not to commence in a
vertical curve.

Normally the entrance should com-
mence at the earliest possible point. In
many instances this will necessitate spe-
cial safety measures. The lateral areas
towards the tunnel entrance shall be
designed to harmonize with the landscape.
Where traffic is particularly heavy, land-
scaping and afforestation may be used to
provide variety in the landscape.

As far as possible landscaping shall:

• give the tunnel approach zone an open
characteristic

• restrict visible rock face cuttings.
A good location in a terrain which changes
relatively abruptly from an undulating to a
steep terrain provides the best possibilities
for designing the terrain, resulting in a
pleasing landscape architecture.

The tunnel approach zone in a relatively
gentle terrain often requires considerably
more preparation in order to achieve a
pleasant driving experience.

502.32 Existing and new vegetation
When building the tunnel entrance partic-
ular importance should be attached to pre-
serving the existing vegetation. The vege-
tation area should be protected such that
individual landowners cannot fell trees
which are of visual significance for the
portal area. This may done either by
acquiring the land or through a written
agreement with the landowner.

The need for new vegetation shall also
be considered. New vegetation shall be
planted such that it is incorporated as a
natural feature of the landscape. Normally,
new vegetation shall reflect the predomi-
nant existing vegetation. In addition trees
may be used as separate elements. The
vegetation shall give the road-user a satis-
fying impression. The general principles
for vegetation are given in Manual 017.

Vegetation is particularly important in
the portal area as it can contribute to mod-
erating and integrating the encroachment
into the landscape (Figure 5.5). Conscious
use of vegetation can reduce some of the
effect of technical equipment situated in
the tunnel approach zone. Where these
zones are characterised by many signs and
equipment, vegetation can modify the
effect of visual chaos. For example, vege-
tation may be used as the background for
signs and other equipment.

Vegetation in the area shall be planned
with both short and long term objectives in
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The portal may be designed with a
straight form or sloping, dependent upon
the terrain. A sloping face is normally best
where the portal is to be covered. The
slope of the filling is determined by the
local terrain and the best results achieved
where the slope of the filling coincides
with that of the new terrain. 

Colour may be used to emphasise the
architecture of the portal. In a natural land-
scape the selection of colours should har-
monise with that of nature. In towns and
built-up areas buildings in the vicinity will
have decisive influence.

In an urban situation the portal shall
have a conscious architectural structure
which accords with that of the district in
general. Existing and planned structures
shall provide the premises for the design.

Sidewalls to slip roads should not be
more than 1 m high such that pedestrians
can also experience the urban space.
Rather than using solid concrete walls,
railings designed to fit in with the local
architecture, also in respect of colour, are
to be preferred.

Bridges and other constructions should
be avoided in the tunnel approach (Figure
5.6). If this is unavoidable then these
should correspond to the design and con-
struction of the tunnel portal. In addition
the direction of the construction shall cor-
respond to that of the tunnel portal.

mind. For example, before existing vege-
tation is removed, new vegetation areas
may be established which will gradually
take over from existing areas.

Draughts and air currents will frequent-
ly occur around the tunnel opening. Plants
must be selected which can adapt to the
local environment.

502.33 Tunnel portals and other con-
structions
The practical function of a tunnel portal is
to protect the road from rock falls and
slides as well as against ice formation,
snow and water. In principle, tunnels can
be constructed without concrete portals
where the rock face is dry and stable and
surface water is not a problem.

The aesthetical function of a tunnel por-
tal is to provide a transition from the open
landscape to a tunnel. The design of the
portal must harmonize both with the gen-
eral features of the landscape and the tun-
nel cross-section. In a natural landscape a
gradual transition will normally be pre-
ferred. A portal which slopes backwards
and which is designed as a funnel provides
the impression of a spacious tunnel. The
portal must be designed to combine aes-
thetics with traffic safety. As a general rule
the portal should be designed such that
guard-rails are unnecessary within and
outside the tunnel entrance.

Figure 5.5 Tunnel entrance with afforestation. Examples.
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Sloping lines created by roads crossing
in front of or behind the portal should also
be avoided (Figure 5.7). If it is necessary
for a road to cross near the tunnel portal it
will often be better for this to cross above
the portal rather than immediately before

it. The portal should be constructed long
enough to provide a visual screen between
the portal and the road above. This may be
done with the assistance of terrain forma-
tion or vegetation, or a combination of
both.

Figure 5.6 A bridge located near a tunnel entrance can  result in visual chaos. Ill.Ingeborg Langeland
Degnes.

Figure 5.7 Example of an unsatisfactory profile with a transverse slope above the entrance. Illus.
Ingeborg Langeland Degnes.
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example, where the mast is positioned
against dark background, the impact is
effectively reduced by a dark green colour
rather than the light grey of the unpainted
mast.

Traffic lights, barriers and technical
equipment boxes
Similarly to other equipment, these should
be placed some distance from the portal.
Traffic lights and barriers should be placed
as far away as possible. For practical pur-
poses, control boxes have to be located
close to the portal. These should be includ-
ed when designing the portal and where
technical boxes may be concealed.

Essential barriers should be opened hor-
izontally and not vertically as the former
will be less domineering than those open-
ing vertically.

Sound barriers
Noise conditions outside the tunnel open-
ing are discussed in Chapter 3
“Consideration of the local environment”.
Sound barriers shall be adapted to the por-
tal and the local surroundings concerning
materials, design and colour.

503 The tunnel
503.1 General design
The tunnel space shall be specifically
designed employing:
• possibilities for interior variation
• lighting which breaks the monotony
• variations afforded by the line and 

geometry of the tunnel.

503.2 Line of the tunnel
As far as possible the line of the route
shall provide the basis for dividing the
tunnel into sequences and spaces which
yield a satisfactory driving experience. A
combination of horizontal and vertical
curves which provide a clear division of
space should be aimed at. The length of
spaces shall:

502.4 Vegetation and signs
In the tunnel approach area there is nor-
mally a considerable amount of equip-
ment. In order to avoid visual chaos the
number of signs and their size should be
reduced as much as possible. Necessary
signs and equipment should be placed
some way from the portal. The last lamp
standard before the tunnel entrance should
not be nearer than a half of the normal dis-
tance between the lamp posts.

The types of sign and equipment and
their location should be considered as an
entity and planned together when design-
ing the portal and tunnel approach. The
placement of each individual element
must be seen in relation to other equip-
ment. Gantries for signs should be avoid-
ed in front of the portal.

Amber lighting (low-pressure Sodium)
which results in a distorted reproduction
of colour should be avoided.

Masts for mobile telephones
Construction of new mobile telephone
masts should be avoided. Fibre-optics are
used to transmit the signal to the nearest
mast if this is located not too far away. If a
mast is nevertheless necessary fibre-optics
should be used. (In principle this enables
the mast to be placed anywhere within a
reasonable distance of the tunnel).

New masts (up to 20 m height) must be
located according to landscaping princi-
ples, and not visible from the road. This
must be considered with respect to other
local circumstances. The location should
also take into consideration the need for a
cable duct between the mast and the por-
tal. The mast may be hidden or the effect
diminished by vegetation, for example.

Design and colour have to be evaluated.
Where the mast is exposed, special design
must be considered. The colour will
depend upon the surroundings, but in most
cases a neutral colour which reduces the
impact of the mast should be chosen. For
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• be regarded in association with the 
length and radius of the curve

• be adjusted to the length of the 
entrance zones, transition zones and 
the inner zone

• suited to designed speed.
The line of the tunnel shall have a good
rhythm and a gentle continual flow. The
line of the route shall have:
• a horizontal curvature which changes 

directions
• a line with continual curves and small,

constant, gentle changes in direction.
Drivers are aware of objects which are
situated in direct line of the vehicle. Cur-
ves in the tunnel will ensure that more
attention is focussed on the walls rather
than straight ahead.

503.3 Designing the tunnel space
The tunnel space is planned on the basis
of an idea which will provide a different
experience to that of the open road. The
design shall be an interplay between the
line of the road, lighting, design and
colour and/or surface treatment of walls
and roof together with the placement and
design of inventory such as signs and
other equipment. The design and rhythm
of signs is particularly important. In long
tunnels sound (the radio for example) can
serve to emphasise the sequence. When
planning the tunnel, signs, illumination
and all other technical equipment must be
taken into consideration with regard to
design and their placement in the tunnel.
Signs and equipment must be clearly visi-
ble and easily accessible and incorporated
into the general architecture. This also
applies to emergency telephone kiosks,
boxes housing technical equipment, fire
extinguishers, doors and hatches etc.
Equipment shall be supplied ready paint-
ed in the selected colour.
Illumination which faithfully reflects
colours should be chosen. In long tunnels
in particular, attention should be given to
breaking the monotony by creating varia-

tion with the aid of illumination. One
solution can be to choose special illumi-
nation, for example in niches or emer-
gency lay-bys.

In tunnels with a lining, all equipment
not considered for public use such as
technical and communication equipment,
pumping stations etc., should be conceal-
ed behind the lining. If this equipment is
placed in tunnels without lining, the walls
and surfaces shall be constructed using
suitable materials. Entrances and doors,
however, shall be specifically designed
and delivered ready painted in the chosen
colour.

In particularly long tunnels it is possi-
ble for the cross-section to vary through-
out the tunnel. Small “mountain halls”
along the tunnel can give the effect of a
“breathing space” and contribute to
breaking the monotony to which drivers
are subjected. This can be solved through
redesigning elements already planned
such as emergency lay-bys, turning
points, pumping stations and others.
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For tunnels shorter than 250 m,
demands are made only upon lighting.

The principles for evacuation are
based upon road-users making their way
out on foot or using their own vehicle. In
tunnels with two-way traffic, facilities
shall be available allowing road users to
turn and drive out again. Turning points
and emergency lay-bys are constructed as
given in Section 408.

In tunnels with two parallel tubes,
emergency escape is made through foot-
way interconnections.

601.1 Existing tunnels
When upgrading safety measures in

existing tunnels, those sections to be up-
graded shall employ the same safety spe-
cifications as in new tunnels.

Table 6.1 shows the specifications for
safety equipment in the various tunnel
categories.

601 General
The level of safety in a tunnel shall re-
semble that of the open road. The total
cost for building, operation and the main-
tenance of safety shall be kept as low as
possible. Control that safety objectives
have been achieved are made with the aid
of a risk analysis as specified in “Risk
analysis of fires in road tunnels”, guide to
NS 3901.

The tunnel category determines the
specifications of safety equipment in the
tunnels. The tunnel categories are illus-
trated in Figure 6.1. See also Chapter 4,
“Geometric design”.

For entry and exit slip roads the same
demands for safety equipment apply as in
the main tunnel.

Tunnels with a length of between 250
m and 500 m are placed in a tunnel cate-
gory which is lower than that suggeste by
the designed traffic volume.

6 Traffic and fire safety

S
pe

ci
al

 e
va

lu
at

io
n

Tunnel length in kilometres

Average annual 
daily traffic AADT

15000

10000

7500

5000

2.50.5 5.0 7.5 10.0 12.5

2 x T 9.5

2 x T 8.5 (2 x T9.5*)

T 9.5

T 8.5 (T9.5*)

T 8.5

T 5.5
300

A

B

C

D

E

F

Figure 6.1 Tunnel categories.  T9.5*
applies to trunk road network (corres-
ponding to Fig. 4.1)
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EQUIPMENT

� Obligatory
� Evaluated

Emergency lay-bys

Turning points

Escape possibility by foot

Power supply, lighting and
ventilation

Emergency
power supply

Emergency exit lighting

Emergency Exit sign

Emergency telephone

Fire extinguishers

Water for fire extinguishing

Flashing red stop signal

Remote controlled barriers

Changeable signs

Lane signals

CCTV surveillance

Communication and
broadcasting equipment

Mobile telephone

Height control barrier

TUNNEL CATEGORY

A B C D E F

� � � � �

� � �

� �

See Chapter 10 “Technical
equipment

� � �  � �

� � � �

� �

� � � � �

� � � � � �

� � � � �

� � � � �

� � � � �

� � � � �

� �

� �

� � � � �

� � � � �

� � � � � �

NOTES

See Ch. 4 “Geometric design”

Interconnections every 250 m

Lighting in the event of power failure
See Sections 602.201 and 1003.6

Approx. every 62.5 m.See Sec. 602.202 

Also obligatory in other categories if the 
tunnel is constructed with alternative emergency
exits,e.g.interconnections. See Sections 602.203

Category B: Approx. every 500 m1)

C: Approx. every  375 m1)

D: Approx. every 250 m (both sides)1) 

E: Approx. every  500 m1)

F: Approx. every  250 m1)

Category B: Approx. every  250 m1) 2)

C, D: Approx. every  125 m1) 2) 

E: Approx. every  125 m1) 

F: Approx. every  62,5 m1)

Alternative solutions in Section 602.206

See Section 602.207

Evaluated on basis of expected frequency of use.
See Section 602.208

See Section  602.209 and 603

See Section 602.209

See Section 602.210 and 603

See Section 602.3

Determined in conjunction with mobile teleph. company

See Section 602.211

602 Safety equipment

602.1 Safety equipment in the various tunnel categories

Table 6.1 Safety equipment in tunnels

1)  Emergency telephone and fire extinguisher additionally installed outside each tunnel entrance (See Section 414.2)

2)  Fire extinguishers mounted on one side at given intervals. In addition, fire extinguishers are located together with all emergency tele
phones on the opposite side
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placed outside each tunnel opening (see
Section 414.2).

Design of lay-bays, niches, intercon-
nections etc. are given in Chapter 4
“Geometric design”.

In Section 602.2, a more detailed
description is given of the requirements
relating to the various installations
included under safety equipment.

Concerning power supplies, lighting
and ventilation, reference is made to
Chapter 10 “Technical equipment”.

A solid circle indicates that the stated
equipment is obligatory.

An open circle indicates that the need
to install this equipment has to be consid-
ered. The equipment shall only be
installed if it can be documented that
there are special circumstances which
deem this necessary.

In Figures 6.2 – 6.6, the location of
emergency lay-bys, emergency tele-
phones and fire extinguishers are indicat-
ed schematically for the various tunnel
categories.  In addition, an emergency
telephone and fire extinguishers shall be

Every 250 m plus emergency telephone on oppositeopposite side
E

F

TUNNEL CATEGORY B

Emergency lay-bys
Emergency telephones

Fire extinguishers

Every 500 m (in emergency lay-bys)

Every 500 m

E F

E FE F
F F F

Figure 6.2 Lay-bys and equipment. Tunnel category B.

Figure 6.3 Lay-bys and equipment. Tunnel category C.

Every 125 m plus emergency telephone on oppositeopposite side

TUNNEL CATEGORY C

Emergency lay-bys
Emergency telephones

Fire extinguishers

Every 375 m (in emergency lay-bys)

Every 375 m

E

F

F F F F

E F

E F

E F

E F
F FF F F F
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Every 250 m on oppositeopposite side 

TUNNEL CATEGORY D

Emergency lay-bys
Emergency telephones

Fire extinguishers

Every 250 m (in emergency lay-bys)

Every 250 m

Every 125 m on one side
E

F

F

F
F

F

F F

F

E

E

E

F
F F

E

F

F

E

E

F

E

E

Figure 6.4 Lay-bys and equipment. Tunnel category D.

Every 500 m 

TUNNEL CATEGORY E

Emergency lay-bys in each lane

Interconnection (footways)

Emergency telephones in each direction

Every 250 m    

Every 500 m

Fire extinguishers in each direction                                  Every 125 m
E

F

F F
FE

F F F
FE E

F F F
F

Figure 6.5 Lay-bys and equipment. Tunnel category E.



ROAD TUNNELS TRAFF IC  AND F IRE  SAFETY

65

602.2 Equipment specifications for
tunnel safety equipment
602.201 Emergency power supply 
In order to ensure that road users are not
handicapped by power failure the follow-
ing equipment shall be connected to con-
tinuous power supply equipment (batteries
or aggregate):
• Surveillance, control
• Flashing red stop signal
• Priority lighting See Section 1003.6
• Escape route lighting
• Emergency telephone
• Service signs
• Emergency Exit signs
• Communication and broadcasting 

equipment.
In addition, an evaluation should be made
as to whether other equipment is to be
connected to the emergency power supply
for tunnel categories E and F.

The emergency power supply shall func-
tion for a minimum of one hour’s duration
with the designed load. In the event of an
incident occurring in the tunnel the safety

equipment shall function in accordance
with Section 1002.

If the emergency power supply is based
on a central battery plant, these shall be
placed within a special room.

In tunnel categories E and F the inter-
connections shall have emergency power
supply from the sources for both tubes.

602.202 Emergency escape route lighting
Emergency escape route lighting is used to
direct road users towards the exits in
smoke-filled tunnels. The lights are auto-
matically turned on when a fire extin-
guisher is removed or when the alarm is
given from the fire control base. The lights
are mounted 1.0 m above the carriageway,
on one side at intervals of approx. 62.5 m.
In curves the lights shall be placed such
that the next one can be observed. The out-
put shall be approx. 1800 lumen (Lm) and
a colour temperature of approx 4000
degrees Kelvin (K). In twin-tube tunnels
the escape route lights shall be located on
the right hand side with the emergency

Every 250 m 

TUNNEL CATEGORY F

Emergency lay-bys in each lane

Interconnection (footways)

Emergency telephones in each direction

Every 250 m    
Every 500 m

Fire extinguishers in each direction                                 Every 62.5 m

E

F

F F F
F

F

F

FFFF

F

F F
F

F F F

F

F
F

F F F E
EE

E
E

E

Figure 6.6 Lay-bys and equipment. Tunnel category F.
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exit sign indicating the interconnection
placed above and vertical to the driving
direction. The light fittings shall be of
hardened glass.

602.203 Emergency Exit signs
Internally lit signs in green and white are
used in interconnections and other emer-
gency routes within the tunnel (Figure
6.7). These shall have a format of 400 x
400 mm and placed vertical to the driving
directions.

602.204 Emergency telephone
The emergency telephone shall give a

dialling tone when lifted. The telephone
shall be connected directly to a manned
emergency operations room, preferably a
traffic control centre. The telephones shall
be mounted such that it is possible to see
where the call is being made from. The
telephones should be mounted in a dust-
free kiosk with internal lighting. An exam-
ple of the design of a niche for a kiosk
with emergency telephone is shown in
Figure 6.8. The door should be equipped
with a panic release.

Directions for use of the telephone
should be given in several languages. The
following is an example:

Løft av røret og vent på svar
Hvis ingen svarer innen ett minutt,
legg på røret og prøv igjen.
Lift the receiver, and wait for an 
answer.If no one answers within the 
first minute, hang up and try again.
Hörer abnehmen, und Antwort abwar-
ten.Falls innerhalb einer Minute keine 
Antwort kommt, Hörer auflegen und 
erneut versuchen.
Décrochez et attendez. Si vous nàvez 

Figure 6.7 Emergency Exit sign.

Figure 6.8 Example of plan for emergency telephone niche.
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if necessary placed against a black back-
ground. If the cause of the closure is not
immediately clear the signal may be sup-
plemented with a sub-sign (808).

Where closure in connection with main-
tenance occurs relatively frequently a vari-
able sign may be used where both a flash-
ing red stop signal and a blinking amber
warning signal are mounted on the sign
plate.

The flashing red stop signal may be locat-
ed at three alternative places:
• in front of the tunnel portal (see 

Section 414.2)
• in turning points in the tunnel
• immediately after the place defined as 

a diversion route prior to the tunnel.
In certain circumstances it can be appro-
priate to erect signals at several of these
alternatives.

The position of the flashing red stop sig-
nal is shown in Figure 4.23. When deter-
mining the location of the equipment con-
sideration should also be made of the aes-
thetical design of the portal and the imme-
diate surroundings.

The flashing red stop signal may be acti-
vated as follows:
• automatically with removal of a fire 

extinguisher
• automatically when poor air quality is 

detected
• remote control from traffic control 

centre
• locally through control panels on the 

equipment.

602.208 Remote-controlled barriers for
tunnel closure
Experience shows that open manual barri-
ers can conflict with the interpretation of
closure with the flashing red stop signal.
Remote-controlled barriers should thus be
used only in combination with this signal.

pas, de réponse au bout d’une minute,
reposez le combinè, et répétez l’opera
tion.

602.205 Fire extinguishers
Fire extinguishers should be a minimum
of 6 kg ABC (NS EN3). The extinguishers
should be mounted in separate boxes.
These are marked with approved symbols.
For tunnels in categories D and F, two
extinguishers are mounted in each box.

The boxes shall be coloured orange code
80 and marked “Norwegian Public Roads
Administration”.

A signal shall be sent to the traffic con-
trol centre if a fire extinguisher is
removed. A sign shall inform road users
that removal of an extinguisher will auto-
matically raise the alarm and closure of
the tunnel. For tunnels in Category A the
need for a signal to a traffic control centre
shall be specially considered. In addition,
the alarm is transmitted to the control cen-
tre when a box is opened.

Fire extinguishers are indicated with
sign 606, see Section 414.3.

602.206 Water for fire extinguishing
Alternative solutions include:
• separate wells (approx. 6 m3) linked to

the drainage system (See Section 805)
• tank vehicle with sufficient capacity 

(approx. 6 m3)
• reservoir in the dip 

In special circumstances where high-
pressure water is easily available, for
example in urban tunnels, the transient
water pipe may provide an alternative.

602.207 Flashing red stop signal
A flashing red stop signal is operated
when the tunnel has to be closed to traffic,
for example on account of high pollution
levels, traffic accident, maintenance or for
other particular reasons.

The flashing red stop signal shall have
two horizontally placed red lamp holders,
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The barrier should be long enough to
ensure that the entry lane is blocked but
such that it is possible to drive out of the
tunnel. The need for remote-controlled
barriers shall be considered on the basis of
expected frequency of use. Remote-con-
trolled barriers should also be able to be
operated manually at the site. In tunnel
category F, remote-controlled barriers are
obligatory.

Remote-controlled barriers are used
either to give a clear indication and rapid
closure of the tunnel, or to provide safety
directions to road users, as for example,
along a two-lane single flow section tem-
porarily regulated to contra-flow. 

The need for remote-controlled barriers
are evaluated as part of the automatic traf-
fic control system (for example CCTV
surveillance) for traffic redirection, or to
undertake certain critical measures with
regard to safety.

When the barriers are used for redirec-
tion purposes these are equipped with
flashing amber warning signals or as alter-
nating flashes between two single lamps,
dependent upon the purpose of the signals.

Remote-controlled barriers may be of
the raise/lower type or as horizontal
swinging barriers. The latter are preferred
on aesthetic grounds.

When remote-controlled barriers are
used these shall be equipped with a control
function to ensure that vehicles are not sit-
uated under the barrier when it is lowered,
and that the operator is always aware of

the position of the barrier. The remote-
controlled barrier should not be able to be
operated unless sufficient advance warn-
ing has been given by the red light linked
to the barrier.

602.209 Changeable signs and lane sig-
nals
Changeable signs can be operated using
various technologies. The most common
are mechanical-variable signs or diode-
based signs.

With regard to uniformity in the design
of road signs, mechanical-variable signs
are used almost without exception for
installations which indicate road direc-
tions.

The signs can be designed with perma-
nent features or as freely programmable
signs. The latter are mainly used on infor-
mation sign boards. Messages can be pro-
grammed by an operator in the traffic con-
trol centre and immediately directed to the
sign for local storage and/or display.

Lane signals are light signal displayed
with symbols as in Figure 6.9: red diago-
nal cross; yellow diagonal arrow
(left/right); and green vertical (downward)
arrow.

Lane signals in tunnels are used to indi-
cate exceptional use of  lanes in one-way
tunnels.

The signals may be used to close a lane
in the event of an accident, to operate two-
way traffic in the tunnel, or in connection
with highway maintenance. Under normal

Figure 6.9 Lane signals (measurements in mm)
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than 500 m radio equipment shall be
installed only after a special evaluation.
An evaluation shall take into consideration
the extent to which transmitters outside
the tunnel will be effective inside the tun-
nel.

The radio equipment shall encompass
communication and broadcasting facilities
(see Sections 602.21 and 602.32). Radio
equipment utilised shall satisfy the author-
ities’ specifications and be approved for
use in Norway. The equipment shall be
installed in a purpose-designed room
meeting temperature requirements, and if
necessary, cooling equipment shall be
installed.

The radio equipment must be capable of
expansion to include several channels and
for future transmission systems. The
inclusion of additional channels/systems
implies that the channel or system propri-
etor must cover the costs of establishment
and lease space for the equipment from the
Norwegian Public Roads Administration.

A cable antenna is used as sender. All
radio signal cables utilized in the tunnel
shall satisfy the requirements of cable
class 3, see Chapter 10 “Technical equip-
ment” (1001.4). The electro-technical
requirements of cables have to be speci-
fied for the individual tunnel when design-
ing the radio equipment.

Radio signal cable shall be installed at
least 80 mm from associated metal con-
structions, such as cable bridges and other
cables. The method of suspension must be
determined when the decision has been
made for other electrical installations and
approved by the cable manufacturer.

In long tunnels several “amplifiers”
must be linked together to form a “radio
base” via fibre cables. When several tun-
nels are located close to each other a joint
radio system may be constructed compris-
ing a number of linked technical installa-
tions.

In order to establish a link to the exter-

traffic conditions the signals will be off.
The signals are placed above each lane

and inform the road user whether he/she
may use that lane (green arrow) or not (red
cross). The blinking yellow arrow indi-
cates that the lane is closed ahead and that
road users should move into the indicated
lane at the first opportunity.(Details are
given in Manual 048)

In tunnel tubes where the lane signals
are use for contra flows, these are mount-
ed “back to back” above each lane.The
paired signals are coupled such that they
cannot both show green simultaneously.

Traffic control equipment which
involves lane signals must be approved by
the Directorate of Public Roads.

602.210 CCTV surveillance
CCTV (Closed circuit television) surveil-
lance is only applicable to tunnels with a
high capacity usage throughout much of
the day such that those incidents  requiring
traffic regulation measures may be imme-
diately and efficiently recognised and
where queues and possible incidents arise.

CCTV surveillance necessitates links to
a traffic control centre.

Local CCTV surveillance can be rele-
vant for areas of remote controlled barriers
(see Section 602.208).

602.211 Height barriers
Height barriers are obligatory in all tunnel
categories. These barriers are not required,
however, where bridges or other construc-
tions on the road network leading to the
tunnel have the necessary constraining
effect. Height barriers shall be solidly con-
structed such that any vehicle coming into
contact with it will be aware of this.

602.3 Radio equipment
The Norwegian Public Roads
Administration has the responsibility for
installing radio equipment in new tunnels
longer than 500 m. For tunnels shorter
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nal radio station it is necessary to con-
struct antenna in one or more masts out-
side the tunnel. The dimensions and num-
ber of masts will be dependent upon local
circumstances and determined following
measurements undertaken at the site. The
costs of masts required by the Norwegian
Public Roads Administration will be borne
by this authority, but where, for example,
mobile telephone operators wish to lease
capacity for their antenna, this will be paid
according to the main agreement.

602.31 Communication equipment
The Norwegian Public Roads Admini-
stration has the responsibility for installing
and operating communication equipment
necessary to ensure that each emergency
service may operate their own system
within the tunnel, including the joint dual
frequency emergency channel. 

Equipment must be installed such that
the emergency services have the same
coverage inside the tunnel as outside. The
configuration for each tunnel shall be pre-
pared and approved in conjunction with
the local emergency service.

A corresponding responsibility also
applies to the Norwegian Public Roads
Administration’s own communication sys-
tem in those tunnels where it has been
determined that this shall be installed.

The individual authorities are them-
selves responsible for use of their own
radio channels in the tunnels in accor-
dance with their concession. The Ministry
of Justice is the licensing authority for
dual frequency channels.

In the event of any of the emergency
services undertaking a reconstruction or
essential changes in their communications
system outside tunnels which result in the
equipment in the tunnels also requiring to
be upgraded, any necessary reconstruction
will be at expense of the relevant authori-
ty.

602.32 Broadcasting equipment with
“interruption facilities”
The Norwegian Public Roads
Administration has the responsibility for
establishing and operating broadcasting
equipment which is necessary to give cov-
erage of the Norwegian Broadcasting
Corporation channel NRK P1. The equip-
ment shall provide satisfactory coverage
through the entire tunnel and be installed
with an “interruption facility” for trans-
mission of traffic information.

For all other radio channels except NRK
P1  the costs of installation and operation
must be covered by the broadcasting com-
pany itself. An annual leasing charge shall
be paid to the Norwegian Public Roads
Administration for the space utilised by
the equipment.

When planning radio services contact
should be made with the individual radio
station/local broadcasting services to clar-
ify their interest in inclusion in the project.

All broadcasting channels which are
incorporated into the system shall have the
same “interruption facility” as for NRK
P1.

602.33 Mobile telephones
The network operators for mobile tele-

phones have the responsibility for plan-
ning, installing and operating mobile tele-
phone equipment in road tunnels. The
operator shall pay a proportion of the
installation costs and leasing charges in
accordance with the main agreement.

When planning new tunnels, coopera-
tion must be entered into at the earliest
possible opportunity with the network
operators in order to clarify their require-
ments for space for equipment in tele-
phone kiosks, masts, antenna in tunnels,
cable ducts, cables and power.

The operators shall be given access to
diagrams and technical drawings which
are essential for their planning, and invit-
ed to necessary meetings both in the plan-
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• environmental  and  safety aspects 
related to  diversion routes for the 
tunnel

• capacity analyses.
On the basis of the above the frequency of
use for the traffic regulating equipment
may be estimated.

The need for automatic detection of traf-
fic incidents is essentially based on the
following:
• queue warning systems (for example) 

as a basis for the operation of locally 
directed traffic control systems

• ensuring the quickest recognition of 
incidents in the tunnel as a basis for 
implementing traffic control.

The means analysis shall include a cost-
benefit analysis of the relevant traffic sur-
veillance systems and traffic control con-
cepts achieved through the use of various
degrees of automation for technical instal-
lations (various levels of use of remote
controlled barriers, lane signals and vari-
able signs). The Directorate of Public
Roads has developed a model for cost-
benefit studies of different traffic control
concepts for closure of tunnels with asso-
ciated installation of redirection signs.

Planning of traffic control equipment
shall be carried out as an umbrella process
for the entire road system independently
of an eventual division of the construction
into sub-parcels.

A traffic control system for a tunnel will
frequently require installations to be locat-
ed outside the construction area. These
installations along with associated supply
and communication cables should be con-
sidered as part of the entire tunnel con-
struction project.

The consequences for established traffic
control units and/or operational units shall
also be clarified during the planning
process.

ning stage and following commencement
of the project.

Specified work and any supplies made
on behalf of the net operator by the
Norwegian Public Roads Administration
shall be invoiced when the supplies have
been delivered.

Installation of mobile telephone equip-
ment in older tunnels by the operator must
be approved by the Norwegian Public
Roads Administration before work is com-
menced. Costs of installation and leasing
costs are paid according to the main con-
tract.

603 Traffic control and incident detec-
tion

603.1 Means analysis
An analysis of the need for traffic control
equipment other than the flashing red stop
signal should be made at an early stage
and as an integrated part of the geometric
design of the tunnel and associated
approach zones.

The principles of traffic control are an
integral part of the preparation of emer-
gency plans for the tunnel.

As a basis for determining the essential
equipment for traffic control and incident
detection, a means analysis is required to
be carried out to clarify the following:

• traffic regulation procedures in the 
event of tunnel closure

• need for surveillance, regulation and 
warning systems with respect to traffic
safety and optimum traffic flow in the 
tunnel

The means analysis is normally carried out
on the basis of the following elements:
• expected frequency of traffic incidents

(fire in automobiles, accidents involv
ing persons, accidents with material 
damage and vehicle stops in emer
gency lay-bys, or in the traffic lane)

• extent of strategies for operations and 
maintenance in the tunnel
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Traffic control measures

Decisive and rapid closure of
tunnels 

Installation of redirection signs
(relief roads)

Closure of lanes

(tunnel categories E and F)

Two-way traffic control sys-
tem( tunnel categories E and F)

Warning of incidents within the
tunnel

Information on cause and
duration of tunnel closure

Relevant technical equipment

Remote controlled barriers

Changeable signs

(+ lane signals on multiple lane
roads) 

Lane signals

Lane signals
Changeable signs
Remote controlled barriers

Changeable warning-/information
signs before and inside the tunnel

Variable information signs before
the tunnel

Aspects to be considered before installation

- Increased safety in tunnels with consider
able traffic volume and/or particularly long
tunnels
- Reduced manning costs in the event of tun-
nel closure

Requirements for road user services on the
relevant roads regarding information, traffic
flow and delays. 
Requirements for directions signs, e.g. lane
instructions/diversions on multiple lane high-
ways
Reduced manning costs related to installation

of redirection signs during tunnel closure 

Traffic safety, avoidance of chain collisions
in tunnels
Reduce need for tunnel closure
Necessary part of maintenance warning sys-
tem during works with traffic in the tunnel

Minimise use of redirection with considera-
tion to the environment, driving and accident
costs
Requirements of services to road users
regarding information and redirection
Road works warning system which ensures
complete tunnel closure

Traffic safety, avoidance of chain collisions
in tunnels 

Reduced need for tunnel closure

Requirements for services to road users
where redirection routes not found or where
redirection signs are not desired

Table 6.2 Programmed control implemented manually

603.2 Main types of traffic control sys-
tems

Traffic control systems associated with
tunnels may be operated in two ways:
• Pre-programmed measures which are 

operated manually by the operator in 
the control centre, or from control pan
els located at the site of the tunnel.

• Systems which automatically regulate 
traffic or warn road users directly as a 
result of detection measures of the traf
fic situation.

603.21 Pre-programmed measures
In tables 6.2 and 6.3 a list is given of those
measures which are relevant to the use of
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603.31 Indirect detection
A vehicle break-down is recognised when
reduced traffic flow is detected in a sec-
tion or a length of the tunnel. The detec-
tion systems based on indirect detection
generally place few demands on equip-
ment.

603.32 Direct detection
These systems are directed towards detect-
ing an individual vehicle having stopped
in the carriageway thus constituting a con-
siderable danger. The systems are fre-
quently based on video-technology and
therefore require comprehensive coverage
with cameras.

Incident detection systems can be based
on different technologies, for example:
• inductive loops
• image interpretation systems
• infrared detectors
With consideration to traffic safety, it may
be appropriate to install incident detectors
in those instances where rapid detection of
incidents is desirable such as a break down
in the carriageway or irregular queues.

dirigible traffic-technical installations.
The traffic control programmes are

remote-controlled from the control centre
which is contacted prior to tenders. In
addition, it shall always be possible to
open and close the tunnel from manually
operated control panels located at the tun-
nel entrance. The same control panels
shall also be capable of controlling light-
ing and ventilation in the tunnel.

It is advisable that automatic traffic
control systems are installed following a
period of evaluation of the specific re-
quirements, i.e. after the tunnel has been
opened. In order that installation may
then be carried out with minimum incon-
venience to road users, allowances should
be made in the construction phase for
later installations as may be found to be
required. This may involve extra cable
ducts, reservation of space for future
equipment, design of local equipment to
take account of future increase in demand
etc.

603.3 Detection of incidents – technical
solutions
Detection systems can be placed into two
categories: direct and indirect.

Traffic control measures

Queue warning

Optimisation of traffic flow

Tunnel approach control

Warning of slow-moving vehi-
cles

Relevant traffic-technical equipment

Variable speed limits/warning
signs/information signs

Variable speed limits

Traffic lights at control points 

+ advance warning of controls

Variable information/warning signs
before and inside tunnel

Considerations to be made

Increased traffic safety, primarily accidents

from rear 

Increased capacity
Reduced driving costs
Increased traffic safety

- Prevention of queues in tunnels with
regard to road users’ subjective experience of
tunnel queues
Control of queue length in tunnel with
regard to installed ventilation capacity

Traffic safety in tunnels with long and steep
slopes

Table 6.3 Examples of automatic traffic control measures
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604 Warning of Road works

Similarly to the open road, advance warn-
ing of road works in a tunnel shall ensure
the safety of workers while simultaneous-
ly preparing the road user for an unusual
traffic situation which might affect normal
traffic flow. It can often be difficult for a
driver to judge the actual distance to other
vehicles in the tunnel. Special demands
are therefore made to warnings concerning
re-direction of traffic. Warnings of road
works shall thus be given in advance of
the stretch where the works are in
progress.

Routines must be prepared for the actual
tunnel, adapted to the type of works in
progress, the warning signs in the tunnel,
traffic volume, redirection possibilities,
etc. Procedures for warning, signposting
and work procedures are described in
Manual 051 and 213.

605 Fire protection

605.1 General
Regulations pertaining to fire protection in
tunnels are stipulated in the Fire
Protection Act of 1987 and the accompa-
nying regulations. Recommendations are
made in the regulations that tunnels longer
than 500 m are classified as particular fire
objects. The municipality/fire service may
also determine that other tunnels are clas-
sified accordingly. Tunnels longer than
500 m on trunk roads must be considered
as particular fire objects irrespective of
formal municipal resolutions.

An emergency plan has to be prepared
for all tunnels longer than 500 m. This
must be prepared during the planning
phase and in close cooperation with the
local emergency services. Other tunnels in
the vicinity should also be included when
the emergency plan is prepared.

Consideration of a simplified emergency
plan for shorter tunnels should be made in
cooperation with the fire service.

The Ministry of Transport and
Communications and the Ministry of
Local Government and Regional
Development have prepared guidelines for
the administrative procedures concerning
fire protection in road tunnels (July 2000).
The guidelines outline cooperation
between the Norwegian Public Roads
Administration and the fire authorities,
procedures for risk analyses, responsibili-
ty and cooperation in exercises, emer-
gency plans and participation, and also
state regulations for upgrading of existing
tunnels. Similarly, the Directorate for Fire
and Electrical Safety (DBE) has prepared
a brochure on fire safety in road tunnels
(May 1999).

605.2 Fire load: specifications for con-
structions and equipment
Tunnels shall be designed for a fire load of
5 MW when AADT(10) < 10,000, and 20
MW when AADT(10) > 10,000.

In tunnels where there is a risk of infra-
structure damage resulting from a fire, the
designed fire load must be particularly
considered.

The specifications of cables which shall
function during the event of fire are given
in Chapter 10 “Technical equipment”,
Section 1001.4. Cable class 3, fire-proof
cables, shall be used in all open ducts up to
the location of the equipment which must
be operational during a fire.

For equipment which shall function dur-
ing a fire (lighting, ventilation, signal
cables, etc.), these shall be installed/linked
such that the tunnel is divided into sec-
tions.

For twin-tube tunnels, a firewall shall be
established in all interconnections. All
firewalls shall have a fire resistance of at
least REI-M 120 as specified in the
Planning and Building Act regulations.
Doors in the fire wall shall have a fire
resistance of EI-C 60. Doors into technical
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sub-sea tunnels and in long concrete tun-
nels (immersed tunnels, tunnels directly
under buildings etc.) special considera-
tions should be made. The analysis shall
include calculations and comparison of
personal injuries and material damage in
the tunnel and for alternative routes.

Hazardous goods are defined in the
ADR Agreement (The European
Agreement on International Road
Transport of Hazardous Goods) and UN
Agreement ECE/TRANS/60. Products
which are included in the ADR Agreement
are grouped into the following 9 main
groups with sub-groups:

Class 1 – Explosive substances and 
objects

Class 2- Gases: condensed, liquid, or
under pressure

Class 3 –    Flammable liquids
Class 4.1 – Flammable solids
Class 4.3 – Self-combustible substances
Class 4.3 – Substances which react with 

water emitting flammable 
gases

Class 5.1 – Oxidizing (fire-intensifying) 
substances

rooms shall have a fire resistance of EI 60.
All doors in firewalls shall be designed

as locks and shall be gas- and smoke-
proof. Walls in the lock shall have the
same specifications as the firewall.

606 Transport of hazardous goods

Regulations and conditions for transport
of hazardous goods are regulated accord-
ing to §18 in the Road Traffic Act. In the
regulations the following special condi-
tions and restrictions are specified:

§4-1. Concerning demands for transport
on specified roads and in specified road
tunnels, “Upon the recommendation of the
responsible authority the Directorate of
Public Roads can resolve that transport of
hazardous substances has to be reported,
and may also determine that transport of
certain hazardous substances along speci-
fied roads and road tunnels shall be per-
mitted subject to certain conditions or
completely prohibited. The Directorate of
Public Roads may delegate this responsi-
bility to the appropriate road authority”.

All normal tunnels with low traffic vol-
ume are normally open to transport of haz-
ardous goods. For tunnels in urban areas,

ADR class Fire Poisoning Explosion Other

1 X X

2 X X X

3 X

4 X

5 X

6 X

7 X

8 X

9 X

Table 6.4 Primary effects following an accident involving hazardous goods
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Class 5.2 – Flammable organic perox
ides

Class 6.1 – Toxic or harmful substances
Class 6.2 – Infectious substances
Class 7 –  Radioactive material
Class 8 – Corrosive substances
Class 9 – Miscellaneous dangerous 

substances
As the risk for pedestrians, cyclists and
third parties is generally less in the event
of an accident inside the tunnel than out-
side, transport of hazardous goods shall be
through tunnels in urban areas unless the
risk analysis suggests otherwise.

Hazardous substances, which in the
event of an accident, do not have greater
consequences inside a tunnel than on an
alternative route, shall be transported
through tunnel in accordance with the reg-
ulations relating to transport on the alter-
native route.

Measures which can reduce the conse-
quences, and to a certain extent the risk of
an accident with hazardous goods, include
restrictions on transport, escorting, sur-
veillance/registration, water pipes, fire
alarms and fire ventilation.

607 Emergency plans
In principle an emergency plan is an
agreement between the tunnel’s owner
and the emergency services on shared
responsibility and tasks in the event of an
accident in the tunnel.

The emergency plan essentially comprises
three parts:
• A description of the tunnel, equipment

in the tunnel, redirection possibilities 
and available equipment

• A risk analysis
• A description of a number of important

scenarios and the input plans for each 
of these with a clarification of the 
responsibilities of each of the emer-
gency services.

The emergency plan shall be prepared dur-

ing the planning stage of the tunnel, and
shall be revised according to need. It is
important that the plan is simple to exe-
cute and that regular practice exercises are
undertaken. A separate guide has been pre-
pared to show the contents of the plan in
detail.

It is a requirement that a risk analysis is
undertaken for tunnels classified as special
fire objects. A guide has been prepared to
indicate how these analyses should be car-
ried out. Risk analyses are also described
in a number of other brochures (in Nor-
wegian) prepared by the Directorate of
Public Roads.

As part of the emergency plan restriction
on transport of hazardous goods through
the tunnel should be evaluated. Deter-
mination of restrictions is determined by
the Directorate of Public Roads.



ROAD TUNNELS THE WORKFACE,SUPPORT,   
WATER AND FROST PROTECTION

77

If twin-tube tunnels are to be excavated,
the minimum distance between these must
be 10 m. An exception to this is the area in
the vicinity of the entrance where the dis-
tance should be reduced and evaluated
with consideration to stability, the extent
of the open cuts and aesthetics.

702 Work face assignments

702.1 Exploratory drilling (probing
ahead of tunnel face)
Exploratory drilling is carried out to
obtain information on the rock quality, the
rock cover and water-bearing zones ahead
of tunnel face. On the basis of exploratory
drilling a decision can be made regarding
any special measures to be carried out
such as further drilling, pre-grouting, bolt-
ing, reduced blast round depths, etc.
Sufficient exploratory drilling must be
undertaken to determine the extent of
potential leakages. This is particularly
important in the start phase when leakages
are least known.

Exploratory drilling can be carried out as:
• percusive drilling at the workface
• core drilling.
Normally percusive drilling is used with
the tunnel jumbo.

Core drilling is used in special circum-
stances where further information is
required on the rock condition, for exam-
ple in large weakness zones. Core drilling
is then used as a supplement to percusive
drilling and is carried out from the tunnel
face.

In sub-sea tunnels systematic explorato-
ry drilling shall be carried out below sea-
level.

702.2 Pre-grouting
Pre-grouting are used in areas where water
leakages can result in damage or problems
with tunnel equipment, and/or where max-
imum leakage is specified in order to pre-
vent environmental damage.

701 Cuttings and the tunnel entrance
The rock mass is generally of poorer
quality at the tunnel entrance than in the
tunnel itself. Zones of weakness in the
vicinity of, or within the tunnel entrance
area, must be given special attention.

Detailed design of the open cut and
tunnel entrance with regard to the incline
and direction will require that special
attention is given to weaknesses in the
rock face.

Rock blasting must be carried out so
as to avoid destabilization of possible
sliding planes which will result in unsta-
ble excavation.

A special blasting and support plan
must be prepared for the tunnel entrance.

Normally, a complete cross-section
with a full blast round is not used with
the initial blasting of the tunnel entrance.
As a rule, the depth of the first blast
round are reduced until a stable entrance
has been established. Alternatively, an
initial pilot boring may be made, or a par-
tial section of the cross-section prior to
subsequent enlargement to the full cross-
section.

Securing the entrance may include
advanced pre-cautionary measures as
well as traditional measures. These will
often include fore-bolting, sprayed con-
crete and/or cast concrete.

In order to eliminate traffic danger
resulting from rock falls, snow slides, ice
blocks or similar, and to prevent water
dripping from the tunnel entrance and onto
the road surface, portals are constructed in
the entrance. The portals extend to a suffi-
cient distance so as to collect all rock and
ice spoil.

In addition precautions must be made to
ensure that the open cut leading to the por-
tal has sufficient breadth with respect to
possible spoil. See Manual 018.

It is important to ensure that the tunnel
entrance and the portals have an aesthetic
design. See Chapter 5.

7  The Workface, support, water and 
frost protection
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Based on data from the geological inves-
tigations, exploratory drilling, and leakage
measurements, a hydrological evaluation
is made of the rock mass ahead of the tun-
nel face. This provides the basis of a plan
for pre-grouting. Other circumstances
related to the need for pre-grouting are
described in Section 305.2.

Planning and execution of pre-grouting
require consideration of the following:
• It is important that the grouting fan is 

appropriate for local geological condi
tions

• Drilling of control holes shall not punc
ture the pre-grouted zone.

• Bolting is also carried out such that the
pre-grouting zone is not penetrated or 
punctured.

• Blasting shall be carried out in a man
ner to ensure that the pre-grouted zone
is not damaged

• The injection pressure and stop criteria
must be determined

• Pre-grouting shall also be carried out at
the tunnel face itself.

• For permanent water control, demands
are placed upon the long-term dura-
bility of the pre-grouting material.

703 Support
703.1 General

The geological conditions encountered
at each blast round shall be registered for
the purposes of support and documenta-
tion of the geological conditions. The
extent to which this is carried out will

Exploratory drilling

Figure 7.1 Example of exploratory drilling from the working face.

EXPLORATORY DRILLING  (drillholes 30 m long, every 22 m)
CONTROL OF ROCK SURFACE  (30  drillholes, 30 m long, every 11 m)o
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With consideration to longevity sprayed
concrete less than 60 mm shall not be
applied and with good control of accelera-
tor additives.

Concreting shall be used on and behind
the tunnel face to provide a permanent
support in unstable areas and in zones of
swelling clay. In areas with risk of uneven
pressure load it may be necessary to cast
the tunnel invert.

The need for reinforcement must be
evaluated in each individual circumstance.
Reinforcement can be necessary where
lateral pressure may cause a problem, or to
support the roof.

704 Requirements for equipment and
emergency plans for sub-sea tunnelling.

Procedures and equipment are necessary
to investigate the rock mass ahead of the
tunnel face. Further, preparations have to
be made to control water leakage and
enable pre-grouting to be undertaken rap-
idly.

The pumps must have sufficient capaci-
ty to cope with major leaks.

It may also be necessary to have extra
pumps and drain pipes in readiness.
Further, an emergency power supply is
normally required.

All equipment and material required to
carry out pre-grouting work shall be avail-
able when  the tunnel excavation com-
mences.

When operating in the sub-sea part of
the tunnel a shield should always be in
preparedness for immediate action. This
should be designed so as to facilitate clo-
sure of the tunnel face.The shield shall
always be mounted and ready near the
workface.

705 Frost penetration in tunnels

705.1 General
Frost protection is designed according to
the amount of frost at the locality. In deter-

depend on the encountered geology.
If twin-tube tunnels are constructed, the

distance between the workfaces shall be
sufficient (for example 50 m) so that expe-
riences from the one tunnel may be uti-
lized in the other.

A distinction is made between tempo-
rary support measures and permanent sup-
port.

Temporary support that fulfils the tech-
nical specifications for permanent support
measures are being incorporated into the
permanent support design.

The method chosen for support will be
dependent upon the nature of the rock. In
addition importance is attached to water
leakage, frost, methods used for water and
frost protection and the tunnel standard in
general.

For those parts of the tunnel where water
and frost protection measures have been
constructed the extent of the support must
be seen in association with the strength of
the construction.

Support measures carried out must be
recorded to provide a documentation of
the types of measures used, the extent,
location and special circumstances regis-
tered.

703.2 Methods
The following methods are used for sup-

port, alone or in combination:
• scaling
• bolting
• strips and wire mesh
• sprayed concrete
• concreting
• pre-grouting
• spiling 

Where bolts are applied in particularly
corrosive conditions, and always in a salt-
water zone in sub-sea tunnels, a combina-
tion of hot-dip galvanizing and coating
powder with epoxy or corresponding anti-
corrosion shall be used.
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mining the design criteria, the frost level is
usually based on F10(hºC).

F10 is defined as the amount of frost
which, statistically seen, is exceeded once
every ten years.

Where it can be documented that the
frost level is lower further into the tunnel
the frost level F10T(hºC) may be applied.

Local conditions may result in more
frost than F10 as given for the municipali-
ty. The designed frost amount should
therefore be based on local measurements.

The table showing frost levels in all
municipalities in Norway is given in
Appendix E.

705.2 Frost penetration
There are several reasons that frost may

be able to penetrate tunnels. These may be
summarized as follows:
• The main reason for the natural change

of air in tunnels is the temperature dif-
ference where warm air is lighter than 
cold air, and when rising air is replaced
by colder heavy air (chimney effect).

• In horizontal tunnels warm air will 
flow out through the openings and be 
compensated by cold air below at the 
road level. In short tunnels and during
long cold periods, cold air will 
gradually penetrate the whole tunnel. 
The prevailing wind direction, 
mechanical ventilation and the piston 
effect of traffic will affect frost pene-
tration.

• In twin-tube tunnels with a high vol
ume of traffic and ventilation in the 
direction of traffic, ventilation and the 
piston effect will be predominant. Frost
will penetrate a long way in the direc-
tion of the traffic but virtually no frost
will penetrate the exit end. Frost pene-
tration in these tunnels is scarcely 
affected by the chimney effect. A cor-
responding frost profile also exists in 
twin-tube sub-sea tunnels.

• Sub-sea tunnels are very largely affect

ed by local climatic conditions. Most 
are located in areas with little frost, but
frost may penetrate locally. A certain 
control over this may be provided with
the aid of ventilation equipment.

• Some long tunnels can be located on a
climate divide. Frost penetration in 
these tunnels may vary from the nor-
mal picture, for example, through the 
effect of high/low pressure.

• In tunnels with an asymmetric frost 
profile (in long tunnels with a gradient
and in one-way tunnels with a high 
traffic volume) it is seldom that frost 
penetrates more than 200–300 m from
the upper entrance or exit.

Uncertainty around frost penetration is
so considerable that all tunnels up to 500
m shall be designed according to the exter-
nal frost conditions defined as F10.

In longer tunnels frost penetration must
be evaluated individually. Local condi-
tions combined with experience from sim-
ilar tunnels form the basis of this evalua-
tion. Where possible, measurements
should be made of draughts in the tunnel.

706 Water and frost protection methods

706.1 General
Road tunnels must be especially protect-
ed against water and ice. This is normally
done by erecting a lining which directs
water down into a trench. If the frost
exceeds given limits the lining is carried
out as an insulated construction. The
actual constructions require a life-expec-
tancy of 50 years assuming normal main-
tenance. The types of construction, func-
tional requirements and design are given
in Manual 163 “Water and Frost-
Protection in tunnels”.(in Norwegian).

Constructions of new design require
prior approval by the Directorate of
Public Roads. This also applies to modifi-
cations of previously approved solutions.
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707 Frost protection with the aid of
thermal doors

Thermal doors shall be placed at least
150 m inside the tunnel measured from
the portal opening. In addition, their loca-
tion must take into consideration rock
conditions and leakages. As a rule a sin-
gle doorwill be sufficient. Particular pres-
sure loads and/or the need to limit partic-
ular frost penetration can give rise to the
need for two doors.

For new tunnels the door frames shall
be constructed from concrete. In the
vicinity of the door the excavation cross-
section will require to be extended.

The following specifications apply to
clearance:
• Breadth dependent upon tunnel 

category.The minimum permitted 
breadth is the road width plus 0.25 m 
on either side

• The minimum free height is 4.7 m
• When open, the door shall be protect

ed by the frame.
Normally, access will also be available

through a ordinary door. On account of
the pressure load which may build up this
must be designed as a lock with a double
door.

The lock can be utilized as a technical
room for a switch box and other technical
equipment in connection with the thermal
door function.

The thermal door area shall be pro-
tected against collision by a guard rail.
The guard rail shall be extended parallel
to the roadway for a minimum of 8 m
before the door, thereafter turning out-
wards to the side at an angle of 1:10.

The thermal door with fixtures and
machinery shall be designed for the con-
stant wind load that can be expected.

The extent of the wind load must be
evaluated in each individual case. This
will depend upon the wind speed in the
tunnel and the draughts in the doorway

706.2 Choice of construction
The choice of frost protection system is

based on traffic volume (tunnel category),
driving speed, tunnel length, standard of
the tunnel, aesthetics, frost level, mainte-
nance requirements and economics. In
addition consideration must be made of
local circumstances.

For tunnels in categories E and F, the
lining shall include continuous concrete
wall elements. These elements normally
extent to 3.5 m above the road surface.

For tunnels in categories C and D  the
entrance zones shall comprise concrete
wall elements.

The length of the entrance zone must be
seen in connection with the lighting zones.
Concrete wall elements shall be used at
least as far as transition zone I (see Table
10.3). If sprayed concrete is used for the
remaining stretches this should be surface
treated so as to give increased durability,
simpler maintenance and improved safety
and driving comfort.

Other alternative solutions to concrete
elements can also be considered in con-
nection with approval of construction
types.

For tunnels in categories A and B with
sprayed concrete down to the road level,
the extent of surface treatment must be
evaluated in the light of local conditions,
but shall at least comprise the entrance
zone.

Surface treatment by sprayed concrete
shall extend at least 1.5 m above the road
surface.

For light steel and aluminium construc-
tions these may only exceptionally be used
in those zones which are most exposed to
an corrosive environment. This applies to
the entrance zones and the lower part of
wall surfaces. Detailed regulations are
determined according to the approved
construction.
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when closing. Wind load is defined as a
variable load.

Thermal doors must be designed for
the following static wind load including
the structural factor:

pv = 1.0 kN/m2

The load works in both directions on
the door.

Thermal doors are controlled by mag-
netic circuits in the road and shall normal-
ly have the following equipment in addi-
tion to the motors and switch box:
• Detection system which ensures that 

the door is open when the vehicle 
approaches

• Photocells which prevent closure if the
vehicle stops in the opening

• Possibility for control based on pollu-
tion levels

• Possibility for control based on tem-
perature detectors

• Battery-operated DC motor for auto-
matic opening in the event of power 
failure

• Capstan for manual operation
• Lighting.

708 Portals
The portals are constructed with cast con-
crete, alternatively in pre-fabricated con-
crete elements thereby comprising an in-
situ concrete part and a concrete element.

The length of the portal is dependent
upon local circumstances. This shall
extend sufficiently to protect the roadway
from rock falls and earth slides, and to
protect the entrance from snow and ice
accumulation. The portal should extend 1
– 2 m beyond the filling. The portal should
terminate with a vertical collar of not less
than 300 mm.

With consideration to traffic safety par-
ticular attention should be given to water
protection.

The aesthetic design is discussed in

Chapter 5.
The waterproofing construction of the

portal itself is essentially taken care of as
follows:
• The in-situ cast concrete shall be laid 

onto a membrane which extends 
down to the trench

• An external membrane is used on the 
concrete elements

• In the event of risk for rock fall etc. 
onto the portal, the need for a protec
tive cushion shall be evaluated in each
case

• Injection tubes are to be placed within
in-situ concrete joints.

Further details are given in Manual 163
“Water and frost protection in tunnels”.

The portal is designed such that it will
avert accidents. Normally the portal
should terminate such that guard rails are
not necessary 

A portal is not necessary where local
conditions are particularly favourable.

See also Section 502 “The tunnel
approach zone”.
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separate transport pipe should also be con-
sidered for long stretches with a shallow
gradient where there is a danger of sedi-
mentation in the drain pipe. As an alterna-
tive increasing the dimension of the drain
pipe can be considered so as to limit the
extent of a separate drainage system.

The drainage system in sub-sea tunnels
is exposed to risk of becoming clogged.
The system should therefore have a redun-
dant capacity of 50% or more in relation to
the designed capacity in tunnels which are
not sub-sea tunnels. If the gradient is
under 1:100, the capacity should be dou-
bled.

The distance between the man-holes
along the same pipe ought not to exceed
80 m.

In tunnels with limited traffic and open
shoulders, the need for man-holes and dis-
tances between them should be specially
evaluated.

The main rule is that the drainage sys-
tem is completed after the tunnel has come
into operation to avoid blockage by sedi-
ment. If the drainage system has to be con-
structed during tunnelling, consideration
must be made for unexpected increase in
leakage amounts and dangers for silting.
In this case a temporary drain pipe should
be used for drainage from operations and
leakages.

803 Drainage trench
The theoretical excavation cross-section
for the base of the drainage trench is
defined as the drainpipe fundament. The
thickness of the fundament shall be  min-
imum 150 mm below the base of the pipe
such that it is at least 100 mm under the
sleeve. The breadth of the fundament
shall be at least 1.5 times that of the nom-
inal diameter of the pipe, or at least the
equivalent of the outside diameter of the
pipe plus 200 mm, whichever is the
greater.

The trench is placed at a sufficient

801 General 
Water leakages in the tunnel shall be
drained without exposure to frost out of
the tunnel via the drainage system.
Leakages in the walls and crown are col-
lected by mounting a lining which directs
the water to the drainage trench.

Water leakages in the tunnel invert are
just as normal as leakages on the walls
and crown and are collected via a filter
above the formation level.

In addition to the drainage system for
leakages, a separate system is constructed
for collecting flushing water from tunnel
cleaning. This system for collection of
flushing water may be lead to a magasin
outside the tunnel.

802 The Drainage system
When the tunnel is completed, the loca-
tions of wet and dry stretches and the
accumulated water volume will be
mapped. It is now possible to make the
final design of the drainage system.

When designing the drainage system
the following circumstances, among oth-
ers, shall be taken into consideration:
• expected leakage
• possible changes in leakage over time
• catchment area and precipitation 

in the approach zones
• particular evaluations of problems 

with low gradients, silting and/or foul-
ing in the drain pipes

• need for reserve storage in connection 
with the low point in the tunnel

• need for auxiliary trenches in wet 
areas (see Figure 8.2).

The internal diameter of drain pipes in the
main trenches shall not be less than 150
mm, and 100 mm in auxiliary trenches. In
addition to the drain pipes it may be nec-
essary to use a separate pipe for transport-
ing drainage water. This is used when the
pipe from that place in the tunnel where
the combined leakage results in 50% or
more of the drainage capacity is utilized. A

8 Drainage
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distance from the tunnel wall such that
water and frost protection measures can
be undertaken outside the trench at the
level of the tunnel fundament.

In the event of frost level (F10T) in the
tunnel exceeding 6000 hºC, the drainage
system shall be protected against frost
with insulation or with a sufficiently deep
trench. The requirements for the mini-
mum trench depth are given in Table 8.1.

Where the sub-base is insulated (see
Chapter 9), protection against frost is
ensured by extending the road insulation
over the trench and in contact with any
construction for water and frost protec-
tion of the walls or vaults. Special con-
sideration must be given to the risk of
frost in the transition zone between the
trench and the construction for
water/frost protection. 

Where there is a risk of considerable
leakage, it may be expedient to construct
trenches on both sides of the tunnel.

Frost protection of trenches with insu-
lation boards shall be done using extrud-
ed polystyrene (XPS) with a short-dura-
tion compressive strength minimum 500
kPa (as documented in Manual 014). The
thickness of the boards shall be at least
50 mm. These shall be placed as deep as
possible in the trench.

Specifications for compression must
be determined such that the boards are
not overloaded. 

Requirements of screen coating mate-
rial in contact with the insulation boards
are given in Section 904.2.

Figure 8.2 illustrates the principles of
an insulated fundament and drainage sys-
tem in a tunnel. At the base of a leakage
zone a crosstrench shall be constructed to
prevent water in the fundament spreading
to the dry zones.

Frost level F10T in tunnel Minimum distance from completed Comments
(h°C) road surface to drainage pipe 

fundament (m)

< 6 000 -
No requirements for frost 
protection

6 000 - 10 000 1.0

10 000 - 15 000 1.5

> 15 000 - Trench always frost protected

Table 8.1 Requirements for minimum distance from the completed road surface to the drain pipe fundament without frost
insulation

Theoretical excavation
cross-section for trench

Duct zone

Fundament for trench

Trench depth

Foundation

-TrenchCL

Figure 8.1 Specifications for drainage trench depth. Schematic diagram
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necessitates a closed system for collecting
washwater. The washwater  pipes will then
accumulate inflammable liquids and direct
these elsewhere than to fire-extinguishing
storage tanks. The tanks should be located
in an emergency lay-by. The system must
be discussed with the local fire authorities.
The tanks may also be filled for use as
supplementary water source for washing
the tunnel.

806 Pumping stations, pumping system
Strong demands are made for operational
reliability and material quality. The pum-
ping equipment will normally comprise a
pump system and pump reservoir. In ad-
dition a separator for sediment and oil
separator will be included. Normally,
drainage water will be directed via a sedi-
ment filter while washwater will be direc-
ted to the oil separator. The size of the
pump reservoir will be determined by the
local circumstances and the general level
of safety and preparedness chosen.

In sub-sea tunnels the pump reservoir
shall not be less than that corresponding
to 24 hour steady leakage. The electrical
installations should be placed as high as
possible such that the pumps will not fail
in the event of the reservoir capacity
being exceeded. A reserve pump line is
recommended with a view to safety.

Regarding the actual pump installa-
tion, consideration shall be given to chan-
ges in the leakage levels over time. It

804 System for accumulation of wash-
water
Sand traps shall be installed at intervals,
maximum 80 m, along the drain pipes for
amassing washwater from tunnel clean-
ing. The sand traps should preferably be
placed halfway between the inspection
man-holes along the drain pipe.

The sand traps shall have a solid base
and should be able to tolerate a sediment
volume of at least 0.6 m3. The distance
from the base to the lower edge of the dis-
charge pipe should be at least 0.75 m.

In tunnels with kerbstones, a drain
should be installed to direct the water into
the sand traps. The drain shall be of a type
that can be integrated with the
shoulder/kerb stone and which take into
account the space required for ducts which
shall convey pipes past the drain.

The dimension of pipes used for drain-
ing washwater shall be at least D = 150
mm.

In general the tunnel shall be
flushed/washed so often that special meas-
ures are not required to amass the water
outside the tunnel. (See Chapter 3
“Consideration of the local environ-
ment”).

805 Water reserves for fire emergencies
The drainage system may be supplement-
ed with separate storage tanks for fire
extinguishing (see Section 602.206). This

Wet Dry

6000

Wet

Auxiliary drain

10 000 - 6000F10T 10 000

Main drain

Tunnel
entrance

Figure 8.2 Principles for frost protection using insulation. The hatched area shows the area with frost
protection measures at the base level.
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may be necessary to make reservations
for an increase in pump capacity. As a
rule the pumps are designed with a 50%
reserve capacity.

In order to reduce the maximum po-
wer requirements of the tunnel, this
should take into consideration when the
pumps are planned to be in operation. It
must also be seen with regard to fluctua-
tions in the price of energy throughout
the day.

Strong demands are made on the dura-
bility of the pumps and pump piping. The

quality of the material shall be related to
water quality, salinity, demands of en-
durance etc.

Pump piping should be constructed in
plastic as long as this meets the require-
ments of the pressure load class. Present
experience suggests that brass alloy
should be used for pumping salt or brack-
ish water. In the pump station, where
there is access to piping and pipe parts,
the pump piping shall be mounted with
flanges thereby facilitating replacement.
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excavation of material and filling, then
levelling. The formation level shall have
a uniform slope of at least 3% .

It is assumed that the remaining mate-
rial has sufficient load bearing capacity.
If the load bearing capacity under this
level is not sufficient, then the material
must be removed down to that depth
which ensures sufficient load bearing
capacity.

903 Pavement without frost protection
An example of non-insulated pavement is
illustrated in Figure 9.1. Using Cg as a
upper base course, only one filter layer of
100 mm is laid. (See Manual 018 for
thickness of the Cg-layer).

903.1 Lower base course
The lower base course in the tunnels shall
comprise open and well-graded materials
such that the course also acts as a filter in
the invert. The lower base course compris-
es crushed stone or chippings with a mini-
mum thickness of 250 mm.

The mixture shall contain a maximum of
15% material < 2 mm. Otherwise the
material requirements are as specified in
Manual 018. Examples of grading which
can be appropriate are 0–64, 10–100, 1-
120, 20-120 and 0–150 mm.

The lower base course is levelled with
crushed rock (Fk) or bituminous mass (for
example Gja, Eg, Sg, etc. as specified in

901 General
The choice of construction of the sub-
base determines the thickness of the com-
bined road surface materials and thereby
the theoretical level for the excavation
cross-section (the formation level). The
choice of material and construction will
thus incorporate a technical/economic
appraisal where all circumstances affect-
ing the formation level are included. In
addition to the sub-base, this also applies
to the following:
• Costs of excavation and removal
• Need for frost protection
• Consequences for trench depth and 

installation of drainage system
• Consequences for conduits, size of 

manholes etc.
• Foundation for the selected con

struction method for water and frost 
protection.
The need for frost protection must be

evaluated in each case. The tunnel invert
shall be protected against frost where the
frost level (F10T) in the tunnel exceeds
1000 hºC. Where it can be shown that
there are dry stretches in the tunnel, frost
protection is not required along these
stretches. Frost penetration in tunnels in
general is discussed in Chapter 7, Section
705.Based on the requirements determin-
ing vertical clearance, the tolerance levels
for thickness and evenness of the various
layers in the sub-base and pavement shall
be checked to ensure that these conform
individually and in total.

The general requirements are given in
Manual 018 “Road construction”.

902 The formation level
Theoretical excavated cross-section shall
be set at a level which allows sufficient
space for the selected pavement (see
Section 903). The formation level shall
thus correspond with this theoretical
cross-section. In practice the construction
of the formation level will require both

9 Sub-base and pavement

_

_

Wearing course

Upper base course

Lower base
course/drainage

Formation level

Binder course

Figure 9.1 Example of pavement in a tunnel wit-
hout requirements for frost protection
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Manual 018). Gravel grading and quantity
is adjusted such that the lower base course
is “saturated” and keyed on the top sur-
face.

903.2 Upper base course, binder and
wearing course 
In general the upper base course and sur-
face layer are constructed as described in
Manual 018. Where the upper base course
comprises cement-stabilised gravel (Cg),
special demands are made (see Section
904.2).

904 Frost protected pavement
Frost protection of the pavement is
achieved either by constructing a frost
protection layer or by using insulation
material according to the principle shown
in Figure 9.2.

In areas experiencing heavy frost, spe-
cial attention should be given to frost
protection at the entrance of the tunnel.

Where a frost-protected pavement is con-
structed the transition to the open road
should also be protected to avoid icing.

904.1 The frost protection layer
The frost protection layer is constructed
by lowering the formation level which is
then filled with crushed stone as specified
in Manual 018 up to the base of the lower
base course. The pavement is otherwise
designed as for frost-free construction
(see Section 903).

904.2 Insulation materials and cement-
stabilised gravel (Cg)
The construction of the pavement using
insulation sheets and cement-stabilised
gravel (Cg) follows the principles shown
in Figure 9.2b.

A drainage layer is placed on top of the
formation level and has a minimum thick-
ness of 100 mm. Material is used which
simultaneously assists drainage and is
graded, for example 0–20 mm or 0–32
mm. Sorted material should contain a
maximum of 15% < 2 mm.

The same demands for evenness apply
as to the surface of the upper base course.

Insulating boards for frost protection-
shall be made of extruded polystyrene
(XPS) with flanges, minimum thickness
50 mm, with a short-duration compressive
strength of minimum 700 kPa documented
by tests as given in Manual 015 and NS-
EN 826. Other insulation materials must
be specially approved by the Directorate
of Public Roads.

The thickness of the Cg-layer above the
insulation boards shall have a thickness of
at least 250 mm and be placed in a single
layer. Until the Cg layer has set no traffic
is allowed on the mass other than that
required for the layer construction. The
composition of the materials in the Cg
must be especially considered in order to
achieve a satisfactory compressive
strength and compression. Use of machine

_

_

Wearing course 
Binder course

Upper base course

base
course/
drainage layer

Lower

Crushed rock

Formation level

Figure 9.2 Example of frost-protected pavement,
with a frost protection layer(a), or insulating
material (b).

_

_

_

Formation level

Wearing course 
Binder course

Upper base course

Insulation

   Drainage layer
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sand is a possible alternative to natural
sand. The compression of the Cg must not
damage the insulation boards.

The compressive strength for Cg shall
be a minimum of 15 MPa under testing
using standard NS 3420 I6-1999.

Newly-laid Cg is very sensitive to dam-
age by water droplets from the roof. Free-
flowing water on the surface can also
result in adhesion problems between the
Cg-layer and the overlying asphalt layer.
If the Cg is laid prior to the lining for
water and frost protection, the Cg-layer
must be protected against water
leakage/drips using another method.

During the initial period after the Cg has
been laid (1–2 weeks) it is particularly
important to maintain the dampness in the
Cg-layer with regard to solidification. The
need for solidification measures must be
considered in the light of dampness condi-
tions and the air speed (draught) in the
tunnel.

Combining solidification measures with
tacking (sealing) may be considered. In
this case the sealing compound is applied
a soon as possible after the Cg has been
laid in order to conserve dampness during
solidification. With this solution the initial
asphalt layer must be laid immediately.

Emulsified polymer-modified bitumen
PmBE shall be used in association with
the bonding of the Cg and the above bitu-
men layer.

The bonding shall be carried out at the
as near as possible to the time when the
surface layer construction takes place.
With regard to the degradation of the
emulsion, the bonding should remain for a
minimum of 2 days prior to the bitumen
being applied. The Cg-layer must not be
subjected to traffic after the bonding has
been applied as may severely damage the
bonding layer.

The Cg surface must not contain any
loss sand or similar when the bonding
process is carried out. Otherwise this must

be removed by sweeping or hosing down.
When the bonding is applied the surface

should preferably be dry although a slight-
ly damp surface is acceptable. The bond-
ing is very easily damaged by water drops
from the roof. Measures must be taken to
cover these areas.

The bonding process is carried out twice
using 0.3–0.4 l/m≈ (emulsion) on each
occasion and 2–3 kg/m≈ dry sand (0-4
mm) is applied after each bonding. Any
surplus is brushed away. This is applied
during both the first and second times that
the bonding is applied.

The composition and structure of the Cg
surface can vary somewhat. A trial section
should thus be laid in order to determine
the appropriate quantity of emulsion and
sand. The adhesion between the bonding
and the Cg-layer should also be tested on
this section.

904.3 Binder course and wearing course
These are determined following the guide-
lines in Manual 018.
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equipment must therefore be protected
from corrosion or be constructed from cor-
rosion-resistant materials such that the
minimum recommended lifespan is
achieved.

In tunnel categories C, D, E and F,
together with tunnels characterised by a
particularly corrosive environment, (for
example sub-sea tunnels), cable duct
bridges and light fittings must be supplied
in stainless steel.

1001.3 Degree of armouring
All equipment in the trafficked area

shall have an armouring for protection
against dust according to standard IP6x.
The exception to this is for motors on the
ventilators where the standard require-
ments are IP5x.

Protection against water leakages shall
have an amour protection, minimum IPx5.

The level of armouring for selected equip-
ment is:
• Fan motors IP 55
• Electric cabinets, emergency lighting, 

and internally illuminated signs IP 66
• Light fittings IP 65, nipples on light fit

tings IP 66
• Junction boxes and nipples in the tun

nel room IP 66
• Junction boxes and nipples in the 

shoulder and pavement  IP 68.

1001.4 Cables
Cables which are to be used in tunnels are
classified according to their requirements.
EX cables shall not be used.

For open ducts a distinction is made
between cables which supply power to
equipment which shall function in a fire
situation (Cable class 3), and cables for
non-critical equipment (Cable class 2).
The individual cables shall be clearly
marked so as to distinguish between the
classes. For Cable class 3, colour coding
should also be specified.

1001 Specifications for technical equip-
ment

1001.1 General requirements for electri-
cal equipment
All equipment shall be CE approved. In
addition, the manufacturer or their agent
shall confirm that that the equipment con-
forms with the specified requirements

The lifespan must be evaluated for each
individual component based on estimates
of approximate lifespan costs. The follow-
ing table shows the recommended lifespan
for a number of electrical components
based on previous experience.
Upon completion of the tunnel a reserve
cable duct shall be available for future use.

1001.2 Protection against corrosion of
technical equipment
The atmosphere in the tunnel is corrosive.
This is due to condensation arising from
warm, damp air.The water may be weakly
acid due to nitrous acid and nitric acid
from the nitrous gases in the exhaust. The

10 Technical Equipment

Installation Recommended
min. lifespan [years]

Transformers 30

Emergency power aggregates 20

Battery bank-lead 8 

Battery bank-Ni-Cd 10

Power cables 40

Cable ducts 40

Light fittings 20

Ventilation-motor/fan 20

CCT cameras 15

Radio cables 15

Light signals 15

Table 10.1 Recommended lifespan for selected
electrical components
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Cable class 1
This applies to cables which contain halo-
gen. The cables are laid in a trench or in
pipelines laid into a trench, alternatively
together with cables required to be con-
tained in fire-proof casings.

Cable class 2
This applies to non-critical equipment in
open ducts. The cables shall be halogen-
free and satisfy the requirements of the
following standards:
• Flame-resistant

IEC 69332-1
• Fire escalation along ducts

IEC 60332-3
• Smoke development

IEC 60134-2
• Corrosive exhaust gases

IEC 60332-3

Cable class 3, Fire-proof cables
This applies to cables which shall function
in a fire situation. In addition to the
requirements of Cable class 2, these shall
satisfy the demands of reliability accord-
ing to standard IEC 60331-21. This
implies that cables in Class 3 shall func-
tion for a period of 90 minutes in a flame
temperature of 750ºC.

1001.5 Technical rooms
The room where the control panel is sit-

uated and other rooms with technical
equipment shall have an operating temper-
ature related to the requirements of the
installed equipment. If cooling plant is
installed to maintain the required tempera-
ture, an automatic warning system shall be
installed to warn of any failure of the
plant.

1002 Power supply

Where possible, the power supply shall be
fed independently from both tunnel
entrances, but linked as a ring main.

1003 Lighting

1003.1 General
Road tunnels longer than 100 m shall have
lighting. 

The need for lighting in tunnels shorter
than 100 m must be evaluated with con-
sideration to low sunlight, risk of dazzle,
reflections from walls, etc.

Light walls and linings in the tunnel can
reduce the need for lighting, assuming
regular cleaning. A white light gives good
colour reproduction and better contrast,
and should therefore be generally chosen.
High pressure sodium lighting is used in
the entry and transitional zones.

1003.2 Lighting in the tunnel approach –
adaptation luminance
Adaptation luminance, L [cd/m≈] outside
the tunnel is determinant for the lumi-
nance level inside the tunnel. The adapta-
tion luminance which will be used in
determining the tunnel lighting is defined
as the mean luminance in a field of vision
with an angle of 20 degrees from the dri-
ver’s eyes directed towards a point 1.5 m
above the road surface and at a distance as
given in Table 10.2.
For economic reasons adaptation lumi-
nance shall not exceed 8000 cd/m≈, but
neither shall it be less than 1000 cd/m≈.
When an illuminated tunnel forms part of
a non-illuminated road, the transition zone
shall satisfy the requirements which apply
to road lighting outside the tunnel. (See
Manual 017).

The level of luminance to which the
driver is adapted when entering the tunnel
determines the level of luminance for the
entry zone such that this takes into consid-
eration the safety of the driver.

Various types of construction such as
fencing, vegetation, choice of material and
colour, may reduce the need for lighting
and generally improve safety within the
entry zone.
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The requirements are stated as the lowest
mean luminance during the day expressed
as a percentage of the adaptation lumi-
nance in each zone, or as cd/m≈.

Comments to Table 10.4:
• The luminance requirements for other 

speeds are determined by extrapola
tion/interpolation

• The luminance level shall apply to the
full length of each zone

• The calculated mean luminance values
shall be the operation values (equiva
lent to 75% of the new value)

• Between the entry zone and the transi
tion zone I, the transition shall be sup
plemented with extra light fittings 
when the mean  luminance in the 
entry zone is >250 cd/m≈ (2–6 
400 W Na-H fittings will normally be 
sufficient)

1003.3 Lighting in the tunnel
1003.31 Lighting level (luminance) in the
tunnel. Zone demarcation

Technically, a tunnel is divided into an
entry zone, a transition zone and an inner
zone (Figure 10.1).

The adaptation of the eye is subject to a
time delay. The gradual reduction in lumi-
nance has as its aim that of assisting the
adaptation of the eyes and as such is
dependent upon the driving speed.

Table 10.3 shows the length of the entry
zone and transition zone as a function of
speed.
Table 10.4 gives the requirements of the
lowest mean luminance level of the vari-
ous lighting zones as a function of traffic
volume defined as AADT(10) and the
speed limit in the tunnel.

For twin-tube tunnels, the value of
AADT(10) shall be used for each tunnel.

Speed limit Distance
(km/h) (m)

50 45

60 60

70 80

80 100

90 130

Table 10.2 Distance from tunnel entrance to monitoring
point for adaptation luminance

Tunnel

an
 lu

m
in

an
ce

Entry zone Transition
zone I

Transition
zone II

Figure 10.1 Schematic diagram showing pro-
gressive illumination zones in tunnels.

Speed limit Entry zone  Transition zone length (m)
(km/h) length (m)

I II

50 40 70 70
60 50 80 80
70 60 100 100
80 70 110 110
90 75 120 120

Table 10.3 Length of entry and transition zones
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• Where the ratio of the lighting level in
transition zone II to the inner zone is 
greater than 5:1, an extra transition 
zone III of same length as transition 
zone II shall be defined

• The inner zone shall have two levels: 
day and night

• In tunnel categories D, E and F, it may
be practical to increase the luminance 
level to 6 cd/m≈ (day) / 3 cd/m≈ (night)
where the traffic situation is particular
ly demanding, for example with sever
al entry slip roads and stretches where
lane changing is frequent.

Requirements for a stable luminance
level 
In the transition and inner zones the total
luminance stability is given by:

For transition zones and inner zones the
luminance level throughout shall be:

The demands do not apply to tunnels
where AADT(10)<2500.

In tunnels where cyclists and pedestrians
are permitted, the minimum luminance
level is 2 cd/m≈

Calculations are made in accordance
with the most recent publications on tun-
nel lighting issued by CIE (the
International Commission on Illumi-
nation).

Light distribution shall be such that tun-
nel walls are illuminated for approx. 1.5 m
above the carriageway.

1003.32 Lighting in lay-bys
Emergency lay-bys and turning points
require special illumination to distinguish
these from the rest of the tunnel.

1003.4 Distance between light fittings
An unfavourable combination of driving
speed and distance between light fittings
may result in a flickering effect for the
driver. For short zones this will not result
in any problem, but in very long tunnels
this may be very uncomfortable. In order
to avoid the flickering effect, a distance
between light fittings where driving speed
is equivalent to a frequency in the interval
range 2.5 to 15 Hz should be avoided.

AADT (10) < 2 500 2 500 - 5 000 5 000 - 7 500 > 7 500

- 50 km/h 80 km/h 50 km/h 80 km/h -

Entry zone 50 cd/m2 1.50 % 3.00 % 2.5 % 5.0 % 5.0 %

Transition zone I 10 cd/m2 0.30 % 0.60 % 0.5 % 1.0 % 1.0 %

Transition zone II 2 cd/m2 0.06 % 0.12 % 0.1 % 0.2 % 0.2 %

Inner zone day 0.5 cd/m2 2 cd/m2 2 cd/m2 2 cd/m2 2 cd/m2 4 cd/m2

Inner zone night 0.5 cd/m2 1 cd/m2 1 cd/m2 1 cd/m2 1 cd/m2 2 cd/m2

Tabell 10.4 Requirements for luminance in the various lighting zones expressed as the lowest mean during the day as a

percentage of the adaptation luminance or as cd/m2

Speed limit
Zone

4.0
min

∅=
midL

L
Uo

6.0
max

min
∅=

L

L
Ul
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1004.12 Permitted concentration levels
for carbon monoxide, nitrogen dioxide
and visibility  pollution
For tunnels with longitudinal ventilation,
the degree of pollution increases from the
entry point of the fresh air to that where it
is expelled. In determining the permitted
level of concentration in order to calculate
the requirement for fresh air, the back-
ground concentration of intake air has to
be considered.

1004.2 Mechanical longitudinal ventila-
tion 
1004.21 General
Mechanical longitudinal ventilation is
based on the use of impulse ventilator
fans. In long tunnels and those with a high
traffic volume, or where specific pollution
regulations apply in the areas around the
tunnel entrances, ventilation with the aid
of a ventilation shaft will be appropriate.
Even though a ventilation shaft is con-

For lighting zones where the driving
time is less than 2 minutes, the flickering
effect can be ignored.

1003.5 Light fittings
The light fittings shall be easily main-
tained and where the light tubes/bulbs may
be easily replaced. Optical parts (reflector,
glass) should be replaceable.

In tunnel categories A and B (AADT(10)
<2500) the fittings should have a deep
shade to assist visibility.

1003.6 Priority lighting / emergency
lighting
Priority lighting is determined by every
fourth or fifth light continuing to operate
for about 1 hour following a power break-
down.

1004 Ventilation

1004.1 Air quality requirements in tun-
nels
1004.11 General
The ventilation equipment shall be
designed to cope with expected pollution
levels 10 years following the opening of
the tunnel (AADT(10)).

With a normal mixture of exhaust gases
it is only necessary to determine the level
of permissible concentration of carbon
monoxide (CO-gas) and nitrogen dioxide
(NO2 gas). The concentration of the other
toxic gases does not present a health haz-
ard if a sufficient dilution of CO and NO2

gases is achieved. In order to attain suffi-
cient control of gas concentration in the
tunnel, measuring instruments should be
installed in the middle of the tunnel and at
both ends. In one-way tunnels, measuring
equipment is not required in the entrance
zone.

The measurement range for CO shall be
a minimum of 0–300 ppm and 0–25 ppm
for NO2.
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Figure 10.2 Permitted CO concentration in tunnels (The
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structed it will frequently be necessary to
install impulse ventilator fans in order to
control the air quality in the tunnel.

The air speed should not exceed 10 m/s
in one-way tunnels, and 7 m/s in two-way
tunnels based on considerations of instal-
lation and operational costs, dust circula-
tion, control of air flow in the event of fire,
etc.

Calculation of ventilation requirements
is given in Appendix C.

1004.22 Impulse ventilators
The distance between impulse ventilator
fans along the tunnel length shall be a
minimum of 70 meters in order to attain an
even and stable air stream between each
fan or group of fans.

In order to control smoke in the desired
direction in the event of fire it is required
that the impulse ventilators are reversible.

In one-way tunnels the ventilation direc-
tion will normally be in the direction of
the traffic flow.

1004.23 Ventilators in ventilation shafts
or side adits
Dividing the tunnel into several ventila-
tion sections with the aid of shafts or side
adits assists in the renewal of air in a lon-
gitudinal system. The construction of
shafts or side adits will, however, result in
the airflow through the tunnel being more
complicated.This requires careful calcula-
tions and planning when designing the
particular ventilation system.

1005 Fire ventilation
Where ventilation equipment is installed
in a tunnel, this must be designed with
regard to fire ventilation requirements.

In the event of fire and smoke, the air

CO

NO2

NOx

NO

Visibili-
ty

Permitted con-
centrations *
Cco = 200 ppm

CNO2 = 1,5 ppm

CNOx = 15 ppm

CNO = 13,5 ppm

Csight = 1,5 mg/m3

Assumptions

In operation a concentration of 100 ppm is only occasionally reached in the tunnel
and must not be exceeded. If the CO measuring instrument in the mid-tunnel reg-
isters 100 ppm for more than 15 minutes, the tunnel must be closed to traffic.

During normal traffic the CO content in the air will be essentially lower. This is
achieved by controlling the ventilation equipment such that the ventilators are
coupled in groups and in stages. For example, the first stage will operate at 25
ppm, the second stage at 50 ppm and all three at 75 ppm. This applies to control
by the CO measuring instrument in the mid-tunnel. Corresponding values at each
end of the tunnel are twice that of the concentration in the middle.

In the event of the NO2 concentration exceeding 0.75 ppm for more than 15 min-

utes measured in the mid-tunnel, the tunnel should be closed to traffic.

NOx is the common term for nitrogen oxides and essentially comprise NO and

NO2. It is assumed that the proportion of NO2 is 10 % of NOx.

Table 10.5 Permitted concentrations of CO, NO2 , NOX , NO and visibility  pollution

* Permitted concentration is used for the calculation necessary fresh air to be injected into the tunnel (Appendix C).

Conversion factor mg/m3 CO = 1.20 ppm CO.
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fires in light vehicles (5MW), and a mini-
mum of 3.5 m/s designed for fires in heavy
vehicles (20MW).

In order to achieve the necessary control
of air flow in the tunnel, the ventilation
shall be designed such that:
• it has the capacity to counteract the 

build-up of pressure in the tunnel.
On account of the general upward 
buoyancy, external wind and the fire 
itself, together with natural draughts on
account of temperature differences 
inside and outside the tunnel.

• sufficient capacity is ensured in the 
ventilation equipment for the necessary
time for the tunnel to be evacuated.

speed should be able to be reduced to the
lowest possible speed, yet sufficient to
direct the smoke in the desired direction.
The ventilation direction will be deter-
mined in consultation with the fire author-
ities and incorporated into an emergency
plan.

The ventilation equipment must be
designed so as to be able to control a fire
of 5 MW or 20 MW, dependent upon the
traffic volume. See Chapter 6 “Traffic and
fire safety”, Section 605.

For tunnels longer than 500 m and an
average incline >2% , a calculation model
for fire ventilation is given in Appendix D.

For other tunnels with a gradient <2%
the net designed air speed will be a mini-
mum of 2 m/s for tunnels designed for

Length (km) CO (ppm) NO (ppm)

0 - 1 100 2

1 - 4 25 2

Table 10.6 Acceptable air quality levels of CO and NO 
in tunnels open to cyclists and pedestrians
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management, operation and maintenance.
This should be able to verify the standard
noted and any deviation from required
standards. The documentation may also be
used to verify the need for internal control.
If, exceptionally, a manual control system
is used, a signature should be obtained to
confirm that the task has been duly carried
out.

The systematic use of an administrative
computer-based programme will enable
experience to be registered such that at
any given time the tunnel operator/owner
will be able to initiate measures for more
efficient maintenance.

The use of this programme will enable
all technical data relating to the individual
tunnel to be registered along with techni-
cal diagrams and descriptions of all equip-
ment used.

1102.2 Calendar-based maintenance
Calendar-based maintenance involves
standardised working instructions to be
carried out periodically. This may be
weekly, monthly, every second month, etc.
The periods are determined by what is
normal for the individual routines.

The working instructions shall state
what is to be carried out each time, who
authorises this, and the necessary skills
required. Completion of the task shall be
registered and the job instruction signed
by the person responsible for supervising
the work.

Calendar-based maintenance is a simple
method if other routines are unsuitable,
and ensures systematic maintenance. An
optimal maintenance will require regular
change of the intervals between the vari-
ous tasks.

1102.3 Operational-base maintenance
Generally, operational-based maintenance
is based upon the same principles as cal-
endar-based routines, although the time
interval will vary according to the time
that equipment is used.

1101 General
Operation and maintenance should ensure
that the level of safety in the tunnel is up-
held by maintaining the assumed func-
tional requirements and functional safety.

Important elements in this connection are:
• Resource use based on needs is con

stantly checked, changed and adapted 
to the actual needs

• The necessary level of qualifications 
and skill are found at all levels in the 
organisation.

As far as possible, operations and mainte-
nance should be carried out systematically
and at appropriate intervals. The life-cycle
considerations of both construction and
technical equipment shall be taken into
account when determining maintenance
routines. Optimised maintenance frequen-
cy will reduce the probability for costly
replacements.

Systematic planning shall include one or
more of the following maintenance proce-
dures:
• Calendar-based maintenance
• Operational-based maintenance
• Situation-based maintenance
Maintenance may be classified according
to construction, sub-base, pavement, and
technical equipment.

A continual evaluation should be made
of energy-saving processes.

Warning of road works in the tunnel, see
Section 604.

Manual 111 “Standards for operation
and maintenance” determines the stan-
dards applicable at any time. Any devia-
tion from these has to be approved by the
Directorate of Public Roads. 

1102 Methods of maintenance

1102.1 General
All operational and maintenance tasks car-
ried out, both planned and unforeseen,
shall be documented with the aid of an
appropriate registration programme for

11 Operation and maintenance
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The working instructions are based upon
the components having automatic registra-
tion systems in the form of time counters.
Based on estimations of the time when the
specified control has to be carried out,
working instructions are issued describing
the tasks that are to be done.

1102.4 Situation-based maintenance
based on visual inspection
Situation-based maintenance is based on
the registration of specific conditions and
that maintenance is planned based on the
results. Some installations will have regu-
lar routines for maintenance ensuring that
that unnecessary wear-and-tear is avoided.
This requires a routine for regular inspec-
tion, service and maintenance to be carried
out according to need rather than at fixed
intervals.

Maintenance may be carried out as the
result of an inspection. The results are reg-
istered and evaluated and the decision
made whether maintenance shall be car-
ried out immediately, or alternatively post-
poned until the next inspection.

1102.5 Situation-based maintenance
based on registration
This is similar to the above situation but
instead of inspection, measurements are
made of the condition of the various com-
ponents. For example, fans and pumps
where a temperature gauge registers the
heat of bearings, and vibration gauges
indicate a deviation from the norm. The
results of the measurements are used sim-
ilarly to the results of inspections in order
to determine when maintenance opera-
tions shall be carried out.

1102.6 Experience from systematic main-
tenance
Irrespective of the maintenance method, it
is essential that an administrative pro-
gramme is installed so as to provide a
comprehensive registration of damage,

operational problems and other incidents
which arise from time to time. When
changes to routines are being considered
the database will assist in pointing to those
circumstances which must be changed or
improved due to incidents that occur with
greater frequency than might be desired on
the basis of safety or economy.

Routines shall be prepared such that
experience registered in the database will
be of use in the planning and construction
of future tunnels.

The programme shall be used to ensure
a continuums active optimizing of tunnel
maintenance.

1103 Maintenance of constructions

1103.1 General
In addition to the recommended mainte-
nance procedures by the suppliers, the
requirements of maintenance standards
for construction elements are given in
Manual 111 “Standards for operation and
maintenance” 

1103.2 Functional control
Functional control is designed to ensure
that the constructional elements function
according to the given specifications.
Control routines must be designed to
ensure this. The aim is to ensure that the
component fulfils the functional safety
required. At the same time it is essential
that the required standard does not
decrease below a defined acceptable level
without measures being implemented. It
will normally be required that function
control is carried out for only some of the
construction elements.

Examples of construction elements
where function control should be carried
out include:
• portals
• constructions for water and frost pro

tection
• sealing
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• need for samples, particularly in 
the entrance zone (carbonation, chlo
rides)

• wear and tear,  discolouring,etc., of 
surface treatments, painting below 
standard.

1104 Maintenance of the road surface

1104.1 General
Maintenance comprises:
• Pavement

-renewal
-cleaning
-dust control
-marking
-winter-related tasks such as surface 
friction control, removal of ice

• Drainage
• Kerbstones and shoulders/verge areas
The functional requirements will normally
be the same as for the open road.

1104.2 Functional control
Normally, functional control will only be
required for road marking and drainage.
For other road elements, or in the pave-
ment structure, it will be sufficient to
determine that the function has to be con-
trolled.

1104.3 Particular requirements
Pavement:
Consideration must be made to the special
material specifications for the pavement in
the tunnel and the requirements for light-
ing (see Chapters 9 and 10). With regard to
health hazard, surface materials for the
roadway with a high level of alpha quartz
should be avoided in tunnels with a high
traffic volume. This is particularly impor-
tant in areas where studded tyres are wide-
ly used.
Marking:
To ensure that the  road marking is always
visible profiled marking should be used
(see Section 414.4).
Drainage:

• support
• buildings for technical equipment
• pumping stations

1103.3 Evaluation of condition (status
reports)
Regular registration of the condition of the
individual elements must be incorporated
into routines such that future maintenance
and resource requirements can be planned.
A status report can occur at several levels,
for example a main investigation is
required to be carried out at regular inter-
vals. When the main investigation reveals
that certain measures should be imple-
mented, a supplementary investigation is
immediately made with the intention of
determining the full extent of damage.
This should also make clear recommenda-
tions for repair or replacement.

The interval between these evaluations
will vary from annual investigations to
several years. The main investigation will
cover specific structural elements where,
for each of these, the following are incor-
porated:
• element description
• evaluation of status or condition
• recommendation of measures to be 

undertaken
• financial estimates
• dependency upon other measures 

requiring to be undertaken
• time plan for carrying out measures 

and financial review.
Example:
Status report of concrete wall elements
carried out every third year. The following
should be registered:
• discolouring of the surface
• surfaces indicating damp
• leakage points
• cracks with water penetration
• cracks and joints
• peeling cement
• salt accumulation
• condensation
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Waterpools in the roadway should not
arise due to lack of maintenance of the
drainage system.

The drainage function should be
checked and the drain pipes flushed out at
least every third year. The general condi-
tion of the drainage system must also be
checked during tunnel cleaning and fol-
lowing any maintenance carried out.

Sediment which has accumulated in
manholes and sediment tanks shall be
deposited at special sites approved for the
disposal of this sort of waste.

In sub-sea tunnels drainage and water
pipes will frequently have a larger dimen-
sion than in other tunnels (see Chapter 8,
“Drainage”). This applies particularly to
flat stretches where there is a danger of
bacteria accumulating in the pipes. In this
case periodic controls should be carried
out more frequently accompanied by nec-
essary flushing of the pipes.

1105 Maintenance of technical installa-
tions

1105.1 General
Maintenance of technical installations is
normally that part of tunnel maintenance
which requires the greatest resource input.
This largely involves frequent and repeat-
ed operations which may be characterised
as service. As a rule this maintenance shall
be systematically organised by working
instructions following prescribed routines
in accordance with the administrative pro-
gramme.

1105.2 Maintenance manual
In order to ensure that maintenance is car-
ried out systematically, a maintenance
manual should be prepared such that the
same routines are followed by everybody
involved in operations and maintenance of
the tunnel. Recommended procedures
made by the suppliers shall be included in
the basis for the manual. Information from

suppliers should be available electronical-
ly.

The manual should contain a precise
description of service routines and the
functions of the individual elements, pro-
cedures for control and testing.

For each element the manual shall con-
tain the following information:
• description of the equipment
• function of the equipment
• functional specifications
• requirements for operating standard
• description of possible faults arising
• description of those parts to be main

tained
• service and reparation procedures.
In addition, function control and status
forms shall be used.

1105.3 Functional control
In order to ensure that the equipment and
installations shall function as required at
all times, manual or automatic control rou-
tines shall be specified. The frequency
with which such controls are undertaken is
dependent upon the operational reliability
and importance of the equipment. The
interval for manual inspection can be at
monthly, half-yearly, annually, or even
longer intervals.

1105.4 Status reports
Status reports of the equipment shall be
carried out for the various constructions
and installations in the tunnel.
Consideration may also be given as to
whether a status report should be carried
out by external consultants. It is also
important for more comprehensive status
reports to be carried out at regular inter-
vals by specialists.

1106 Cleaning

Cleaning shall ensure:
• road users and their opinion of 

using the tunnel
• the working environment in the tunnel
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Winter maintenance routines shall
ensure a proper road surface at the
entrance and approach zone to the tunnel.
Measures must also be taken when icicles
form inside the tunnel before these
become a traffic hazard or a risk to con-
struction and equipment.

• installed equipment, reliability, life-
span and economic factors

• the local environment.
Cleaning routines shall include the entire
tunnel including equipment and installa-
tions.

The road users shall be ensured a level
of cleaning where grime/grit on the road
surface, walls and so forth does not reduce
their general impression of the tunnel.

The road user’s opinion of the tunnel
environment is frequently based on the
senses including the sense of smell, visual
impression and noise. Many road users
feel uncomfortable when driving in tun-
nels. A light and clean environment with-
out the smell of exhaust and grit on the
road surface are important factors for the
road user’s safety and satisfaction. The
standard of cleaning will also be one of the
most important contributions to the road
user’s comfort.

The standard of cleaning should be such
that there is no problem with dust/grit.
Grit on the tunnel walls, verge areas and
the road surface which contain PAH ele-
ments, lead, zinc, nickel and other heavy
metals shall be removed before the accu-
mulation of such materials can present an
environmental hazard in the tunnel and the
local environment. (More information is
included in Manual 213). 

Functional failure of installations and
equipment should not arise as a result of
negligent cleaning influencing heating in
mechanical components, overloading of
electrical components as a result of pollu-
tion, leaking current etc. 

1107 Winter maintenance

Frost and ice formation on the road sur-
face can be overlooked in the tunnel itself,
but it will always be necessary to consider
special measures against ice (icicle) for-
mation in the frost zone at the tunnel
entrance.
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ed shall be determined by the Road and
Traffic Department during the plan-
ning phase. Requirements for docu-
mentation from suppliers shall be
specified in tenders.

Prior to handing over the tunnel, a
test should be carried out to verify that
equipment is working as specified. A
report should be made of the test and
which should accompany the handing
over.

In addition, a technical and econom-
ic report is to be presented after the
tunnel has come into operation, latest
three months after the project has been
handed over. The final report follows a
specified layout made by the
Norwegian Public Roads     adminis-
tration.

The complete documentation folder
containing all documents of impor-
tance to the future operation, mainte-
nance and extension of the tunnel are
to be delivered to the Traffic Section,
latest upon handover. (See Manual 151
“Management of development proj-
ects”). The documentation shall be
systematically assembled, and where
possible presented in electronic form.
Those parts of the documentation
which are relevant for operation and
maintenance of the tunnel and its
equipment should be registered using a
programme of management, operation,
and maintenance. This shall detail the
type of equipment, maintenance and
operation routines and intervals, sup-
pliers, guarantee documentation etc.

The specific documents to be includ-

12 Documentation upon handover 
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winter period as it is then that pollution
is normally the highest. In addition the
background concentration in the local
area must be measured.

The local topography and the shape
of the portals can also be of major
importance for the dispersion effects.

Nomogrammes used in calculation
of dispersion
The nomogrammes are presented in
Figures A.2 to A.4.

Nomogrammes are well suited to an
initial evaluation to determine whether
dispersion from the tunnel can result in
pollution. In this event, more detailed
calculations shall be made using spec-
ified models.

Nomogrammes can be used for car-
bon monoxide (CO) and nitrogen diox-
ide (NO2). In the calculation of NO2,
inclusion of 60 µg/m3 is made to allow
for the fact that NO from the tunnel
reacts with ozone (O3) to form NO2.

The nomogrammes cannot be used to
calculate the daily mean concentration
of PM10. In this case a more basic
study must be made, among other
things, of the dispersion effects. As a
rule NO2 in the tunnel entrance is the
determining feature.

1. Definitions
C  = limit value outdoor air
Ct = exhaust concentration in tunnel 

[-]
w  = wind speed [m/s]
u= calculated air speed in tunnel 

[m/s]
--- jet phase
__  smoke phase

Exhaust gases from the tunnel
entrance
A simplified method for calculating is
given below.

The method is empirical, and is
based on measurements of the disper-
sion of trace elements outside the tun-
nel entrances and atmospheric disper-
sion model adjusted to take into
account dispersion at ground level.
The calculation method is presented as
nomogrammes, see Figures A.2 – A.4.

Air pollution originating from the
tunnel is defined as two phases: a jet
phase and a smoke phase. In the jet
phase it is initially the air speed out of
the tunnel opening (u) which is deci-
sive, whereas in the smoke phase the
atmospheric conditions (e.g. external
wind speed, w) are the most important.
This is presented schematically in
Figure A.1. The selected parameters
are dependent upon representative
measurements. The transition from the
jet phase to the smoke phase is very
complicated and and is estimated. 

In order to calculate the level of pol-
lution as accurately as possible at
selected points outside the tunnel
entrance, atmospheric measurements
are made (wind, stability etc.) in the
immediate vicinity over a long period.
The measurements should include the

Appendix A  Evaluation and calculation of 
air pollution from road tunnels

Figure A.1 Jet phase and smoke phase
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2. Limitations to the nomogrammes
-   Tunnel cross-section AT = 48 m2

-   The nomogrammes are not to be
used where w < 1 m/s and u > 8 m/s.
See Report from The Norwegian
Institute for Air Research no. 27/82
(ref. 23179) 

3. Using the nomogrammes
Nomogrammes have been constructed
for three different wind speeds (w = 1
m/s, w = 2 m/s and w = 5 m/s).

The nomogrammes to the left show
C/Ct in the area 0 – 1.0.

The nomogrammes to the right show
C/Ct in the area 0 – 0.1 (i.e. magnified

10x).
Where w and u do not have precise

values, the nearest curve which overes-
timates the concentration shall be
used: 
-  the curves for the highest w which is
less than the actual value
-  the curves for the smallest u which is
larger than the actual value.

  

  

Figure A.2 Nomograms for dispersion calculations, wind speed w=1 m/s

Figure A.3 Nomograms for dispersion calculation, wind speed w = 2 m/s

Distance from tunnel entrance Distance from tunnel entrance

Distance from tunnel entrance Distance from tunnel entrance
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Figure A.4 Nomograms for dispersion calculation,,wind speed  w = 5 m/s

Distance from tunnel entrance Distance from tunnel entrance
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The tunnel entrance is situated where
X = Y = 0. The actual correction is
found directly from the figure for the
coordinates of the calculation point
through the interpolation between the
contours.

3. Correction for short tunnels
Short tunnels yield lower noise levels.
The correction is given in Table B.1.

4. Noise from the tunnel Lt, dBA
The noise emitted from the tunnel
entrance yields the noise level:

Lt = Lutg + 14 + K2 + K3

Reference is made to SINTEF Report
STF40-A96005 for complete condi-
tions for calculations.

The calculations are carried out in
four stages described below.

1. Exit level Lutg:
The exit level is calculated according
to the Nordic method of calculating
traffic noise.

2. Correction K2 for noise disper-
sion from the tunnel entrance
Noise from the tunnel entrance has
particular distance and direction char-
acteristics as illustrated in Figure B.1.

Appendix B  Calculation of noise dispersion 
from road tunnels

Figure B.1 Correction K2 for noise emission from the tunnel mouth

Tunnel length (m) 50 75 100 150 200 300

Correction K3 -5 -4 -3 -2 -1 0

Table B.1 Correction K3 for tunnel length, dBA
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reduced speed, see Table C.3
L =  tunnel length in km

The fresh air requirements, Qo air, are

1. Calculation of fresh air requirements

Where the traffic distribution between the
two directions is not known, two-thirds
are assumed to drive uphill.

The ventilation equipment shall be
designed to the expected pollution level 10
years after opening.

Introduction of catalysers on petrol-driv-
en vehicles has resulted in a reduction of
CO and NOx levels, and are included in

the formulae.

CO-production
The calculation model for CO production
from vehicles:

Qo CO =    qo CO · (kkat ·  Ml + Mt)

·  khh ·  ks ·  kf ·  L [m3/h] 

Qo CO =    total CO produced [m3/h]

qo CO =    basic value, CO-production

per vehicle, [m3/km·veh].

The basic value for CO-production, qo CO

is assumed to be 0.013 m3/km·veh when
driving on a horizontal road, speed 60
km/h.

With the motor running idle, a mean
CO-production of 0.5 m3/h·veh can be
estimated. This value corresponds to
petrol consumption of approx. 1 litre/hour
and 6 % CO in the exhaust gases.

kkat = catalyser effect, determined as 0.3

Ml = traffic volume, light vehicles [veh/h]
Mt= traffic volume, heavy vehicles

[veh/h]
khh= correction factor for height above

sea level, see Table C.1
ks =  correction factor for driving uphill,

see Table C.2
kf =  correction factor for driving at

Appendix C  Ventilation
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⎤
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calculated on the basis of CO production
(Qo CO), and permitted CO-concentra-

tion in the tunnel C∞ (ppm).  C is found
from Figure 10.2.

The fresh air requirement which assumes
normal pressure (1013 millibars) and tem-
perature 0º C is converted to the fresh air
requirement in unfavourable atmospheric
circumstances with the designed traffic
volume.

Po =  101.3 [kPa] (1013 millibars)
P =  actual pressure [kPa]
To =  normal temperature 273 K (0 °C)
Tt =  actual mean air temperature in tun-

nel in K (273 + ttunnel [°C])

Traffic volume, M
The designed traffic volume is normally
stated in vehicles/h. With short and inten-
sive traffic peaks a shorter interval may
be used. A shorter time than the time
needed to ventilate the tunnel cannot be
used. The minimum air-change time is
based on an air speed of 2 m/s.

Table C.1 Correction factor for height above sea
level,khh when calculating CO-content

Height above sea level 
(m) 400 800 1200
khh 1.25 1.60 2.00

air

air

air
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Visibility-reducing particle content,
Pvis

Pvis =  quantity of soot produced in the
tunnel [mg/h]

pvis =  basic value for soot production 
per heavy vehicle determined

at 750 [mg/veh·km]
Mt =  traffic volume, heavy vehicles 

[veh/h]
Ml =   traffic volume, light vehicles, 

veh/h. It is calculated that a
light vehicle results in 8% visibili-
ty pollution of that of a heavy
vehicle.

khh=   correction factor for height above
sea level for tunnels >400 m asl.
See Table C.4.

ks =    correction factor for driving uphill
according to Table C.5.  ks=0.5 is

used for downhill gradients
L =   tunnel length [km].

Decline in % Incline in %

4 2 0 2 4 6

ks 0.85 0.95 1.0 1.1 1.2 1.3

Table C.2 Correction factor for driving uphill or downhill ks ,when calculating CO-content

Traffic speed
(km/h) 5 10 20 30 40 50 60 > 60

kf 6.3 3.5 2.0 1.5 1.2 1.1 1.0 0.9

Table C.3 Correction factor for driving at reduced speed, kf , when calculating CO-content

Height asl
(m) 500 600 700 800 900 1000 1100 1200

khh 1.12 1.24 1.35 1.47 1.58 1.69 1.81 1.93

Table C.4 Correction factor for height above sea level, khh , in calculating visibility-reducing particle
content

uphill gradient in
% 0 2 4 6 8 10 12

ks 1.0 1.8 2.7 3.6 4.5 5.2 5.5

Table C.5 Correction factor for gradients, ks , in calculating visibility-reducing particle content

Pvis =  pvis (Mt + 0.08 M1) khh . ks .  L [mg/h]
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Concentration of nitrous gases is given
by:

Qair is the required quantity of fresh air for
reduction of CO-gas or visibility pollution
in the tunnel.

Designed air speed, 
u    = Qmax / 3600 x AN (m/s)

AN = standard cross-section

Fresh air requirement for lowering the
visibility-reducing particle content:

In calculating the necessary fresh air
requirement, the particle content is deter-
mined as Cvis = 1.5 mg/m3.

NOx - production

Calculation model for production of
nitrous gases (NOx):

Uphill gradient in
% 0 2 4 6 8 10 12

ks 1.0 1.7 2.2 2.8 3.4 4.0 4.6

Table C.6 Correction factor for gradients, ks , in calculating  NOx-content

]/[ 3 hm
C

P
Q

sikt

sikt
luft =

Driving speed
(km/t) 20 30 40 50 60 > 60

kt 8 7 5 3.5 2.5 2.5

Table C.7 Correction factor heavy vehicles kt , in calculating NOx-content

For downhill gradient ks = 0,5.

QNox = qNox (kkat ·  Ml  + kt · Mt) · ks · L

[m3/km]
QNox = produced quantity of NOx-gas  

[m3/km]

qNox = basic value for light vehicles, 1.3·10-3

m3/km·veh
kkat = catalyser effect, determined as 0.3

Ml = traffic volume, light vehicles [veh/h]

Mt = traffic volume, heavy vehicles [veh/h]

ks = correction factor for driving on gradi

ents, see Table C.6
kt =    correction factor for heavy vehicles see

Table C.7

luft

Nox
Nox Q

Q
C =

2. Calculation of required thrust for
longitudinal ventilation

General
A system of longitudinal ventilation may
be constructed with or without a ventila-
tion shaft/side-adit. The air flow may be
calculated as pipe flow and a simple
equation for air movement in the tunnel
may be formulated.

The forces which generate ventilation
in a tunnel are of three types:
* mechanical ventilation force
* meteorological ventilation force
* piston effect from vehicles.

air
vis

vis air
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Mechanical ventilation force
Mechanical ventilation force is generated
by fans installed in the tunnel

The contribution of pressure loss from
the mechanical ventilation force is calcu-
lated from equations (1) and (2) below.

Meteorological ventilation force
Meteorological ventilation forces are fre-
quently unstable and it can be difficult to
estimate the strength and distribution of
the various elements. This applies particu-
larly to wind force and the effect of cli-
matic divides. Thermal effects can be
more stable and easier to obtain an
overview. Measuring natural draught is
recommended where possible. In order to
obtain a picture of natural draught in the
tunnel, the pressure loss from the meteor-
ological ventilation force is calculated
according to equation (2). If the natural
draught cannot be determined from meas-
urements, the contributions are calculated
from equation (3).

Piston effect of vehicles
When vehicles pass through tunnels with a
speed which differs from that of the air

speed in the tunnel, it will exercise pres-
sure against the air masses in the tunnel.
This effect is calculated from equation (4)
for tunnels with two-way traffic, and by
equation (5) for one-way tunnels.

Designed net thrust 
Designed net thrust is that power neces-
sary to overcome the pressure loss from
the meteorological ventilation forces, the
piston effect from vehicles and mechani-
cal ventilation forces

The actual data for cross-sections and
hydraulic diameters for the various tunnel
cross-sections is given in Table C.8.

Calculation of diverse pressure loss
a) mechanical ventilation forces, pressure
loss based on calculated necessary air
speed.

Equation (1):

∆p = pressure loss through the tunnel, N/m2

p = air density [kg/m3]
i = entry loss
λ = coefficient for flow loss. Varies from 

0.025 in concrete lined tunnels to 0.05 in 
bare rock tunnels.

L = tunnel length [m]
D = hydraulic diameter (D = 4AN/O) [m]

u = required air speed [m/s]

The loss factor (friction factor) will fre-
quently be the dominant factor in the
equations. The acceleration factor will
serve mostly in levelling out the air
speed. In practice it may be assumed that
the air flow is stationary and the equation
may then be reduced to:

Equation (2):

Cross-section Standard cross- Hydraulic
section area AN diameter, DH

m2 m

T5,5 28.77 5.6
T7 37.23 6.5

T8.5 49.66 7.4
T9.5 53.53 7.6
T11.5 70.89 8.7
T12.5 75.41 8.8

Table C.8 Cross-section and hydraulic diameter

AN = standard cross-section area above carriage-
way and verge areaa, assuming a 5% decline on
the shoulder (See Table 4.1)
DH = Hydraulic diameter,defined as

DH =          where O is the circumference of the
standard cross-section

O
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PF = “piston effect” [N]

ρ = air density [kg/m3]
AN = normal cross-section [m] (See Ch. 4 

“Geometric design”)
AF = vehicle cross-section

light vehicles AF = 2 m2

heavy vehicles AF = 6 m2

iF = design factor to estimate effective 

resistance surface:
light vehicles = 0.5
heavy vehicles = 1.0 – 1.7

N+, N- = number of vehicles in the tunnel at a 
given point of time within designed
time driving with a designed speed, 

N+ with the air flow and 

N- against the air flow
vt = traffic speed [m/s]

u = required air speed [m/s]

b) Tunnels with one-way traffic
For tunnels with one-way traffic, the

equation for the force exerted by vehicles
on air in the tunnel is reduced to:

Equation (5):

Designed thrust 

Designed thrust 

where 
ks =  system coefficient [-]

Normal values for ks:

ks = 0.5 – 0.6 (laterally mounted fans)

ks = 0.7 – 0.8 (centrally mounted fans).

b) Pressure loss resulting from meteoro-
logical ventilation forces

When the air speed in the tunnel is
measured after hole-through, the pressure
loss from meteorological effects (tempera-
ture and wind) can be calculated from
equation (2). 

When the air speed in the tunnel is not
measured after hole-through, the pressure
difference between the tunnel entrances-
may be calculated from equation (3).

Equation (3):

∆pm = meteorological ventilation force, [N/m2]

ρ = specific weight of air at the lower tunnel
entrance [kg/m3]

g = acceleration due to gravity, 9.81 [m/s2]
∆T = difference between mean air temperature

in the tunnel and the air temperature at
the lower tunnel entrance[K]

Tt = mean air temperature in the tunnel, K

∆H      = height difference between the tunnel 
entrances, alternatively between the 
tunnel entrance and a shaft [m]

w        = wind speed near tunnel entrance [m/s]

The direction of the air stream will depend
upon the temperature differences between
the tunnel and external air. When these are
similar, unstable conditions arise. This is
often the situation in the spring and
autumn.

Piston effect from vehicles

a) Tunnels with two-way traffic
The piston effect from vehicles – the

force exerted on the air in the tunnel by a
vehicle (air resistance) – is expressed as:

Equation (4):
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Correspondingly, a minimum of 50
Pa is recommended for thrust.

For the sake of simplicity the same tem-
perature is assumed externally and inside
the tunnel. Any possible temperature dif-
ferences will result in a natural draught.
The natural draught and external wind will
affect the need for smoke ventilation, and
compensation can be made. Fire-induced
speed and pressure in the tunnel are hard-
ly affected by the area of the cross-section.
This is included when the thrust require-
ment is to be calculated.

Ventilation data for tunnels with fires of
5 MW and 20 MW

In order to simplify the calculations the
necessary ventilation speed and associated
thrust pressure to surmount fire-induced
air flows in fires of around 5 MW and 20
MW are presented graphically as a func-
tion of tunnel length and average gradients
(2 %, 4 %, 6 %, 8 % and 10 %), and tun-
nel lengths of up to 10 km. Two types of
tunnel are illustrated: one with a gradient
throughout the tunnel without any dips
which would form a typical low point; the
other type with a dip and subsequent rise,
giving a typical low point (sub-sea tun-
nels). In the figures, ∆p expresses the sum
of natural pressure conditions such as nat-
ural draught and external wind. The con-
tribution of ∆p is calculated according to
equation (6). The tunnel cross-section is
not included in the calculation until the
thrust from the fan has been calculated
from equation (7). 

The ventilation speed is given for 2 m/s
and above. The required ventilation speed
(greater than 2 m/s) or necessary thrust of
the fans (greater than 50 Pa) is found
directly from the graphs.

Figures D.1 – D.4 show the required 
ventilation speed and ventilation pres
sure for 5 MW and 20 MW respective

Model for calculation of fan capacity
for tunnels with a gradient
In a tunnel with a given gradient, smoke
and gases will rise on account of the chim-
ney effect. This effect can be modelled
analytically based on the following
assumptions:
• The time function is ignored, i.e. the 

equation applied in stationary condi
tions

• Constant gradient in the tunnel and 
constant cross-section throughout the 
tunnel.

• Moderate fire such that:
-Heat radiation is assumed to be 
absorbed by the walls
-Heat transfer is controlled by con
vection from the smoke gases to the
tunnel walls
-The tunnel walls’ heat capacity 
is assumed to be infinitely greater 
than the heat capacity of the smoke
gases, i.e. the heat exchange 
between the gas and the wall mate
rial results in a temperature changes
only in the gas.
-Approximately one-way flow in 
the tunnel, i.e. the effect of local 
chimney effects and layering of 
smoke gases in the vicinity of the 
fire may be overlooked
-The mass flow (product: area · den
sity · speed) is constant over 
every section of the tunnel.
-Pressure build-up in the tunnel 
is due to the chimney effect (the 
model will not be suitable for calcu
lating the chimney effect in tunnels
with a small gradient. Pressure 
build-up resulting from the fire will
then be dominated by local effects. 
(Local pressure build-up from a 
5 MW fire is in the order of 10–20 
Pa).
Ventilation speeds below 2 m/s are 
not recommended and therefore not
included in these calculations. 

Appendix D Calculation model for fire 
ventilation
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ly but no contribution from natural 
conditions. The tunnel has a regular 
ascent.

Figures D.5 – D.8 show the required ven-
tilation speed and ventilation pressure for
5 MW and 20 MW respectively but no
contribution from natural conditions. Only
half of the tunnel length contributes to the
chimney effect (typical sub-sea tunnel).

Figures D.9 – D.12 show the required ven-
tilation speed and ventilation pressure for
5 MW and 20 MW respectively where the
contribution from natural conditions is 16
Pa. The tunnel has a regular ascent. 

Figures D.13 – D.16 show the required
ventilation speed and ventilation pressure
for 5 MW and 20 MW respectively where
the contribution from natural conditions is
16 Pa. Only half of the tunnel length con-
tributes to the chimney effect (typical sub-
sea tunnel).

Figures D.17 – D.20 show the required
ventilation speed and ventilation pressure
for 5 MW and 20 MW respectively where
the contribution from natural conditions is
64 Pa. The tunnel has a regular ascent. 

Figures D.21 – D.24 show the required
ventilation speed and ventilation pressure
for 5 MW and 20 MW respectively where
the contribution from natural conditions is
64 Pa. Only half of the tunnel length con-
tributes to the chimney effect (typical sub-
sea tunnel).

By applying pressure that exceeds margin-
ally that generated by the fire, the natural
ventilation will gradually be overcome. If
one uses lower values than those included
in the calculations, the direction of flow
will not be able to be reversed. It is rec-
ommended that the ventilation speed is
determined as 2 m/s or an applied pressure
of minimum 50 Pa. 

The basic data are given in Table D.1. The
distance from the fire to the tunnel
entrance is determined as the length of the
tunnel for tunnels with a regular ascent.
For tunnels with both inclines and declines
along the tunnel as, for example, sub-sea
tunnels, the mean gradient from the lowest
point to the exit is used to calculate the
gradient. The total length of the tunnel is
included in the calculations of total resist-
ance. Consideration of this is included in
the calculations below.

Calculation of pressure contribution ∆∆p
from natural wind and chimney effect
External winds towards the tunnel
entrance can result in a pressure difference
between the two entrances such that a nat-
ural draught arises. A precise calculation
of this is very much dependent upon local
circumstances. In equation (6) it is
assumed that the wind is blowing directly
into the entrance and that the exit lies in
the lee (wind is idle). 

Natural chimney effects are determined by
the temperature difference in the tunnel in
relation to the surroundings. This may
result in air currents both upwards and
downwards, dependent upon whether the
temperature is highest in the tunnel or out-
side (higher temperature in the tunnel
results in a positive chimney effect in
equation (6).

Equation (6):
Where

u∞ = external wind [m/s]

ρ = air density [kg/m3]
g   = gravitation acceleration, 9.8 

[m/sec2]
∆H= height difference between tunnel 

entrances [m]
If ∆p is positive, it will work in the same
direction as a possible fire, and thereby
increase the demands for fan capacity.

Hgup inoutout ∆⎤⎤−+⎤⎤=∆ × )(
2

1 2 ρρρ
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Example: 
External wind 5 m/s, 10 °C in the tunnel, 0 °C outside and a height difference of 100 m.

Density ρ is determined by the condition equation for air, atmospheric pressure divided
by the gas constant and temperature in Kelvin.

ρ0 = 1.01·105/287/(273+0) = 1.29 kg/m3 and ρ10 = 1.01·105/287/(273+10) = 1.24 kg/m3

Pap 651008.9)24.129.1(529.1
2

1 2 =⎤⎤−+⎤⎤=∆

Parameter

Q

To

L

Cross-section

α

x

∆p

he

I

λ

Unit

[MW]

[K]

[m]

[-]

%

[m]

[%]

[Pa]

[W/m2 ·K]

[-]

[-]

Value

5 and 20

273

500 - 5500

T8.5  T9.5  T11.5  
and T12.5

2, 4, 6, 8, 10

500 - 10 000

2, 4, 6, 8, 10

0, 16 and 64

20

0.5

0.04

Comments

Fire effect

Initial temperature inside the tunnel and outside

Tunnel length

Cross-sections as given in Ch.4 “Geometric design”

Gradients used

Distance from fire source to exit, determined as tunnel
length, x = L or x = fi L

Gradients used in the figures

Natural thrust from chimney effect and external wind

Convective heating transitional value; 20 W/m2 K is an
approximate value yielding reasonable results in relation to
the experimental data. This is recommended for all tunnels.
The value depends upon the coarseness of the surfaces
where a lower he-value will result in higher convection

pressure from fires

Resistance at entrance, dependent upon the design of the
tunnel entrance

Resistance coefficient for flows. Dependent upon coarseness
of the surfaces. Lower values for λ will result in higher con-
vection thrust.

Table D.1  Basic data utilised in Figures D.1 - D.24. A minimum ventilation speed of 2 m/s or applied thrust of minimum
50 Pa is recommended.
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Figure D.1 Smoke ventilation 5 MW fire, regular ascent and ∆p = 0 Pa
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Figure D.2 Smoke ventilation 5 MW fire, regular ascent and  ∆p = 0 Pa
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Figure D.3 Smoke ventilation 20 MW fire, regular ascent and  ∆p = 0 Pa

Figure D.4 Smoke ventilation 20 MW fire, regular ascent and  ∆p = 0 Pa



124

ROAD TUNNELS APPENDIX D CALCULATION MODEL FOR F IRE  VENTILATION

2,00

2,50

3,00

3,50

4,00

4,50

5,00

0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0

Tunnel length L [km]

V
en

til
at

io
n 

sp
ee

d 
v 

[m
/s

]

2 %

4 %

6 %

8 %

10 %

Smoke ventilation fire

50

100

150

200

250

300

350

400

0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0

Tunnel length L [km]

V
en

til
at

io
n 

pr
es

su
re

 p
 [P

a]

2 %

4 %

6 %

8 %

10 %

Smoke ventilation fire,

Figure D.5 Smoke ventilation 5 MW fire, increase over half distance and  ∆p = 0 Pa

Figure D.6 Smoke ventilation 5 MW fire, increase over half distance and  ∆p = 0 Pa
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Figure D.7 Smoke ventilation 20 MW fire, increase over half distance and  ∆p = 0 Pa

Figure D.8 Smoke ventilation 20 MW fire, increase over half distance and  ∆p = 0 Pa
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Figure D.9 Smoke ventilation 5 MW fire, regular ascent and  ∆p = 16 Pa

Figure D.10 Smoke ventilation 5 MW fire, regular ascent and  ∆p = 16 Pa
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Figure D.11 Smoke ventilation 20 MW fire, regular ascent and  ∆p = 16 Pa

Figure D.12 Smoke ventilation 20 MW fire, regular ascent and  ∆p = 16 Pa
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Figure D.13 Smoke ventilation 5 MW fire, increase over half distance and  ∆p = 16 Pa

Figure D.14 Smoke ventilation 5 MW fire, increase over half distance and  ∆p = 16 Pa
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Figure D.15 Smoke ventilation 20 MW fire, increase over half distance and  ∆p = 16 Pa

Figure D.16 Smoke ventilation 20 MW fire, increase over half distance and  ∆p = 16 Pa
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Figure D.17 Smoke ventilation 5 MW fire, regular ascent and  ∆p = 64 Pa

Figure D.18 Smoke ventilation 5 MW fire, regular ascent and  ∆p = 64 Pa
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Figure D.19 Smoke ventilation 20 MW fire, regular ascent and ∆p = 64 Pa

Figure D.20 Smoke ventilation 20 MW fire, regular ascent and  ∆p = 64 Pa
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Figure D.21 Smoke ventilation 5 MW fire, increase over half distance and  ∆p = 64 Pa

Figure D.22 Smoke ventilation 5 MW fire, increase over half distance and  ∆p = 64 Pa
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Figure D.23 Smoke ventilation 20 MW fire, increase over half distance and  ∆p = 64 Pa

Figure D.24 Smoke ventilation 20 MW fire, increase over half distance and ∆p = 64 Pa
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Applications and limitations

The calculation of convection pressure
within the model assumes a reasonable
gradient in order to provide a reasonable
estimate. This is to say that the convection
pressure must be considerably greater than
the local pressure build-up (10–20 Pa for a
fire of 5 MW in the tunnel). The thrust
effects in the vicinity of the fire are
ignored and the convection is calculated in
accordance with the so-called chimney
effect. In order to use the equation, the
height difference throughout the length of
the tunnel must not exceed that of the
internal height. It may be assumed that the
local build-up of pressure in the vicinity of
the fire is in the order of 10–20 Pa, and
comes in addition to the convection along
the length of the tunnel. If the calculations
yield a thrust pressure less than 50 Pa, then
the thrust of 50 Pa, or 2 m/s as the ventila-
tion speed is selected.

If the ventilation speed (v) is only slight-
ly greater than the convection speed, then
layering and bi-dimensional flow may
occur in the tunnel with a tongue of smoke
which goes against the direction of venti-
lation. This may be solved by introducing
a safety factor, ns, which is used to calcu-
late the necessary thrust for the fans in
equation 7.

Designing the fan capacity

Different tunnel configurations will result
in different ventilation speeds (v). The
required ventilation speed will increase
with increasing gradient (I), increased fire
effect (Q), increased external wind (u

oo
),

increased cross-section area (A), and
increased tunnel length (L).

The thrust, Pv is calculated in equation 7

where the recommended safety factor, ns,

is 1.1.

Ap
n

n
P s

v

s
V ⎤∆⎤= [N]

Equation (7):

where
Pv [N] applied thrust from ventilation
(designed thrust)
∆ps [Pa] applied thrust from ventila-

tion when the fire has
been brought under con-
trol with speed u (after
dynamic forces have been
controlled)

ns [-] safety factor for the calculations
nv [-] level of effect of the fans

A [m2] cross-section area of the tunnel

Calculated examples:
Tunnel with regular ascent

Fire: 5 MW
Tunnel length 1 km
Tunnel cross-section: 50 m2

Tunnel gradient: 6 %
Equal temperature inside and
outside the tunnel: 20 °C
External wind: 5 m/s
Effect level of fans: 0.72

Natural pressure in the tunnel from equa-
tion (6):
r20 = 1.01·105/287/(273+20) = 1.2 kg/m3

DH = 0.06•1000 = 60 m

The ventilation speed is given in Figure
D.9 ((∆p = 16 Pa or approx. 15 Pa) as 3.2
m/s and necessary pressure in Figure D.10
at 80 Pa (which exceeds the minimum 50
Pa).
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The required thrust is given by equation
(7)

Tunnel with downhill and uphill gradient
(typical sub-sea tunnel)

Fire: 5 MW
Tunnel length: 6 km
Tunnel cross-section: 50 m2

Tunnel gradient: 8 %
Height difference entrance 
to exit: 0 m
Temperature inside: 10 °C
Temperature outside: 0 °C
External wind: 5 m/s
Effect of fans: 0.72

Natural pressure in the tunnel from equa-
tion (6)
r0 = 1,01·105/287/(273+0) = 1,29 kg/m3 og r10

= 1,01·105/287/(273+10) = 1,24 kg/m3

Ventilation speed is given in Figure D.13
as < 2 m/s and he necessary pressure in
Figure D.14 as 100 Pa (which is greater
than the minimum 50 Pa)

The necessary thrust is given by equation
(7)
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KOMMUNE = County and 
adm.district

tm = mean annual temperature

F2 = The annual amount of frost 
that is statistically exceeded 
once in a period of two years

F5 = The annual amount of frost 
that is statistically exceeded 
once in a period of five years

F10= The annual amount of frost 
that is statistically exceeded 
once in a period of ten years

F100=The annual amount of frost 
that is statistically exceeded 
once in a period of one hun
dred years

Appendix E Mean annual 
temperatures and frost levels
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