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1. Project background
The Dukhan Highway Central project involves the 
construction of a 15km-long dual four-lane expressway 
starting  from the current Wajbah Interchange extending 
to1km east of the Al Shahania, Doha. The project is a 
development by Qatar’s Public Works Authority (Ashghal).

Construction of the QAR1.4bn ($380m) Dukhan Highway 
Central project started in April 2011. A 9km stretch of the 
Dukhan Highway Central between Sheehaniya interchange 
and the Al Rayyan roundabout was opened for the public in 
July 2014. Scheduled for opening by the end of 2016, the 
entire 15km stretch will form an important part of the Doha 
Expressway network.

The Dukhan Highway project was initiated under Ashghal’s 
Expressway Program, a massive road modernization 
program to deliver a modern highway network in Qatar 
covering a route length of 980km and involving more than 
240 intersections by 2020.

2. Companies involved
Ashghal 
The Project is commissioned by Qatar’s Public Works 
Authority (Ashghal), The Public Works Authority ‘Ashghal’ 
was established in 2004 to be responsible for the planning, 
design, procurement, construction, delivery, and asset 
management of all infrastructure projects and public 
buildings in Qatar. Ashghal’s key responsibilities include 
governing the design, construction, and management of 
major projects including roads, drainage and buildings such 
as public buildings, schools and hospitals.

Adhering to the Qatar National Vision 2030, the Authority 
contributes to the economic and social development of the 
State of Qatar, with projects valued at over QR 100 billion to 
be delivered within the next five to seven years

KBR 
Dukhan Highway Central project is part of 16 billion 
Expressway Programme which will provide vital 
transportation links across Qatar connecting key cities, 
towns and villages with high quality national freeways 
and urban arterial routes. Kellogg Brown & Root Pty Ltd 
(KBR) appointed as the Programme Manager. KBR is a 
global provider of differentiated professional services and 
technologies across the asset and program life cycle within 

The Dukhan central project involves 2 tunnels near Mall of Qatar the nation’s 
largest mall which is  equivalent in size to 50 football pitches and housing 
more than 500 stores. 
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the Hydrocarbons and Government Services Sectors. KBR 
employs over 31,000 people worldwide, with customers 
in more than 80 countries, and operations in 40 countries, 
across three synergistic global businesses: Government 
Services,Technology & Consulting, Engineering & 
Construction. 

WS ATKINS
Atkins was commissioned by Ashghal to carry out project 
management, pre-contract design services, construction 
supervision and post-contract site supervision services for 
the Doha-Dukhan Highway.

CCC and Teyseer J.V
The construction of the central package along with the 
tunnels and bridges was awarded to Athens-based 
Consolidated Contractors Company (CCC) and local 
company Teyseer

3.  Technical specifications and specific 
requirements

In order to comply with the Concessionaire Agreement 
requirements for the Cut & Cover, Cross –Passages and 
Tunnel Sections, the Fire Protection had to meet NFPA-502 
Edition 2011. Chapter 7 applies: Road Tunnels - Section 7.3 
Protection of Structural Elements

Section  7.3.1:
Regardless of tunnel length, all primary structural concrete 
and steel elements shall be protected in accordance with 
this standard in order to:
• Maintain life safety and provide a tenable environment
• Mitigate structural damage and prevent progressive 

structural collapse
• Minimize economic impact

Section 7.3.2 defines the thermal design exposure to the 
concrete lining:
The structure shall be capable of withstanding the 
Rijkswaterstaat (RWS) time-temperature curve that is 
acceptable to the AHJ.

Section 7.3.3 defines the thermal failure criteria of the load 
bearing structures:
After a 120-minute period of fire exposure, the following 
failure criteria shall be satisfied:
• Tunnels with Cast in –situ concrete structural elements 

shall be protected such that:
• The temperature of the concrete surface does not exceed 

380°C (783°F).
• The temperature of the steel reinforcement within the 

concrete [assuming a minimum cover of 25mm (1in.)] 
does not exceed 250°C (482°F).

• Tunnels with concrete structural elements shall be 
designed or protected such that explosive spalling is 
prevented.

Section 7.3.4 defines material properties of passive 
fire protection materials that are used for protection of 
structural linings. This aim, amongst others reasons, to 
prevent that such materials do not become a hazard in itself 
when exposed to fire.

Structural fire protection material where provided, shall 
satisfy the following performance criteria:
• The material shall be noncombustible in accordance 

with ASTM E136 or equivalent international recognized 
standard.

• The material shall have a minimum melting temperature 
of 1350°C. (2462°F).

• It shall not produce toxic smoke or fumes under fire 
exposure in accordance with ASTM E 84 or equal 
international standard.

• It shall meet the fire protection requirements with less 
than 5 percent humidity by weight and also when full 
saturated with water, in accordance with the approved 
time-temperature curve tested in accordance with RWS 
Fire Test Procedure 2008-Efectis-R0695.

Fire tests.
• PROMATECT®-H RWS/HCM boards 27.5 mm thickness 

were proposed based on fire tests that were conducted at 
Effects Netherlands and approved by Qatar Civil Defence 
Authority. 

• PROMATECT®-H RWS/HCM boards were exposed 
to fire tests of 120 minute duration as per Efectis test 
procedure 2008-Efectis-R0695 and as determined by the 
requirements of NFPA 502 Standard for Road Tunnels, 
Bridges and Other Limited Access Highways 2011 Edition.

Efectis full scale furnace with loaded segment

TIME (MINUTES) TEMP ºC (ºF)

3 890           (1634)

5 1140         (2084)

10 1200         (2192)

30 1300         (2372) 

60 1350         (2462) 

90 1300         (2372)

120 1200         (2192)
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finish could be achieved in this most prestigious of tunnel 
projects.  

Post fixed board systems
Calcium silicate boards come as flat sheets and can be 
post fixed on site to match the tunnel shapes. The required 
thickness in the case of the Dukhan Highway Tunnel was 
27.5mm using the PROMATECT®-H RWS/HCM board.  

5. Promat Technical Offer, Main Tunnel
Outline of the system
The chosen passive fire protection system was the 
PROMATECT®-H RWS/HCM board system. The main panels 
have dimensions of 2500 x 1250mm and fire testing analysis 
showed that the required thickness was 27.5mm to comply 
with the thermal requirements. 

The boards are anchored to the concrete by means of 
316 Stainless Steel Anchors with 30mm 316 stainless 
steel washers. The distance of the anchors to the edge 
of the boards was 100mm The anchors are spaced at a 
consumption rate 5 No per Sqmt.

Thermal justification of the system
Existing test data provided sufficient thermal information on 
system performance of the proposed system

6. Promat Technical Offer:  Approaches – Cut 
and Cover areas
The approaches of the Dukhan tunnel have been 
constructed using cast-in-situ concrete. The thermal criteria, 
as per NFPA502-2011 edition, are listed in paragraph 3 of 
this document. Test data and finite element calculations 
using conservative values lead to the required material 
thickness of 27.5mm PROMATECT®-H RWS/HCM board.  
These boards have been installed butt jointed using … 6mm 
mechanical expansion anchors.   

Interface temperature versus requirements
The purpose of these tests was for the manufacturers to 
demonstrate that their proposed fire protection systems 
meet these temperature requirements.

The advantage of the approach outlined above is that the 
exact time related spalling temperatures can be defined 
and that the exact thickness of the passive fire protection 
system can be determined. However, to be able to do just 
that thermal test data of system tests has to be available 
from previous fire tests. These tests should be compatible 
with the parameters of the specific tunnel i.e.:

• The concrete type and mix design
• The aggregate type (calcareous or siliceous)
• The tunnel geometry
• Anchor type, location, spacing including washer details
• Joint and gap details between boards
• Mesh type and dimensions, (applicable for spray systems)
• Concrete surface preparation regimes

Preferably the determination of the exact thickness, based 
upon the results of Finite Element calculations and full scale 
test validation.

About Efectis
Efectis is the expert in fire science, engineering, design and 
modeling, risk analysis, testing, inspection and certification. 
Efectis covers all fire safety capabilities and know-how in 
testing and modeling around the world with offices and 
laboratories located in France, the Netherlands, Spain, 
Turkey, the USA and the Middle-East.

Efectis are the authors of the Rijkswaterstaat (RWS) standard 
for testing of fire protection for concrete tunnel structures. 
Many fire tests have been commissioned since the late 
1970’s, and the Efectis/RWS standard forms the basis of the 
relevant requirements in the NFPA 502 standard.

Fire tests for the Dukhan Highway Tunnel
The  Dukhan Highway Tunnel needed to be protected with 
a passive fire protection material in order to fulfill the criteria 
given in NFPA 502 article 7.3, which requires that “tunnels 
with concrete structural elements to be protected such that 
explosive spalling is prevented”. 

4. Fire protection options
Spray system
Although the spray applied fire protection was an option 
in this tunnel the fire protection was best recommended 
due to certain limitations of the spray applied system. 
The installation needed to be completed in a time bound 
manner with installation teams working in concert with 
other trades. The spray system required a period of time 
to allow for curing together with the adoption of a robust 
QA/QC procedure to ensure that not only thickness control 
was closely adhered to but a high standard of aesthetic 
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A typical distribution of the anchors on a full size panel 
looks as depicted below:

7. Installation Guide and Experiences

Method of installation:

Preparation of the works:
Storage: 
Boards shall be stored in a dry and protected area.
Material Check: 
• Check the board surface and edges for damages and 

imperfection
• Check anchors, washers and nuts for right dimensions

Installation procedure:
The installation sequence was to be a top and down 
installation, which provides the advantage to prevent 
damage to the boards during handling and securing.  The 
sequence of installation can be summarized as follows:

Sequence summary:
1. Assess tunnel liner conditions at the locations of the 

installation of the boards.
2. Mark center line, by line.
3. Mark drilling holes with a template (wooden strip, 

drywall screw hammer), as per the installation drawings
4. Pre-drill holes 
5. Bring 1st board in exact position
6. Fix board with wall jacks (2 per board),
7. Drill … holes for anchors, 
8. Set the anchors with pneumatic hammer and hammer 

element:
a) Hammer anchor into the concrete until washer 

touches board and cannot rotate anymore. 
9. Bring 2nd board in position butt jointed to 1st 

board 
10. Check that butt joint with adjacent boards and use 

hammer and wood strip to tighten the joints as much as 
possible without damaging the board edges. In case of 
gap greater than recommended by manufacturer, cut 
the board to the right dimensions or change board.

11. Set the anchors with pneumatic hammer and hammer 
element:

a) Hammer anchor into the concrete until washer touches 
board and cannot rotate anymore. 

12. Drill … holes for anchors, 
13. Set the anchors with pneumatic hammer and hammer 

element:
Hammer anchor into the concrete until washer touches 

board and cannot rotate anymore. 
14. Repeat steps 9-14 for adjacent boards

Attention shall be paid to specific cases, such as:
Areas surrounding escape refuges, control panels, hydrants 
ect.

8. Test reports

RWS Fire Test: 

2011-Efectis-R0393:  M.Vermeer ans P.W.M Kortekaas 
Efectis Nederland BV Centre for Fire Safety, Rijswijk, The 
Netherlands
Determination of the thermal insulation of a PROMATECT H 
board system on a concrete slab  - 120 min RWS duration

2011-Efectis R0591: T.G.van der Waart van Gulik MSc. 
P.W.M. Kortekaas  Efectis Nederland BV Centre for Fire 
Safety, Rijswijk, The Netherlands
Determination of the thermal behavior of a fully saturated 
PROMATECT® –H system on a concrete slab under RWS fire 
curve conditions. 

a. This test demonstrates the integrity of PROMATECT®-H 
RWS/HCM when water saturated and exposed to 120 
minutes RWS fire, the PROMATECT®-H RWS/HCM 
boards do not spall under these saturated conditions. 

Efectis reports 2007 – Efectis-R0459 and 
2008-Efectis-R0045  (reference only - proprietary to 
Promat)
These reports were for the development and validation 
of the Efectis Finite Element software owned by Promat 
Intl.  These reports are not made publicly available.  The 
outcome of the finite element calculations provided can be 
cross checked by Efectis.  Upon request Promat is willing to 
obtain the Efectis approval of the finite element calculations 
provided.

NFPA-502 – Edition 2011 
Standard for Road Tunnels, Bridges, and Other Limited 
Access Highways 
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NFPA, 1 Batterymarch Park, Quincy, MA – An 
International codes and Standards Organization

General Tests: 

Non-Combustibility in accordance:
EN 13051-1 (A1)
BS 476 Part 4
DIN 4102 part 1
Classification Report WFR Gent 11527C

Non combustible in accordance with ASTM E 136 

Pressure and Suction loading test (fatigue)
Institute for Industrieaerodynamik GmbH
TPR04-1-2  – Dynamic load test PROMATECT® H Dec2014- 
Feb 2015.
Test 1: +/- 4000 Pa  2,000,000 cycles
Test 2: +/- 6000 Pa     500,000 cycles

STUVA test report PROMATECT®-H RWS/HCM Fire 
Protection Linings for Vehicle Tunnels October 2001

Taber Abrasion Test Wear Resistance
REDCO – R200418615 – December 2004 – According to 
ASTM C501-80

STUVA test report PROMATECT®-H RWS/HCM Fire 
Protection Linings for Vehicle Tunnels October 2001

General certification:

• ISO 9001:2008 
• ISO 14001:2004 
• OHSAS 18001:2007
• European Technical Approval – ETA 06/0206 
• Certifire
• Civil Defence Approval
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PROMATECT®-H RWS/HCM
Matrix Engineered Mineral Board

PROMATECT®-H RWS/HCM is a non-
combustible matrix engineered mineral 
board reinforced with selected fibres 
and fillers. It is formulated without 
organic fibres and does not contain 
formaldehyde.

PROMATECT®-H RWS/HCM is off-white 
in colour and has a smooth finish on one 
face with a sanded reverse face.
The board can be left plain or can be 
easily finished with paints.

PROMATECT®-H RWS/HCM is 
resistant to effects of moisture and 
will not physically deteriorate in a 
damp or humid environment. Whilst 
its performance characteristics are not 
degraded by moisture or aging under 
normal tunnel operating conditions, 
PROMATECT®-H RWS/HCM is not 
designed for application in areas subject 
to continual damp (saturated) or high 
temperatures.

Applications

 Tunnel lining, concrete floor and wall 
upgrading.

 M&E services enclosure.
 Access panels and hatches, fire door.
 Structural steel protection.
 Membrane ceilings.
 Cladding to steel ducts,  

self-supporting ducts.

* EMC: Equilibrium moisture content.

General technical data
Product generic description non-combustible, fire resisting calcium 

silicate board

Combustibility DIN 4102, Part 1 
BS 476, Part 4 
EN 13051-1:A1
(Classification 
Report WFRGent 
11527C)

Non-combustible 

Board format (length x width) mm 2440 x 1220
2500 x 1250
3000 x 1250

Tolerances on length and width mm ± 3

Board thickness mm 15 - 20 - 21 - 25 - 27.5 - 30

Tolerances on thickness mm 15 - 20 mm
> 20 mm

± 1.0
± 1.5

Density (nominal, oven dry) Kg/m3 ca. 870

Alkalinity (approximate) pH 12

Thermal conductivity λλ W/m°K ca. 0.175 (at 20°C)

Water absorption g/cm3 0.50

Moisture diffusion resistance μ ca. 20

Typical moisture content (at EMC*) % 5 - 10

Surface condition Front face: smooth, unsanded
Back face: textured and or sanded
Colour: beige - white

Storage Store on flat surface, in a dry area.

Processing & machining

When machining the product with power 
tools, do not breathe dust and respect the 
regulatory occupational exposure limits 
for total inhalable and respirable dust. 
Wear safety goggles. Avoid contact with 
skin and eyes. Use dust extraction. In case 
of insufficient ventilation, wear suitable 
respiratory equipment to avoid health 
effects.
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*  Project specific thickness can be manufactured in 1mm increments. Please contact Promat for further 
information

All physical and mechanical values are averages based on standard production and tested according to internal procedures. The typical values are given for 
guidance. The gures can change dependent on the test methods used. If a particular value is of prime importance for a specication, please consult Promat 
Technical Department.

Board weights (Kg/m2)
Thickness  
(mm)

Dry Weight Weight  
(20°C, 65% RH)

20 ca. 17.4 ca. 18.5

21 ca. 18.27 ca. 19.43

25 ca. 21.8 ca. 23.1

27.5 ca. 23.96 ca. 25.44

30 ca. 26.14 ca. 27.75

Mechanical properties 
Bending strength 
(longitudinal direction)

N/mm2 7.6

Tensile strength  
(longitudinal direction)

N/mm2 4.8

Compressive strength 
(perpendicular to the surface)

N/mm2 9.3

Screw pull out resistance: 
screw into board
surface - 15mm deep

quick fix screw - 3.9 x 55
quick fix screw - 4.0 x 40
quick fix screw - 4.5 x 50
timber screw - 3.9 x 55
screw inserts (Rampa)

624N
584N
581N
550N
350N

Bolt pull through resistance 
(board thickness = 25mm)

Bolt M8, washer diameter
30mm

3.220N Quality assurance

Promat products are manufactured 
to stringent quality control systems 
to assure that our customers receive 
materials made to the highest stan-
dards.

Operating to these standards means 
that all activities, which have a 
bearing upon quality, are set out in 
written procedures. 

Systematic and thorough checks are 
made on all materials and their us-
age. Test equipment is subjected to 
regular checks and is referred back 
to national standards.

The information given in this data 
sheet is based on actual tests and is 
believed to be typical of the product. 
No guarantee of results is implied 
however, since conditions of use are 
beyond our control.

Waste disposal

Refer to local legislation

If not available: The board is not 
classified as a dangerous substance 
and no special provisions are 
required regarding the carriage and 
disposal of the product to landfill. 
They can placed in an on-site skip 
with other general building waste.
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Notes
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Visit us at  
www.promat.com

Headquarters — Belgium
Etex Building Performance NV
Bormstraat 24, 2830 Tisselt
T +32 15 718 100
F  +32 15 718 109
E   construction@promat.com

Australia
Promat Australia Pty Ltd
1 Scotland Road
SA 5031 Mile End South
T  1800 Promat (776 628)
F  +61 8 8352 1014
E  PAPL.mail@etexgroup.com

Austria
Etex Building Performance GmbH
St.-Peter-Straße 25 / Bau 39
4021 Linz/Austria
T  +43 732 6912-0
F  +43 732 6912 3740
E  info.at@etexgroup.com
DVR-Nr.: 4011276

Chile
Promat Chile SA
Camino a Melipilla, Maipú
10803 Santiago
T  +56 2 2391 2200
E  contacto@promat.cl

China
Promat Shanghai Ltd
No.2, Tai Hua Street,
Yonghe Economic District,
511356 Guangzhou, Guangdong
T  +86 (20) 8136 1167
F  +86 (20) 3222 5275
E  info@promat.com.cn

Colombia
Promat Colombia
Av. Kra 19 No. 120-71 Suite 506
110111 Bogotá D.C.
T  +57 1 355 3500
F  +57 1 355 1785
E  info@promat.com.co

Croatia
Promat d.o.o. Podružnica Zagreb
Kovinska 4a
10090 Zagreb
T  +385 1 3496 324
E promat.hr@etexgroup.com

Czech Republic
Promat sro
Evropská 11
160 00 Praha 6 – Dejvice
T  +420 2 2439 0811
F  +420 2 3333 3576
E  promat@promatpraha.cz

Denmark
Promat Nordic
Kometvej 36, 6230 Rødekro
Etex Nordic A/S
Vendersgade 74, 7000 Fredericia
T  +45 73 66 19 99
E  promat-dk@etexgroup.com

France
Etex France Building Performance
500, rue Marcel Demonque
Zone Agroparc, CS 70088,
84915 Avignon Cedex 9
T  +33 1 3979 6160
F  +33 1 3971 1660
E  info@promat.fr

Germany
Promat GmbH
Scheifenkamp 16
40878 Ratingen
T  +49 2102 493 0
F  +49 2102 493 111
E  mail@promat.de

Hong Kong
Promat International (Asia Pacifi c)
Ltd
Room 1010, C.C. Wu Building
302-308 Hennessy Road, Wanchai
T  +852 2836 3692
E  promat.hk@etexgroup.com

Hungary
T +36 30 541 8316
T  +36 30 343 25 72
E  promat.hu@etexgroup.com

India
Promat Fire & Insulation Pte Ltd
Unit 605, 6th Floor, Tower B
Global Business Park
Mehrauli Gurgaon Road
Sector 26, Gurgaon
122002 Haryana
T  +91 12 4434 6865
E  info@promat-india.com

Italy
Etex Building Performance S.p.A.
Milanofi ori, Strada 2, Palazzo C4
20057 Assago (MI)
T  +39 02 99778611
E  etexbp.italia@etexgroup.com

Japan
Promat Japan Corporation
Pacifi c Marks Shinjuku
4-15-7 Nishi-Shinjuku, Shinjuku-Ku
160-0023 Tokyo
T  +81 3 3377 2821
F  +81 3 3378 2821
E  sales@promat.jp

Malaysia
Etex Malaysia Sdn Bhd
(Formerly known as Promat (Malaysia) 
Sdn. Bhd.)
Unit 19-02-01, Level 2, Wisma Tune
19 Lorong Dungun, Damansara
Heights
50490 Kuala Lumpur
T  +60 3 2095 8555
E  promat.my@etexgroup.com

Netherlands
Etex Building Performance B.V.
Oosterhorn 32-34, 
9936HD Farmsum
T  +31 30 241 0770
F  +31 30 241 0771
E  info@promat.nl

Peru
Promat Peru
Jr. Republica del Ecuador 448
15079 Cercado de Lima
T  +51 619 6400
E  contacto@promat.pe

Poland
Promat TOP Sp zoo
Przeclawska 8
03-879 Warszawa
T  +48 22 212 2280
F  +48 22 212 2290
E  top@promattop.pl

Romania
Etex Building Performance S.A.
Vulturilor Nr. 98, 5th Floor 
030857 Bucharest 
T  +40 31 224 01 00
F  +40 31 224 01 01
E  promat.ro@etexgroup.com

Singapore
Promat Building System Pte Ltd
10 Science Park Road, #03-14 The
Alpha
Singapore Science Park II
117684 Singapore
T  +65 6776 7635
E  promat.sg@etexgroup.com

Slovenia
Promat d.o.o.
Kidričeva 56b
4220 Škofja Loka
T  +386 4515 1451
F  +386 4515 1450
E  promat.si@etexgroup.com

South Korea
Promat International (Asia Pacifi c)
Ltd (Korea Branch Offi ce)
11F, Dong-a Building
117 Namdaemun-ro, Jung-gu
04522 Seoul
T  +82 70 7794 8216
F  +82 2 779 5566
E  info@promat-ap.com

Spain
Promat Ibérica SA
C/Velazquez 47, planta 6ª izquierda
28001 Madrid
T  +34 91 781 1550
F  +34 91 575 1597
E  info@promat.es

Switzerland
Promat AG
Industriestrasse 3 
9542 Münchwilen
T  +41 52 320 94 00
F  +41 52 320 94 02
E  offi ce@promat.ch

UAE
Etex Middle East LLC
Plot no. 597-921
Dubai Investment Park 2
PO Box 123945, Dubai
T  +971 4 885 3070
F  +971 4 885 3588
E  info@promatfp.ae

UK
Etex Building Performance Ltd
Gordano House
Marsh Lane, Easton-in-Gordano
BS20 ONE Bristol
T  +44 (0)800 373 636
F  +44 1275 379 037
E  Sales: fpsales@etexbp.co.uk
 Technical: technical.promat@
 etexbp.co.uk

USA
Promat Inc
1731 Fred Lawson Drive
TN 37801 Maryville
T  +1 865 681 0155
F  +1 865 681 0016
E  sales@promat.us
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