Underground Construction
Project Profile - Waterproofing
Composite Shell Lining

Tunnel A3 Hindhead, Surrey, United Kingdom



The Project
The A3 Hindhead tunnel project consists of twin
1.83 km long two lane tunnels. They are part of
the A3 Hindhead Project, which consists of a
section of a dual carriageway trunk road with a
length of 6.7 km, between London and Portsmouth.
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Owner and Operator: Highways Agency
Contractor: Balfour Beatty
Contract type: Design-Build
Total contract value: £371 million
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Construction start: January 2007
Tunnel opening: July 2011
Contractor’s designer: Mott MacDonald
Design assistance: Atkins
Length of mined section: 1.77 km
Tunnel depth: 18 to 65 m below ground
Geology: mostly sandstone with occasional thin beds of fine sand
Groundwater: mostly below the tunnel,
except in one location.
Mixed waterproofing system
Membrane application area: 80,000 m2
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The Hindhead tunnel takes the A3 road beneath the Devil's Punch Bowl, a site of special
scientific interest. The project contributes to
improving the traffic conditions and journey time
around the A3/A287 traffic signal controlled
crossroads at Hindhead.
Tunnel excavation works started in 2008
through the north and south excavation faces.
The mined tunnel section with a length of 1.77
km was excavated in two phases (top heading
and bench) by means of excavators through a
sequence of fine grained strata of the Lower
Greensand Group (the Hythe Beds), which
mainly consists of weak to moderately strong
sandstone with occasional thin beds of clayey/silty fine sand. At its southern end the tunnel
excavation passed through medium dense silty
clayey fine to medium sand, with subordinate
weak to strong sandstone with chert bands,
which required additional excavation support by
means of canopy tube support. Cut and cover
sections with lengths of about 30 m were built
at both tunnel portals.
To date the Hindhead tunnel represents the
world’s largest use of MasterSeal 345 with a
total application area of 80,000 m2.

Tunnel design
The tunnel cross section incorporates a 7.3 m
wide carriageway with a 5.03 m high traffic
gauge and 1.2 m wide walkway on either side.
In order to facilitate movement of pedestrians
between tunnels in an emergency, interconnecting cross passages were built at 100 m
distances. Emergency niches were constructed
in the middle of the cross passages to provide a
communication refuge for any passengers in
difficulty, and allow direct connection with the
tunnel authorities.
The reference lining design included a drained
waterproofing system with a PVC-sheet membrane behind an in-situ concrete final lining
(double-shell lining system), despite anticipated
low groundwater ingress and a good selfsupporting quality of the sandstone.
The contractor’s designer proposed an alternative lining design with a spray-on waterproofing
membrane and a sprayed concrete final lining.
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fit clauses of the design-build contract, the
owner accepted this alternative design (see
Figure 1), which showed significant time and
progress flexibility advantages for the contractor and major time and cost savings for the
owner. 

Figure 1: Tunnel cross section with steel fiber reinforced sprayed concrete lining (1), spray applied waterproofing membrane MASTERSEAL 345 (2), Sprayed
concrete secondary lining (3) and plain cast in-situ
concrete sidewalls (4)

The tunnel primary lining was designed to bear
permanent ground load. It consists of 200 mm
thick fiber reinforced sprayed concrete. Structural fibers were added to the concrete mix (30
kg/m3 of steel fibers or 6 kg/m3 of polypropylene
structural fibers) to comply with minimum energy absorption of 700 Joules.
The advance rate of excavation was linked to
the development of the sprayed concrete
strength according to the Austrian J2 strength
development curve.
Durability of the primary lining was assured
through testing of water penetration (less than
50 mm) according to BS EN 12390-8 and drying shrinkage (less than 0.03%) according to
ASTM C157. In addition, for durability purposes
part of the primary lining was considered as a
“sacrificial” layer, without any structural function.
The secondary lining was designed to support
only the hydrostatic pressure and loads from
electro-mechanical equipment, as well as for
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fire resistance, with addition of micro-fine polypropylene fibers at dosage of 1 kg/m3, and for
finishing purposes. It comprises a permanent
sprayed concrete lining of 150 mm thickness in
the crown section and 6 m high cast in-situ
concrete sidewalls of 340 mm thickness, rising
4 m above the walkways, for a painted reflector
surface and easier wash-down maintenance.

MasterSeal345

Waterproofing approach
A mixed waterproofing system was installed. It
consists of a non-drained system, with the
spray applied double-bonded waterproofing
membrane MasterSeal 345, in the tunnel crown
and bench to prevent leakage from percolating
rain water, and a drained system with a geotextile fleece layer at the invert level (see Figure 2
and Figure 3).

Geotextile
fleece

Figure 3: Detail of lining and drainage in the invert

In the twin tunnels the membrane was applied
by means of robotic technology in two layers
with a total thickness of 5 mm, with
application rates of 100 to 120 m2 per hour.
For that pur-pose a MEYCO Piccola dry-mix
pump was fit-ted to a MEYCO Potenza robot
(see Figure 4).

MasterSeal345

Figure 2: Detail of lining in the bench

Membrane application
Membrane application started after all the excavation works and primary lining were complete. Each waterproofing cycle started with airblasting of the substrate to remove dust and
loose particles. Temporary drainage of water
inflow was achieved by installation of drainage
strips which were covered with a sprayed concrete layer. Prior to membrane application the
substrate was dampened for optimal application. The membrane was applied directly onto
the concrete substrate, without a smoothing
layer.
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Figure 4: Robotic membrane application in tunnels

The membrane was sprayed in the tunnel
crown and bench to just below the walkway
level. It was covered later on by pre-cast concrete sidewalls and a sprayed concrete lining in
the tunnel crown. From the construction joint at
walkway level down to the invert a continuous
geotextile fleece layer was installed to drain the
groundwater to the drainage pipe below the
invert (see Figure 3).
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In cross passages the membrane was applied
manually with a thickness of 5 mm, and application rates of about 80 m2 per hour (see Figure 5). Material consumption in both cases
ranged from 4 to 5 kg/m2.
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Figure 5: Manual membrane application in cross passages

Project benefits
The related project benefits include
x
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Faster installation of the waterproofing system and the secondary lining
Increased application rates of sprayed concrete and membrane compared to the conventional design
Flexibility in logistics allowing the contractor
to save on personnel, equipment and downtime
Simplified formwork for construction of the
cast in situ side walls
Reduced equipment costs by approx. £1.5
Million (same equipment for membrane and
sprayed concrete application)
Material savings by replacing cast in situ
concrete by sprayed concrete
Reduced construction time and increased
flexibility (saving of 3 to 4 months).
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