
QUEENSWAY TUNNEL 
REFURBISHMENT, 
ENGLAND

Nearly 400 tonnes of nickel-containing 
stainless steel were used for the 
framework supporting a new cladding 
system inside the Queensway tunnel as 
part of a major refurbishment project. 
As well as having sufficient durability 
and robustness, the system was 
designed to minimise installation time 
(and hence tunnel closure).
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Fig 1 - Liverpool entrance to the Queensway tunnel
photo courtesy Ancon Building Products

The Queensway Tunnel is a road tunnel under the River 
Mersey, in the north west of England, between Liverpool 
and Birkenhead. It was constructed between 1925 and 
1934, and was the longest underwater tunnel in the world 
at 3.24 kilometres. It is 13.4m in diameter, and carries 
two northbound and two southbound lanes of traffic . 
Approximately 35,000 vehicles pass through the tunnel daily.

In 2011 a £7M programme of 
refurbishment was carried out in 
the tunnel which included the 
replacement of the old plastic 
corrugated protective wall cladding 
with a new cladding system of 
ceramic steel. Ceramic steel is suitable 
for lining tunnels because it is highly 
durable, strong, easy to clean and 
low maintenance. The new cladding 
system enhances safety by improving 
light reflectance in the tunnel, 
increasing the brightness by 14%. 

This reduces energy consumption and 
extends the bulb life for the lighting 
systems in the tunnel from 7 to 8 
years, saving money, and reducing the 
carbon footprint of the tunnel[1].
Graphics created by a local artist were 
screen printed onto 18 of the ceramic 
panels and also panels at mid-river 
were screen printed with respective 
municipal crests, making this the first 
tunnel in Europe to incorporate public 
art in the tunnel cladding[2]. The new 
cladding system is also designed to 
direct ingress water to the gutters, 
where it can be pumped away.

In total 6000 new ceramic steel 
cladding panels were installed, 
covering a surface area of 36,000m2 
(Figures 2 and 3).The refurbishment 
project took eleven months and 
was completed in November 2011. 
However, hidden from view but playing 
a vital role is 500 tonnes of stainless 
nickelcontaining stainlsss steels which 
support the cladding. Stainless steel 
was chosen because of its excellent 
corrosion resistance and strength.
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Material 
Selection 
The cladding panels are supported by 
a lightweight modular stainless steel 
framework of cold formed members 
which were manufactured from 390 
tonnes of stainless steel strip. The 
only visible stainless steel following 
installation of the panels are the cover 
strips (90mm wide x 3mm thick) at the 
connection between each panel.

Stainless steel was chosen for 
the framework because of the 
aggressive environment inside road 
tunnels. Type 304 (UNS S30400/
EN 1.4301) was selected, a standard 
austenitic stainless steel containing 
approximately 18% chromium and 
8.3% nickel with a design strength 
of 210N/mm2. A strict maintenance 
schedule was defined (panels are 
cleaned once every five weeks) to 
prevent the accumulation of dirt and 
contaminants such as chlorides or 
sulfates which might lead to localised 
corrosion. Deicing salts are not used in 
the tunnel, so the risk of the stainless 
steel being exposed to them is 
minimal, apart from occasion splashes 
from the vehicles passing through the 
tunnel.

Duplex stainless steel Type 2205 
(UNS S32205/EN1.4462) was selected 
for the main support hook for each 
panel due to its superior strength 
(design strength of 460N/mm2). 
This alloy contains approximately 
22% chromium, 5.5% nickel and 3% 
molybdenum.

Fig 2 - The newly clad tunnel
Photo courtesy Ancon Building Products 

Fig 3 -  The artwork on the tunnel cladding at mid-river
Photo courtesy Ancon Building Products 
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Fig 4 -  The frames were factory manufactured and assembled
Photo courtesy Ancon Building Products

Design 
 
The stainless steel framework was 
designed to be as lightweight as 
possible, not only to cut material costs 
but also to facilitate quick installation 
which was important because the 
refurbishment had to be completed 
with minimal disruption to the normal 
running of the tunnel, taking place for 
6 consecutive nights every 3 weeks. 
The framework system also needed 
to be easily demountable in case any 
panels were damaged, for example 
by vehicle impact, and needed 
replacement.

The stainless steel framework was 
designed on a modular basis, with 
each sub-frame supporting one 
cladding panel of standard size 5.2m 
high x 1.2m wide. The frame was 
designed to resist the self-weight of 
the cladding and the wind pressure/
suction caused by the moving traffic. 

The Highways Agency Design Manual 
for Roads and Bridges BD 78/99[3] 
requires tunnel cladding to be 
designed to resist a load of ±1.5kPa for 
50 million cycles, however, in-situ load 
cell testing determined that the actual 
pressure fluctuations caused by traffic 
in the tunnel were considerably lower, 
and an approved departure from that 
requirement was granted to permit 
a value of 0.5kPa to be used instead. 
The cyclic nature of the loading was 
taken into account by limiting the 
stresses in the various components of 
the framework to 50% of the material’s 
fatigue endurance life.

The design was based on simple 
elastic analysis, adopting a permissible 
stress methodology because many of 
the small components (e.g. brackets, 
cleats) were not conventional 
structural members. The main load-

bearing members in the framework 
were cold formed angles 55mm x 
35mm x 4mm thick. The framework 
was attached to the tunnel wall using 
15,100m of stainless steel slotted 
channels (41mm x 21mm) fixed by 
48,000 resin anchors from grade A4 
stainless steel (equivalent composition 
to Type 316 / UNS S31600).

The total weight of the cladding 
system was approximately 900 tonnes.
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Fig 7 - Frames ready for transportation
Photo courtesy Ancon Building Products

Information for this case study was kindly provided by Ancon Building Products and Chippendale Consulting.

Procurement Details
Client: Merseytravel
Designer: Chippendale Consulting
Manufacturer of stainless steel framework: Ancon Building Products
Supplier of ceramic steel panels: PolyVision SV
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Fabrication 
and 
installation
The innovative design concept of 
pre-fixing sturdy top and bottom rails 
to the tunnel wall and then fastening 
the stainless steel frames in position 
reduced installation time considerably 
compared to the conventional method 
of fixing all horizontal and vertical 
support rails on site and fitting smaller 
panels directly to it. The frames were 
designed to ‘tilt up’ during installation, 
whereby the frames were first laid 
horizontally on the floor, secured at 
the bottom and then tilted up and 
secured in position. This process saved 
time and hence minimised disruption 
to tunnel users.
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