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Abstract: 

The focal point of Vancouver's Cassiar Connector project is a 724 metre long, four-lane tunnel 

which eliminates at-grade intersections of the Trans Canada Highway and the city street system, 

and improves traffic flow to and from the Second Narrows Bridge.  

 

The cut-and-cover structure is designed as a double concrete arch with two lanes per "tube" and 

shoulders that are wide enough to ultimately accommodate two additional lanes. At the south end, 

the tunnel and collector roads make up a four span structure, taking Adanac Street over the top of 

the tunnel. At Hastings Street, the principal street crossing over the tunnel, a small tunnel 

adjoining the main structure provides a future transit loop.  

 

The longitudinal ventilation system, specially suited to tunnels of this length, incorporates pairs 

of jet fans hanging from the tunnel roof at regular intervals. A fully-automatic control system 

operates on the basis of time of day, traffic count and carbon monoxide levels, activating fans as 

necessary. 

 

Tunnel illumination uses a combination of counterbeam and normal high pressure sodium 

lighting, Lights are more closely spaced at the tunnel entrances than in the centre to allow drivers' 

eyes to adjust to the conditions inside the tunnel.  

 

Safety features include escape doors between "tubes" for use during fire or emergency, SOS 

boxes at every escape door, radio communication and continuous closed circuit TV monitoring. 

Smoke detectors are built into the ceiling, and fire mains suspended from the roof provide water 

to fire department connections in the SOS boxes. Loop detectors count traffic and indicate stalls. 

 

The control building, situated above the tunnel, contains all electrical and controls equipment. 

Sample information is relayed directly to the Ministry of Transportation and Highways Burnaby 

Control Centre. 
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Summary 


The focal point of Vancouver's Cassiar 
Connector project is a 724 metre long, four­
lane tunnel which eliminates at-grade 
intersections of the Trans Canada Highway 
and the city street system, and improves 
traffic flow to and from the Second Narrows 
Bridge. 


The cut-and-cover structure is designed as a 
double concrete arch with two lanes per 
"tube" and shoulders that are wide enough 
to ultimately accommodate two additional 
lanes. At the south end, the tunnel and 
collector roads make up a four span 
structure, taking Adanac Street over the top 
of the tunnel. At Hastings Street, the 
principal street crossing over the tunnel, a 
small tunnel adjoining the main structure 
provides a future transit loop. 


The longitudinal ventilation system, 
specially suited to tunnels of this length, 
incorporates pairs of jet fans hanging from 
the tunnel roof at regular intervals. A fully­
automatic control system operates on the 
basis of time of day, traffic count and 
carbon monoxide levels, activating fans as 
necessary. 


Tunnel illumination uses a combination of 
counterbeam and normal high pressure 
sodium lighting, Lights are more closely 
spaced at the tunnel entrances than in the 
centre to allow drivers' eyes to adjust to the 
conditions inside the tunnel. 


Safety features include escape doors between 
"tubes" for use during fire or emergency, 
SOS boxes at every escape door, radio 
communication and continuous closed circuit 
TV monitoring. Smoke detectors are built 
into the ceiling, and fire mains suspended 
from the roof provide water to fire 
department connections in the SOS boxes. 
Loop detectors count traffic and indicate 
stalls. 


The control building, situated above the 
tunnel, contains all electrical and controls 
equipment. Sample information is relayed 
directly to the Ministry of Transportation 
and Highways Burnaby Control Centre. 


Main Features 


The objective was to design a tunnel 
structure which could operate initially as a4 
lane facility with the capability of future 
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expansion to 6 lanes; to use state of the art 
technology to meet all the operational and 
safety requirements of modern tunnel 
facilities; to meet stringent environmental 
requirements for the surrounding 
neighbourhood; to develop a facility whiCh 
could be operated with minimum support; 
and to achieve these aims within tight 
budget constraints. 


In addition, the consultants set themselves 
the goal of developing a facility which 
would present an open, bright and appealing 
appearance to motorists. 


To achieve these goals, the engineers 
considered the facility as an integrated 
whole and evaluated the impacts of decisions 
on the major elements - structure, lighting, 
ventilation, fire protection, architectural - on 
each other and on the overall facility. The 
thought processes leading to the major 
decisions are given below. 


. Ventilation 


The key element in any tunnel is its 
ventilation; the ability of the ventilation 
system to maintain pollutants, mainly CO 
levels, within acceptable limits; and the 
ability of the system to be used as a 
protection device in the event of a fire. 


Traditionally, tunnels have had fully 
transverse or semi-transverse ventilation 
systems which supply and/or extract air to 
and from the tunnel through separate air 
ducts. In the event of a fire, fans can be 
reversed to extract smoke. While these 
systems have proven to be effective, the air 
ducts add significantly to the size and cost 
of the tunnel structure, and would be 
particularly difficult to incorporate in the 
confined suburban conditions existing at 
Cassiar. 


Longitudinal ventilation systems are now 
common in short and intermediate length 
tunnels in some parts of the world. This 
system uses jet fans mounted on the ceilings 
of the traffic tubes to assist in moving air 
through the tunnel and in keeping the CO 
content within the regulation parts per 
million. 


Model tests undertaken for the designers 
proved the viability of a longitudinally 
ventilated system, which was accepted by 
specialist consultants to the Owner and the 
Vancouver Fire Department. The Fire 
Department recommended a 50 percent 
reduction in the spacing of emergency exits 
between tubes and this recommendation was 
accepted. 


. Fire Protection System 


The original design brief called for a wet 
sprinkler system inside the tunnel. The 
design team evaluated this against the 
Japanese experience in a vehicular tunnel 
where an explosion occurred after the 
sprinkler system had put out the fire, due to 
the evaporation of gasoline fumes in contact 
with hot metal. On this basis, and together 
with input from the Fire Department, it was 
decided to delete the sprinkler system. A 
wet standpipe system provides the facility 
for fire fighting, and also achieves 
significant cost savings by eliminating the 
sprinkler system. 


. Tunnel Structure 


In the initial design, and in most designs in 
Europe with longitudinal ventilation, the jet 
fans hang from the roof of a box type 
tunnel. Sandwell considered that· the 
appearance of the tunnel would be enhanced 
by using arch sections with the jet fans 
occupying the central space in the crown of 
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the arch. As well as the aesthetic appeal, 
this resulted in a very efficient structural 
solution, with a cost saving of over $2 
million from the original box type design. 
The structure is discussed in more detail 
below. 


. Tunnel Lighting 


Traditionally, tunnels have used slatted 
louvres over tunnel entrances to make the 
transition from daylight to the relatively 
darker interior. Generally, these become 
ineffective after a few years, and a more 
modern approach was adopted wherein 
intense lighting is used at the entrances, 
gradually decreasing in intensity towards the 
interior of the tunnel to suit the motorists' 
eye capability to adjust to darker conditions. 


The lighting in the tunnel is set up in five 
stages, and light sensors at the entrances 
automatically sense ambient light levels and 
adjust for the appropriate setting. 


The counterbeam lighting fixtures, which 
are used in combination with high pressure 
sodium, shine towards the motorist at a 
steep angle and allow an object on the road 
to be better identified by negative contrast. 
This system uses about 40% less power than 
conventional tunnel lighting. The use of 
light coloured tiles also allows the lighting 
output to be used more efficiently. 


Generally, in tunnels, lighting conduits are 
incorporated in the tunnel structure, which 
may result in construction and subsequent 
access problems. For Cassiar, the decision 
was made to use cable trays hanging from 
the arch ceiling, which would also be used 
to carry the lighting. Again, this was a cost 
effective and aesthetically pleasing solution. 


. Control Building 


To deal with voltage drop problems along 
the facility, it was desirable to locate the 


control building at around the mid point of 
the tunnel. A suitable location was found, 
and this facility contains a substation, 
emergency generator set, UPS, control 
room, radio equipment, and kitchens and 
other convenience facilities. The control 
room has closed circuit TV monitors, a 
Honeywell Controller with fully automatic 
controls, lighting panels, emergency fire­
fighting panels and a direct line to fire and 
police. 


Direct access can be achieved by ladder 
from the control building to the tunnel in the 
event of an emergency. The facility is 
compact compared with most tunnel control 
rooms, and achieves substantial economy. 


Tunnel Structure 


For the reasons indicated - economy and 
aesthetics - an arch structure was considered 
to be superior to a box design. 


The design of the structure had to take into 
account that the cut was in glacial till 
containing a great number of cobbles and 
boulders, some up to 100 tonnes. The till is 
hard but can be ripped with heavy 
equipment. However, it is extremely 
moisture sensitive and becomes mushy when 
wet. In this condition, it is almost 
impossible to work with, or in, the material. 


The insitu till has a high bearing capacity. 
To take advantage of this, and to avoid 
exposing large areas of till at anyone time, 
full length discrete footings were used under 
each wall, which were cast in sections ahead 
of the arches. This enabled the continuously 
reinforced pavement slab, which is both a 
structural element and the running slab, to 
be placed independently, and in dry and 
controlled conditions. To avoid large 
flexural stresses being induced in the 
pavement slab from soil loading on the roof 
and walls, the connections between 
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pavement slabs and footings were pinned. 
As a result of this construction sequence, the 
backfilling of the structure had to be strictly 
regulated and backfilling heights balanced 
between the two sides of the structure. 


Considerable thought was given to whether 
a continuously reinforced structure would be 
used or a more traditional form of design 
with intermittent expansion joints. 
Continuous reinforcing was chosen, and 
sufficient longitudinal reinforcement used to 
ensure that the microscopic cracks which 
develop in the concrete were evenly 
distributed along the structure. This led to 
watertight construction, the elimination of 
construction or movement joints, a reduction 
in waterproofing, and significant cost 
savings. A British Standards code (BS5337) 
was used for assessing the percentage of 
longitudinal reinforcing required. On 
average, the longitudinal distribution steel 
represented approximately 0.6 percent of 
gross cross sectional area. 


Underslab, back-of-wall and roof drainage 
was introduced to lower the water table and 
so mInImIze differential hydrostatic 
pressures on the tunnel walls and uplift on 
the structural roadslab. 


Tunnel Section Construction 


While the Cassiar Connector Project was 
large for a suburban setting, it was, in 
effect, made up of numerous small projects 
created by the different stages of the work. 
The three major traffic arterials, Cassiar 
Street (TransCanada Highway), Hastings 
Street, and McGill Street, as well as many 
other important City streets, had to be kept 
intact and rerouted in order to build the new 
roads and structures around the traffic. 


The overall project had to be completed 
within 21 months (by March 31, 1992) and 


the several interim milestones which had to 
be met demanded a sophisticated and 
flexible schedule to allow for changing site 
conditions and the wet Vancouver weather. 


The main tunnel was the key to the project 
for two reasons: 


- The tunnel, made up of 35 segments each 
21 metres long, was by far the largest of 
the concrete structures on the project and 
therefore was on the critical path. 


- The excavated material from the tunnel 
was required for backfill for nearly all of 
the embankments on the project. 
Therefore, the tunnel schedule drove the 
project. 


Diversions 


A key item in the tunnel construction 
involved planning around a diversion of the 
Hastings/Cassiar interchange, the busiest 
intersection in Canada west of Toronto. 
This was considered in the design stage, 
was modified by the Contractor to suit his 
particular construction sequencing, and was 
the key logistical issue in the construction 
schedule. The diversion was accomplished 
without incident, as were other major 
utilities diversions and temporary works. 


. Footings 


To minimize lapping of reinforcement in 
congested areas, it was decided that the 
rebar should project without laps from the 
footings to the springings of the arches. 
Thus, the 30 mm bars projected to a height 
of some 5 metres, and a significant part of 
the forming effort went into support of the 
rebar during pouring of the footings. 


. Tunnel Arch Form 


To achieve the schedule, a one week 
pour/strip/move cycle had to be adopted, 
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and a forming system was developed to meet 
this duration, The criteria for tunnel form 
procurement were: 


- 21m long x 15m wide x 5m high x two 
barrels per segment 


- 35 segments overall 
- walls to be poured monolithically with the 


roof 
- inside wall tolerance of 3mm per 8 metre 


length 
- ability to achieve the one week cycle in 


the rainy winter weather in Vancouver, 
(The arches tended to funnel rain water 
into the wall which is highly undesirable 
for crack control and maintenance of the 
design water/cement ratio.) 


- 20 Mpa concrete strength prior to 
stripping 


The solution was the purchase of a custom 
steel form with the following attributes: 


- Steel arched trusses bolted to HSS tubular 
legs at 8 feet on centre 


- nine trusses per barrel with the legs cross 
braced to form longitudinal trusses 


- four wheel trucks per barrel running on 
tall and powered by a 16 HP hydraulic 
pump and rotary motors 


- 27t, German made, lowering jacks below 
each leg to relieve the weight on the legs 
from the cured concrete 
eight lit hydraulic lifting cylinders 
mounted near the wheel truck to raise the 
form to position after a move 


- 21m x 5m EFCO plate girder panelized 
walls mounted on rollers and retracted by 
hydraulic cylinders. (The two interior 
walls were mounted on brackets welded 
to the outside of the trusses and the walls 
were moved with the trusses.) 


- The outside wall forms, also EFCO plate 
girders, were mounted on wheel bogies 
and roll on the concrete footing. i 


In addition to the form, a custom made tent 
was procured for erection on cables between 
fore and aft masts on the form work prior to 


wet weather pours. A heavy longitudinal 
mainline with light transverse cables 
supported the tent from above the form. 
Since the masts travelled with the concrete 
form, it was a relatively simple procedure to 
erect the tent on the day of the pour. The 
tent system was found to work well in high 
winds and heavy rain. It protected the 
quality of the concrete, and allowed the 
winter schedule to be maintained without 
any delay. 


. Pavement Slab 


The pavement slab, being both a structural 
slab and finished pavement for the tunnel, 
required special consideration. The 400mm 
thick, heavily reinforced slab required a 
finish tolerance of 3mm in a 3 metre length. 
The contractor achieved the required finish 
in one pass on the 12 metre wide slabs. 


. Quantities 


82,000 cubic metres of concrete, 5,200 
tonnes of rebar and over 5,000 worker days 
were required for tunnel construction. 
These quantities give an indication of the 
size of the structure. 


System Integration 


A large number of systems in the tunnel 
require integration and indication in the 
control room. These include, fire alarm 
system, ventilation fans and controls, 
lighting panels and controls, main substation 
(12KV feed from B.C. Hydro), generator, 
UPS (no-break power), CCTV (closed 
circuit TV), lane control lights, CO 
detectors, SOS boxes, communications 
within the tunnel, standpipe system, traffic 
control system, control building and security 
and climate control. 


The main criteria set by the designers for 
the system integration was simplicity of 
operations for both the Tunnel Operators 
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and the maintenance personnel. To properly 
assimilate the multiplicity of information 
from all of these systems, a central location 
was established in the control room to 
provide the Tunnel Operators with: 


. Honeywell Central Computer 


This computer is the basis for overall systeIl} 
integration. Input information from the fire 
alarm panel, lighting controllers, detectors 
on the fan motors and similar subsystems 
are all tied into this single computer. When 
a trouble condition is registered, the 
computer goes through a prearranged 
sequence of operations to handle the 
situation. Any actions required by the 
Tunnel Operators are detailed on the 
computer screen, so that they will be 
prompted in the action to take in an 
emergency. 


. Communication Centre 


One of the primary functions of the Tunnel 
Operators is to provide correct information 
to emergency groups and to maintenance 
personnel. The telephones in the SOS boxes 
ring directly to the Tunnel Operator who can 
then obtain the relevant information from 
the motorist. These phones can also be 
patched to an outside phone line as required. 
Further, three direct telephone lines are 
installed between the tunnel and the fire 
department, the police department and the 
Highways Regional Officer to provide an 
instant communications link. 


A "leaky" coaxial cable in the tunnel acts as 
an antenna to allow emergency radio 
communications for the fire and police 
departments to function in the tunnel. As 
well, the Tunnel Operator has direct radio 
communication with the tunnel patrol 
vehicles. 


Key information is transmitted to the 
Ministry of Transportation and Highways 


control Centre using a modem through B.C. 
telephone lines. 


. CCTV Monitors 


The 26 cameras are continuously displayed 
on monitors above the Honeywell computer 
and give coverage to the entire tunnel. 


With the approach taken to integrating all of 
these systems, a user friendly environment 
has been created that is extremely simple to 
use, understand and maintain. 


Systems Installation 


Systems installation in tunnels can prove to 
be difficult, particularly in the case of 
ventilation equipment. The introduction of 
the jet fan system for ventilation and the 
cable trays for the electrical installation 
minimized these difficulties and resulted in 
a very straightforward installation 
procedure. Mock-ups were provided of all 
key items - cable trays, fan supports, SOS 
boxes and fixtures, doors and lights; and 
this led to major savings in time and in a 
reduction of potential site modifications. 


Finishes 


During the design, a considerable effort was 
made to achieve a pleasing internal finish to 
the tunnel structure. As indicated, the arch 
structure allows the jet fans, lights, pipe 
work and other systems to be located above 
the general tunnel profile, so minimizing 
their aesthetic impact. 


Wall tiles were introduced because of their 
long life and ease of maintenance. A 
contrasting colour of tile was used at each 
emergency exit and SOS box to highlight the 
area, and this feature was extended to other 
walls to provide a symmetrical effect. The 
opportunity was also taken to introduce a 
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colour pattern to the main panel design and 
so add interest to the overall appearance. 
Tile colours were assessed in a laboratory 
under high pressure sodium lighting similar 
to that specified for the tunnel. A similar 
procedure was followed for the SOS boxes 
and escape doors. 


Considerable attention was also paid to the 
appearance of the cable trays, particularly 
the underside panels, and no cables are 
visible from the roadway. 


The arch section also allowed features to be 
made of the tunnel portals, Reveals have 
been provided on the portal fascias to act as 
crack inducers, which have been successful, 
and the overall finish of the fascia was 
chosen after experimentation with a number 
of alternatives. Planting boxes over the 
arches add to the general appearance. 


In the design of the control building, an 
effort was made to ensure that the external 
styling was in keeping with the 
neighbourhood. 


Model Testing 


To prove the suitability of using a 
longitudinal ventilation system, I :200 and 
I :50 scale models were constructed, and 
wind tunnel tests performed. These tests 
simulated wind flow in the tunnel under 
various conditions such as different outside 
wind speeds and directions, different 
configurations of divider walls between the 
tubes at the protals to minimize recirculation 
of pollutants, the position of fans relative to 
the roof, and various concentrations of 
vehicles in the tunnel. 


The studies showed that a longitudinal 
ventilation system could meet all regulatory 
and safety requirements in the tunnel, and 
would result in CO levels in the entrances 
well below permissible values. The tests 


also provided data to the mechanical 
designers to determine the number, size and 
spacing of fans. 


The model tests and numerical calculations 
indictated that 16 jet fans in each tube, 
located in pairs in the crown of the arches, 
would develop an air speed exceeding the 
minimum of 3 metres/sec required for 
smoke ventilation. Actual air speeds of over 
5 metres/sec were recorded in the tunnel 
during full scale tests at commissioning 
stage. 


Sensors in the tunnel and at the south 
entrance close to the nearest residence 
continously monitor pollutant levels, which 
are generally below those predicted in the 
model studies. Model testing was 
undertaken by RWDI in their laboratory in 
Guelph, Ontario. 


Achievements 


For Cassiar, the team claims three 
achievements of which the general user will 
not be aware: 


- the first longitudinally ventilated 
vehicular tunnel in North America, which 
has resulted in very significant cost 
savings 


- the first counterbeam lighting system in 
Canada which, when combined with the 
wall tiling, gives a bright and light 
appearance 


- a fully automated system which can be 
controlled with minimal supervision and 
which transmits key data to the Burnaby 
Control Centre. 
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Team 


The client for the Cassiar project was the 
Ministry of Transportation and Highways of 
the Province of British Columbia. 


The Cassiar design and construction 
supervlSlon were completed by an 
engineering team from Sandwell (the 
principal consultant), Keen Engineering 
(ventilation sub-consultants), and M.A. 
Thomas & Associates, (lighting and 
electrical subconsultants). Arie J. Smits 
(architect) and Golder Associates 
(Geotechnical) provided advice to the team. 


The contractor for the entire project was 
SCI Engineers and Constructors Ltd, who 
completed the project on schedule. 
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Concrete working slab in excavation for strip footing 


Concreting continuously reinforced pavement slab 
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