One could say fairly accurately that
everyone knows that a span of the
West Gate Bridge collapsed last year, but
how many people know much more
about the project?

The bridge is just one part of a whole
co-ordinated group of projects which
stretch eight miles from Ferrars Street
in South Melbourne to the Princes
By-pass Road (Geelong Road) at the
Western Suburbs Memorial Park,
Brooklyn.

This article deals with the whole
project — not only the bridge. There is no
discussion of the collapse as it would
be highly improper at this stage.

BACKGROUND

The construction of the West Gale
Bridge is a direct result of pressure
by the Western Industries Association
to have the State Government replace
the Williamstown Ferry with a modern
fixed crossing.

Ferries of one kind or another have been
running between Williamstown and
Port Melbourne since the 1830s. The
present ferry has been in service
since 1931.

Proposals for a tunnel near the present
ferry site began as early as 1912 when
a tunnel of 25 feet diameter was

contemplated. Further plans for a tunnel
or bridge of two or four lanes were
made up to 1955, but none got further
than the investigation stage.

In 1957 the Western Industries
Association was formed, to improve
facilities west of the Yarra. Due to
the activities of this Association, plans
for a bridge or tunnel were actively
investigated. In 1964 a government
committee recommended a high-level, six
lane bridge.

In 1965 the Lower Yarra Crossing
Authority (L.Y.C.A.), a public company
set up by an Act of Parliament, was
registered and, with the increased data
then available, it was decided to build
an eight-lane bridge. This has since been
modified to eight traffic lanes and two
break-down lanes on the same pavement
width. At a later stage it can be changed
to ten traffic lanes of slightly reduced width
with no break-down lanes.

The effects of the West Gate Bridge
will be much more far-reaching than earlier
bridge and tunnel proposals which
simply sought to replace the Williamstown
Ferry. The bridge together with the Lower
Yarra Freeway will provide, along with
current improvements to Geelong Road,
freeway conditions between Port
Melbourne and Corio (near Geelong).

Traffic from the south and east of
Melbourne will no longer have to pass
through the City to reach the west

of Melbourne and beyond. The saving to
the community from reduced accidents in
the area is estimated to be over $1 million
in the first year of operation.

With eight traffic lanes, the bridge will
be capable of carrying a peak volume of
15,500 vehicles per hour. The L.Y.C.A.
expects that upon opening, the bridge will
be used by 35,000-40,000 vehicles per
day on an average weekday, with weekend
traffic expected to be as high as
50,000 v.p.d., particularly on summer
Sundays. The L.Y.C.A. traffic studies were
carried out by P.G. Pak Poy and Associates,
who used the predicted volumes in a
toll revenue study.

The C.R.B. also made studies which
indicated a typical weekday volume of
33,000 v.p.d. One Pak Poy assumption
which the C.R.B. did not use was that
motorists will always take the route of
shortest distance. This assumption has
been found incorrect in previous studies
of Melbourne traffic.

EASTERN APPROACHES

In anticipation of the increased traffic
volumes the C.R.B. has made considerable
improvements to roads in South Melbourne
and Port Melbourne.
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The C.R.B. expects traffic to enter and
leave the bridge along three main routes.
With their expected percentages of the
total bridge traffic, these routes are:

(i) Graham Street, 36%,.

(ii) Ingles Street-Dorcas Street, 26%,.

(iii) Rogers, Boundary, Brady and Montague

Streets, 289%,.

(iv) Others, 10%,.

This highlights the main purpose of the
bridge — not as a city link, but as
a city by-pass, relieving arteries such
as Kingsway and Spencer Street Bridge.

Specifically, the improvements consist
of (referring to the map):

A. (i) Reconstruction of Graham Street —
a short section of which was
previcusly unconstructed — between
Lorimer Street and Foote Street to
provide four through traffic lanes.
Involved with this are an overpass
over the freeway (part of the
Graham Street interchange — see
later) and one over the Port
Melbourne railway line at Graham
Station.

(ii) Minor construction in Foote Street
and a right-turn lane in Beaconsfield
Parade. This work is being done
by South Melbourne Council at
C.R.B. expense.

B. Reconstruction of Rogers Street
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through to Lorimer Street to express-

way standard and reconstruction, to

46 feet width, of a continuous section of

Boundary, Brady and Montague Streets.

C. (i) Reconstruction of Ingles and Dorcas

Streets to provide four through
traffic lanes.

(ii) Improvement of the Ingles Street
railway crossing by the installation
of duplicated boom gates.

D. Installation of new traffic control signals
at nine locations along these feeder
routes. Three other sets will be
upgraded or rephased to meet the
changed traffic demands.

E. As the freeway extension, east of
Graham Street, uses the old alignment
of Cook Street, alternative access had
to be found for properties facing
this street. This was done by
constructing Turner Street and
constructing Bridge Street from
Fennell Street to the A.M.l. property.
Except for Turner Street, where Port

Melbourne Council paid about one-third

of the cost and the Graham Street

interchange overpass (see later), these

improvements were wholly paid for by the

C.R.B. as a direct charge against the

project. Two other works have also been

undertaken in the area which will aid access
to the bridge, while not being a direct

charge against the project. These are:

F. Reconstruction and duplication of
Canterbury Road and Ferrars Street,
from Fitzroy Street to Dorcas Street,
by St. Kilda and South Melbourne
Councils, with financial assistance from
the C.R.B. This will provide an
extended dual carriageway for traffic
using Dorcas Street to reach St. Kilda.

G. The M.M.B.W. is constructing a link
between City Road and Alexandra
Avenue underpassing St. Kilda Road.
This will ease congestion which is
already a problem where north-south
and east-west traffic meets. Without the
underpass congestion could be expected
to increase once the bridge opens.

The improvements are considerable and
extend up to three miles from the bridge
complex. It is expected that these feeder
routes will extend far enough for traffic

to diffuse into the existing main traffic

arteries easily after leaving the bridge. The

C.R.B. expects the improvements to

provide a high level of service for

approximately five years, after which time
the level of service will decline and
eventually further improvements will be
required.

The Metropolitan Planning Scheme (1954)
incorporates a limited access road
extending eastward from the Lower Yarra
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Freeway, but property acquisition will
probably be much greater than originally
allowed for. This will make such an
extension very expensive, particularly
through such prime industrial land. On
site investigations are currently being
made by the M.M.B.W., but no definite
proposals have yet been made.

L.Y.C.A. FRANCHISE

The actual bridge and many appurtenant
works are the responsibility of the L.Y.C.A.
The L.Y.C.A. franchise extends from the
western building line of Graham Street,
Port Melbourne westward to the eastern
building line of Williamstown Road,
Spotswood.

The franchise will exist for forty years,
during which time the L.Y.C.A. may charge
a toll for use of the bridge, in order
to repay loans gained from Savings Banks
Life Offices and Private Superannuation
Funds to finance the project. In this way
the bridge differs from the rest of the
project, in that it is being paid for by
private capital.

GRAHAM STREET INTERCHANGE

At the eastern boundary of the franchise
area is the Graham Street Interchange
which allows bridge traffic to use Graham
Street without interrupting traffic on the
freeway extension to Ingles Street. When
the freeway is extended further, this will
be the only interchange for the area.

The interchange consists of a bridge
carrying Graham Street over the freeway
and on and off ramps in the direction of
West Gate Bridge.

The (Graham Street) bridge length
consists of a 154 foot side ‘spane The deck
is made up of two post-tensioned
segmental box beams joined by an infill
slab.

The L.Y.C.A. was the constructing
authority for this interchange, but its cost
was shared equally by the L.Y.C.A.
and the C.R.B.

SALMON STREET OVERPASS

The Salmon Street overpass restores
local access between properties on either
side of the freeway. Because of the need
to limit approach ramp lengths in Salmon
Street, a shallow structural depth was
required above the freeway. A cast insitu,
hollow cored, post-tensioned box design
was adopted. It has eight spans, spaced at
60, 90, 90 and 100 feet from each
abutment. The thirty-six foot wide deck is
supported on a 3'6" deep central spine
which has 10'6" long cantilevers on each
side. The supporting columns are of slim
reinforced concrete design with rockers
top and bottom. The abutments are clad
in dark exposed aggregate panels and are
generally of hollow reinforced concrete
construction.

TOLL PLAZA

The toll plaza is on the east side of
West Gate Bridge, between Salmon Street
and the main bridge structure on an area
formerly used as a municipal tip. The
depth of rubbish made its removal
impractical and uneconomical. A rigid
reinforced concrete pavement was therefore
chosen for the plaza, supported on driven
insitu concrete piles at fifteen foot
nominal centres. The 10}" thick pavement
was cast directly onto the ground in
two hundred foot square independent
sections. Two pedestrian subways for toll
booth staff, as well as a service vehicle
subway have been built under the
plaza pavement.
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A toll will be charged for a single
journey in either direction. Initially there
will be nine toll lanes in each direction.
Provision has been made for doubling this
number when the bridge approaches
capacity.

The toll lanes, as well as the bridge
itself, will be kept under surveillance by
closed circuit television which will be
controlled from the nearby Administration
Building. Toll collection will be controlled
by an IBM 1800 computer which will
classify approaching vehicles into one of
four toll groups and indicate the toll
required. Four seconds after placing the
correct toll into the hopper a green light
will flash, allowing the driver to proceed.

WEST GATE BRIDGE

Melbourne's West Gate Bridge will be
the longest bridge in Australia, with an
overall length of approximately 8,500 feet.
The road deck will be 192 feet above the
Yarra (176 feet clearance) and will contain
two 552" wide carriageways.

The structure has four distinct sections,
being:

(i) The main steel bridge, 2,780 feet long,
occupying the five central spans
between columns 10 and 15.

(ii) The concrete approach viaduct on
each bank, with ten spans on the
west side (W.A. to 10) and thirteen on
the east side (15 to E.A)). The rising
land west of the river requires a
shorter approach than the east side
where the land remains flat.

(iii) The abutment block at the outer end
of each viaduct. Their main function
is to “absorb" the longitudinal thrust
of the bridge. Decking over the
blocks is of inverted prestressed

concrete T-beams with an insitu
concrete fill. The western abutment
has vertical joints on the side walls to
prevent the carrying over of
indeterminate stresses into the rear
section, caused by flexure of the
forward section under full horizontal
loading.

(iv) The minor spans behind each abutment
block. Each span is ninety feet long
and there are four on the west side
and three on the east. To reduce the
apparent visible cross-head depth,
the steel deck beams (which number
189 in all) fit into recesses in the
supporting column cross-heads. The
approach embankments connect the
minor spans to the surrounding
ground level.

DESIGN CRITERIA

Some of the general design requirements
and conditions decided upon for the
bridge are:

1. The Melbourne Harbour Trust required
a clear width of 1,000 feet between
piers across the Yarra and a
minimum vertical clearance of 170 feet
over a 600 feet width.

2. The design traffic speed is 70 m.p.h.
and the maximum superelevation is
1 in 25 corresponding to a 2,900
feet radius.

3. Two 552" wide carriageways are
provided.

4. No footways are provided.

5. Provision has been made for only
those services directly concerned with
bridge operation.

6. The loading is H20-S16 in accordance
with the N.A.A.S.R.A. Highway Bridge
Design Specification (1965) with

Eastern Approach, showing the different sections. (1) Minor spans at right.
(2) Anchorage abutmentg block. (3) Curved concrete approach

viaduct. (4) Beginning of the main steel bridge.

special lane load reductions applicable
to loaded lengths of over 400 feet.

7. The maximum design wind speed
is 100 m.p.h., which could occur in
the form of gusts.

GEOLOGY AND FOUNDATIONS

Subsurface conditions vary greatly along
the alignment of the bridge and this
consequently affected the choice of
foundations for difficult sections.

The west side minor spans are supported
on spread footings. The abutment
foundations as well as columns 1 to 8
inclusive are also supported on spread
footings. These are founded on the newer
volcanic formation which appears twenty
to 40 feet below the surface. Below
columns 1 to 8 there is little or no
decomposition of the basalt layer.
However, below columns 9 and 10 there
has been some wedging out of the
basalt and a high degree of decomposition
extends for twenty feet through the top
of the layer.

The wedging out has occurred to such
an extent beneath columns 11 and 12
that the newer volcanics would be unable
to carry the loads applied and the
foundations therefore extend through this
layer to the older volcanics 100 feet
below. The newer volcanics do not occur
on the east side and all main foundations
go down 150 feet to 200 feet to the
older volcanics.

Columns 9 and 10 are supported on
spread footings with enlarged bases, but
the rest of the columns east are supported
on either eight or nine five foot diameter,
steel cased, reinforced concrete cylinders,
except main columns 12 and 13 which
have eighteen cylinders each. The

Span 10-11 shown before

longitudinal connection of the two halves.

cylinders were placed vertically to avoid
construction problems and the probability
of unacceptable bending moments due

to vertical soil movements.

The east abutment has fifteen cylinders,
in order to resist the large longitudinal
forces of the bridge. A total of 194
cylinders were sunk, some being proof
loaded up to 1,500 tons.

The eastern minor spans are all
supported on sixteen inch diameter
octagonal steel piles.

COLUMNS

The main steel bridge and the concrete
approach viaducts are supported on
twenty-seven reinforced concrete columns
of varying height, width and breadth. All
columns are of cellular cross-section and
rest on the massive concrete pile caps
atop the foundations. The columns are
hollow, except for the top and bottom
six feet which are solid, in order to
accommodate the reinforcing required to
control the local tensile stresses which
arise from bearing reactions.

All columns except 10, 12, 13 and 15
have bearings top and bottom to
accommodate longitudinal deck movements
The viaduct decks are restrained at the
abutments and all movement is taken up
by rollers on top of columns 10 and 15.
These columns are rigidly fixed at the
base and act as axially loaded vertical
cantilevers. The use of extra steel made
them self-supporting during all stages
of construction.

Columns 12 and 13, which support a
large proportion of the weight of the
steel bridge, also have fixed bases. These
take up all thee|ongitudinal movement
is taken up by a separate roller system

° ]onc_\\ dinad ghresses n

Tdhe steel briclﬁ&e )

on top of columns 10 and 15. Expansion
joints connect the decks of the concrete
and steel sections.

Pile caps were constructed by conven-

tional techniques, using transit-mixed
concrete and mobile cranes. Column
concrete was placed by pumping up to
heights of 150 feet. All column formwork
was made of steel and each pour was
eight feet in depth. The formwork was
fixed to the previous pour by means of
bolt fittings set in the lower pour. The
forms carried their own scaffold.

CONCRETE VIADUCT SPANS

The concrete viaduct spans, 116 feet

wide, consist of a central spine, made up
of a series of post-tensioned box sections,
with cantilever wings on both sides. The
cantilevers take a total of six traffic
lanes. Deck slabs span between the
cantilevers and the whole deck is covered
by insitu concrete and hotmix layers.

For aesthetic reascns, it was desirable

to have single columns and hence a single
spine, despite the great width of the
deck. A model test, using a 1/9th scale

model was undertaken to determine the

exact failure mechanism for the cantilever-
box arrangement as its shape made

predictions difficult.
It had been found that in other similar

structures, where cantilevers were cast

integrally with the box, that undesirably

high secondary moments occurred, due to

pre-stress. The shape adopted, with
independently cast cantilevers avoids
this problem.

Above every column is a solid spine
unit which transfers shear flows from the
spine webs into the bearings.

The cantilevers are held in position by
cables passing through the top flange of
the spine. The spine sections were
tensioned span by span as construction
proceeded, by a series of longitudinal
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cables. Erection was by means of a
launching truss which travelled on rails
along the previously completed sections
of the spine, hoisting units into place and
holding them in position while tensioning
took place.

Spine sections were cast in yards on
both sides of the river while cantilevers
were made only on the east side. Those
required for the western viaduct were
road-hauled to the site.

Spine units were cast in single pours
standing on their ends and cantilevers cast
on their sides. Steam curing enabled
the units to be handled 24 hours after
pouring. Standard formwork was made
of steel and only variable sections were
made of plywood.

MAIN STEEL BRIDGE

Span 10-11 which collapsed was the
first steel span on the west side of the
Yarra. Therefore, discussion here must be
limited to items such as facts on
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dimensions and to the nature of the design
investigations.

The main steel bridge was designed as
a cable stayed steel girder, 2,782 feet long,
with the supporting cables resting on
towers above columns 12 and 13. The
steel box superstructure is of a
trapezoidal section 13'2" deep, 62'6" wide
at the bottom and 83'6" wide at the top.
Cantilever brackets extend on each
side at the top to provide a maximum deck
width of 122'6" over the main span,
where a nine foot median is required for
the supporting towers. Away from the
towers the median reduces to three feet
and the cantilevers are subsequently
shorter.

Each supporting tower is made up of
six welded boxes, eight feet square and
23'4" long with shorter sections forming
the lower bearing base and top saddle for
the cables.

The deck was to be covered by a
continuous concrete slab, joined to the

steel top flange by field welded stud
shear connectors. The concrete deck
meant a bridge of simplified structural form
compared with an all-steel deck. The larger
supporting cables required meant that
deflection under live load would be less
and that the natural frequency of the
structure would be less.

A considerable amount of study was
put into the effects of wind on the structure
— into excitation and methods of damping.
These studies showed that a girder
consisting of twin box girders joined by
a thin deck slab became very unstable
with moderate inclined winds. This
precluded the use of such a design.

WILLIAMSTOWN ROAD INTERCHANGE

West of the bridge, the first major
structure is the Williamstown Road
Interchange. It is a full diamond inter-

change which provides for the transfer of
traffic between Williamstown Road and
either the bridge to the east or the freeway
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to the west. A relatively large volume

of bridge traffic is expected to use this
interchange and its east side is provided
with two-lane on and off ramps.
Provision has also been made in the
interchange for the future connection

of freeway F3 along Stoney Creek.

Under an agreement between the C.R.B.

and the LY.C.A, the L.Y.C.A. became
the constructing authority for the whole
of the interchange west to Cranbrook
Street. Once again the C.R.B. and the
L.Y.C.A. each paid half the cost.

The interchange site was almost
completely encircled by Stoney Creek.
Diversion of the creek into a concrete
channel to the north of the site cost
over $500,000. However, this avoided
extensive bridgeworks within the
interchange.

At its present stage of development,
the interchange consists of four ramps
plus twin bridges to carry the freeway
over Williamstown Road. Each bridge

consists of two simply supported spans
fixed to the central support, with
longitudinal movements occurring at the
abutments. The deck is made up of hollow,
post-tensioned box-beams with a four inch
insitu reinforced concrete deck.

S.E.C. INVOLVEMENT

The Lower Yarra Freeway, as well as
the bridge structure west of the Yarra,
follows the general alignment of a State
Electricity Commission (S.E.C.) transmission
line easement. The Hyde Street-Stoney
Creek area contained overhead lines up
to 66kV. The easement between Yarraville
and Geelong Road contained one tower
line and three pole lines. Although
provision had been made in the
Metropolitan Planning Scheme (1954)
for a roadway immediately to the south
of the S.E.C. easement, it was far too
narrow for the freeway required to cope
with the estimated traffic. Property
acquisition was therefore inevitable, but

it was kept to a minimum by using the
southern side of the S.E.C. easement for
part of the freeway and then acquiring an
additional strip of land on the southern
side of the roadway reserve.

This meant that a major re-arrangement
of S.E.C. lines was necessary. The tower
line was shifted to the north side of
the easement and the pole lines
incorporated in the new tower line. While
re-aligning the towers, the S.E.C. upgraded
the Yarraville to Brooklyn section from
132kV to 220kV. In all, 24 new towers
were erected. Other major works involved
were the simultaneous enlargement of the
Brooklyn Terminal Station and the
undergrounding of a section of the
Newport-Yarraville line between columns
6 and 7 of the western approach viaduct.
The re-arrangement and relocation of all
these assets required detailed programming
to enable the work to be completed
without a shutdown in the area. While
some circuits were out of service during
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Concrete spine in the Erection Truss.

Concrete

cantilevers arriving on site.
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Work prior to final tensioning of cables in

Western Concrete Approach Viaduct.

changeover work, there was no interruption
to major transmission or to local power
supplies.

The relocation work took place between
August 1967 and August 1969 and,
including work near the main bridge
structure, cost approximately $2,332,000.
The work was done by the S.E.C. at
the expense of the C.R.B. and L.Y.C.A.

The use of part of the S.E.C. easement
showed economical land use and also
minimized disruption to the community
as both road and power services were
placed together.

Property acquisition was necessary
between Williamstown Road and the
Newport-Sunshine railway and between
the Brooklyn Terminal Station and
Freemans Road, Altona where altogether
150 properties with 120 houses were
affected. These were sold by auction for
demolition or removal, most being moved
to other locations.

West of Freemans Road about 100 acres
of unimproved industrial land was
acquired.

THE LOWER YARRA FREEWAY

The freeway has dual carriageways and
extends for four miles west of Williamstown
Road. Connections to the freeway are
made at Millers Road, Grieve Parade
(formerly part of Blackshaws Road) and
at Geelong Road.

The number of lanes and the expected
initial traffic volumes for the different
sections are:

Bridge to Williamstown Road — 8
lanes, 33,000 v.p.d.

Williamstown Road to Millers Road —
6 lanes, 29,000 v.p.d.

Millers Road to Geelong Road —
4 lanes, 17,500 v.p.d.
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Equal volumes of traffic are expected
in both directions. All the lanes are 12 feet
wide and where each carriageway has
three or more lanes, sealed shoulders
are provided on each side of the
carriageway(:wkThese shoulders are fully
constructedy as well as being used in
emergencies, they can take through traffic
if maintenance requires the temoorary
closure of a through lane. Allowance has
been made for widening the whole
freeway west of Williamstown Road to
8 lanes by future reduction of the median
width.

Because of the generally shallow
occurrence of rock (basalt) along the route,
construction of a depressed freeway would
have been uneconomical. The freeway
therefore passes over most obstacles
along its route by means of bridges
and embankments.

The embankment material was obtained
from the few cuttings made for the
freeway as well as from stripping the
overburden from the Footscray City
Council quarry and by importing from other
local quarries. The material is generally a
black basaltic clay.

The project has involved the construction
of fourteen bridges west of the Yarra.
They are located at Williamstown Road (2),
Wembley Avenue (pedestrian), Sunshine-
Newport railway line (2), Millers Road (2),
Rosala Avenue (pedestrian), Grieve Parade
(1), Kororoit Creek (freeway 2, and Grieve
Parade 1), Geelong Road (1), and
Doherty's Road (1).

When a freeway is constructed, it not
only limits access between surface roads
and the freeway, but also limits cross-
movement to places where grade separation
is available. The construction of the
Lower Yarra Freeway severed frequent
local access across the freeway alignment

Span 10-11 before two half widths were joined together.

and the partial restoration of such access
was required. Plans were drawn up and
approved by the Councils concerned. As
these streets will come under Council
control for maintenance, it was agreed
that the Councils concerned should
construct them, at C.R.B. expense. The
major work was the construction of
Fogarty Avenue in Footscray. Many
streets which were cut by the freeway
were also given vehicular or pedestrian
access to adjacent parallel streets. Further
access is also provided by the pedestrian
bridges at Wembley Avenue and Rosala
Avenue which cater for school children
whose previous access to school was
closed.

At the Western Interchange (Geelong
Road) local access was restored by the
construction of Grieve Parade and
Doherty’s Road along the southern boundary
of the Memorial Park.

PROJECT COST

Total cost of the project has been
estimated at $60.5 million consisting of
L.Y.C.A. works $42 million (likely to be
at least $43 million since the collapse of
span 10-11) and C.R.B. works $18.5 millon
(services relocation ;52.5, land acquisition
$3, construction }’13).

FINALLY

There is little doubt that the project
will be completed once the Royal
Commission makes its findings. Then the
West Gate Project will certainly be an
impressive gateway into Melbourne. Some
may better enjoy its value for getting
out of Melbourne.

Photographs by Robert Morgan.

Column 10 where the concrete approach
viaduct connects with the steel spans.

Placing slabs between concrete cantilevers.

e

Graham Street Overpass, Graham Station.

Freeway

over Newport-Sunshine ranway line.
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