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Main Roads Development in the
Mcliro]_)()lilan Area

Effect of County of Cumberland Planning Scheme.

The County of  Cumberland  Planning  Scheme
embracing the Svdneyv metropolitan area hecame a
“Prescribed Scheme™ under the Ciovernment
(Town and Country Planning Amendment) Act. on
the 27th June, 1951,

The Scheme includes a network  of
“County™ roads which, broadly, represent .the future
pattern of main road development m the metropolitan
area of Svdney.

[ocal

arterial  or

The Scheme does not include any detailed planning
of the central husiness area of the city, and does not
show roads within that area. llowever, a complemen
tary road layout for the central area has been prepared
and adopted by the City of Sydney Planning Conference,
thereby providing a continuous network of arterial
roads,

The arterial roads for the central area include an
‘mner ring” of distributor roads around the central
business area for distribution of traffic into the city, the
principal radial arterial roads feeding on to the ring
distributor roads.  Details are given in the December,
19460, number of this journal.  The soitability of this
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layout was tested and supported Dby the results of an
origin and destination survey of city traffic in 1947,
which was reported and illustrated in the June and
December, 1047, numbers of “Main Roads.”

Preparation of the Main Roads development plan.—
In 1943, the Department of Main Roads commenced a
comprehensive analysis of the future main roads needs
of the metropolis and the County of Cumberland. At
that time there was no certainty that Town and Country
Planning legislation would be introduced in New South
Wales, and the Department thus proceeded without the
co-operation of a planning authority.

Traffic volume movement depends on several factors,
meluding amount and distribution of population, extent
of motor vehicle use, relative positions of homes and
places of work, and others. 1t was decided, therefore,
first to relate existing tralfic movement to existing land
use and population distribution. then to estimate prob-
able future land use and population and from this to
estimate the probable future traffic demand. At the
same time, allowance had to be made for the probable
future mcerease m motor velicle use,
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A series of studies was thus involved, of which the
following were the most important :—
1. Present and future population of Sydney metro-
politan area and County of Cumberland;

2. Present and future arca covered by city;

3. Present and future land use;

4. P’resent and future distribution of population ;
5. Present and future motor vehicle registrations ;
6. Present and future trafic volumes and direc-

tions.

A land-use map of the whole of the County of Cum-
berland was prepared, the drawing up of which was
much facilitated by the use of air photographs.  The
land-use map was subsequently of value to the Cumber-
land County Council, as well as to other authorities.
In addition, it has proved to be of educational interest
in schools and at the University of Svdney.

A population distribution map was also prepared,
and printed over a softly coloured copy of the land-use
map.

With the aid of these two maps and studies of popu-
lation growth and of acreages of land required for
each of the various uses per thousand population, a
map of probable future land use was prepared represent-
ing the anticipated position i about hity vears' time.
From this map, and from estimates of corresponding
population distribution and motor vehicle usage, it was
possible to deduce probable future directions and
volumes of traffic from present directions and volumes
as ascertained by traffic surveys.

The foregoing is a simplified description of the work
actually carried out.  Other factors had to be con-
sidered.  For example, traffic into the central part of
a city is not directly proportional to the size of the
total population, and trafhic figures for Sydney ane
overseas cities were studied to get data on this aspect.
Then trattic “runoff” from the various sectors of a city,
mcluding  Sydney, is not proportional to population
resident i the area.  This also required study and
explanation.

The volume of week-day peak-hour trafhe linking
each part of the county with each other part was
estimated, and this traffic was shown as “desire lines,”
of width proportionate to traffic volume, on a map.
These traffic flows were fitted to uxistmg roads and
additional roads tentatively selected m general locations
based upon general knowledge of the area. upon con-
sideration of all applications made by Councils for roads
to be proclaimed as Main Roads, upon stercoscopic
examination of air photographs, field inspections, and
with particular regard to existing and proposed develop-
ment. It was soon found that the factors of trallic
capacity, salety, economy, keeping of property inter-
ference to the practical minimum and reasonahle direc-
tion of routes, required that a limited number of the
new roads be expressways, that is, roads segregated
from frontage access, cross traffic and pedestrians, The
tentatively selected general routes were drawn on a 40
chains to an inch map and reviewed several times.
Thereafter, the planning of the road system proceeded
in stages of inereasing detail.  First cach route was
stereoscopically examined on air photographs and drawn

greater detal as to location on air photographs of
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1,000 feet to an inch, and in some cases on air photo-
graphs enlarged to @ much greater scale. Then followed
a search for, and investigation and comparison  of
alternative routes.  Field inspections and design on
contour plans of 2 chains to an ineh scale brought the
planning to a much greater and in some cases sufficient
degree of detal, but on manv of the roads there is
necessary and still proceeding further detailed investi-
gations on -pcw ally prepared strip hase plans drawn to
a scale of 40 Teet to an mch.

The degree of detail in planning already reached on
the different roads and sections of rowds varies to a
considerable extent because it has been necessary to
give priority to the detailed planning and fixation of
road boundaries in those arcas where the Cumberland
County Council, local Councils and members of the
public have sought information as to the extent to
which particular properties are affected or likely to be
affected by the planned-road system. Over 6,000 such
enquiries have been dealt with by the Department of
Main Roads. As a result, much land required for road
purposes has been protected against adverse develop-
ment and the community protected against later uneco-
nomic expenditures.

Detailed  planning for the development plan as a
whole must continue until the whole of the land required
for the county and main road system is defined in
detail.

In 1946, the Cumberland County Council was estab-
lished as the planning authority for the County, includ-
mg the Svdney metropolitan area. At that stage
the Department’s investigations and planning were well
advanced. The Department was able to make available
to the Council its planning data, including the land-use
and population density maps previously referred to.
The land-use map was subsequently used by the Council
as the base for the interim development control plans
issued by the Council.

The tentatively planned future main road system was
supplied to the Cumberland County Council while the
Department of Main Roads investigations continued.
When the County Council’s proposals for zoning of
land use became available, the tentatively planned road
system was reviewed in the light of that information.
It was not found necessary or desirable to make any
major alterations to the planned road system, for it to
adequately and efficiently serve the county’s develop-
ment as planned by the County Council. The future
population of 212 millions used by the Department of
Main Roads as a basis for the main roads planning was
found to be substantially the same as that adopted in
the County Council’s planning,  Thus the work done
by the Department of Main Roads in planning the future
arterial road system successfully fitted into the broader
planning  carried out by the Cwmnberland  County
Council. '

The County Scheme, now statutory, will ensure that
land required for the construction of future arterial roads
will be not further t[:'\t‘ln])ctf for l\u:ltlmg purposes,

The development of the future main roads system as
planned is a work likely to extend over a very con-
siderable number of years, section by section being
built as the traffic need develops, and funds and other
resources permit.
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Medium and Low-Cost Rural Roads in U.S.A.‘

Some Examples of Current Work

Fxtracts from a preliminary reporl by J. A. L. Shaw, 1).5.0., B.A, M1 k. Aust., Chief ngtneer, Department
of Main Roads. New South Wales, following attendarnce during 1930 at a cowrse on " The Theory and Practice
of Highwav Improvement and Utilisation in the United States of Awmerica” arranged and conducted by the
Burean of Public Roads, Washington, 1).C.
(IFurther extracts will be printed in a subsequent number of * Main Roads.™)

In this section there are described some examples of
medium- and low-cost rural road construction which
are thought likely to be of practical interest to Aus-
tralian highway engineers.

The whole range of medium and low-cost work in
U.S AL is not represented by the selected examples. The
selection has been made principally to illustrate  the
improvement of country roads carrying. or likely to
arry for a considerable time to come, a relatively low
volume of trathic.  Some preference has been given to
those examples of maximum use of local materials,

The price figures given are merely mdications of
position in the United States scale of construction costs.
Reliable conversion to Australian equivalents could not
be made without detailed study of labour, materials an
plant hire rates. A\s a very rough guide, the equivalent
New South Wales mid-1930 cost in pounds ( Aus-
tralian) might be taken as one-quarter of the quoted
dollar costs for bitumen-surfaced gravel roads, For
road work with greater content of bituminous material,
perhaps one-third would be more accurate,

NORTH CAROLINA.

Over a long period this State has endeavoured to
provide mproved roads for farm traffic, and in 1950
it set out on a programme to provide another 3,500
miles of such roads, which will carry a trathe of 123
to 150 vehicles per day with infrequent axle loads up
to 18,000 Ih. In general, the improved roads will
consist of treated soil pavements with more or less
normal type sprayed seal coats, or treated soil bases
overlaid by a surface course of 1-in, to 134 in, of hot
plant-mixed sand-asphalt.  Tn 1950 the cost ranged on
the average from $7.500 to $10.000 per mile, hut most
of this amount would be expended on pavement, as the
earthworks and shouldering are usually very light, As
regards the soil Dases, these are either mixtures of
sand and clay, or clayey soil and Portland cement.  In
practically all cases soil mixing is done by the rotary
hoe type of mixer. The depth of mixing and compaction
is such as to give a finmshed base of 6-inches thickness
and this is achieved in five or seven passes of the mixer
on a width of 18 feet.

FFor the surfacing, or surface course, machine-laid
hot sand-asphalt is generally preferred. and it was stated
to me that 1 inch of such a mix is very little, 1if any,
more costly than ordinary seal coat work. The principal
reason for this satisfactory position is that a suitable
sand for the mix can be obtained from pine forest
reserves close to the proposed road works, lLarge

capacity portable hot mixers are used and the only
importations are the asphalt which, m the case ol North
Carolina, arrives hot in large road tanker waggons, and
Portland cement or hnme stone dust for mimeral hllers
where necessary,

North Carolina. Mixing clay with sand soil to produce
a 6 inch base to carry a sand-asphalt running course.

Photo, by courtesy of Burean of Public Reads, Washington, D

Attached to cach sand-asphalt mixing outfit there is
a mobile field laboratory which keeps check on the
mixes being produced.

NORTH CAROLINA.

A Market-to-Farm Road leading off the State Highway

between Winston-Salem and Asheville.

This land service road passes through rolling farm
country of which the surface layers are red clayey soil,
A Dbroken stone pavement 10 feet wide and 6 inches
thick was being constructed.  This is one of the few
jobs on such roads in North Carolina on which a broken
stone pavement was being provided.  More commonly
soil-cement bases are built in this State. but here local
broken stone was available from commercial quarries.
At the time of my visit the earthworks had been com-
pleted and the broken stone pavement was in various
stages of construction,

Prior to layving of the 114-in. nominal gauge crushed
erano-diorite. a thin layver of stone dust was spread on
the subgrade,
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The crushed stone for the pavement was spread in
two lavers and to each layer stone chips and stone dust
were added and rolled in with ample water in order
to secure tightness and hngh density. The consolidation
process was eflfected by rubber-tyred rollers (and the
construction trucks), with ordinary three-wheel heavy
rollers operating between traverses of the rubber-tyvred
rollers.  After allowing the ordinary road trafhic to use
a length of the finished top layer for a few days. or at
the most for a week, the surface was lightly hroom-
dragged, then watered and given a heavy rolling.
When the pavement was dryv, M.C. Asphalue binder
was sprayed as a priming coat, at the rate of g4/10ths
of a gallon (U.S.) per square vard. No chips or stone
dust was spread on the priming coat, which was sprayed
full width, and ordinary farm traffic was allowed on to
the primed surface as soon as it had dried. At the time
of my mspection no seal coat had been placed over the
primer, but it was intended to spray hot hitumen with
a cover of 37-in. crushed stone, which would be drageed
and rolled in the usual wayv and he followed by another
spraved coat of bitumen with cover of Y4-m. crushed
slome.

This road is expected to carry about 73 vehicles per
day of mixed traffic moving at speeds up to 45 mph
The total cost was expected to average about $10,600
per mile, including the bitunminous surface treatment
which was contracted for at 35 cents per square vard,

MICHIGAN.
Kent Ccunty.

In Kent County, centred on the city of Grand Rapids,
the most common type of pavement for the rural county
roads carrving mixed trafhic up to 300 vehicles per day,
18 surface treated gravel,

The subgrades, if classed as good, are not given any
treatment other than roller compaction m the usual
manner.  On this, bank-run gravel is put down to give
a depth of 6 inches after consolidation with water and

Toothed-wheel roller devised
by county engineer to assist consolidation of gravels.

Kent County, Michigan.

rollers, meluding a special toothed-wheel roller devised
by the county engineer. The gravel, which has the
appearance of Australian river gravels, is either non-
plastic or has a P.I. less than 4. 1 was informed that
if the non-plastic gravel is too harsh for working, then
selected fine top-soil 15 added and grader mixed so that
it is evenly distributed throughout the full depth. Great
care is laken to see that the I, of the resulting mix
does not exceed 4.

If the subgrade is classed as inferior, then before the
bank-run gravel is spread, a layer of river sand 12 inches
thick is placed on the subgrade to form an “msulation”
course.

Alfter the gravel has been fully consolidated with
water and the rollers, it 1s primed with 3/10th (U.S.)
gallon per square yard of priming tar which is allowed
to soak . Sand is added 1o blot up the wet spots and
the road 1s then opened to traftic for a few weeks, At
the end of this period the primed gravel is examined
for riding quality and if the pavement 15 judged sulli-
ciently smooth, then ordinary sealing is carried out,
but generally using a road tar. The application of hot
tar is 3/10th gallon (U.S.) per square vard and the
cover screenings are applied at the rate of 30 Ih, per
square yard and well rolled . T, however, it is found
that the riding quality is not satisfactory, due to settle-
ment and differential consolidation under traftic after
priming. restoration is made by applying road-mix and,
again, a suitable road tar is generally used. The general
method for road-mixing is that 1/1oth gallon (U.S.)
per square yard is sprayved on the swept, primed road.
then 25 Ib. per square vard of 3§-in. screened pea
gravel from local washing and screening plants is
spread and sprayed with 2/10th gallon (U.S.) per
square yard of road tar or M.C. 3 asphalt.  Mixing is
carried out by a blade fixed under the hody of a 4-wheel
drive truck.  After mixing and spreading smooth, the
pavement is rolled with an S+ton tandem roller and
opened to traftic.  Before the next winter, and alwayvs
in warm sunny weather, the final seal of 0,15 of a
gallon (U.S.) per square yard of hot hitumen is applied
and, perhaps, a hght coating of sand. [t was stated to
me that this seal is essential to keep water out of the
road-mix, and it was also stated to me that the county
would prefer to seal all its newly-constructed gravel
roads with road-mix, as a stronger and better riding
pavement results and, further, no sereenings are lost
from the surface. As, however, the cost is somewhal
more than that of ordinary sealing, and as more skilled
labour is required, the county has stll to carry out a
considerable volume of ordimary sealing., ’

MICHIGAN.
Oceana County.

In this county some experimental lengths of road-
mixed gravel and bitumen on sand formation were
being carried out on secondary roads adjacent to Lake
Michigan. In general, the method was to mix 3 inches
(loose) of gravel and 3 inches of the underlyving sand
formation with M.C, 2 bituminous material, using 2
rotary type mixing machine and Dblade graders.  After
spreading the gravel, which was of quality suitable for
ordinary flush bituminous surfacing. the binder was

-
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Oceana County, Michigan.

gravel mixed with sand-formation using asphaltic

binder. View after second application, mixing and
spreading.

Experimental length of

applied from an ordinary truck-mounted sprayver at 12
gallon (U.5.) per square yard for each of three or four
apphications.  After each application the whole of the
loose gravel and the subgrade to a depth of 3 inches
were churned up by the rotary mixer and then wind
rowed and spread by blade graders. When a uniform
mixture was finally secured (and additional time and
windri Wwing given to aeration) co n11|.\:tt'!irm was carried
out by multiple-wheeled pneumatic-tyred rollers.  The
final finish was secured by blade grader and a 6/8 ton
tandem roller.

The results of the work =0 far done seemed satisfac-
tory. The special equipment used is not very costly.
this being a mixer of the engine-operated semi-trailer
type drawn by rubber-tyred tractor, It needs to he
pointed out., however, when considering whether such
types of work could be adopted in New South Wales,
that the bituminous binder content was approximately
2 gallons (11.5)) per square vard. or 13 gallons (U.S.)
per cubie vard of mixed materials,

NEW YORK STATE.
Onandaga Ceunty.

A considerable proportion of the nuleage of roads in
this county, other than State Highways. is constructed
of bituminous surface treated gravel. | was informed
that these roads stand up to traffic under winter condi-
tions and during the thaw, owing to the care taken in
selecting and blending the road gravels.

In general, the pavements are 18 feet wide and the
gravel is spread at the rate of 2,000 cubic vards per
mile on a flat sub-grade. That is, the cross-fall is
provided in the gravel atself, the centre depth beng
g inches.  The bank-run gravel 1s very carefully selected
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and mixed with either sandy or clayey material o
give a PL1. of less than 6 and preferably 4. These gravel
roads may be trafficked for a considerable period hefore
they are surface treated, and during such periods
mamtenance 1s carried out by grading with a medium-
weight motor grader. [t was stated that by giving
several applications of calcium chloride at the total rate
of 34 Ih. per square vard per annum it was possible to
reduce the need for patrol gradings to three or four
per year.

The bituninous surface treatment is carried out
as follows:—Sweep the road and apply 4 gallon
(U.5) per square vard of light priming tar and
apply 160/180 tons per mile of No. 2 cover stone
followed by an application of 3/10th gallon (U.5.)
per square vard of heavy retread tar covered with
1to/11s tons per mile of No. v stone. The final
seal is 3/10th gallon (U.S.) per square vard
covered by No, |a stone at the rate of 110/113 tons
per mile.

This treatment gives a mat 1 to 1% mches thick,
which is lightly sprayed the following vear and receives
no further treatment for at least four yvears.

On oceasions in Onandaga County it is decided to
apply a road-mix mat to a gravel pavement rather than
give it an ordinary surface treatment. In such cases
the pavement is scarilied and any required new gravel
is added and consolidated.  Road-mixing is carried out
in the normal manner laid down in the New York State
specifications and produces a mat 2 inches thick, which
is given a seal coat of 2/10th gallon (U.S) per square
vard of hot asphalt. [t was stated to me that the secret
of success in the road-mix process is the great care
taken to ensure thorough mixing,

When either road-mix or surface-treated county
roads need strengthening or smoothing, open-textured
plant mixed bituminous macadam 1s laid by one or
other of the various spreading and consolidating
machines. A\ mat thickness of at least 2 inches is aimed
at.  The hot premixed material is purchased locally
from one of a number of conunercial plants which have
heen set up by contractors to meet the local demand
for premix.

OHIO.

Near Granville, Ohio, on a road i the Federal Aid
Secondary system, | saw work on a length of three
miles over which a 6-in. (consolidated ) cement-treated,
rolled, gravel base was being laid,  The subgrades on
this three-mile length were A4 and A7, according to
the Bureau of Public Roads soil classification and, as
stabilization of these subgrades would have required
from 14 to 16 per cent. of Portland cement, it was
found more economical to treat the bank-run gravel
with cement rather than the subgrades.

The non-plastic bank-run gravel obtained locally was
mixed in a pug mill with Portland cement at the rate
of three bags per cubic vard. The damp mixture was
spread directly on the compacted and smoothed, hut
otherwise untreated, subgrade Dby a truck-towed
spreader and consolidation was effected Dy an ordinary
to-ton smooth-wheel roller.  The hase was then left
for a curing period under a membrape of bituminous
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emulsion,  Following expiry of the curing period, hot
hituminous conerete was to be spread to give a depth
of 1V inches after tamping and rolling.

The actual crushing strength, at twenty-eight davs,
of a number of test specimens of the gravel-cement base
was 2,500 Ib. per square inch, and it was considered
locally that the road will give satisfactory service for
a long period under the {\putcel traffic of 300 vehicles
per day with axle loads up 1o 19,000 1.

The estimated total cost of the road pavement was
siven to me as $1.55 per square yard, which may be
compared with an estimated cost for a normal cement
concrete pavement of 83 per square vard,

No  specialized  equipment  was required and
experience showed that there was no need for side
forms to confine the gravel-cement mnxture during
spreading and consolidation,

CALIFORNIA.
State Highway No. 41—Yosemite to Fresno.

The Iresno end of this State Highway passes through
almost flat or undulating wheat-fands and. whilst the
alignment s good to excellent. the grading has not
heen improved — in fact. the road very closely follows
the natural surface of the country.  As trathe is not
very heavy in volume and as the sail has an appreciable
stone content, a dustless running surface has been
provided at a low cost and quite simply by grading-in
the natural surface from the sides, nmxing it in wind-
rows with S.C. M.C2 or S.0.3 bituminous binders
(according to the weather and  other  conditions),
smoothing out, aerating as necessary by repeated wind-
rowing and spreading, followed by rolling to give a
width of I8 to 20 feet.

There are no drainage ditches or culverts for the
reasons that rainfall does not exceed 11 inches per year
and the road has to carry trafhc for only a few years
until standard construction is carried out.

California. S.H. 41 near Fresno.
of natural surface prior to

Vertlcal clow -up
“oiling”” and mixing.

SH 41 near Fresno. Low cost oiled”

surface.

CALIFORNIA.
Tuolumne County.

To see an example of the low cost class of rural
road construction carried out by the State Highway
Commission, 1 visited a job approximately 12 miles
lomg in undulating to illy country near Sonora.

The work was nearly complete and. although the
road was stated to be a secondary route of the more
important market-to-farm type, it had for me the
appearance of a country State Highway such as we have
in New South Wales. The contract cost worked out at
S15.850 per mile,

\n hridge structures ul‘ large culverts were included
in the contract and all the paving material, which is

Cahhrma.

‘b*
Newly
secondary road with sealed shale pavement.

California, Tuoclumne Co\mty. completed
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Southern California. Road in forest park at 5,000 ft. elevation near Idyllwild.
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Travellin

continuous mixer for prnduction of cold mix from local decomposed granite gravel and

6.6 % of S.C. 3 asphaltic binder.

shaley, was obtained by selection from the spoil from
cuttings. This shaley material was spread 20 feet wide
to a depth of 6 inches in cuttings and 10 inches on fills
respectivelv, and was then worked over by a grader
in order to get the over-size material to the sides of

cuttings or down the batters of fills. The 26-it. width

Southern California.
power grader.

Park road near ldyllwild.
After rolling, thickness of finished cold-mix course is 3 inches

Qutput is 1,250 tons in 8 hours.

was then repeatedly watered and rolled and, when dry,
was primed with 4 1o '2 gallon (U.S.) per square
vard S.Co1 or S.C.2 asphalt. The seal consisted of 14
gallon (U.S)) per square yard of normal 85/100 asphalt,
and the cover material was >g-in. crushed metal applied,
dragged and rolled in the usual way.

e

Spreading (and aerating) cold mix by



MAIN ROADS.

It is of interest to note that the selection of shale
from the cuttings for use in the pavement was decided
by the Hveem Stabilometer method. Also, the cross-
section in box cuttings provided a width of 30 feet,
the outer 2 feet on each side bemg for drainage pur
poses with invert 1 foot lower than the edge of the
surfaced 26-ft, carriageway.  On fllings the top width
was 20 feet, the whole of which was surface treated.

ARIZONA.
Southern Sandy Area near Yuma.

[ the above area where rainfall rarely exceeds three
inches per annum and gravel deposits are very scarce,
the State ighway Commission has heen resuriacing
old black-top sections of State Tighways and construct-
ing new pavements, using dune sand plant-mixed with
asphalt. The first work was done in 1946 and the pave-
ments so treated or constructed have stood up success-
fully under mixed traffic arising from irrigated farming
areas and, of course, under some through traffic. includ-
ing heavy buses and semi-trailers.

Full technical details of the method and specifications
were kindly supplied 1o me but, in principle. the metho.d
is to obtain local dune sand with 8 o 13 per cent. of
—200 content and use this for the formation and sub-
base. consolidating (or rather setting) it with water
and rubber-tyred rollers. On this 13 placed a machine-
mix of dune sand (with 6 to 10 per cent. under 200
mesh) and 317 to 4'% per cent. by weight of R.C.3
asphalt. The finished depth of the dune sand asphalt
mix is 2 inches to 305 inches depending upon the degree
of “set up” m the sub-base sand and also upon the
expected traffic.  After careful rollimg (to avoid push-
ing ) of the mix it is sealed with 5.C.0 binder or, prefer-
ably, hot fluxed 85/ 100 hitumen with “pea’” gravel cover

agyaregate,

sand-
asphalt pavement on sand formation.

Arizona, Yuma area.

Close-up of sealed dune sand-
asphalt pavement.

The chief advantage of this type of work is that only
local materials are required. i, there 1s no addition
of either limestone dust or Portland cement, I fine
material is required in order to bring the grading of
the sand, either for sub-hase or sand asphalt, within
the hmits set out above, a non-plastic river silt available
in the vicinity is used.

Another advantage i1s that the thickness of sand-
asphalt can be adjusted to the value of the underlying
dune sand as a supporting base.  For success, close
engineer supervision and skilled workmen are required
in addition, of course, to a suitable travelling type mixer
and a range of rollers,

It is of interest to note that none of the sand-asphah
mixes so far used in the Yuma area was acceptable
according to the standard stability and strength tests,
But, nevertheless, the appearance and service history of
the older lengths (laid down in 1940) suggests that the
pavement is stable under present conditions.

I was informed locally that any dune sand free of
clay balls which will carry a car when the sand is well
watered, can be satisfactorily mixed with asphalt to form
a pavement surface course. It was added, however,
that in the absence of quantitative tests i the laboratory,
considerable trouble and perhaps some failures must he
expected before reliable mixes are arvived at.  In the
case of the Yuma sands and sand/silt mixtures, just
sufficient hinder (within the range given above) is used
to give a mixture which has a chocolate-hrown colour
in bright sunlight, but all mixes of this colour are given
the ASTM. swell test. Those sumples which show
more than 0.063 inches on a 3-inch evlinder are rejected.

MAINTENANCE.

The need for low-cost construction and long mileages
of such construction implies need for low-cost mainten-
ance, In this field U.S. Highway Fngineers have been
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very active and have devised methods and improvised
or adapted equipment which keep down maintenance
and so make “the Tow-cost road” a sound
investment.

Ccosts

In the fhirst place. maintenance requirements and
methods are given consideration in the survey and
design stages and then there 1s imsistence upon speci-
iving quality  materials, whether local or
“imported,” with equal insistence upon tlesting and
skilled supervision.

’Q‘i 1 n'.l

hio.

Shoulder drag on outrigger from maintenance
truck, working on a State Highway.

Phato, by courtesy of Bureau of Pablie Roads, Washington, Dt

From these bases, and notably aided in many cases
by adequate policing of weight of load regulations, the
maintenance engineer proceeds to ensure that the road
is not diminished in service or asset value,  Drainage
is given the full necessary attention., using graders,
simple ditchers and loaders.  Resheeting and resealing
are carried out hefore pavements show signs of distress
and by using good-quality materials only in the most
suitable  weather conditions, the intervals  between
general resheetings are increased.  Shoulders are kept
to width, level and cross-fall and free of water and
traffic erosion by means of power mower, drag and
patrol grader or 4-wheel drive truck with under-hody
grading Dblade.  This latter item of plant is a most
useful unit by itself or with a simple drag attached for
rear or side operation.  Added to the still pre-eminent
medinm-weight motor patrol searifier grader, the truck
with under-body blade forms a sound nucleus for
low-cost maintenance of a length of road. Specialised
labour-saving equipment might he hired or purchased
for a sufhciently large pavement maintenance or
strengthening job, but even in the production oi appre-
ciable quantities of cold-mix for patchimg or resheeting,
the possibilities of the ordinary one-bag concrete mixer
and the patrol grader have been seen and exploitel.
[“xamples of the use of these machines for maintenance
patching and correction of riding quality and streng-
thening were seen in Ohio and Arizona.  In the latter

*70750—2
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Ohio, Knox County. Improvised mobile unit for
production of semi-hot mix for maintenance purposes.
View is of concrete mixer drawn behind maintenance

truck carrying aggregate.
I"hata, by

courte=y of Bureau of Public Rowd=, Washington, 1.0,

Roadside production of maintenance cold-
Outer circular windrow is of finally mixed
materials.

Arizona.

mix.

State, use of the motor grader and the ordinary hitumen
pressure sprayer for the production of cold-mix in
“eircuses” on flat ground adjoining the highwavs was
a very striking demonstration of the reduction of
maintenance cost through maximum use of normally
available equipment. '
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Bridge Building in New South Wales

Part 1I.

In Part T of this article, which appeared in the
December, 1950, issue of Main Roads, was given a
brief description of the building of stone bridges in
carly New South Wales, with particular reference (o
those constructed between 1832 and 1840 by David
Lenmox. The purpose of this part of the article s to
describe the story of the building of timber and iron
bridges in New South Wales, from the days of the
first settlement in 1788 1o the close of the nineteenth
century—a period of just over 100 years.

EARLY TIMBER BRIDGES.

Reference has heen made in Part T of this article
to the first bridge in Australia, that built over the Tank
Stream in 1788 near the present site of Bridge-street,
Sydney.

Major Grose is credited with the erection of one of
the earliest timber bridees in New South Wales. The
bridge was built by conviet labour over the Parramatta
River at Parramatta in 1704, but was swept away by
floods in 1802,

Improvements to the road from Sydnev to Parra-
matta were heing effected in 1797 and it was at this
tine that the first bridge over Duck River was built.
by 1803 the road was again in bad condition and a
public subseription was made towards its improve-
ment. In the Sydney Gazetie of 8th September, 1803,
the following notice appeared :

“Wanted mmediately to be erected, Ten Bridges
upon the road leading from Sydney to Parramatta,
Viz.:

1. Between Grose Farm and Major Johnston's.

Opposite Major Johnston's paling.
Corner of White's Farm,

At the foot of I'rentice’s Hill.

. Corner of Captain Rowley's Railing.
Next to Hacking’s Creek.
IHacking's Creck

Dlanket’s Bridge,

Captain McArthur’s Creck.,
Beckett's Bridge,

4w

=N

Fas

().
1o,
The above bridges are to be 16 feet wide with

Four Sleepers of at least a foot and a half in

diameter, either of ironbark, or blue cum, bedded

on timber of the like dimensions, to be covered
with three inch plank, 16 feet long and properly
secured by truncals of 1'% inch diameter.

The timber and plank o be prepared by the
Contractor as near to the respective spots as pos-
sible s after which it will be conveved there at the
expense of the Road Committee,

Any persons willing to undertake the above work
or a part thereoi are requested to give in sealed

Early Timber and Iron Bridges

tenders to me on or before the 3oth instant, stat-
ing how much per square they are willing to com-
plete it for; And to find proper Security for its
due performance, for which they will he paid in
cash or approved bills.
By Order of the Committee,
G, Blaxceell, Treasurer.”

In 1810 the Tank Stream was bridged at a second
place with a tmber trestle structure.  There 1o
record of the designer of the bridge but it was probably
built under the direction of Captain Augustus Alt, the
hrst colonial engineer, who assisted Governor Phillip
m the laving out of the settlement.

William Cox in his epic building of the road over the
Blue Mountains in 1814, constructed two bridges over
the Lett and Cox's Rivers, On the 6th December, 1814,
Cox "examined the river and rivulet up and down, an:l
fixed on a site over each as being less trouble and more
economical than making one bridge over the river.”
The hrst bridge which spanned the Lett River was
22 feet long and 13 feet wide and was completed within
two days. “The carpenters, ete., made o good strong
jn|l of it.”

On the following day the men were at work procur-
ing timber for the second bridge. and were obliged to
bring most of it down the river. Six men who were
in_the water nearly all day were recompensed by a
gill of spirits each.  This bridge which was 45 feet
long and 14 feet wide, was also completed in two days.
It was a strong structure, with a cansewav on each side
filled with stone and covered with earth.

The pontoon bridge built over Sonth Creek  at
Windsor in 1802 by Andrew Thompson, referred to
in Part . was replaced by a timber structure in 1813
by the trustees of Thompson's estate. This bridge, 214
feet long, supported by four rows of piles, stood 24 feet
above flood level and was the largest bridge in New
South Wales at the time. It took seven months to
build and was named after its builder “Iowe's Bridge.”
In 1830 the bridge was rebuilt, and in 1848 was replaced
by the Fitzroy Bridge, named after. and opened by,
Governor Fitzroy. This bridge, in the form of a timber
arch, was replaced in 1880 by an iron structure which
1s sull in use.

53

In 1826 a timber bridge was constructed over ihe
Nepean River at Bird's Eye Crossing near Menangle.
It was designed and built by a conviet named \Wain-
wright. A bridge to carry the railway was built on this
site in IROT,

The Nepean River Bridge, Penrith.— \{ [’cnrith the
earliest means of crossing the Nepean was by ferry.
Scttlement around omun Plains and Penrith hefore long
rendered the ferry inadequate and in January, 1836,
the first bridge was opened by Governor FFitzr Wi ‘

Vol. XVII, No. 1.
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Wrought Iron Box
Girder Bridge Built in
1897 over Nepean
River, Penrith, Great
Western Highway.
Originally carried Rail-
way but converted to
road use in 1907.

The Svydney Morning Herald of 2nd January, 18306,
records, “The opening of the Victoria Bridge, built
across the Nepean River at Denrith, was celebrated
vesterday (New Year’s Day) in a manner worthy of
a great national work by private enterprise ( The
Nepean Bridge Co.). The bridge spans the river in
one of the noblest reaches, the hreadth being 700 feet
and the total width thirty feet. The structure of the
bridge is very plain. It is indeed without ornament at
all. Tt 1s composed almost entirely of the ironbark of
the colony and will cost, finally completed, about
£10,300. Mr. John Perry proclaimed the bridge
to be henceforth open to the public on paving the
respective tolls,”

Despite its propitious opening the Vietoria Bridge
did not enjoy a long life; it was washed awayv by floods
in the following vear. The bridge was re-crected hut
was swept away again in 1800, Crossing by ferry was
resumed until 1867, when the most severe flond m the
history of the district up to that time caused the water
to rise to the centre of the present site of Denrith, this
time carrving awav cven the ferry,

The position was ameliorated in 1807 when a bridge
was opened to carry the extension of the railway from
Penrith to Weatherboard (Wentworth Fallsj.  The
bridge was suthciently wide to carry a single line of
road traffic as well as the railway. An electric bell gave
audible notice that the road was occupied to anyone
at the farther end. 1t was commented that “the hridge
is saild to be unique, but the bell is proven erratic and
is a gurgling tremulo as terrifying to the unitiated horse
as the sound of the tram nsell.” The bridge was given
wholly to road trafic in 1907, when a new railway
bridge was opened, and is still in use.

Although the brideine of streams had proceeded
steadily during the first hali of the nineteenth century
as settlement extended throughout the State, it was
the second half of the century which saw numerous
bridges constructed mainly by the [PPublic Works
Department which had been established in 18358

Captain Martindale’s Report.—Captain Martindale in
his report in 1859 on Internal Communication of New
South Wales reported that on the Main Southern Road
alone thiry-seven bridges had heen c mipleted that vear
or were under construction. “The Berrima hridge and
the Mulwaree 'onds bridge have heen completed and
opened ; and the necessary drawings and specifications
will be put in hand for those over the Wollondilly and
at Bungonia.”  Apparently staff problems were even
acute i those days, since the report states “'as soon as
any officer can be spared to prepare them.” The report
goes on, "the Government having decided, after con-
sidering my report upon the bridee to be constructed
over the River Murray at Albury, that the structure
should be of wood. and erected at the Wordonga Street
site, the approaches can now be proceeded with, and
the necessary plans and specifications for this service
are in hand. Revised plans for the bridge are also in
hand. . . ."

The timber trestle hridee over Mulwaree Ponds as

Goulburn was built in 1855, The reference to the
completed work at Berrima bridge is to extensive re-
pairs carried out following serious damage in a heavy
flood in 1838, The construction of this bridge is
described in Part 1 of this article. The first bridge over
the Murray River at Albury was built in 1861.
At Richmond a low-level timber bridge was erected
m 1860 over the Hawkesbury River to connect Rich-
mond and Kurrajong. It was constructed by a company
formed for the purpose, called the Richmond Bridee
Company.  The bridge was a low-level structure of 1¢
spans and was 537 feet long. Tolls were collected on
this bridge until it was taken over by the Government
in 1876, In 18090 it was repaired at considerable expense
and in 1906 was replaced by a reinforced concrete strue-
ture, still in use.

Standard Timber Designs.—Tlic creation of a ublic
Works Department in 1858, ushered in a period of
widespread activity in bridge building in New South
Wales. which was notable for the extensive use of New
South Wales timbers in truss spans. manv of which
still exist, '
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A standard design for timber bridges of one piece
principals and top chords with single suspension bolts
passmy through the chords with spans of 60 to 100 feet
was introduced and followed up to 1886, A bridge of
this type was built over the Mann River on the Graiton-
Glen Innes road in 1877, The bridge which still stands
consists of four go feet truss spans with one plain beam
approach span. It is 383 feet long with a deck width
of 14 feet.

Anather bridge of this type was built over Cockfighter
Creek at Warkworth on the Singleton-Jerry's Plains
road m 1871, Ino1930 it was flooded to a depth of three
feet above the top chord of the truss. The hridge with-
stood the ravages of time until June, 1940, when it was
washed away by heavy floods,

In view of the merease m settlement and the greater
risk of structures being subjected to heavier loads, a
new type of truss for o feet, 75 feet and 63 feet spans
was introduced.  The new design featured a double
principal with  double  suspension bolts and
haunches and wedges at the feet of the braces. Bridges
of this type were erected at Denman in 1883 and at

trus=s,

Wrought Iron Truss

Vol. XVII, No. 1.

Timber Truss Bridge
over Glennie's Creek
north of Singleton, New
England Highway.
Built in 1895 by Public
Works Department.
Length of spans, 90
feet.

Kynnumboon over the Tweed River.  The latter has
since been replaced. The bridge at Denman is now due
for replacement,

[Further improvements to standard timber Dridge
design were effected in 1893 with the production of
a new design for a truss. having open top and bot-
tom chords, double principals, nio wedges at the feet of
the braces and cross girders only at the suspension
holts.  Spans for this design were 70 feet and go feet,
Another feature of the design was the introduction of
cast iron shoes top and bottom for the diagonal bases
to butt on,

The new design was used for the erection of many
bridees throughout the State including the existing
bridge over the Wingecarribee River at Berrima. A
modiication of the design was used for a number of
cther bridges including that of the existing bridge over
the Murrumbidgee River at Wagea,

The bridge over the Murrumbidgee River at Wagga
had an interesting history. .\ bridge had been con-
structed by Vietoria over the Muorray River at Fchuea

South
(M.R.

Bridge over

Creelk, Windsor
184). Built in 1879
by Public Works

Deparlmunl.
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Timber Truss Bridge
over Macleay River al
Kempsey. Built in
1900 by Public Works
Department. Trusses
longest ever
in New South
being 154 feet
Trusses will

are the

erected

Wales,

]:mg.

shortly be replaced by

Steel Trusses on the
same piers.

in 1801, s a result of this Melbourne merchants hegan
to take over trade with the settlers on the New South
Wales side of the river, to the concern of Svdney
merchants, who joined forces with a local agitation at

Wagga and other scttlements in the Riverina and
founded a joint stock company with the object of

erecting a bridge over the Murrumbidgee River at
Waega. The bridge which was built in
timber supported on three piers and 030 feet long, The
bridge was replaced by @ new utll‘ILHJli consisting of six

timber trusses on iron piers in 18g3. This is stll in use,

ST

Timber Truss Br:dge over Murray Rwer at ngell:c (T.R. 85}

1864 was of
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In 180 a new standar:l design was produced for a
composite truss with timber vertical struts and timber
upper chords, steel lower chord and wrought iron
dizgonal tie rods. An outstanding example of this type
is the bridee over the Macquarie River at Dubbo which
was constructed in 1904, and 1s still in use. 1t replaced
a timber truss bridee which had been huilt in 1863,

The bridee built with the lonsest timber spans in
Australia 1s that over the Macleay River at Kempsey,
apened to traflic in April, 1900, This strocture with its
truss spans resting on evlindrical fron piers is 920 feet

Built in 1892 by Public Works Department.
Centre Span (90 feet long) has been undertrussed.
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lomg.  On completion of the bridge a test load of 108
tons of road metal was spread over one span, the
recorded deflection being seven-cighths of an inch, and
upon the removal of the road metal, the span recovered
its original position. The timber trusses are about to
be replaced by steel trusses.

The 180y standard was used until the mtroduction, in
19cy, of a design of composite trusses, with timber
upper chord and diagonal struts, steel lower chord and
wrought iron vertical tie rods.

IRON BRIDGES.

Although iron bridges had been mtroduced mto Fng-
land in 1770 when the cast iron bridge over the Severn
River at Coalbrookdale was built, 1iron was not used in
hridge construction in New South \Wales until many
vears after the colony was founded and even then its
use was not l'xtl'”}ii\'\"

This was due to the wealth of strong durable Aus-
trahian hardwood timbers, which were admirably suited
for use in bridge construction, the distance of Australia
from the overseas markets, and the delay and expense
involved in the importation of materials,

[ron had been ntroduced into bridge designs in New
South Wales in the second half of the nineteenth century
and was being used entirely i some structures and for
piers in others. [t was put to its greatest use in hridg-
ing navigable waters such as the coastal rivers used by
masted vessels and the western river svstem, embracing
the Darling, Murray and Murrumbidgee Rivers used
by river steamers and harges.

It is not proposed i this article to describe all
bridees built, but rather to select examples of the dif-
ferent types with some historical significance,

As early as 1833 the use of iron for a bridge was
suggested when Governor Bourke proposed that the
wooden bridge over the Parramatta River at Parramatta
be replaced by an iron bridge, the material for which
wis to be sent out in convict ships. The suggestion,
however, was not acted upon. David Lennox heing com-
missioned to build the stone structure  which
completed in 1830,

Fitzroy Iron Works.— 1833 was a significant vear in the
industrial history of the colony for it was then that
Surveyor Jacques discovered a deposit of 1ron in the
Mittagone district. This was to be the pioneer of iron
industry in this country and the first place in Australia
where iron was smelted.

The discovery was not exploited until 1848, The
settlements of Nattai, New Sheftield, Fitzroy and later
Mittagong itself grew up around the Fitzroy Ironm
Works, named after Governor Sir Charles Augustus
Fitzrov. The fortunes of the venture fluctuated under
different companies until operations ceased in 1837.

Wils

The ore at Mittagong was rich in comparison with
British ore, and in 1859 a further attempt at its exploita-
tion was made with the launching of the Fitzroy Iron
Woaorks Co. Tlowever, little was done until the opening
of the Great Southern Railway reawakened interest in
the company which received orders for the rails,

I December, 1263, bar iron, the first product of the
new company, arrived in Syvdney.  In August, 1804, it
was announced that a contract had been secured by the
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company for the casting of cylinders and other iron
works for a bridge to be built at Gundagai: “They are
at present casting some girders and amongst other
things have contracted for and cast some tubular piers
... for one of the public bridges.” (Henry Burton Brad-
ley—"Journal of Legislative Council.” Vol. 12). The
casting of the first of the Gundagai Bridge cvlinders
was marked by a ceremony, and on 23rd February,
1803, a large party of prominent people, including the
Governor, Sir Joln Young and Lady Young, attended
the works to witness the process. Much importance is
attached 1o the work now commenced, this beng the
argest casting of iron vet made, and also the first
application of our iron to cylinders for bridge piers.”
(Feb. 25, 1805, Svdney Mornig Herald ). The cylinder
was six feet long, six feet in diameter and 1'% inches
in thickness, it was cast in one piece and weighed two
and a half tons,

Success, however, seemed not to smile upon the
Iitzroy mine. lmported pig iron at this time was selling
for £3 or less per ton and the Fitzroy Tron Works
could not stand the competition. On 22nd April, 1866,
the works closed down and were never reopened.

Monument adjacent to Hume Highway near Mittagong
on site of Australia’s first Iron Foundry.

An obelisk erected by the Royal Austrahan Historical
Society on the outskirts of Mittagong. and unveiled by
Licut.-General Sir John Northeott, Governor of New
South Wales, in October, 1948, marks the site of this,
Austraba’s hirst iron foundry,

Murrumbidgee River Bridge, Gundagai—'The bridge at
Gundagai, referred to, was the bridge constructed over
the Murrumbidgee River at Gundagai m 1803, Settle-
ment at Gundagai commenced about 1836, In 1844 the
locality was flooded, and i the great flood of 1852,
eighty lives were lost and all the flat on the northern
side of the river was mundated to a depth of up to 13
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Wrought
by Public Works Department.
feet. Aldter the lood, the first land sale was held m Nov-
ember, 1853, and a new town grew on the higher ground
overlookmg each bank. In September, 1838, Captain
I'rancis Cadell ascended the Murrumbideee to Gundda-
gal in a steamboat.

The need for a river crossmg for the townspeople
and travellers following the route of Hume and Hovell
to the Riverina and Victoria now became pressing, and
the hridge designed in 1805 was of a substantial nature.
The bridge consisted of three wrought-iron girder spans
of 103 feet each over the main channel of the river,
On the south there were two timber beam spans, each

7 o

w b4
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Steel Lattice Girder Bridge over Parramatta River, Gladesville. Built in 1884 by Public Works Department,

Iron Continuous Truss Bridge over Murrumbidgee River, Gundagai (Hume Highway). Built in 1866
Photo taken in 1896 when old timber approach spans were rebuilt.

of 30 feet, and on the northern side there were twenty-
three timber beam spans, each of 30 feet. However, the
timber approach spans on the northern side were sul-
merged whenever flood waters covered the flats on
the northern bank of the river. The principal spans
are still the same in form as when erected in 1863,

In 1896 the approach spans were reconstructed. On
the northern approach the original timber spans were
abandoned and were replaced by a high-level approach
consisting of seventy-five timber beam spans of from
35 feet and one of 2¥ feet. The total length of the bridge
after construction was 3,025 leet.

T g

(Designs being prepared for new bridge nearby.)
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Cne of the earliest iron hridges erected in New South
Wales was that built in 18510 over Wallis Creek con-
necting Fast and West Maitland, Tt comprised three
spans of iron girders and was 100 feet long,

The Macquarie River at Bathurst was re-bridged
with an iron structure in 1870 when the existing bridze
was opened to trallic. This was built, apart from the
heaviest of the plates, from materials produced in New
South Wales at the 'vemont Rolling Mills from iron
obtained from the Fitzrov Iron Works, The bridge
replaced o timber structure which had been destroved
by floods in 1807,

Iron Cove, an arm of Sydney Harbour, was hridge:d
in 1884 with a wrought-iron lattice girder bridge.
When a secend tram track was placed on the structure
in 1933, the existing cross girders were strengthened
and rolled steel joists were inserted between the onginal
timber stringers. This bridge is now being replaced by
a steel and concrete structure.

In 1888 an iron bridee, 4035 feet long, was huilt over
the Murrumbidgee River at Taemas. W hen the Burrin
juck Dam was constructed it was foud necessary
raise the level of the bridge and to extend it and this
work was completed i 1924 It was then 833 feet long,
consisting of twelve timber approach spans and the
three original iron truss spans. It was destroyed in
19235 when a record Hood overtopped Burrinjuck Dam.
A new bridge consisting of four 150 feet steel truss
spans and two 43 feet rolled steel joist spans was erected
in 1931,

Suspension Bridges.—[1 wus not until the 18)0°s that
New South Wales saw its hirst suspension bridge,. Two
nportant structures of this tvpe which were built at
that time were the bridge over the arm of Svdney Har
bour known as long Bayv. at Northbhridge, and the
bridge over the Kangaroo River in Kangzaroo Valley,

The bridge at Northbridge, built
designed for light vehicular and pedestrian tralfic, but for
many vears was little used.  In 1937, on account of
deterioration of the suspension span, it was replaced by
a reinforced conerete arch, )
the origmal structure  were

1802, was

The sandstone towers of

retamed.  The orgmal
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bridge consisted of a suspension span 300 feet centre
to centre of towers, and anchor spans of 125 feet at
the northern end and 1350 feet at the southern end.
The hirst bridge over the Kangaroo River . Kan-
garoo Valley was a timber structure, built m 1879, The
cuspension bridge which was completed in 1398 and
still exists, is one clear span of 252 feet, Local sand
stone was uscd o the massive towers of masonry on
each bank. The new bridge was named the Hampden
Bridge and was opened by the Honourable |, H. Young,
Minister for Public Works, on the 23th May, 1898,
“Old stumps had cleared and all Twmber and
debris  removed, I time would allow,

heen
and as lar as
nothing unsightly was allowed to remain m the vicinity
to mar or obstruct the beauty of the magnificent struc-
ture, and there was little evidence to denote the facel
that for two vears it had been the site of a large num-
her of workmen.” ( Kangareo Valley Times, 24th May,
18G™. )

The old Eridge, which was to be removed as soon
as the new one was completed, was washed away by
floods six davs after the new bhridge was available for
trafhic.

MOVABLE BRIDGES.

The Inland Rivers.— \t most of the sites where hridges
have heen erected over the navigable mland rivers the
banks are low, so that a fixed bridge with suthcient
headway, even with graded approach spans, would have
bean of such length as to be too costly for the service
provided.  River trallic consisted of harges of small
draught hut large dimensions, in tow of steamers with
low funnels requiring irom 19 feet headroom on the
Jarwon or Upper Darling to 20 feet on the Murray at
the time of maximum flood.

The bridges erected over the inland rivers eacli
included an iron opening span of the vertical lift type,
counterbalanced at each corner and giving a clear open-
ing of about 32 feet horizontally, and g0 feet above
summer water level vertically when the span is raised
to its full height.

In 1872 a pontoon bridge had been huilt by a private
company over the Barwon River at Brewarrina, Tolls

Wool Barge on the Darling River in the 1880's,



Timber Truss Bridge with vertical lift opening span over Darling River at Wentworth,

Built by Public

Works Department in 1893.

were charged—one shilling per hale of wool, other goods
ten shillimgs per ton, and sheep thirty shillings per
1,000 up to 10,000 when the rate was £1 per 1,000, A
bridge with a lifting span of iron was built in 1888,
The Iift span weighs 20 tons and the iron hollow towers
at the four corners of the hit span are connected at the
top by transversce and longitudinal girders, thus pre-
venting the towers moving inwards and jamming the
Iiit span when raised. The bridge i1s sull mn use.

Iron lifting-span bridges were erected as early as
1883 at Bourke on the Darling River and at Balranald
on the Murrumbideee River. Similar structures were
erected over the Murrav River at Mulwala in 1893,
and at Tocumwal in 1895 over the Darling River at
Wentworth in 1803, and at Wilcannia in 18g6. These
bridges, other than that at Mulwala, still exist.

Sydney and Its Environs.—In tl'c first half of the
nineteenth century a timber bridge with a swing span
had been built over a creck known as Blackwattle Creck
which flowed into Blackwattle Bay. The hridge was
located about the present site of Wentworth Park. The
hridge provided aceess to and from the city and the
swing span was to allow barges to gain access to a
low Iving swampy area. which was being hlled in.
Pedestrians using this bridee were charged a toll of
Ad, each.  This was the Brst movable bridge built in
the colony of New South Wales.

The need for a bridge to cross Rozelle Bay from
Pvrmont to that portion of Balmain previously known
as Glehe Tsland was becoming a pressing necessity in
the 1830 and to meet this need a timber bridge with
a swing snan, constructed mamnly of Tasmanian black-
butt. and known as Blackbutt Bridge. was built m 1857,
The steady inerease in traffic over the vears led 1o
agitation for a better structure and a new bridge, which

exists at present. was built in 19or. Tt consists of two
fixed steel truss spans and an electrically operated
central swing span. The total length ol the structure
is 354 feet, and at each end hlled approaches cxtend
for a length of several hundred feet to the shores.

The first bridge linking Pyrmont and the City across
Darling Harbour was constructed in 1859 by a company
formed for the purpose. The bridge was a timber
structure, with a swing span, similar to that erected to
Glebe Tsland. Tt was a toll bridge, pedestrians paving
.. horses 3d. and 4d., and heavier tralfic on an
ascending scale, The bridge was taken over by the
Government in 1884 (£40,020 being paid to the com-
pany ) and after a short period the tolls were remaved.

In 1891 the necd for a new bridge across Darling
Harbour was apparent. Construction was commenced
in 1890 and the bridge was opened to traffic on the 28th
June. 1goz0 It comprises twelve X2 feet long timber
truss deck spans. each consisting of six ironbark timber
trusses spaced at o feet centres, an electrically operated
steel opening swing span 222 feet lone and three 30 feet
spans of steel girder and buckle plate construction in
approach on the city side.  The overall length of the
structure,  excluding  built-up  approaches  hetween
retaining walls, 1s 1,208 feet. This bridge is still in use,
the deck having been  removed and  replaced by
reinforced concrete construction in 1948, ’

[ron hridges with swing spans were constructed also
over the Parramatta River between Gladesville and
Drummoyne in 1883 and over the Lane Cove River at
Fig Tree in 1835, Both bridges are still in use.

[n the 1800°s several bascule or end lift opening
brideges were erected in New South Wales.  The lift
and towers were of timber. An example of this type
of bridge was that over Shea's Creek (Alexandra
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Canal), known as Ricketty-street Bridge. built in 1893,
This structure consisted of a timber draw span of
43 feet and timber beam approach spans on driven pile
piers.  The bridge was replaced by a fixed conerete
structure i 137,

CONCLUSION.

Although this article has heen confined in general to
the eighteenth and nineteenth centuries, it is perhaps
appropriate to conclude with brief reference to the
Svdney arbour Bridge, since schemes for brideing
the Iarbour had been considered almost from  the
meeption of the colony,  In 1815 Francis Howard
Greenway, the first architect to practise in Australia,
in a report to Governor Macquarie. proposed the huild-
ing of a bridge from Dawes I'oint at the city's edge to
the northern shore. The earliest recorded drawing of
a bridge was made in 1857 by a Sydney Engineer, [Meter
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In 1922, legislation was passed authorising the con-
struction of a bridge from Dawes Point to the northern
shore at Milson's Pomt. The work was commenced in
1923 and the bridge opened to tralfic on the 1gth March,
1932, The structure comprises principally a steel arch
span of 1,030 feet across Sydney Harbour and five deck
truss approach spans leading to the arch on each side.
The total length of the arch span and steel approach
spans is 3.770 feet.
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Henderson,  Positive action towards huilding a hridge Industrial — Australion  and  Miing  Standard,
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tenders called.  [lowever, hefore any decision  was I'roceedings of Institution of  Civil Iingineers,
reached the proposal lapsed, 1003-4.

—

PAYMENTS FROM THE ROAD FUNDS FOR PERIOD

Ist JULY, 1950, to 30th JUNE, 1951.

COUNTY OF

CusmikERLAND Maix Roaps Fuxp

Amount Paud.

Construction and reconstruction of Roads and DBridges ..., 7714083
Acquisition of Land and Buildings for Road Widening oo, 54,302
Mamtenance and minor improvements of Roads and Bridges .. 750,427
Interest, Exchange and Repayment of Loans  ....ieeeniia . ), 278
Other Expendibure e e i e e e e e e e e 155,404

TORAL cmormmmenrrsi o s R A R S R R e £1,842, 541

CounrTry Maixw Roabns Fusp:

Construction and reconstruction of Roads and Bridges ... 1,370,333
Acquisition of Land and Buildings for Road Widening ..., 141,200
Maintenance and minor improvements of KRoads and Bridges ... 3,020,350
Interest, Exchange and Repayment of Loans i, 140,484
Purchase and repair of Plant and Motor Velieles oo 590,117
Other Expenditur®: o i s i S VR i 315,418

DeviErormENTAL Roans Fuxnp |
Construction and reconstruction ol

Other Expenditure  .o.caaains s

Total

SuMMARY ALL Fuxps:

Construction and reconstruction of Koads and Bridges ...
Acquisition of Land and Buildings for Road Widening
Maintcnance and minor mmprovements of Roads and Bridges
Interest, Exchange and Repayment of Leans v i ceevnns
Purchase and Repair of Plant and Motor Vehicles ...
Other Expenditore oot ...

Total

Note
completion of accounts [or the year,

Roads and Bridges

The fgures i - mwe slaleme are s jec
I'he figures in the above statement ar uhject

£3.470.002

40,070
31t

L40, 387

2,194,302
P ?.\‘_51;;
3785777

215,702

50,117
301,100

£7.365.830

to slight adjustment  upon
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Reconstruction Over Bolivia Range

New England Highway Improvements North of Deepwater

A twentv-four mile length of the New England High-
way has been under reconstruction by the Department
of Main Roads by day labour. The work extends from
five miles north of Deepwater, which is 334 miles from
Svdney, crosses the Illﬂ’g(’(] Bolivia Range, and extends
to Bluft Rock, situated 8 miles south of Tenterfield.

The section across the Bolivia Range is through steep
granite country, with rock frequently outcropping: the
road falls 700 feet in 24 miles. The remainder of the
work was mainly through undulating granite country,

Location and Design.—The crossing of the Bolivia
Range has alwavs presented a problem in road location,
and in the past hundred years three distinet routes have
heen used.  The pioneer settlers in the area used
route known as the “Centre Ridge.” which is the route
inow taken by the main telephone lIine from Sydney to
Brishanc. This ridge is a narrow spur just west of
the new construction, and the scours from the old wheel
tracks can still be seen from the present road. The Tine
was almost straight for the whole descent, but the
grades are prohibitive even for use by horse trathe,
the average grade being about o per cent.. and the
maximum grade 30 per cent.  No mprovement work
was ever done on this line.  The next route to be
developed is generally known as the " Bullock Track,”
and is on the next spur to the west of the Centre
Ridge. It was probably in use for about forty vears,
m which time considerable improvement was carried
out, including one small box cutting, and a considerable
length of dry rubble retaining walls. The route gene-
rally had fair alignment and grades, the latter being
almost a uniform 10 per cent.. with exception of the
first 309 feet of the ascent where the grade was 20 per
cent. This grade made the route difficult even for horse
trafhie, and on the introduction of regular services a
better route was sought. and attention was focussed on
the existing route, which was eventually constructed
by the Public Works Department, and opened to traffic
in 1go1.  Side cuttings and retaining walls were con-
structed for the full length of the main ascent, a two-span
timber bridge being used to cross a steep gully. The
twa engineers principally concerned with the construc-
tion were Mr, R, Vowell, who subsequently became
Chief Engineer of the Public Works Department. and
the late Mr. H. H. Newell, Jater the first Commissioner
for Main Roads, New South Wales. After comprehen-
sive investigation of possible routes. it was decided that
the route taken by the Public Works Department in
tgor should he adhered to.

North of the Bolivia Range, the route adheres
generally to the old road. with minor deviations as
required to secure the required standards of design.

Design Standards.—The road generally has  been
designed to the Department’s 50 m.p.h. standard, the

minimum radius curve being S8oo feet and 030 feet
mimimum sight distance.  The formation width is 28
feet, and it is intended to construct a 20 feet sealed
pavement.

For approximately 1 mile over the Bolivia Range
a 40 m.p.h. standard has been adopted, the minimum
radits of curve being 300 feet, and the minimum sight
distance 430 feet.  Heavy cuttings have been put in to
eliminate bad bends, and the old timber bridge has been
replaced by a Al of 835 feet depth on a 500- “feet radius
curve, the waterway being provided by a set of twin
30-inch pipes laid diagonally across the fll,

Organisation.— .\ sheltered site at the village of Sandy
Tflat, 5 miles south of the northern end of the work, and
adjacent to post office and rail siding, was selected for
a depot, including office, store and workshops.

—

Start of Construction
Bm 1500" from Tenterfield

LE3
1} OFFi
Locallo :cag

SHIRE

End of Construction
24 m. from Tenterfield

SCALE OF MILES
o 11 3 4 & L]

Locality Map.
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TEMPORARY DETOUR,

NEW CONSTRUCTION

RANSMISSION LINE CLE

General view showing new construction, transmission line clearing and temporary detour.

Maost of the construction equipment for the job was
transierred from work whieh had just been completed
by the Department near Coonabarabran.  The transfer
wits made by road, the heavy equipment being moved
on the Department’s floats, and the lighter stores and
materials on hired semi-trailer or 3-ton trucks.  The
transfer from Coonabarabran to Sandy Flat took place
over a period of three months, so as to allow time for
the completion of the work ar Coonabarabran, and the
erection of depot and camps at Sandy Flat, Farthworks
were commenced o December, 1948 but were not in
full swing till January, 1940,

Construction.—I“or the purpose of construction the
work was divided into two sections, the first hemg from
S o 1,500 feet south of Tenterficld to 19 m. 1,500
teet south of Tenterfield ; the second section then extend-
ing to 32 m. south of Tenterfield.  As the conditions
encountered i the two sections of the work differ
considerably, they will he described separately.

The first section was in undulating coumry on the
foothills of the New England Range, where the earth
works comprised mainly decomposed granite gravels
and sands, ¥0 per cent. being suitable for moving by
iractor and scoop after rippig with heavy-duty ripper
and tractor. Construction on this section proceeded
smoothly as the material was not greatly affected hy
wet weather, and for 9o per cent. of the length the
material excavated proved satisfactory as a running
course for tralhe pending gravelling.  Little difficulty
wis experienced m providing safe side tracks for traltic
as m most of the heavier excavation the new line was
away from the old road.

The second section included the crossing of the
Bolivia Range. Work done to date on this section has
matuly heen concentrated on the crossing of the Bolivia
Range,

One of the principal difficulties encountered in the
comstruction over the Range was provision of an unin-
terrupted safe passing for traffic. Tt was originally

intended to keep trallic on the old road whilst the new
toad was constructed by constructing half of the new
road at a time. This method was tried for about three
months, but considerable delavs were caused due to
blasting and. following the lifting of petrol rationing,
traffic mereased to such an extent that the construction
of a by-track hecame essential.  For this purpose in
April, 1930, @ start was made on reconditioning of the
old road known as the “Bullock Track.” The work
required the provision of pipe culverts, filling in of
washouts, and resheeting with gravel. the latter mainly
being obtained from cuttings. A detour approximately
a quarter of a mile long was constructed to avoid the
20 per cent. grade at the foot of the climh, Tlis detour
had a maximum grade of 10 per cent., and three bends
of o feet radins. The by-track was opened to trafiic on
the 21st June, 1930,

After the by-track was complete, work was carried
on on the Range without interruption until it was
opened for traflic on the 20th March, 1951,

The work over the Bolivia Range involved a deviation
at the =outh end at a grade known as “Little Bolivia,”
The completion of this deviation will eliminate a short
section of 11 per cent. grade on very poor alignment,
which has proved to be a hazard to trucks both ascend-
ing and descending the Range. The maximum grade
on the new route will e 8 per cent. and the alignment
almost straight. Borrowed fill has been used extensively
on this deviation to elimmate rock cuttings, and to Tift
the grade  line SWampy provide
adequate drainage of the pavement.

above sections (o

Drilling and Blasting.—Drilling for hlasting operations
on the Bolivia Range has been carried out using tung-
sten carbide bits. The drilling would have heen very
difficult  without their use, as in the solid granite
ordinary steel bits would not hore more than four inches
without re-sharpening, aud rate

the boring while
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actually working was only about one inch per minute.
As a comparison, the following figures are given regard-
ing the life of tungsten carbide bits:
12 anch chisel bits: 54 bits tested to destruction—
average life 241 feet.
125 inch cross tvpe Ints:
tion

127 bits tested to destruc
average life 215 feet.

The greater life of the chisel bits as compared with
cross bits is probably due to their bemg used 1o a
greater extent in softer rock.

Care had to be taken in the blasting to avoid undue
damage to the main Sydney to Brisbane telephone line,
which ran approximately parallel to and within 600 feet
from the face of the main cutting. The Postmaster-
General’s Department arranged for the training of some
of the Department of Mam Roads employees i the
jointing of the wires after accidental damage, and pro-
vided the necessary ladders and jointing equipment,

Trials were carried out on the works of milh-second
delay action detonators.  No tests could be made to
determine the reduction m vibration due to the blast,
hut better fragmentation was obtained in pattern blast-
ing, and the direction of fight of the blasted material
could be controlled to a considerable extent by placing
the shortest delay in the direction in which it was
desired to throw the material.  Use was also made of
instantaneous detonating fuse for the firing of large
numbers of holes either simultaneously or with delay
action detonators,

When detonating fuse was used in conjunction with
delay action detonators, the usual practice was to con-
neet the charges in each line of drill holes with the
detonating fuse and use a delay detonator at each end
of each line.  The use of a detonator at each end of
the line was to minimise the risk of misfire due to blow
out or cutting of the detonating fuse.  Where lines
exceeded 100 feet in length, a detonator was also used
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m the centre of the line.  Delays were arranged m
snceession so that the hme with the least burden would
be fired first.  The lines were spaced a minimum of
four fect apart to avoud the risk of the detonating fuse
in one line being cut by the preceding shot,

The maximum number of shots fired at one tme
nsing detomatimg fuse and delay action detonators was

1 30,

The largest solid granite cutting was 30 feet deep
on the high side, and contained 8300 cubic vards of
'I'llg']\'. )

Figures taken over three months, from the 13th Sep-
tember, 19350, to the 15th December, 1950, are as
ander :—

Rock excavated : cubie vards

oxplosive used: hs, ( Approximately equal quanti-
ties gelignite AN.O0, AN.30 and monaobel )
0,700,

12,830,

Detonators used -3.045.

Detonating fuse used: feet

[Footage drilled— 33.228.

Average 1bs. explosives, a
0.52 1bs.

Average feet drilled per cubie vard

12,500

| Lypes, per cubie __\':tl'tl

2.01 feet,
Average explosives per oot of hole—o0.22 1bs,

The monobel and AN.50 gelignite were used in cut-
tings of partly decomposed granite.

Detonating fuse has also been found to be useful in
the cutting of reinforced concrete pipes, two turns
around a pipe causing intense shattering immediately
under the turns, so that the pipe can be neatly cut
cither diagonally or on the square with a mattock.

Pavement.—\s the country passed through is granite
a decomposed granite gravel is heing used in the pave-
ment. Cn the northern end of the work there are ample
supplies of granite gravel readily available, which 1s

B o s g

Typical view of mountainous nature of Country,



suitable by test for Ditumen surfacing, but on the south-
cern end the quahity of the gravel is poorer and prior
to bitumen surfacing a surface course of sclected good
quality gravel from a distance will have to be laid. A
temporary running course has already heen constructed
and this course will be increased in thickness with
approved material to bring it up to the depths required
for the subgrade as determined by tests,

Equipment.—The following construction equipment
has heen nsed —

2 tractors, 100-130 hoyp.; 1 tractor, 85-00 hp.; 2
tractors, 43-30 h.p.—equipped with power
control units,

3 bulldozer or angle dozer blades Tfor use with
heavier tractors.

I 12-cubic vard scoop.

1 S-cubie yard scoop.

100 H.P. Tractor-Dozer

in operation.
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80 H.P. Tractor with
8 cub. yd. Scoop at
work,

I G-ctihic vard scoop,

2 1-cubic }'ill'f| SCOOPS.

1 3-tyne heavy-duty power-ripper

I heavy-duty motor grader, 12 it. blade.

I ¥-cubic vard power shovel,

4 air  compressors,
minute.

16O7-cubic feet free air per
I pneumatie-tyred roller.

Most of the work on the northern end was done by
tractor and scoop. one of the heavy tractors heing en-
gaged on ripping with the power-ripper. or when not
ripping, on clearing with the dozer blade, while the
other machimes worked on scoops. The g-cubic vard
scoops were, as far as possible, used on short leads.
and m removing the light stripping from the tops of
the cuts, leaving the harder material for the heavier
machines,
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On the Bolivia Range. where the work was largely
in rock, the heavy tractors were used almost exclusively
with dozer blades.  The wear on the tractor tracks
while working i granite was found to be very high;
m one case the medium duty tractor wore out a set
of track Dlades in three months,

The power shovel was used for loading rock, which
was hauled by hired lorries.

Bridges.—.\ ncw Dbridge is being built over Sandy
Creek, situated about ten miles south of the northern
endd of the work,  This structure will comprise a single
20 feet 6 inches span of rolled steel joists with conerete
deck, on grouted rubble abutments. The rubble abut-
ments are heing adopted as it is thought that they could
be more readily constructed with unskilled labour than
concrete abutments, also that a saving in cement and
steel will be made.

A Dbridge across the main northern railway is pro
posed at a level crossing near the northern end of the
work, but it is not practicable to undertake this at
present in view of the shortage of materials and skilled
labour for hridge bhuilding.

Statistical Data.—The following are the principal
guantities and unit costs for the main items ol the worl.
Costs exclude Workers” Compensation Insurance, Pay
Roll Tax, Halidays, Camp, Depot, lingineering Super-
vision and Clerical Costs,

Clearing and grubbing

Section I 47.9  acres fz4 zs. 7. per acre,
11 33.29 £17 35 4d
Farthworks (solid measurement)
Section | 0,290 c. v, 3 100 per e, v,
[19%; rock)
I Sg,130 ¢ vd 0/8.7
(30Y%, rock)

Trimming and consolidation
Seetion 1 32,330 1 1L,

W I 850747

L0 bs, per oo ], ft,

Work in progress costs incoms-
plete.

(Schedule quantity for full length).

Reinforced conerete pipe culverts

Size (18 in.-—48 in.)
Section 1 3,120 1. ft. i1 oros, o per LML
Size (18 in, 2in.)

Section I 2,012 £1 155 Hd
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Concrete Pipes being lifted into position.

Concrete in box culverts

Section | 147 © vil. L11 Ds, per c, yil.
o 1l 304 schedule quantity for full length
work ininitial stage,
Suhsoil drains—
Section [ 10,994 1 1L £20 15, 3d. per oo 1, I,
P 1 | 25,927 sSchedule quantity for full length

work in imtal stase,
Rubble headwalls {cement grouted) for pipe culverts
Section IT 144 c. yd. £4 118, 8d. per e. yvd.
Gravel pavement 6 in
initial stage)
Section [ 120,055 5. yd.
11 135,500

consolidated thickness (work only in

Schedule quantity.
Schedule  quantity  for  full
length.

Deferment of Completion of Work.—It has heen neces
sary to defer the completion of the full length of the
work undertaken on account of the need to divert the
orgamsation temporarily to the repair of damaged pave-
ments on the New [England Iighway, resulting from
the fload rains of 1950 and the effects of the large
volume of heavy haulage using the road.

Supervision.—The work has been carried out under
ihe supervision of the Department’s Divisional Office
at Glen Innes.

The general supervision of the construction to the
end of 1949 was by Mr. 1. W, Tlawley, Divisional
ngmeer, and from January, 1930, to date by Mr. H, C,
Macready, Divisional ingineer.

The I".ngim‘vr :“I't't‘ﬂ_\' in :'h;tl'gt_‘ of the work for the
full period was Mr, R, Fitzhardinge.

Survey and Desigu Manual

The Department has issued recently for the use of
its officers and the ofhicers of the Municipal and Shire
Councils, a manual entitled “Survey and Design for
Main Road Works.” This manual supersedes bulletins
on this subject which had heen issued some vears ago.

A copy of the manual has been supplied to each
Municipal and Shire Council,  Further copies may he
obtained at a cost of three shillings per copy. post free,
on application to the Department’s Head Office, 300
Castlereagh-street, Svdney,
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Remedial Treatment of Slippery

Bituminous Surfaces

Causes of Slipperiueu.—]'!ﬂmuinnu_-'. pavements, when
first constructed or inmediately after re-treatment have,
in general, satisfactory non-skid surfaces, but under
the action of trathe, they sometimes tend to hecome
“slick™ and slippery,  Other factors may contribute, but
the principal cause of slipperiness is the presence of
excess bituminous binder at the surface of the road
pavement.,

1i the volume of the bhinder i a surface course
exceeds the volume of the vouds n the aggregate, the
packing of the aggregate under traffic must result in
binder bemyg foreed to the surface. 1 the volume of the
voids exceeds that of the binder, this action cannot
occur. and a satistactory non-skid surface is generally
maintained, If the excess of voids over binder 15 small,
a4 rood tough surface of long life 15 obtained. but if the
vouls are much m excess, Hlnugh the surface 15 still
non-skid, it will have low life.  lixcessive voids in the
surface course reduce its cohesion and allow [ree access
of air and water to the interior of the course, so that
the binder weathers much more rapidly  than in 2
surface course with the voids fully or almost fully Alled
with binder.

The properties and behaviour of the various types of
bittmimons surface course have an inportant bearing on
the formation of shek surfaces.  Assuming i cach case
that the surface course is laid on a solid well-drained
base iree from excess bmder, the important features
are.

(a) Dense Graded Courses—>Sheet asphalt and
asphaltic concrete are the usual names for
members of this group. The aggregate i this
case follows approximately maximum density
grading, so that the voids in the coarser sizes
are filled with fines and the total voids in the
aggregate low,

I'his group of surface courses has a very
narrow  margin - between  excess  binder,
causing slickness, and dehciency of  binder,
causing lack of cohiesion and short life. It
should only he made by batch mixers because
road and/or continuous mixing give insulli-
cient control, and by the hot process because
voids are msullicient for the flux required for
cold processes. 1T properly made with sound
aggregate, it will not of itself cause shippery
surfaces.  The aggregate is cushioned in the
mortar like matrix and not prone to fracture,
while wear is low and consists of the gradual
attrition of the surface as a whole,

(h) Semi-dense (or semi-open) Courses—This

tvpe is ntermediate in composition and in
properties between Tvpe (a), Sheet Asphalt

and Asphaltic Conerete, and Tvpe (¢), Bitu-
minous Macadam, It consists of a graded
ageregate with the vouds of the coarse sizes
partly filled by fines, and the whole hound
with bitumen.  As compared with (a), the
cost of thns type s sligntly less and its life
comsiderably less. The voids in the aggregate
increase the margin between excess and defi
ciency of binder, and tor this reason this type
can be made by road or continuous mixing
as well as by batch mixers, while cold pro-
cesses can be used as the increased voids
provide space for the Hux.

IT the coarse ageregate is hard the mortar

partially filling the interstices should supply
sutheient support to prevent fracture and, if
properly proportioned and muxed, there should
be no trouble from excess binder.  lLack of
exactness in proportionig when road or con-
tinuous nuxing is carried out, requires that
the average binder content should exceed the
minimum  for cohesion,  This reduces the
margin against over-filling of voids and slight
errors and variations m the work may result
m portions of the mix receiving so much
binder that “slick™ patches and arcas develop
i the pavement,
Open Graded Courses—Surface courses of
this type are usually called bituminous maca-
dam, and consist of coarse aggregate, some
times with sand added but no fHller, hound
with bhitumen.  In addition to plant mix and
road mix, such courses can also he constructed
by the penetration method.

In this type the voids are large in volume
leaving a considerable margin between excess
and deficiency of binder so long as the original
grading is maintaied. 1, however, these
types are used as surface courses their life is
less  than the preceding types. owing to
weathering of the hinder and the hability of
the aggregate to fracture.  The stones have
only point contacts and are easily broken if
directly exposed 1o trafhic. with consequent
degradation of grading and/or loss of stone
particles.  More binder than that required for
the initial grading is necessary to provide for
the coating of the new surfaces, and both the
changes in aggregate grading and the loss of
stone  particles reduce the available voids,
Such surface courses may, therefore, become
slick under heavy traffic, even after they have
maintained a non-skid surface for years.
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(d) Surface Treatments—Another type of bitu-
minuous surface used for light tratfic or for
rejuvenation of old heavy surfaces is bitu-

minous surface dressing. This usually con-

sists of a single laver of stones embedded
rather more than half their depth 1 a layer
of bitumen spraved on the road surface.
This is a cheap and cffective type of treat-

ment in the proper cireumstances, but its
inproper use may tend ta ereate or aggravate
slickness.  From its very nature it is apparent
that this type of treatment will give only a
very brief improvement if apphed to a slick
surface because further embedment and wear
of stone under trathc will soon result in the
bitumen being exposed at the surface again.
Again, a number of successive re-treatments
on an originally dry surface without other
intervening courses is likely to create a shick
surface.  There can be no unfilled voids in
anv of the lower treatments and further pack-
ing of the stone under the kneading action of
traffic reduces the voids and forces surplus
binder to the surface.

Remedial Treatment.—In considermg the form of
remedial treatment for slipperiness, a factor of import-
ance is that the surplus Ditumen creating the slippery
surface is liable also to make the course or courses
involved unstable so that they “shove™ or distort under
traftic.  The seriousness of this effect depends on the
amount of surplus bitumen, its hardness, the thickness
of the lavers affected and the nature and grading of the
aggregate therein,

Where there is only a small surplus of bitumen, and
instability of the existing pavement is not feared, the
cheapest form of remedial treatment is to provide an
open graded pre-mix course with ample voids to
accommodate the binder coming from below, For the
reasons explained in (¢) above, a denser graded sur-
facing, preferably sheet asphalt or fine asphaltic con-
crete. should be applied over this open graded course
if traffic is very heavy.

Where the surplus is large or the existing surface
course has become unstable from the excess of binder,
the offending course or courses have generally to be
removed and new courses constructed m their place.
This may also be required even when the surplus is
small if the road level cannot be raised above that
existing.  For this removal, application of heat may
expedite and/or cheapen the work of removal.

In some special cases, when a large surplus of bitu-
men has been found with stable material below, the
compromise of removing as much as possible of the
surplus binder, by heating and scraping. then proceed-
ing by the first method. has proved successful.

Slipperiness  from excess binder cannot he  per-
manently cured by surface dressing.  Many attempts
have heen made to embed stone in the surplus hinder,
softened by heat or fluxing. but they have in general
failed or have not proved of lasting benefit.

Examples of Treatment.

Municipality of Manly: Main Road No. 139: Pitt-
water Koad.—A section of this road between Carlton
Street and  Collingwood  Street given a  bituminous
resurfacing in June, 1940, developed a slippery sur-
face within twelve months. The following treatment
was then carried out :

A tack coat of bitumen emulsion was applied at
04 gallon per square vard followed by a mat of
Le-inch open hot mix at the rate of 1 ton per
34 square vards giving a fimshed thickness of
about 3% inch afrer drag-spreading and rolling.
Trinidad Asphalt Go-70 penetration (plus power
kerosene for flux) was used as binder in the hot
mix. and the normal quantity for a Z-inch hot
mix (approximately 11 gallons per ton) was
reduced to & gallons per ton. The surface was
finally given a light coat of grit and rolled.

This treatment proved successful in providing a non-
skid surface. In November. 1947, further sections of
Pittwater Road between Denison Street and TLurobin
Avenue at each end of the length treated the previous
year between Carlton Street and Collingwood  Street
were approaching a similar condition, and the same
non-skid treatment was applied successiully.

Municipality of Canterbury: Main Road No. 167
Canterbury Koad — Sections of Canterbury Road
July, 1947, had developed a smooth slippery surface
immediately after bituminous resurfacing.  The road
carries heavy traffic. A hght treatment was carried
out from Berna Street to Beamish Street and Vietory
Street to Holden Streer similar to that described on
Main Road No. 159 in Manly, except that the tack
coat of emulsion was 1 gallon per 11'%2 square yards
and the i-inch hot nmix was applied at 1 ton per
30.0 square vards. This satisfactorily corrected the
slippery surface.

Municipality of Manly: Secondary Koad No, 2025;
Lauderdale  Avenne—A  Dbitumen  resurfacing  with
34-inch and 34-inch aggregate was carried out in April,
1946, but a section of 760 feet near Bolingbroke Parade
with steep grades up to 14 per cent. became slippery
after about one vear. The surface condition of the
pavement appeared to be partly due to braking of heavy
buses and lorries, also oil droppings. A\ new surface
was provided with a treatment similar to that on Main
Road No. 159 and Main Road No. 167, except that the
tack coat of emulsion was 1 gallon per 8 square vards
and Yi-inch hot mix 1 ton per 28 square vards, and
proved to be successful.

Shire of Shoalhaven: State Highwway No. 1: Princes
Highwav.—A section of 0.20 mile between Main Road
No. 293 and Nowra Bridge carries heavy traffic hetween
the South Coast and Nowra Station. It was resurfaced
in 1944-45 with a light application of tar covered with
fine aggregate to reduce shpperiness, but this proved
unsuccessful.

It was again resurfaced in 19435-46 with bitumen and
covered with #4-inch-"-inch aggregate, bhut in little
over a vear the surface again became very slick and
slippery.
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A test was then carried out with application of
diluted bitumen emulsion covered with “2-mmch screen-
ings, but was a failure as within three days the screen-
ings left the surface under heavy traffic, leaving the road
as slippery as previously.

A second test was also carried out on a small length
by sprayving power kerosene and covermg with '2-inch
aggereygate. Some of the aggregate adhered, but most
of it was swept ofl under trathe very soon afterwards.
wards,

Finally a drag-course treatment was carried out in
January, 1948, with hot mix using a mixture of 6o/70
and 80/100 penetration bitumen as binder and 3 -inch-
ig-inch stone as aggregate,

A tack coat of hitumen emulsion was applied at the
rate of .02 gallon per square vard, and the hot nnx
wis spread at the rate of 1 ton per 32.5 square vards.
The surface was then covered with 3/10-inch grit at
the rate of 1 ton per 238 square vards.  This treatment
has proved to be successful,

Shire of Lake Macquarie: State Highway No. 10
Pacific Highzcay.—A length of pavement between
Swansea and Belmont frome Blacksmath's at gty M.
to John Darling turnofi at g33% M. was strengthened
with 2'% inches of pre-mix bitwmmous macadam in
March, 1937, Traflic, which includes a frequent hus
service, 15 very heavy on this section and shppery con-
ditions developed.  The length was Ditumen resurfaced

in November, 1943, with bitumen at 0.27 gallon per
square vard and covered with 3g-inch and 3/10-inch

slag at 1 cubic yard per 04 square yards.

By 1946 the pavement was as bad as in 1043, Tests
were carried out o determime whether the surplus
hinder could be softened sulliciently with flame throwers
to permit new screenings to be rolled into the surface.
A start was made with this treatiment on the waorst
sections in Belmont i December, 1947, with two
“Rega” hand-pumping  flame-thrower units, supple-
mented some months later with six additional fame
throwers of this tvpe. and work on the full length
Oryq M. to 9345 M. on State Highway No, 10 was
completed by July, 1948,

The fuel used in the flame throwers was ordinary
diesel fuel oil, diluted with kerosene in unfavourable
weather to maintain combustion on the road. Most oi
the fuel reached the pavement in an unhurnt condition
an<l then burning comtinued on the pavement.  The
burner was moved over the area to be treated until the
hitumen was sufficiently soft to permit surplus binder
to be scraped off.  The final cost of the work was
approximatelv Od. per square vard.,

On completion of the work it was found that a good
non-skid surface had been re-established, but the period
over which the treated surface will retain this property
remains to be determined.

Retirement of Bridge Engineer

Mr, 5. Dennis, Bridge lngineer, retired from the
service of the Department of Main Roads on the 2gth
June, 1951,

Mr. Dennis was educated at Fort Street School and
Svidney  University, from where he graduated in
Mechanical and lectrical Engieering in 190q.

e entered the service of the New Sounth Wales
PPublic Works  Department o August, 1o, e
resigned in September. 1910, to take up a position
with  the Queensland  Water  Supply  Department,
returning to the service of the New South Wales
Public Works Department in 1913 as a Designing
ngineer on the Sydney Harbour Bridge project. In
1910 e was appointed  Designing  Engineer of the
National and lLocal Government Works Branch, then
Supervising Engineer for Bridge Construction and later
Inspecting lingineer.

Mr. Denmis was transierred as Bridge Engineer to
the Main Roads Board in September, 1928, when this

Board took over the control of bridges and ferries
previously administered by the Mublic Works Depart-
ment.

During s service with the Public Works Depart-
ment and the Departiment of Main Roads, Mr. Dennis
was associated with the design and construction of
over 1,000 bridges of all types, including many large
projects such as the bridge over the George's River
at Tom Ugly's I'oint, the Peat’s Ferry Bridge over
the Hawkesbury River and the new bridge over Long
Bay, Middle Harbour, North Sydney. lLarge bridges
at present under construction with which Mr. Dennis
as associated, are the bridges over the Hunter River
at. Hexham. and the Clyde River at Bateman's Bay
and the new bridge over Iron Cove, Svdney,

Mr. Dennis is also a Member of the Institution of
Civil Engincers (London) and an Associate Member
of the Institution of ngineers, Australia.

Mro FoOWL Laws, B, AMLCLE, ADMILE.
(\ust.) has succeeded Mr. Dennis as Bridge Iingineer.
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Reconstruction of Liverpool Road, Ashfield

During 19350 construction was completed by the
Department of Main Roads by day labour of 4,000
linear fect of cement conerete pavement, 42 feet wide, on

the Liverpool-road passing through the Ashfield,
Sydney, shopping centre.  The work extends from

Oueen-street to Lion-street.  The Liverpool-road forms
part of the Hume Highway (State Highway No. 2),
and the road thus carries a large volume of long
distance traftic, as well as considerable local traffic,
including buses.  Abandoned tram tracks existed over
much of the length, and their removal was carried out
in conjunction with the reconstruction of the roadway.

Design.—The old bituminous pavement had a high
camber. As a result, moving vehicles tended to use
only the central portion of the road, and parked vehicles
tended to keep away from kerbs, thereby reducing the
cffective width of the carriageway.

In designing the new pavement, the crossfall of
which is 1 in 48, it was possible in many places to
maintain the old kerh levels and avoid the reconstruc-
tion of conerete footwavs and property entrances,

The concrete is of 1:2:3 nominal mix,
steel reinforced, inches thick, with thickened
edges adjacent to the kerbs. No change was made in
the alignment except at a point between Miller-street
and  Lapish-avenue where the curve radius  was
increased from 200 fcet to 300 feet.

| nivement
sCVen

Construction.—\ depot was established at the corner
of Parramatta-road and Dobrovd-parade, Haberfield,
two miles from this work and within reasonable distance
of other works being carried out concurrently.

At the depot were local office, store, blacksmiths shop
and subsidiary huildings. It also contained a hutted

to accommuodate twenty-two New Australian employees.
To supplement the labour required, additiona) barracks
were provided at the Department’s Central Maintenance
Depot, Granville, to accommodate eighteen men.

Road work commenced in March, 1949. The major
problem involved was in providing for traffic during
reconstruction of the road. The fact that the available
width between kerbs was only 42 feet added to this
problem. It was, therefore, necessary to carry out the
work in small seetions, and a large amount of temporary
work was required to enable traffic to travel from the
old pavement on to new sections which were generally
several inches below the level of the original pavement.
The provision of barriers and lighting was on a large
scale.

Kerbside strips eleven feet wide were constructed
first, followed by the centre strips each 10 feet wide,
which were laid as the tram tracks were removed.

Ahead of construction. it was necessary to arrange
with the utility authorities for the lifting from the
carriageway and relaying under the footpaths of gas
and water mains other than large trunk mains. Tele
phone cables under the road were adjusted as the work
proceeded.

ILxcavation totalling 5.908 cubic yards of clay, shale
and old pavement was loosened and loaded mto motor
lorries with a skimmer shovel, except where congested
traffic conditions did not permit of the use of mechanical
equipment when hand loading had to be resorted to.

Following the excavation, a system of subsoil drain-
age using 4-inch and O-inch diameter carthenware pipes
wits constructed to provide for both longitudinal and
cross drainage.  The total length installed was approxi-

camp complete with mess room, kitchen and washroom  mately 12,000 hnear feet.
e
— TR
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Newly completed concrete construction between Thomas Street and Milton Street.



The excavation was trimmed and consolidated at a
depth of g inches below the finished surface level except

where inereased depth was necessary for thickened
edges. During this  operation, any unsatisfactory
materials were removed and replaced by sound material,
this generally being salvaged ballast from the original
\iter trimming and consolidation, timber
2 inches

pavement.
forms were set up and a sand sub-hase of
compacted depth provided.

The location of the work was such that the use of
a mechanical paver on the job would have caused
excessive mterference with trathe,  Concrete was there-
fore mixed at another location and transported to the
work,  The supply of conerete was by contract, and it
was delivered in special truck-mounted agitator drums
from a central mixing plant at some distance from the
site of the work,

The conerete was deposited in the forms by chute from
the agitator drums and then spread hy hand.  Packing
and levelling was carried out by two or three passes
of a mechanically-vibrated screed board.  The finish
consisted ol transverse screeding with a long-handled
Hoat and then dragging longitudinally with wet hessian.
Special care was taken to ensure satisfactory compac-
tion against transverse expansion Joints which were
placed approximately 30 feet apart.

The components of the conerete were proportioned
by dry weizht to give a nominal volumetric mix of 1
part of cement to 2 parts of fine ageregate and 3 parts
of coarse aggregate.  On those sections where it was
essential to open the new pavement to trallic as early
as possible both to minmmise the interference to business
premises and trattic flow and to avoid disorganisation of
the work, extra cement at the rate of 124% of the
standard quantity was added to assist in obtaining con-
crete of a high early strength.  These were
apened to traffic seven days after the conerete was
poured but those comtaming the standard nix were
closed o traffic for at least 21 days after pouring.

sections
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Reconstructed length in

Ashfield shopping

centre, following

removal of tram
tracks.

The concrete was cured by covermg with sand or
other suitable material to a depth of 2 inches. This
covering was kept moist for ten days and was left on
the concrete for at least fourteen days, except where
carlier removal was necessary to permit those sections
containing extra cement to be opened to trallic at seven
1[51_\'5.

The work was completed by July. 1950, Despite the
difticulties encountered during construction, which was
carried out during the wettest period in the history of
Syidney. traffic was not unduly delaved and access to
business premises was not seriously interrupted.

Quantities of Work.— [ arthworks—Clay, shale and old
bituminous macadam pavement—total 3008 cub, yds.
( solid measurement ).

Trimming and consohdating subgrade —23.170 sq.
yils.

[“xcavation in all classes of matenals for stormwater
drains — 100 cuh. vds.

Conerete pipe culverts, sizes 12 in, to 18 in. diam.—
345 lin, It

Sub-base sand 2 in, thick— 10,200 sq. vds.
Cement conerete slab 7 in. to g i thaek

vils,

10,200 s().

Steel reinforcement—Dowels 11 tons, Barmat 54.8

tons, total 658 tons,
Joints—Transverse 3.09090 lin, it.. lengitudinal 12,048
lin. ft.

Unit Costs of Main Items of Work.—( Dircet costs only
exclusive of Workers" Compensation, insurance, pay
roll tax, holidays, camp, depot, engineering supervision
and clerical costs.)

Farthworks—2z1s, gd. per cub. vd. (solid measure-

ment ).
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Trunming and consolidating of sub-grade —1s. Gd.
per sq. vd.

[Excavation i all classes of materials for stormwater
drains-—19s. 11d. (solid measurement ).

Congrete pipe culverts
hn. ft.

Sub-base sand

average for all sizes—7s. per

ts. O per sq. vd.

Cement conerete slab 7
mix, So% )

in. to 9 in, thick (124:2:3

£1 15, per sq. vd.
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Steel reimforcement in place— Dowels £235 per ton,
Barmat £38 135 5. per ton.
Joints  Transverse 15, gd. per lin. L, longitudinal

11l per foot,

Supervision.—( onstruction under the general
direction of the Department’s Metropolitan  Fngineer.
The engincer in was Mr. R. T

Milner.

Wils

immediate charge

Advanced Trees T 'ansl_)lantu(l

The construction of kerh and  gutter on State
[Tighway No. 13 in the Shire of Baulkham Hills front
ing the Burnside [Homes, necessitated the transplanting
of a number of Brush Dox (Tristania conferta) trees.
The fourteen trees transplanted were part of an avenue
of Brush Box trees, planted in 1940, and which by 1949
had reached a height of approximately 12 feet,

The work was carried out in the winter of 194y by
the Banlkham Hills Shire Council under the supervision
of the Svdney City Council's Director of Parks and
Gardens

Sliding Tree into new position.

The trees were first “skeleton™ pruned to reduce the
weight and height as much as possible. A trench
approximately 18 mehes deep was dug around each tree,
at a distance of 3 feet from the bole. From the bottom
of the trench the tree was carefully undermined, care
bemg taken to injure the roots as little as possible, and
preferably without removing the soil surrounding the
Where damage to any roots was unavoidable,
these were cut off cleanly and tar applied to prevent
bleeding.

roots,

When the tree had been completely undermined,
hessian was forced under the tree and hrought up
around the baole to hold frmly the hall of soil containing
the roots.  While this was going on, a trench O feel
wide and to the same depth as the undermining was
dug from the old to the new position for the tree.
Waooder. planks were then pushed under the hessian
containing the ball of roots, and the tree skidded to its
new position.

Fresh soil was packed in around the tree, water being
sprinkled into the hole at the same time.  Finally, the

staked so

tree was securely that support would De
provided until the soil again held the roots firmly.

The trees were watered regularly for several weeks
after heing moved.,

Of the fourteen trees moved. eleven are now flourish-
mg. The failure of the other three trees was not due
to damage during removal but to interference to the
root systems after the trees had heen re-established.
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Towing Truck in Use on Sydney Harbour Bridge

A specially equipped lifting and towing truck, owned
and controlled by the Department of Main Roads, was
placed in service at the Sydney Harbour Bridge on the
3ist May, 1931,

The truck 15 used, under Police authority and super-
vision, during the week-day morning and evening peak
periods 1o clear disabled or stalled hehit lorries, utilities
and cars from the bridge and approaches.

With its special equipment, the truck is able to cope
with all types of breakdowns, Apart from the fanmiliar
straight tow by means of a tow rope, vehicles can be
removed by the use of clamps attached to the rear of
the towing truck, which are fitted on to the {ront
bumper-bar of the disabled velnele,  In the case of a
broken front axle or dizsabled steering a sling is placed
around the front bumper-bar and the vehiele s lifted

“Skate’’ on which wheel rests when towing cars with
flat tyres.

S T T LR

Method used for bumper-bar Tow,
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by a hoist attached to the rear of the towing truck.
In the case of punctured tyres the front or rear wheels
of the vehicle, as the case may be, are lifted on to
specially designed trollies or “skates™ and then towed
away. The front of the towing truck is fitted with a
rubber-faced buffer plate so that a vehicle may be
pushed, if necessary. out of a traffic lane before receiving
further attention.

Drivers of disabled vehicles are not required to leave
them or to request passing drivers to notify the truck

crew, this being done by the Police traffic officer
patrolling the bridge.

On removal from the bridge and approaches, the
disabled vehicle 1s placed in the nearest suitable side
street or lane, and it is then a matter for the driver
to make his own arrangements for any further assist-
ance which may he required.

No charge is made for the towing service,

During the three months ended  31st August,

79
disabled vehicles have been attended to.

————

Tenders Accepted.

The following Tenders (exceeding f1,000) were accepted by the respective Councils during the months
of April, May and June, 1951 :—

Council, H\:-':d Work, ‘ Tenderer. Amount,
I £ s d.
Abercrombie S50 L 54 | Re-scal bituminous pavement 2 m. ta 6.1 m. | B.H.P. By-T'roducts 1183 0 ©
Pty. Ltd.
Berrigan 5. . Supply and delivery aggregate to Berrigan and Tocumwal. ’ Blue Metal & Gravel Co, 883 o 8
404 tons to Tocumwal and 526 tons to Berrigan.
Bland S 57 | Scarifying pavement. Supply, deliver, spread and roll N. Miller 1,441 12 0
4,352 cub. vds. gravel,  Average lead 5 miles,
Blaxland S. 55 | Construction reinforced concrete culvert at Blackman's| Bulldozers Pty. Ltd. .. 2,714 O O
Flat.
Bogan S. 7 | Supply, delivery and spreading 2,208 cub. yds. gravel be-| Do E. Gibson ... 1,821 12 0
tween 247.3 m. and 30610 m.
Colo 5. .. . 1194 | Construction between 2 m. 1,800 ft, and 3 m. 1,800 ft J. & A laghezzolo ... 2,714 O 0
Conargo S, ... 5352 | Supply, delivery and rough spreading 10,000 u.l:h yis, (}f' 1. D, McCallum 2,772 10 0
loam. Awerage length of haul 54 m.
Coolamon 5. 243 | Supply, delivery and spreading 4,523 cub. yds. gravel| C. G, Staines & 17, 1., 1,653 8 8
Average lead 63 m. Grundy.
- 1 Supply and delivery of 4,140 cub. vds. gravel—wvarious| E. W. Hall 1,460 o o
Gilgandra 5. { 8 ][u!.;u:l.iuus. ’ 14 y g 4
Gloucester S. | 1150 | Restoration of flood damage and grovne construction,| . W. Milligan... 3.530 11 ©
Gloucester [iver Bridge.
Goobang S. Supply, delivery and spreading 24,157 cub. yds. gravel at] R Scarce 7.518 17 3
various locations on Main Roads in the Shire.
Gulgong S. y \\lnnmg and loading 16,990 cub. vds. gravel o HOE Ewin L 1,270 10 0
Hastings S. 1o | Supply and delivery of screenings for bituminous w ml\-: —| ). Bowen  and W. T. 5.702 15 o
Havyes,
Holbrook 5 331 | Supply and delivery 5,000 cub. yds, gravel.  Average lead| 1. A Carstens & Sons... 1,125 0 0
5 m.
Do 282 | Supply and delivery 8000 cub. yds. gravel (including i i 1,000 13 4
spreading).  Average lead 4 m
Hume S, ... 125 | Supply and delivery 7,600 cub. yds. gravel.  Average lead| C. G Quast 1,005 0 0
7 .
IMabo 5. ... 3000 (_‘n:'npilr'(in!‘l construction of 3 concrete crossings with cul-| A, McKelvie and  H. 1,471 0 ©
verts over Wantiool Creek. lLawrence.
Jemalong S 17 | Supply of 500 cub, yds }-in, surfacing aggregate ... HI};:; .\:n-lzlll & Gravel 1,108 O 8
y. L,
Do 377 | Supply, delivery and spreading 9,63z cub, yds. gravel be-[ ], . Dean 5073 o o
tween Forbes and Condobolin,
Jerilderie S, ik Supply and delivery approx, 23,350 cub. yds. loam and| Tatnell Bros. ... 6,871 o o
gravel for various main roads.
Jindalee S 28 | Supply and delivery of aggregate .. thj:.i Z\{ct;];] & Gravel 1,223 16 11
y. Ltd.
Lachlan 5, 230 | Supply, dehivery and spreading 5,400 cub. yds, gravel  ...| Atkinson and Giltrap... 2,767 10 ©
Do 57 | Supply, delivery and upu-“ulinu 4,200 cub. yds. gravel 31 m| 1. G. Fuller ... 1,312 10 o
t.224 ft. and 34 m. 4,224 .
Lecton S, . So | Supply and delivery 11,000 tuh. yds. gravel.  Average| 1% H. Miechel ... 3,503 & o
lead 5 m. ) o
Liverpool M. 535 | Earthworks and pavement construction 538 m. to 2.5 m, Constructors (Engincer- 20,060 11 9
west of MUK, 515, ing & Industrial) T.td.
Do 154 | Reconstruction 11.4 m. to 12,75 m. from Narellan... . . 11,723 11 8
l.ockhart S, .| 370 | Supply and delivery 570 tons aggregate ... Blu; \FIL‘:;\I &  Gravel 1,263 10 ©
v. Lic
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Tenders Accepted-—contiined,

Council. R\‘,"z:‘l Work. Tenderer. Amount.
Macintyre S. Scarify, reshape, supply, deliver and spread 25,120 cub. vds] Lo W Keft 0,283 19 o
gravel on varions main roads in the Shire
Mandowa 5. 63 "\u||].||\' and delivery of 1,045 tons of crushed river gravel, R C. Barber ... 1822 17 4
for bituminous seals.  Average length of haul 23 m.
Mitchell 5. w. [ 57 | Supply 1,601 cub. yds. aggregate .., Murrumbidgee sand 113 15 o
1L os0 and Gravel Co.
Molong S . [ 233 | Supply and delivery 13,030 cub. yds. gravel at various| A, C. Stephen & Sons ... 1475 15 0
4 234 locations.
359 . : :
Murrumbidgee S, 321 | Supply and delivery rogr2 cub. vids. loam average lead| F. A Delaney ... 2383 12 o0
3
244 3m. ) ) i
I'ort Stephens 5., to | Supply and delivery of erushed slag to stockpiles on Pacific, B.H.P. Byv-Troducts 2,082 5 o
Highway. Py, Ltd.
I{\JI‘.tnnl‘ S, 215 | Reconstruction from 12 m. to 14 m. 230 fi. | AL €L Stephen and Sons 25,670 14 2
Severn S.... 12 | Construction of approaches to Wellingrove Creek Bridge...) Frost and Spriggs 3454 0 ©
Timbrebongice S, 354 | Supply and delivery of 3,255 cub. vds. gravel.  Length off ] M. Wooden 1,262 6 3
haul 44 m.
Tumut S.... 85 | Supply 713 tons §-in. and 181 tons $-in, aggregate ... .| Blue Metal &  Gravel 1,045 18 0O
258 Pry. Ltd
o i 4 | Supply and delivery 5,500 cub. yds, gravel,  Average lead| |. Henrick 2155 10 o0
14 m,
Do S5 ‘-mpplv and delivery 7,320 cub. yds, gravel.  Average lead| A Sheather 2414 10 0
5 m. |
Urana S. ... Ploughing and loading 23,420 cub. vds. gravel for varnons Tatnell Bros. ... sani 143 2 6
main roads m the Shire,
Wiakool S 4 . Supply and delivery to stockpiles 6 m. north of Barham 5. Go Weekley ... nLob: o o
obo cub. yds. aggregate,
Wangoola 5. 6 | Supply, dehvery and spreading 2,425 tons of aggregate] K. Scarce 7.518 17 3
f.or. Woodstock and Cowra,
Wingadee 5. < Supply, delivery and spreading of sandy loam at various| G. Gillham 0,475 O 0
locations on main roads in the Shire.
Woodburn 5, S Supply and application of priming tar and binder on Main] B.ILT" By-Products 1249 4 9
l{{l(l(l\i 145, 145, 140 and 153, I'ty. Ltd |
SYDNEY HARBOUR BRIDGE ACCOUNT.
Income and Expenditure for Period Ist July, 1950, to 30th June, 1951.
Income £ Expenditure, 4
Roael Tolls e R R R A R e R ceerene 520,300 Cost of collecting Road Tolls ... 43.502
Contributions Provision for trathe facilities...... 1,315
Railway Passengers 5 weavie 120,078 Mamtenance and minor improvements ..., 00,086
Tramway Passengers ... . . 13,084 Alterations Lo archwilVs e ceen e cer v crn snrsne e ens 351
Omuibus Passengers sEiivaimans 180590 Widening Bradiicld Highway to accommodate new
Rent from Properties . vy 13,500 Toll Barner E 2,050
ATSEOHANCOUS  evsereeronnsnenersis o 253 Construction of new Toll H.illlt'l d.nl] UTII- e. s 4,200
Administrative: Expenses .ooiciaiminnmaagis 2,005
lLoan Charges— i
Interest ........ A DIEDRCRE > .+ 15 o115,
Exchange  aannnmaaamnsaiaaming  aguby
Sinking Fund ... 67,372
Management Expenses .. 1,502
, —— 325083
MiScellanComR: s T e e 471
R997Pa3 £440.743
Note<The figures in this statement are subject to adjustment upon completion of accounts for the year,
CORRECTION.
The reference opposite the photograph at the foot of page 108 of the June, 1951 issue of “Main Roads™ to

the Toll Gate at
site of the Deaf

A Beckett’'s Creek on the Parramatta-road, should have been (o the Toll Gate near the present

Dumb and Blind Institution,

Princes Highway, Newtown.
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Form No.

70
A 1532
A 1140
A 1150
Ar1sr
A 115z
A 1476
A 1101
A 1102
A 114

71
228

254
72

68

296
337
305
351

65
301
122

93
94
230

66
125

466

342
248

64
19
38
121

A 1342
A 1346
A 1341
A 1824
A 1924
A 178
A 1381-3
A 1452-5
197
A 478

A 478¢c
Arriz
A1rnyg
A1r1s
193
314
A 1645
355
A 1487
A 1488,

A 1614

369
288
401

MAIN ROADS STANDARDS.

EARTHWORKS AND FORMATION. :
Formation. (Revised, June, 1949. !
Standard Typical Cross-sections.

Flat Country Cross-section, Type A.
Flat Country Cross-section, Type B.
Flat Country Cross-section, Type Di1.
Flat Country Cross-section Type Daz.
Flat Country Cross-section, Type Er.
Typical Cross-section One-way Feeder Road.
Typical Cross-section Two-way Feeder Road.
Rubble Retaining Wall. (1941.)

(Revised, 1930. |
(Revised, 1936.) |
(Revised. 1936.
(Revised, 1930.)
(Revised, 1937.)
(1936.)

{1931.) |

PAVEMENTS.

Gravel Pavement. (Revised, June, 1949.)

Reoonsr.}ruction with Gravel of Existing Pavements.
193%-

Supply and Delivery of Gravel.

Broken Stone Base Course.
1947.)

Reconstruction with Broken Stone of Existing Pavement to form a Base
Course. (Revised, October, 1033.)

Tar. (Revised, May, 1049.)

Bitumen. (Revised, February, 1939.)

Bitumen Emulsion. (Revised, September, 1942.)

Supply and Delivery of Aggregate. (Revised, July, 1941.)

Waterbound Macadam Surface Course. (July, 1939.)

Supply and Application of Tar and/or Bitumen. (Revised, June, 1950.)

Surfacing with Tar. (Revised, January, 1949.)

Surfacing with Bitumen. (Revised, January, 1949.)

Re-surfacing with Tar. (Revised, January, 1949.)

Re-surfacing with Bitumen. (Revised, January, 1940.)

Tar or Bitumen Penetration Macadam, Surface Course, z inches thick. |
{Revised, December, 1936.) |

Tar or Bitumen Penetration Macadam, Surface Course, |
(Revised, September, 1936.) |

Cement Conerete Pavement (April, 1939) and Plan and Cross-section 1|

1

(Revised, January,

(Revised, August, 1039.)

(Reprinted with amendments. August,

inches thick.

A 1147 (March, 1932).
Bituminous Flush Seals and Reseals—Fluxing of Binders. (January,
1949.)

GENERAL.
Cover Sheet for Specifications, Council Contract. (Revised, January, 1948.)
Geﬂera]]I Conditions of Contract, Council Contract. (Revised, September
1950.
Schedule of Quantities.
Bulk Sum Tender Form, Council Contract.
Bulk Sum Contract Form, Council Contract.
Provision for Traffic (Revised, June, 1947} with general arrangement,
A 132)3 and details A 1325 of temporary signs. (Revised January,
1947.
Warning Signs, Details of Construction.
Iron Trestles for Road Barriers. I
Timber Trestle and Barrier, l
Light Broom Drag. (1941.) |
Pipe Frame Drag.
Mould for Concrete Test Cylinder.

}ﬁquM&Twuﬁ,&CJZEJide

Hire of Council's Plant. (Revised, April, 1937.)

Sp;cimgn Drawings, Rural Road Design, with drawings A478a and
4758,

Specimen Drawing, Flat Country Road Design.

Rural Road Plan and Longitudinal Section Form tracing cloth).

Rural Road Cross-section Form (tracing cloth). \

Urban Road Plan Forms (tracing cloth).

Duties of Superintending Officer {instructions). (Revised, July, 1938.)

Standard Regulations for Running of Ferries. (Revised, December, 1948.)

Stadia Reduction Diagram. (1939.)

Instructions for Design of Two-lane Rural Highways (1937).

Horizontal Curve Transitions (diagrams).

A 1488a, A 1488B, and A 1488c.—Horizontal Curve
(tables for speeds of 30, 40, 50, and 6o miles per hour).

Widening of Shoulders on Crests.
Instructions for Design of Urban Roads (1939).
Instructions for Design of Intersections (Revised, January, 1948.)

Instructions for Design of Rural Intersections (acceleration and decelera-
tion lanes). (March, 1951.)

(Revised, August, 1946.)

Transitions

Numbers prefixed by “ A’’ are drawings, the remainder are specifications unless otherwise noted

Form No

243

I42
141

143

144
240
A 1301
A 1875

A 26
37t
A 421
44
A 2995

25

A 142
138

206

A 1832
A 309
3joo

A 1886

A 45
A 1791
164

KERBS, GUTTERS, AND GULLY PITS.

Integral Concrete Kerb and Gutter and Vehicle and Dish Crossing,
(Revised, July, 1930) and Drawing. (A134A.)

Gully Pit (Revised, May, 1939) and Drawings (a) with grating (A 1042);
(b) Kerb inlet only (A 1043); (¢) with grating and extended kerb inlet
(A 1352); (d) extended kerb inlet (A 1353).

Gully Grating. (1933.)
Concrete Converter. (1936.)

FENCING.
Split Post and Rail Fencing and Drawing (A 43).

Post and Wire Fencing (Revised, December, 1947) and Drawings (a)
Plain (A 494); (b) Rabbit-proof (A 498); (¢) Flood gate (A 316).
Ordnance Fencing (Revised, February 1934) and Drawing A 7.

(Revised, November, 1939.)
Chain Wire Protection Fencing and Drawing (A 149).
Location of Protection Fenecing (instruction). (Revised, May, 1940.)
Motor Traffic By-pass g feet wide. (1936.)
Motor Traffic By-pass 2o feet wide. (1942.)

BRIDGES AND CULVERTS.
Standard Bridge Loading (general instruction). (1948.)
Data for Bridge Design. (Revised, November, 1948.)
Data accompanving Bridge or Culvert Designs.
Waterway Diagram. (Revised, 1943.)

Waterway Calculations. (1930.)
Boring Gear, 2 inches. (1930.)
Boring Gear, 3} inches. (1949.)

Rod Sounding Apparatus, with tripod (1947).

Pipe Culverts and Headwalls (Revised, December, 1939) and drawings,
Single Rows of Pipes, 15 in. to 21 in. dia. (A 143), 2-3 ft. dia. (A 130),
3 ft. 6 in. dia. (A 172), 4 ft. dia. (A 173), 4 ft. 6 in. dia. (A 174), 5 ft.
dia. (A 175) 6 ft. dia. (A 177); Double Rows of Pipes, 15 in. to 21 in.
dia. (A 211) 2-3 ft. dia. (A 203), 3 ft. 6 in. dia. (A 215), 4 ft. dia,
(A 208), 4 ft. 6 in. dia. (A 207), 5 ft, dia. (A 206), 6 ft. dia. (A 213);
Treble Rows of Pipes, 15 in. to 21 in. dia. (A 210), 2-3 ft. dia. (A 216)
and Straight Headwalls for Pipe Culverts, 15-24 in. dia. (A 1153).

Joint for Concrete Pipes. (Revised, August, 1933.)

Inlet Sump Pipe Culverts for 3 ft. dia, or less, (Revised, December, 1947,

Pre-Cast Concrete Box Culvert (Revised, February, 1948) and drawings,
g in. high (A 485), 12 in. (A 446), 1 ft. 6 in. (A 447), 2 ft. (A 448),
2 ft. 6 in. (A 449).

Reinforced Concrete Culvert (Revised, February, 1948) and instruction
sheets (A 305, A 350, A 306, A 304).

Cast-in-Place Concrete Pipe Culverts. (1942.)

Concrete Culvert Posts. (Revised, June, 1937.)

Pile Drivers, specification for 25 ft., and drawings for 50 ft. (A 209) 4o ft
(A 253), and 25 ft. portable (A 1148). N

Arrangement of Bolting Planks for wvarious
(Revised, September, 1948.)

Timber Bridge, Standard Details. (Revised, May, 1949.)
Timber Beam Skew Bridge Details. (Revised, May, 1949.)

Timber Beam Bridge (Revised, April, 1947) and instruction sheets,
12 ft. (A 3469), 20 ft. (A 70) revised, May, 1949, and 22 ft. (A 1761).
(Revised, May, 1949.)

widths of deck.

A 3470 and A 3471.—Low Level Timber Bridges—Instruction sheets for 12 feet

and zoft. between kerbs. (Revised, May, 1949.)

A 1223 (Revised, May, 1049) and A 3472 (Revised, May, 1949) Single Span Timber

139

326
222

350
495

Culverts instruction sheets for 20 ft. and 22 ft. between kerbs.

Timber Culvert (Revised, January, 1950) and drawings, 1 ft. 6 in. high
(A a27), 2 ft (A 428), 3 ft. (A 4209), 4 ft. (A 430), 5 ft, to 8 ft. high,
(A 431). (r928.)

Extermination of Termites in Timber Bridges. (Revised, October, 1940).

Pipe Handrailing Details. (Revised, July, 1947.)

Reinforced Concrete Bridge, (Revised, April, 1949.

Design of Forms and Falsework for Concrete Bridge Construction.
(September, 1947.)

All Standards may be purchased from the Head Office of the Department of Main Roads, 309 Castlereagh Street, Sydney, single copies being free to Councils.

Sydney: A, H. Pettifer, Government Printer—1851.



State Highway System

of the

State of New South Wales

Q U E ENSIL A ND
. §
| l; i ) ;7
| % Cwypy EASTERN
i /' BOURKE DISTRICT A TRl 2 N\glen Innes o sl
} ! e DLVISION A i
‘ II @ Bourke - NORTH ;j ~~iN “CrHWP
"- < VS onic DIvisio
1:[ J,!/ —:e;}— :,‘ H'\,._J il \‘—’7 ‘& {\‘U - = N
1 i 5 9 - X
| 4 / e SR, % WESTERN o - &
| - ,,f / \\\ f \t\' I\ HIGHWAY ¢ { S
] 1 / 2 0,
T / Tamworth
2 | BROKEN HILL ; ! /,QA,QRIEP HIGH WAy s"LOWER
! TH e T
i \ NTRA -
- 1& T/ \ CE L PNORTHERN
ls : /
%1 \ L Bl'Uken HI” ; No \\\ WESTERN o %
0 ‘.h DISTRICT | ., \ DIVISION >
- / Ao DIVISION. z> Ry
D | , /  CENTRAL ! Bicnsastio
Lo 2 / parkes @ Y Q)
& | XeT ool
= MURRAY Y ol N
i
i
a 1 DIVISION
3] -""\_\‘."" "'
W .'L.. STURT
e TS i
i 2
N3
B ~ Deniliquin
J ﬁ‘\“\ 2!
< %, %
Q
State Highways.. o
Divisional Boundaries__._ ———__
Divisional Offices........ . ®

SCALE OF MILES
a0 20 o a0 80 120

200

o)

L

TERRITORY|

WESTERN
AAUSTRALIA

S50UTH
AUSTRALIA

@Tasmama

Area of New South Wales, 309,433 square miles.

Length of public roads within New South Wales, 126,272 miles.

MILEAGE OF ROADS CLASSIFIED UNDER THE MAIN
ACT, AS AT Ist JULY, 1950.

State Highways
Trunk Roads .
Main Roads

Secondary Roads. (Count)f of Cumberland only)

Developmental Roads .

UNCLASSIFIED ROADS, in Western part of State, coming
within the provisions of the Main Roads Act ............

TOTAL

ROADS

6,513

26,023
2,617

-

28,640

_
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