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Svdney, June, 1048, o7

Main Roads Administration in
New South Wales.

A BRIEF ACCOUNT OF THE FUNCTIONING OF THE
MAIN ROADS ACT.

The Main Roads Act came into force on the 1st
Januwary, 1925, and has thus been in operation for
slightly more than twenty-three years. The Act has,
since the end of 1932, heen administered by a Commis-
sioner for Main Roads and an Assistant Commissioner,
and the organisation under their control 1s named *The
Department of Maim Roads.” the headquarters of which
are located in Sydney.

The Department’'s responsibilities are discharged
either by providing financial and technical assistance
to the Shire and Municipal Councils or by the Depart
ment itself carrying out works on main roads.

THE MAIN ROADS SYSTEM.

'ublie roads, except those within the City of Sydney
:l'“l‘] ':(’T-t;li” "lhl'r areas l]]i]il}l' ill exlent, ||]{1}' ]'(’ ]JT“'
claimed as Main, Secondary or Developmental roads
upon the recommendation of the Commissioner for
Main Roads,

There are five classes of proclaimed roads which are
described hereunder:

Main Roads:—

State Iighways.—The State Highways are the
principal avenues of road communication between
the coast and the interior, or thronghout the State
and conneecting with such avenues in other States.

Trunk Roads—The Trunk Roads are the
secondary avenues of road commumeation which

* RGT56—2

connect the State Highways, and with them, con-
plete the framework of the general svstem of
inter-commumeation by road throughout the State.

Ordinary Main Roads. The Ordinary Main
Roads provide a network of roads connecting
towns and important centres of population with
the State Highway or Trunk Road routes and
with each other.

Secondary Roads :

The Secondary Roads are roads within the
County of Cumberland (i.e., the Metropolitan area
and rural environs) which carry a substantial
amount of through traffic and thereby relieve a
neighbouring main road of traffic which it would
otherwise have to bear.

Developmental Roads and Works -

Developmental Roads and Developmental Works
are roads or works as the case nnght be which
will serve to develop or further develop any dis-
trict or part of a district ; or will serve to develop
any area of Crown or private land by providing
access to a railway station or a shipping wharf or
to a road leading to a railway station or a shipping
wharf. A developmental work generally consists
of a short length of road construction, or the
construction of a bridge on a road which is other-
wise passable but which in the absence of the
bridge is impassable after heavy rains,
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The total mileage of public roads in the State is
120,058, The nnleage under the assistance of the
Department at the 1st July, 1047, was as follows —

| County of

Classification, | Cumber Counlry, F\:.i::?lil-\llr:l Tatal.
land. "

|

Maimn Roads |
State Highways 143 | §,900 1.330 th, 501
Trunk Koad= ... | 2,378 | 1,353 3.731
Ordinary Main Roads.. 503 g,051 | 3,001) 12,053

|

Total Main Roads ...0 7580 10,308 5,701 22 885
Secondary Roads St 81
Developmental Roads ... 15 2,700 . | 2,805
Unclassified 2300 | 2,300
Grand Total— All Roads 882 10, 188 8010 | 28,080

MATTERS INCIDENTAL TO THE MAINTENANCE AND
CONSTRUCTION OF ROAD PAVEMENTS.

The Department’s activities in respeet of  works
carried out with its ordinary Main Roads funds are
confined, as a general rule, to works for the improve-
ment of the carriageway of the road.  In those cases
where a country main road passes through a city or
town, the Department’s assistance is in ordinary cir-
cumstances limited to a width of twenty feet of pave-
ment ;i all other cases the Department assists in the
improvement of the width of pavement required for
tralhe purposes.

The works towards the cost of which the Depart-
ment contributes are not neeessarily restricted to those
carried out on the pavements only, hut mav extend to
ancitlary works of value 1o the road pavements and (o
the traflic which uses the pavements.  Lxamples of

South Coast Divisional Office, Bega.

these works are drainage, kerbing and guttering, tree
planting, road signs and acquisition of property for
road widening purposes.

The Department exercises control over such matters
as tree preservation. road openings, overhead wiring,
petrol pumps, and also over advertising  signs  or
hoardings whether these are on or in some special
cases adjacent to main roads.  Having advised the
shire and Municipal Councils of the Department’s
policies regarding these matters, the Department for
the most part relies on the Councils for thetr implemen
tation, although an over-riding supervision is exercised
by the Department.

THE DISTRIBUTION OF WORK AS BETWEEN THE
MAIN ROADS DEPARTMENT AND THE SHIRE
AND MUNICIPAL COUNCILS.

The objective of the Main Roads Department has
heen always to work in close co-operation with Shire
and Municipal Councils.  The work of constructing
and mamtamimg the main roads is, to a large extent,
in the hands of the Councils.  From time to tme,
however, major werks are undertaken directly by the
Department. Tt is only on the State Highway System
that the Department direetly controls any considerable
length of road and as at the Imancial vear ended on
_?,ﬂlil ’lllm" 1047, the ]lllriilitzl] was that ;\'5 per cent. of
the main roads svstem was under the control of local
authorities and the remaining 15 per cent, under the
dircet control of the Department. “These percentages
exclude roads in the Western Division, all of wlhich
arc directly  controlled hy the  Department. mainly
through Public Works Departient District Engineers.

\ feature of this form of distribution of respon-
sibility has been the transfer of ollicers between the
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engineering  services of  the  Department  and  local
authorities,  Young men have heen trained i Depart-
mental practices, both i the office and n the field and,
after o few years, have secured cmployment  as
Ingineers or Assistant Fngmeers with Councils. It
has heen possible for them to gain experience of special
phases of road work by transfer from branch to branch
within the Department and this has well litted them to
fulfl their responsibilities for the general engineering
supervision of council works.

For the greater part of works undertaken on main
roads the preliminary surveys and designs are prepared
I:)' engineers to the local councils.  These are sub
mitted Tor examination by the Department’s techmeal
officers and  when agreement has been reached  as
regards the designs, specitications and estimates, works
are authorised to proceed.  For mamtenance works
there are undertaken each Lnancial year programmes
which include the regular routine maintenance of roads
and bridges and minor improvements. Al works call-
ing for detailed design or involving substantial recon-
struction expenditure are dealt with independently as
construction items.  As each work 15 approved the
Department advances to the Council responsible for the
work sufficient funds to meet the expenditure for two
months, At the end of each subsequent month recoup
ment is made of the expenditure already incurred
upon the submission of certificates giving particulars of
expenses and costs and following periodical engineer-
ing inspections of the works in progress.

. DECENTRALISATION OF ADMINISTRATION.
Divisional offices under the charge of Divisional
throughout  the

Iingineers have  been  established

North Eastern Divisional Office, Grafton.

country so that responsible officers may keep con-
tinuously m touch with the local Couneils and their
otficers and secure an intimate knowledge of require-
ments in individual areas.  Thesc officers are authorised
to hinalise conduct of work as far as possible without
reference to the Iead Ofhice in Svdneyv,  Adnimistra-
tion is thus decentralised and the volume of corves-
pondence between local and central authorities is kept
to a minimum. At the present time there are twelve
Division with headquarters at the following centres :—

Metropolitan Division— Svdney.

Outer Metropolitan No. 1 Division— Petersham.
Outer Metropolitan No, 2 Division—Chatswood,
Upper Northern Division—Glen Innes.

North Western  Division—"Tamworth,

North Eastern Diviston—Grafton,

Lower Northern Division—Newcastle,
Central Western Division—1arkes.

South Western Division Wagea Wagea
Southern Division—Goulburn,

South Coast Division—DBega,

Central Murray Division—Deniliquin,

It is usual for local offices to be established on the
site in the case of the Department’s day labour works
and for engineering and clerical otheers to be stationed
at these othees for the purposes of supervision and
administration.  The number of local offices varies
from time to time according to the location and volume
of works m hand.

The Department maintains a central workshop and
store 1 the Metropolitan arca where emplovees are
engaged in the repairing of plant, ete., required in
connection with the Department’s works,

b
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SYDNEY HARBOUR BRIDGE.

The Department is responsible for the administration
of the Sydney Harbour Bridge, the finances of which
are by statute separate from the Main Roads funds.

The cost of maintaining the bridge as well as the
cost of interest and sinking fund payments is met from
the proceeds of toll charges.  Road tolls are collected
directly by the Department, while rail, tram  and
cinnibus tolls are collected and remitted to the Depart-
ment by the authorities which operate the services
concerned,

FINANCE.

Provision is made for the establishment of three
funds for the purposes of the Maimn Roads Act. These
are:—

The County of Cumberland Main Roads Frnd,
for expenditure on Main and Secondary Roads
within the County of Cumberland.  (The County
of Cumberland embraces an area within approxi-
mately 4o miles of Sydney including the Metro-
polis, but for the purposes of the Main Roads Act
it excludes the City of Sydney.)

The Cowntry Main Roads Fund. for expendi-
ture on Main Roads in the area outside the County
of Cumberland.  The expenditure on all roads,
whether proclaimed Main Roads or otherwise, in
the Western Division of the State is also fimanced
from this Fund.

The Delevopmental Roads Fund, for expendi-
ture on the construction of Developmental Roads
and Developmental Works as distinet from Main
Roads.

The Financing of Works on Main and Secondary Roads.

A dilferent system of administration, principally in
relation to finance and rates of assistance for works,
is provided for in the County of Cumberland as distinct
from the rest of the State.  This will be referred to
later.,

The principal sources of the Department’s regular
revenues for works on main and sccondary roads are
the proceeds of motor vehicle taxation collected by the
State Department of Road Transport, and of petrol
taxation collected by the Commonwealth Government.

The proceeds of the motor vehicle tax is, at present,
paid into either the County of Cumberland or the
Country Main Roads Funds.  The Country Main
Roads [Fund receives the complete amount of tax paid
by those residents outside the County of Cumberland.
Hali of the motor taxation levied in the County of
Cumberland is also paid into the Country Main Roads
IFund, the remaming half being appropriated to the
County of Cumberland Main Roads Fund.

The proceeds of the annual motor registration fees
and the motor vehiele drivers” and riders” license fees
are used in the first place to meet the cost of the
admimstration of motor vehicle registration, ete., by
the Department of Road Transport, the cost of the

provision of certain traffic facilities, and the cost of
police control of traffic. The halance then remamnmy 1s
allocated to the Country Main Roads Fund, although
the amount 1s @ minor one at present.

The proceeds of 3d. per gallon taxation on imported
petrol and 2d. per gallon on locally refmed petrol
(excluding in both cases petrol nsed for aviation pur-
poses ) are paid to the States for expenditure on roads,
pl'n\'itlt‘tl that not more than one-sixth of the amount
mav he expended on such other works connected with
transport as the State thinks fit. The amount received
by New South Wales and devoted to roads is allocated
between the County of Cumberland and the Country
Main Roads Funds in the same proportion as is the
amount received from the motor vehicle tax.

In addition to the two principal sources of revenue
of the County of Cumberland and Country Main Roads
FFunds (motor and petrol taxation ). provision is made
in the Act for the proceeds of a regular ammual levy
on Councils in the County of Cumberland to be paid
into the County of Cumberland Main Roads Fund.
This levy is based on a maximum of '2d. in the £ on
the unimproved capital value of all lands ordinarily
rateable under the Local Government Act. and situated
in the councils’ areas, except that the levy in the case
of lands used principally for rural primary production
is reduced by one-half, The maximum rate was
levied from 10925 to 1032, since when a rate of 7/106d.
(reduced to 7/32d. for primary production lands) has
been adopted.  The Department then meets the full
cost of approved works carried out on all main roads
in the County of Cumberland, irrespective of their
relative importance.

The Main Roads Act does not provide for a rate
to be levied by the Department on the Councils in the
area outside the County of Cumberland area. In that
arca, that is the Country area, the main roads are
divided into three classes, viz,, State Highways, Trunk
Roads and Ordinary Main Roads, according to their
relative importance.  The Councils” contributions in
the country are made by means of a direct payment to-
wards the cost of approved works.  The Department
mects the full cost of works on State Highways in the
country, and the Councils’ contributions are usually at
the rate of one-quarter in the case of Trunk Roads
and one-third in the case of Ordinary Main Roads.
The present rates of contribution by the Department
which are applicable to all works on main roads in
the comntry, are, broadly, as follows :—

Construction
and Mainten-
ance of Koads Construction

and Mamten-  of Bridges.
ance of

Dridges.
1w 0
o "
State Thghwavs .. .. 100 100
Trunk Roads . .- 73 10O
Ordinary Main Roads OO 2/3 s

Provision is made in the Act for such loan moneys
to be appropriated for the use of the Department as
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arliament may decide should he spent on specified
works on main roads.  Loans of this nature are made
available, as required, to the Department by the State
Government, and it is usual for the interest, exchange
and repayment of the loans to be made a charge against
the Department’s revenues.  The outstanding  loan
liability of the Department in respect of main roads
works at the 3oth June, 1948, will be approximately as
follows :—

County of Cumberland Main
Roads Tfund . . .. a 157.000
Country Main Roads FF'und .. 3,678,000
Tortal.. .. £3.835.000

[t is competent under the Act for monev to be
received into the two Main Roads Funds for the carry-
mg out of special works.  Defence Works and
Unemployed Relief Works are examples of the larger
special works exccuted by the Department,

Reference has so far heen made to State |lighways,
Trunk Roads and Ordinary Main Roads. There is,
however, another type of road provided for in the Act
called a Secondary Road, which may be proclaimed
as such m the County of Cumberland onlv.  These
roads are those which carry a substantial amount of
through traffic and thereby relieve a neighbouring main
road of traflic which it would otherwise have to bear.
The Department meets one-half of the cost of approved
maintenance and construction works on this tyvpe of
road.

The Department is required to meet the full cost of
all apnroved works on roads in the Western Division
ol the State other than those in the six municipalities
in that Division.  The classified roads in those muani-
cipalitics are subsidised on the same hasis as are the
classihied roads m the country portion of the rest of
the State.

The main features of the financing of main roads
expenditure may be hriefly summarised as follows:

(1) The sources of the Department’s revenue
are motor vehicle tax, petrol tax, loan moneys,
special - funds  which are not  regular  or
statutory provided from Government sources
and, in the case of the County of Cumber-
land, a direct levy on Councils which is met
by the owners of the land in that area.

Half the motor vehicle tax collected within
the County of Cumberland is spent in the
County of Cumberland.  The remaining half,
together with the whole of the amount col-
lected outside the County of Cumberland is
spent in the country. The proceeds of the
petrol tax received by the State and devoted
to roads are allocated hetween the Cumber-
land and Countrv Main Roads Funds in the
same proportions as are the proceeds of the
motor lax,

(3) Contributions by Councils in the country are
made by way of direct payments towards the
cost of works carried out, other than by way
of a uniform levy as in the County of Cumber-

land,

(4) The full cost of approved works in the
County of Cumberland is paid for from the
funds available to the Department.

(5) The Department’s subsidy for approved works

in the country varies generally according to
the classification of the roads on which the
works are carried out.

The Financing of Works on Developmental Roads.

Funds for developmental roads and works are
received by way of loan moneys provided by the State
Government, monevs provided usually by the State
Government for special purposes such as Unemploy-
ment Relief Works, and moneys paid to the State by
the Commonwealth  Government.  The amounts
received are not regular or statutory.  The Depart-
ment’s assistance i respect of developmental roads
and works is restricted to approved construction works
in respect of which it usually meets the full cost, the
matter of maintenance being the responsibility of the
Couneils,

Tatal Receipts and Payments, 1946-47.
The Receipts and Pavments in respeet of principal
items for the year ending on 3oth June, 1947, were as
follows :—

County
of Country | Develap-| Main a Syilney
Cuinbier Main | mental | Develop- | Harbour Total
awmt Roads Koads mental Bridge otal,
Funel. Fund, Roils r'\u'ulm!
| Funrls. |
.' J |
| = | . |
£ 4 £ £ | L i
Receters— | |
Motor Taxation, |
Fees and |
Licences, 408,000 [1,583,000 | 208000 [ .. (2,081,000
Petral Taxation pOA e |1 00 Do 1,310,000 | ... 1,310,000
Contributions byl 237,000 7,000 244,000 | 244,000
Councils,
Loan Moncwvs .. 100,000 | 104,000 O0,0000 | L. 400, 0
For Special 30,000 | s 30,000 30,000
Waorks. )
Toll Charges A0, 0300 Aipava |l 40,000 | 451,000 521,000

Pavuments
Maintenance and/
Minor Tmprove
ment Works,

thz,000 |1,860,000 | ... 2,223,000 54,000 | 2,277,000

Construetion §75,000 749,000 40,000 [1,164,000 1,104,000
Works, includ-|
ing Land |
Resumptions. . |
loan Charges ...| 92,000 | 106,000 288,000 | 20,000 | yof,000
Administration 30, 000 133,000 2,000 174,000 15,000 154,000

and Cost of Toll
Collections,
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Reconstruction of Pacific Highway (S.H.10)
from Frederickton to Eungai Creek.

The reconstruction of the Pacific Highway between
Frederickton and the village of FEungai Creek, a dis-
tance of twenty miles, on the Kempsey-Macksville
secetion of the highwav, within the Shires of Macleay
and Nambucca, is one of the most important road
nnprovement projects undertaken since the end of the
war,

IFrederickton is sitnated five miles north of Kempsey,
with which it is connected by bitumen surfaced pave-
ment. The highway hoth north and south of Frederick-
ton traverses the highly fertile alluvial Macleay River
Mats which are closely settled with dairy and grazing
pastures varying in size from about forty to one
Indred acres. At Clybucea, eight miles north ol
Frederickton, the country rises i low ridges and the
road passes throngh State Forest and flood refuge arcas
to the village of Fungai Creek, twenty miles north of
Frederickton. The northern end of the work links
up with the approaches to a new bridge under con-
struction at Allgomera Creek and with a section of
highway previously reconstructed 1o modern standards.

The
consists

road alignment on the Macleay River flats
of short straights and  right-angle  bends,
Flooding on the flats had gradually raised the adjoining
land above the level of the road pavement so that
drainage was largely  concentrated  along  the  road,
softening the silty subgrade and  causing  frequent
failure of the gravel pavement.  The width of road
reserve wis in some places only three-quarters of a
chain, leaving little room off the pavement for travelling
stock, public utilities, drains, etc. On the higher ground,
the holdings being larger, there were longer straights
between bends.  Sharp vertical curves where  sight
distance over crests fell helow safetv limits, occurred
at ridges.  The pavement was narrow with little or
no shoulder,

Om this section of the highway traflic density is about
200 vehicles per day.

Design.

New work has heen designed on a speed standard
of 30 m.p.h. with minimum radius of curvature of
twelve hundred feet, and minimum sight distance of
six hundred and hifty feet, a formation width of twenty-
cight feet with a twenty-two feet wide gravel pavement
to be subsequently surfaced with bitumen to a width
of twenty feet.

The section on the Macleay Flats is covered during
high Hoods 10 a depth of five feet, and upwards, and
it is important that flood waters be cleared from the
pastures as quickly as possible.  The new pavement
has been designed, therefore, to conform generally to

the level of the adjoining paddocks, thus providing for
adequate drainage of the pavement without checking
passage of flood waters.  This emailed extensive hll-
ing to raise the old road.

Drainage structures in the form of conerete pipe
and box culverts have been provided to replace and
augment the existing timber culverts,

It was decided to adopt a minmmum road width of
one and a hall chains across the Macleay River flats,
widening to the normal two chains for new work, on
the ridge country.
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Grader spreading and Tractor-drawn Cleated Roller breaking up shale.

Materials Survey.

There are no deposits of ridge gravel in the
Frederickton district the only pavement material avail
able being shale of varving quality in low ridges near
Frederickton and Clybucca.  Samples of subgrade soil,
soil for Alling and shales for pavement material were
tested before the work was commenced.  Suitable shale
filling was obtained from ridges near each end of the
flat section, but some difhiculty was experienced in
selecting pavement materials owing to the wvariable
nature of the shale deposits. A quarry was eventually
opened at Irederickton, near the Macleay Shire Coun-
cil's pit, and an old quarry north of Clybucea was
reopened and extended.  Some pavement material was
also obtained from a deep cutting at Clybucca Creek.
Prior to sealing with bitumen the material in the
pavement will he again  tested and if necessary
strengthened to support a bituminous seal.

Equipment.

On completion of the materials survey it was decide
that the filling and pavement shale could best be handled
by ripping and scooping over loading platforms.  The
following plant was then assembled to commence
construction :—

2 f

Three Tractors 85/90 h.p. all ftted with Power
Control Units.

L

One Trailbuilder attachment.

Two 6 cu.yd., Scoops.

Cme Tractor 6o hop.

One eavy Duty Power Ripper.

One Heavy Duty Manual Ripper.

One  Pneumatic Tyred Drawn
blade.

One Double Sheepsfoot Roller,

One Cleated Roller,

Grader—i1o  ft.

A hght power grader was supplied as the work pro-
ceeded, and a heavy one is loaned intermittently by
the maintenance organisation. A\ 3/8 cu.yd. excavator
was later added to load shale at the northern end
ol the work.

Workshop equipment set up in a Fitter’s Shop at the
IFrederickton Depot included :

One Electric Welding Set on Trailer.

One Oxy Welding Set and Acetlyne Generator.,

One Air compressor receiving set with power
greasing attachment for pumping  tyres,
greasing plant, ete,

Omne Electric Drill and stand.

One Battery Charger,

One Hydraulic Press.

One Valve Grinding Machine,

One Electric Vulcaniser,
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Construction.

Work commenced in June, 1946, with the construe
tion of a side loading ramp on a hillside at Frederick-
ton, from which about thirty thousand yards of filling
material was borrowed.  Lorries were loaded under
this ramp by the trailbuilder working alone for the
mest part and doing its own loosening by power ripper.
As the lead in the borrow pit extended, another tractor
and scoop assisted by transporting filling material to
the mouth of the loader.  The filling stood up well
under traffic and wet weather so that 1t was not
necessary to cover it immediately with paving material.
The Al was completed for half the distance to Cly-
bucea from this pit,  Tater, a second horrow pit was
opened on another ridge near Fredenckton, where a
“Chinaman™ was built so that lorries could be loaded
by either tractor and scoop or by trailbwlder.

The shale used in the pavement was too hard to rip
as hard bands dehied the ripper tynes and these bands
had to He drilled and Dblasted, whereupon ripping
loosened the remainder.  The shale reached the road
in bonlders sometimes exceeding one cubic foot in
volume, and these had to be broken up by hand spalling,
by rolling with cleated roller or by a combination of
hoth.

The cleated roller was a feature of the work and
proved very successful i the fracture of hard shales.

Tractor-drawn Cleated Rn]ler:

Vol. XIHI, No. 4.

The roller itself is a tractor drawn unit and consists
of a steel drum five feet in diameter five feet wide
with cleats of 2 inches by 3/8th ineh angle iron
welded on at ten-inch centres in @ herrmghone pattern,
It is fitted with a manhole at the side, into wlich was
loaded about five tons of the heaviest material avail-
able, scrap iron, screenings and sand. The knife edge
loading causes fracture of the shale under the cleats.

The method adopted to break up and consolidate the
shale was to spread it on the subgrade and roll it
continuously and as thoroughly as time would allow.
Before closing down for the night and as provision for
traffic was necessary, the grader brushed the larger
stones from the pavement into a windrow on the
shoulder at each side of the pavement. These wind-
rows were left until the pavement had consolidated
when they were brushed back onto the hard surface
where they cracked readily under re-rolling.  This
method necessitated spreading pavement for the full
width of the formation so that in brushing windrows
from the shoulder there was no risk of admixture of
inferior shoulder material with the pavement. Scari-

fving and re-rolling was found to be necessary to
break the shale up to uniform gauge and so guard
against larger stones remaining and punching through
the surfaced pavement on completion of the work.
The remainder of the filling and paving material
n-:[uirl-(l on the section over the flat was done with
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Tractor and 9 cu.-yd. S

material from a cutting at the northern end of the
bridge over Clybueea Creek. This cutting was designed
so as to yield sufficient of each material and to do this
it was widened 11 {t. on each side.  In order to
improve the appearance ¢f the cutting Kikuyu grass
was planted in the sides and a row of trees planted on
cach side of the formation. 40000 cubic vards of
material were taken from this cutting without recourse
to drilling and blasting,  All loosening was done by the
trailbuilder blade or by the heavy-duty power-ripper
using three tvnes,  Loading was  done over a
“Chinaman.”

LFarthwork in the ridge country north of Clybueca
averages 7,000 cubic vards per mile which is mostly
short haul trailbuilder or scoop work in balanced cut
and hll.  Clearing s fairly heavy through a State
Forest where the new alignment deviates from  the
old on a length of two miles.

Surface and base course material for the section
north of Clybucca were obtained from a roadside
quarry approximately 1552 miles north of Frederickton,
loading being by power shovel,  The material is a
white sandy shale which shatters well with gunpowder

and breaks down well under the cleated roller.  The
quarry was worked in a face eighteen feet high. The

deposit is again very variable and greater selectivity
1s possible under power shovel operation as against
scoop loading,
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Fencing.

Along the river flats the moving back of fences on
account of road widening and the provisions of new
fencing on mmor deviations proved a major item of
the work. All existing fences were of post and rail
construction and the landowners showed a distinet
preference for this tyvpe of fence.  All posts in the
existing fences had been placed three feet into the
ground for additional strength against the pressure
of flood waters and debris,

A comtract was let for the supply and dehvery of
mortised posts and adzed rails and the erection was
carried out by day labour. A mobile crane was used
for lifting the old posts out of the ground for subse-
quent re-erection.  This proved a considerable saving
as it would have heen necessary otherwise to dig down
alomeside cach post to loosen it.

Interference with Properties.

Interference with improvements on properties was
kept to @ nmimimum but in some cases it was unavoid-
able.  Several new wells were dug where properties
were severed from water.  Log troughs were move
successfully by the maobile crane,  Conerete troughe
and tanks and windmills were moved back to the
new alignment. One complete milking shed consisting
of engine room, creamcery, bails and covered vyards
was lifted back in sections onto a new concrete floor.
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Some bails encroach shghtly within the new road
Loundaries hut have heen allowed to remain on the
understanding that on re-building the structure it musl
Le moved back within the property.

Where the new alignment deviated from the old and
when the existing road reserve was granted to adjoin
ing landowners as part or whole compensation for lan |
resumed.  the disused pavement was  scarified and
sconped away onto access roads. The whole area
Letween the old road boundaries was levelled and the
pavement area backfilled with loam and the whole sown
with grass seed,  The old road arca has thus heen
meorporated in paddocks and is serving a useful
rpose.

Structures.

Al pipe culvert headwalls and conerete hox culverts
have been constructed using formwork of  closelv
spaced inch hardwood on normal sized studs, and faced
with painted three-sixteenth inch composition sheeting,
A clean smooth finish was obtained on the concrete,
The forms have now been used three times and will
be used many more times on further sections,

General.
The reconstruction has heen substantially completed
between _l"!':.'([(‘l'il“lxl_l:ll] an (']v\'llm‘(‘:l. With present
progress it s anticipated that the whole of the work

with gravel pavement will be completed to the village
of Fungal Creek by June, 1949, a total distance of 20

miles,  The provision of a bituminous surface will
he cffected later.
Statistical Data.

Length of section of work at present in hand,
13M, 2,5c0 L. ft.
Quantities over Hius leagth,

Larthworks (solid mcasurement ), 121.5¢0 cu. v,

Pavement (shale), 203000 sq, vds,

Conerete pipe culverts, sizes 137 1o 42
boft

Conerete in box culverts, 300 cu. yds.

”

dia., 2,400

Feneing,
{Tnit Costs for Matn Ttems.

(Direet costs only, exclusive of Waorkers” Com-
pensation  Insurance, Pay Roll Tax, [lolidays and
Camp, Depot, General Engineering and Clerical Super-
vision Costs ),

LFarthworks, including trimming and consolidation,
2s. 1od. per cu. vd. (solid measurement ),

Pavement, base and surface courses, variable 87 to
0" consolidated thickness, 3/2 per sq. v,

Conerete pipe culverts, mcluding  conerete head-
walls, average for all sizes, 225 5. per 1Tt

Concrete in box culverts, £y 14s. 5d. per cu. vd.
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Some Aspects of Highway Practice in the

United States

(I'rom reports by the Department’s Materials anid Research Fngineer, Mr, A\,

of America.

B.I

T. Britton, B.Se.,

who visited the United States of America during 1947, Mr. Britton's mquiries there related mainly to Materials
and Methods, particularly in relation to pavements and subgrades., )

A. EARTHWORKS.

1. Soil Surcey and Feploration.—The Public Roads
Administration and  most States visited  conduct  a
detailed soil and materials survey where a bitumen or
concrete pavement is to be constructed,  Where not
te receive such a surface, the cost of this work cannot
be justified, but aerial photographic identification is
making headway for such work as a cheap and rapid
means of getting approximate information,

[iven where high-class pavements are to be used, and
a full sol and materials survey undertaken prior to
construction, the air photo method is widely used to
compare alternatives  and  select  routes traversing
sounder country, to assist in search for materials, and
to pre-select sampling points to give the best return
for the effort expended.

Considerable uze is also being made of geophysical
methods, especially that of electrical resistivity, for sub-
surface and foundation explorations.  This method
could probably be used with advantage in New South
Wales in selecting routes and/or bridge sites in swampy
or soft areas.

Technique for securing undisturbed samples from
depth, for investigation of embankment or foundation
stability, has now been mastered.

2. Embankments on Swampy and Soft Soils—1In
various parts of the United States, cases were seen
of serous settlement of embankments on soft and
swampy areas.  This has resulted in heavy losses of
pavement, and in many cases structures were also
involved.,

Two tyvpes of trouble ocecur:

() Wet clay soils consolidate slowly by expulsion
of water as loading is increased till a new con-
dition of equilibrium is reached. This takes
many vears and, owing to the natural varia
tions in water content and nature of clay from
point to point, the settlement is frequently
not uniform,

(0) Extremely soft wet clays under high em-
bankments, or peat or muck soils under most
embankments, fail by shear or How and con-
siderable settlement results.  Such movements
are more rapidly  completed than the con-
solidation tvpe, but are more severe and
generally disastrous,

In cases where shear or low failures are anticipated,
there are only two resources —

(1) To remove the inferior material down to a
sound hottom that will safely earry the pro-
posed embankment, or

(i1) To construet a pile trestle in liew of embank-
ment,

If consolidation is the danger, the same two methods
apply. but there is also a third method —
To accelerate the consolidation by overload-
ing and, if soft layer is of any appreciable
thickness, providing sand drains to allow
of rapid escape of water,

(111)

The important features noted were the general
failure of embankments built without precautions on
soft or swampy areas, and the adoption now of suitable
preventive measures as standard construction in every
State visited.  Such measures are applied to all em-
bankments over a few feet in height on poor founda-
tions, the choice of method depending on the particular
conditions to he met,

3. High Ewmbankments—In California, banks over
300 fect in vertical height were seen under construc-
tion. In such high embankments it is necessary to
check in advance the shear strength of the soil to be
used and to control the compactuon very carefully to
secure this strength. It is also necessary in the extreme
cases to fatten side slopes or introduce berms at inter-
‘als to reduce the stress intensities,

Where shear strength of soil from adjacent cuts is
insufficient, it is necessary to import selected better
soil or improve the local soil. One case was scen where
the soil from cuts was a clay of insufficient shear
strength and a sandy soil was being brought a consider-
able distance and used with the local soil to make an
embankment of adequate strength,

4. Larthwork and Base Courses—TFarth moving
plant in the United States i general is similar to that
used in New South Wales, but with larger scale work,
heavier and larger plant is common.  One new item
seen was a pneumatie tyred bulldozer.  The blade was
carried by a very heavy g-wheel tractor with all wheels
driven. Tt is understood that this machine has not the
thrust of the track-type dozer. but has a higher speed.
It 15 not suitable for heavy rock or pioneer work, but
is said to be more efficient than the track-type where
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maximum tractive cffort is not required, e.g. moving
soil, levelling, assisting scoops in loading, et

The standard optimum moisture content control was
nsed almost universally in the compaction of embank-
ments to carry conerete or hitumen surfaced Pavements,
The material was usually spread m very thin lavers for
watering in place.  With truck delivery or track-type
scoop haulage, a bulldozer blade was attached o e
tractor drawmg the sheepsfoot roller. With pneumatic
tyred scoop haulage the use of a scoop for spreading
and levelling has generally been found faster and more
cconomical and one is diverted from haulage work 10
this duty as necessary.  liven in such cases, however,
A dozer 1s still carried by the tractor drawing the
roller, as this item can then do much of the work in
comjunction with the rolling.

Compaction effort for embankments was generally
Ell'll\'illl'tl IJ'\' scoop and other e mstruction trathic assisted
by sheepsfoot roller, the nmuinmmmum compaction neces-
sitry was specthied, and the compaction actually attained
carefully checked.  The subgrade was levelled for
pavement by grading, ete., and finally compacted by
pneumatic-tyred roller.  In wirports which were de-
sigmed Tor heavy wheel loads, the size of the pnenmatic
tvres and the total weight of the roller used for this
work  and  subsequent operations were increased to
make the compaction load per tyvre comparable with
the aeroplane wheel load.

B. NON-RIGID PAVEMENT DESIGN.

5. There is very great variety in the United States in
the methods used for “design” of flexible pavements,
e, for the determination of pavement thicknesses to
be used over various subgrades and of the thicknesses
of npper courses over various lower courses, There is
more mvestigation in hand on this subject than on any
other phase of road design.  Methods in use can be
roughly divided into three main groups :—

(a)y Comparison by General Soil Tests.—In ihis
group of methods, =oils are subjected to
various simple tests, and, by direct compari-
son, numerical comparison or classification,
the pavement thickness to he used is deduced
from the pavement thicknesses known to he
required on other soils in similar conditions,

In this class the most widely used United
States  methods  are  that  of  the  Public
Roads  Administration  (sce  Public Roads,
February, 1942), and the Highway Research
Board's “Group Index™ (sec Highway Re-
search Board's Proceedings, 1946). Another
method of this group is that of North
Carolina which uses similar tests and applies
the dircet comparison system, taking as the
hasis for comparison not, as is usual, soils
with known service records, but a number of
soils for which suitable pavement thicknesses
have been determined by full sized field hear-
ing tests and computation. The bearing tests
were conducted on existing subgrades adter
vears ol service, so that moisture equilibrium
had heen attamed, the pavement heing remaoved
for test,
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(b) Comparison by Lupirical Streagth Tests.—

(c)

In this group of methods, a single small scale
strength test of an arbitrary nature is used as
the basis of design. The scale effect is
allowed for by an empincal relation hetween
thickness and test result, usnally  recorded
graphically. determined hy experience,

The best known and most widely  used
method of this type is the California Bearing
Ratio (C.B.R.) test used o Western States
and by the United States Army. This method
has been less used by the Highway Depart-
ments of astern and Central States, and
several have developed other forms of test
based on the same general principle.

A theoretical objection to tests of this
class 1s that the full scale strength s evaluated
from a single test hgure obtamed on o small
speeimen. The scale effect differs consider-
ably - with  different  soils.  and is  widely
different in the extreme cases of sand, clay,
and organic soil.  While it is possible to com-
pensate for this effect by adjustment of test
conditions and/or by adjustment of “design”
curves, these methods can only be safely
applied 1f the soil tested is within the range
that experience has  shown to be  safely
covered.  The test figure itself gives no
evidence on this point,

Taking the California Bearing Ratio as the
hest tried example, some experienced  users
consider that it tends 1o be too conservative
with sandy soils and to give too Ingh a
strength with stony, but clavey  materials.
There is but little experience of its applica-
tion to organic soils.  Also, the test is very
sensitive to technique with sandy soils, and
results are ditheult to duplicate. Most of the
principal United States users of this test have
mtroduced various corrections, hased on tests
used for methods of group (a) preceding,
and/or are mvestigating other methods of
design free from the inherent hmitations of
this empirical method. [t might he noted,
however, that this method gives very satisfac-
torv results for the range of soils for which
it was originally developed. i.e., the plastic
soils of moderate o low bearing capacity.

Deternination of Stresses and/or Deforma-
tion—NMueh  investigation  in the  United
States is now aimed at developing methods
hased on the determimation of the stress/strain
relations for the subgrade soil and then deter-
mining by caleulation the pavement thickness
necessary 1o keep stresses and/or deflections
within safe limits.  The stress/strzin rela-
tions are determined either by full scale field
bearing tests or by laboratory tests on small
samples, usnally by tri-axial shear,

Much work has heen done on the problem
of stress and deflection computations, but the
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subject is too complex to discuss in this
article.  The major unsolved problems are the
prediction of the moisture content and state
of compaction of a subgrade in service and
the determination of what point on the stress,
strain graph, vsually a smooth curve, corre-
sponds to “fatlure.” Large-scale investigations
are in hand, but results will not be available
for some vears. In regard to soil com-
paction and moisture  prediction. the Cali
fornia Highway Department is investigating
a new and attractive idea: o determine the
“swell  pressure”  versus Udegree of  com-
paction” relation, also the pavement thickness
required for various degrees of compaction.
It is then assumed that stable compaction is
that  for which  “swell pressure”  equals
pavement weight.  Complete saturation of
compacted soil i service is assumed in this
investigation.

Methods of this tyvpe have heen less used
in practical design than either of the hrst two
types.  In addition to their direct application,
a method of this Lvpe 1s the basis of North
Carolina design (see (a) above). and the
California Highway Department 1s investigat-
ing a method approaching this type. hoping it
will he free from the difficultics met with in
the California Bearing Ratio test, and the
work is well advanced.  This method 15 hased
on compaction il moisture  prediction  as
above, testing in a tri-axial shear machine hy
Hveem's method, which differs from the way
in which this test is conducted hy most other
users, and the  deternination of  pavement
thickness by direct comparison of test results
with experience rather than by computation,

Much attention has been, and is heing, given to the
effects of magnitude and frequency of loading and of
climate.  There is general agreement on the need for
heavier pavements with heavier loading, but the Wes-
tern States attach more important to frequency and
repetitions than the EFastern States.  Again, while all
agree that freezing conditions involve the need for
heavier pavements, the West attaches more importance
than the East to variations in rainfall and evaporation.
These twa differences arc not vet reconciled, and there
15 need for much more data to settle the problems.

In conclusion, it might he remarked that all modern
rescarch has demonstrated that many subgrade soils
require heavy pavements to carry traffic successfully,
Such soils oceur almost throughout some works and on
portions of most other large works. Tn New South
Wales, local soils of fair to good quality are generally
available at much lower cost than pavement materials,
and can be used with advantage for the lower courses
where heavy pavements are required because of poor
soils.  This practice is almost universal in the United
States.  In some cases, materials can be selected from
certain cuts on the actual work, but this frequently
interferes with the smooth organisation of grading
operations. It is more common to select a suitable

site or sites near the work and place this sub-base alter
completion of grading operations; this is known as
“selected borrow.”

C. BITUMINOUS PAVEMENTS.

O. Puecient Materials to Carry Pituminons Sir-
faces—There is much greater uniformity in testing
procedures for the selection an:d control of these mate-
rials than in the design of pavements.  Many different
classes of material are used. but principles are generally
similar throughout the States for cach class,

Macadam. and cther metal constructions, generally
follow standard principles which require no comment
i this report.

Graded materials, e, natural and artificial gravels,
sand-clays, etc., are very widely used. [Dractice is
usually based on Grading and Plasticity specifications.

North Carolina, hke New South Wales, has diver-
sified geological conditions, and uses many different
materials of this tvpe of very varied origin, That
State's specifications for gradings are expressed in a
form differing from that used by the Department of
Maim Roads, New South Wales. but are almost iden-
tical in effect: almost alwavs a material passing one
specification would pass the other.  These requirements
are. in general, well policed in that State, and the
standard of performance of the resulting roads is high,
One or two other States had much more liberal speci-
fications and a number of other States more restrictive
specifications.

In using graded materials for pavements to be hitu-
men surfaced, the usual United States practice is to
sample and test the deposits to be used in sufficient
detail to anticipate nature of material that will be won
and to plan the method of working: to run check tests
during winning and delivery to ensure material being
obtained from the deposits is as desired; and, finally,
to inspect, sample and test the completed pavement,
prior to surfacing, so that any necessary correction or
replacements can be carriedd out and failures thus
avoided.

Cement stabilisation is largely and inereasingly used,
Practice conforms generally with the United States
Portland ~ Cement  Association’s  recommendations,
California uses much more restrictive specifications
which limit the classes of soils used for stabilisation
to sandy gravels, and generally involve the sclection
and borrowing of the soil to be stabilised.

Bituminous stabilisation is also largely used. A\ num-
ber of works were seen, but all followed established
practice and involved no new features.

Some experimental roads were seen in which stabili-
sation hy Vinsol Resin and other water repellents had
heen tried, and some laboratory research on these mate
rials is in hand.  Results were. in some cases, satis-
factory, but design and control procedures have not
yet been fixed and this process is only in the develop-
mental stage.

7- Design of Bitwminows Mires—The principle of
the various methods used is similar throughout: —

(a) The grading of the mix desired is selected.
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(0) The proportion of the bitumen to be added is
determined by trial mixes,  These are sub-
jeeted o some form of shear or compression
test and the proportion  giving  alequate
strength, or Ustability,” adopted.

Irequently, however, where aggregates of similar
type and grading are regularly used. the proportion of
bitumen is selected by _nul;,munl and comparison from
previous work without stability tests,

There is another factor which may control and has
alwavs to be checked i dense mixes; it is necessary to
have a small pereentage of voids in the mix as finished
and compacted on the road. The voids i the mix as
compacted for the stability test are checked ; if compac-
tion i< by a kneatding and tamping action  giving
densities equal to those i road, it 1s sufficient {for voids
in compacted specimens to he not less than the 2 or 3
per cent. desired.  1f compaction is less efficient, a
correspondingly larger proportion of voids i< necessary.

Should voids be insullicient, fines in mix must he
reduced.
Gradings range from “open™ to “dense” according to

trafhic and local conditions along the same lines as in
New South Wales, In the United States, however,
itumen 15 relatively cheaper and the tendency is to
use the denser gradings more frequently than here.

'roportioning of various available aggregates to
give most suitable combined gradime s usually  done
nuwmericallv. - The Public Roads Administration has,
however, developed a method of test by vibration com-
paction which can be used where dense eradines are
(lt’ﬁll'(‘ll‘lu determine what proportions of given aggre-
gates give the greatest density.

Many forms of stability test are used, of
best known are:

which ihe

1. Hubbard-Field.  This is well known  and
widely used,
2. The Public Roads Administration’s  eylinder

compression test. This test is simple 1o con-
duct and lends itself readily to routine work,
It is also adaptable to investigations of water
preference, additives, curing, etc.

3. The THveem test. Developed and nsed in Cali-
fornia. Adopted and recommended after con-
siderable trial in Texas,

1. The Marshall test (United States Army), A
fairly recent development, not vet time testerl,

5. The British Buam test (not seen in the United
States ),

S, Interesting Developuents in Bituminous Practice,

In surface treatment work the United States practice
in generally similar to that in New South Wales, How-
ever, with cheaper bitumen and gencerally  heavier
traffic, it is vsual 1o use heavier treatments, frequently
multi-coat, and to resurface, especially first resurfacing,
hefore the preceding treatment has worn or deteriorated

to the stage usually allowed in New South Wales. These
differences are considered to he solelv due to dif-

ferent local conditions, and do not suggest a change
in current New South Wales practice.  Omne other point

noted was the widespread use of ready-fluxed materials
(medium coring and rapid curing asphalts) ;o this is
again due to diflerent local conditions, i this case the
low cost of surplus flux and the good distribution
organisation for such materials in the United States,

One variation seen in North Carolina is of interest.
This 15 a compromise hetween surface treatment and
light road-mix and is known there as “drag seal.”
Imcﬂ\- a first course of large gauge screenmgs s
.1|:|:h(‘r| as in usual surface treatment, a light applica-
tion of bitumen, a heavy application of finer screenimgs
and a second application of bitumen is then given in
succession,  The surface is then immediately dragge]
with a special hroom drag giving a mixing and levelling
action, one pass sullicient, and rolled.  Surface texture
produced resembles a fine, open graded plant or road-
mix, and is superior to an ordinary surface treatment,
while mimor imeqgualities, such as potholes, corrugations,
ete, are largely corrected. As a consequence, 1t is usual
with such work to save considerable cost in the pre-
paration for surfacing by accepting a lower standard
in regard to such mequalities. With the “drag seal”
method, a satisfactory riding surface is stll produced.

In Texas, bitumen is comparatively cheap and heavy
multi-coat seals appeared to he used for even 1!’11111‘
trafic than i other States, but in its sparsely settled
areas, single coat treatments on New South Wales lines
are used, Texas confimes this work to the sunnmer
season, and with its warm climate, uses unfluxed hitu-
men of 9o to 230 penetration for nearly all its surface
treatment work, It also uses, in general, heavier applica-
tions of both stone-and hitumen than in New South
Wales.

In the North-Western States, with their lower popu-
lation densities, practice differs somewhat  from the
more denscly populated States. Surface treatments are
used very extensively, generally of normal types using
fuxed bitumen, .\ umnlmr of works were seen, how-
ever, in which cheap run-of-crusher aggregates were
used in heu of the vsual more expensive one sized

gradings.  These surfaces were fully  satisfactory,
though they are naturally thinner and have a lesser
life than standard treatments when wear controls,

Under very light traffic they have given first-class ser-
vice.

In the same States erushed round gravel is the usual
source of material, and it was interesting to sce that
agegregate with quite a high proportion of rounder sir-
faces gave fully sausfactory results for premix and
penstration s well as for surface treatment.  \Where
these gravels are available for crushing in parts of New
South Wales, the standard Oregon or Washington
specifications conld be adopted  for works in those
arcas,

Another interesting thing noted in the North-West
was the rather frequent use of penetration m place of
premix or roadmix to avoid high cost of plant transport
to isolated works.  Using machine spreading of the
dry metal quite good riding surfaces are secured, an'l
the method is used not only for new works, but for
restoring riding qualities of old bumpy roads,  The
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success in this field was remarkable and, though cost
would be higher in New South Wales. it may have an
application to particular isolated works as a substitute
for premix or road-mix.,

0. Durability of Bitwen.—Bitumen is now being
supplied  from many different sources and in many
different varieties. It has heen known for a long period
that there are considerable differences in the harden-
mg with age and consequently the useful life of various
bitumens, and that the routine tests were of little or no
alue in predicting such variations.  This has become
a matter of increasing concern over the past fifteen
years or so, and many workers have devoted consider-
able attention to this question.  All test methods adop-
ted employ some form of artificial ageing, usually by
heat and exposure to air, followed by some test to
measure the degree of deterioration,

Many tests proposed require the making of 2 mix-
ture with standard aggregates, then the artificial ageing
of such mixture., The mixture is then given some test
or the bitumen recovered for test. Such tests require
consiclerable labour in testing, and there are serious
difficulties in duplicating results when tests are con-
ducted in different places by different operators.

The Public Roads Administration has developed a
method of testing the bitumen only, by direct heatine
of a thin layer in air and testing the product. Details of
method are given in “'ublic Roads,” April, 141, and
suggested  specilication figures to ensure satisfactory
durability in “Public Roads,” April-June, 1046, This
methad is simple, requires only apparatus generally used
in hitumen testing, and results can be duplicated much
more casily than in mixture methods.

There are the usual ohjections to all these tests that
are common to all accelerated agemg tests. It is im-
possible to duplicate exactly the effects that oceur in
long time exposure in the road.  Nevertheless, they will
detect those bitumens that are particularly lable to
rapid deterioration by oxidation or polymerization, and
thus exclude all very unsuitable materials.

1o, Water Preference and Additives. TFailures of
bituminous pavements have occurred in the United
States of America by displacement of bitumen from the
aggregate hy water.

Several “additives”™ for incorporation in hitumen to
improve its adhesion to aggregates are being manufac-
tured and sold commercially in the United States. They
are allowed. or even required, for certain works by a
number of States,

These materials are interesting and may have much
‘alue, but the techmique of their use. the testing of
agaregales for water IJI‘(‘ft'.I'(_‘I‘.Il‘('_ and testine to deter-
mine effect of additives are still in the developmental
stage,

11, Maintenance of Bitwminons Pavements— New
South Wales methods arc generally similar to those in
the United States but, with the greater concentration
of work, there is more mechanisation in the [nited
States. Patching is conducted on similar lines, hut
mobile mixers, small sprayers, etc., are far maore
commonly provided.  Resurfacing is generally con-

ducted at an earlier stage than in New South Wales.
This 1s probably related to the lower cost of bitumen,

In the United States, with its heavier traffic and
larger revenues, greater attention is paid to smoothness
of riding than in New South Wales,  Levelling courses
are used on pavements for which a less costly simple
surface retreatment would he used here,

12. Central Bitwininous Miving Plant—Batch plant
has now been brought to a high standard of efticiency
ancl standardisation, and is manufactured up to very
large sizes. It is considered that no other form of
plant can now compete with this type for a per-
manent installation.

Quite large batch plants are now made in fully
porteble or semi-portable “knock-down™ types.  They
do not have the capacity of similarly portable con-
tinuous mixers, but are much more versatile and
Hexible and will satisfactorily mix dense gradings that
cannot be mixed in a continuous mixer,

13. Road and Grazel Miving Plant.— There has heen
a large development in such plants in the last few vears,
and  many  advertisements  and  descriptions  have
appeared in the technical press. Not many of them
are, however, suitable for New South Wales conditions.
This applies particularly to the road mixing plants
which are designed to mix and lay thick courses of
cement and hitumen stabilised soil or eravel, for which
there is as yet insufficient demand in New South Wales
to keep a large plant usefully emploved.

In addition to the above special machine . blade mix-
ing, both by grader and by machines similar to the De-
partment of Main Roads road-mix plant. is also prac-
tised, but nothing novel i such work was seen,

14, Other Bituniinons  Plant,  Several makes of
spraver were seen in the United States ; g-wheel, O-wheel
single unit, and scmi-trailer types were all extensively
used, and the size was normally larger tlhan in New
South Wales.  The largest used regularly here (800
Imperial gallons) was the smallest seen in the United
States, and they ranged up to four or five times that
size. In all cases circulating bars zmd taps at each
jet were provided.

Aggregate spreaders of Delt or drum Lvpes  were
used on about 30 per cent. of works in which aggregate
spreading was required, but simple spreading from tail
cates was used on the other 30 per cent. There was
little to choose between the two processes in uniformity
of spread. though it is the majority opinion that less
skill is required to sceure satisfactory results with
spreaders.  The best spread seen was in a State using
simple tail gates. and the sccond best in another State
with belt spreader.  Both were superior 1o current
work in New South Wales.

Rollers are nsed in more variety than in New South
Wales, and more care is exercised in selecting a roller
suitzble for the work in hand.

Mechanical  self-propelled  bituminous
several makes were studied in use.
main types :—

(a) Vibrating tamping screed kept at correct
level by shoe sliding on consolidated material
just behind vibrating screed,

pavers  of
There are two
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() Transversely oscilliating  screeds  kept  at
correct level either by rollers rolling on spread
materials or by long skids.

D. GRAVEL PAVEMENTS.

15. Grasel Base Couwrses.—In compacting  gravel,
cte., used in pavements as a support for conerete or
hituminous surfaces, great emphasis is placed in all
States on the need for securing thorough mixing and
uniformity and complete compaction. The  standard
practice in upper courses is to dump roughly and level
the material, then work it all up into a windrow by
erader, turn 1t over several tmes to get complete nmix
and spread in about 2-inch layers, watering as required
and thoroughly consolidating each layer by pneumatic
tyred roller. TLower courses are also carelully com-
pacted, but here there is more margin and it is generally
cconomical to allow a considerable proportion of over-
size. which eannot be handled in this way. [f over-
size  permits, the procedure for upper course s
followed : 1f not. a suitable adjustment is made.  The
extreme case seen wits a4 O-inch consolidated hase laid
m Oregon from a sandy gravel screened to pass a 6-
inch sieve and containing a high proporticn of 4-inch
to O-inch material. - The way this was laid was to dump
the material on the subgrade and spread forward with
a dozer. The large stones were thus carried ahead to
the uncovered subgrade, their tops being below Tnished
surface course. The next loads were dumped on these
stones and the process repeated. The whole thickness
had then o be consolidated by rolling and traffic, hut
this was permissible with this sandy gravel.

10, Maintenance  of  Unsurfaced  Pavements—In
three States visited, considerable lengths of unsurfaced
gravel pavements were inspected. Mr. Britton was par
tltuLnl\ mmpressed by the standard of maintenance of
eravel roads in North Carolina, and inquiries were
nade as to the maintenance methods followed.

North Carolina generally reshapes its gravel roads
about twice a year with a heavy power or drawn grader,
more often on a few more heavily trafficke m.uls.
Between these reshapings the surface is maintained by
a light truck-hauled drag.  Climate and traffic on un-
surfaced rowds closely resemble those of eastern New
South Wales,

The drag used in North Carolina consists of a timber
frame carrying two blades 3-feet centre to centre trans-
verse to the road. The blades arc 135 feet long and the
drag is hinged at centre so that it can conform 1o the
-hl|n’ ol l||(' road,  The width allows the road and
shoulders to be covered in two passes, so long lengths
can be rapidlv covered when weather conditions are
favourable.  The speed of drageing is 2 to 5 m.ph,

depending on the nature and mn(lmml of the gravel,

E. DESIGN AND MISCELLANEOUS.

L7 Iidth of Roads—Modern United States prac-
tice 1s 1o vse 11-fL or 12-Tt. lanes on all roads over two
lanes in width and all heavily trallicked two-lane roads.
In new construction HaArrower lanes are ::nl\ llcnmtted

on two-lane roads where it is anticipated that the trafhic
offering will remain light for the whole life of the road.

Two-lane roads are greatly used in rural areas, but
even here wider roads are conmumon, and approaching
cities four and six-lane roads are usual. It is now held
that the next stage hevond a two lane road should be a
four-lane divided road, and the next a six-lane divided,
Unelivided four-lane or wider roads are not considered
satisfactory except for city streets.  Three-lane roads
have practically heen abandoned, not only on the score
of safety, which is disputed by a proportion of en-
gineers, but also hecause experience has shown that a
road now requiring more than two lanes will probably
require a four-lane divided road with growth of traffic,
even if three are now sufficient. There is thus no future
for the third lane, and its construction is uneconomical
on the overall view.

IZach carriageway of a divided road is normally
limited to a miximum of three lanes.  If more than
three lanes are provided traffic hecomes confused and
hazards are mtroduced.  The usual practice when three
lanes each way become insufficient is to construct a
parallel route, but i some cases two carriageways in
cach direction are provided.  FFor example. United
States 1in New Jersey is heing constructed with four
three-lane carriageways plus service roads.

18, Provision for Growith of  Traffic. United
States road engineers consider that one of the importan
lessons learnt in the past twenty vears is that traflic
growth is and will be much greater than has previously
heen realised,  Tn the United States. 1940 traflic on all
roads greatly exceededl estimates made 193331 1047
traffic, despite the sethack from the war, already ex-
ceeds 1940 estimates for trallic in 1950, and 15 increas-
in cach month, United States highway engineers con-
sider that methods used o the past for predicting
traffic growth have led 1o estimates of future traffic
that are too low. and that any further predictions
should assume a much greater rate of inecrease.

19. Protection of Rights of IVav—"The growth of
traffic referred to in the preceding section and tht'
general inerease ]){li)ll]ll](l[] and settlement require
far-sighted provision in reservation of rights of way
if expensive Tuture resumption is to be avoided. Tix-
perience in the United States has shown that the trallic
volume which justifies a road of four traffic lanes or
more is sullicient to provide an inducement for small
business development frontine the roads.  \Where un-
restricted access is allowed in such roads, garages,
restaurants, ete., are rapidly established, and in a few
vears are followed Ly general small shaps and Dhusi-
nesses till the whole length takes on the characteristics
of a business street.  Cases were seen in the United
States where roads had heen constructed 1o high stan-
dards of grade and alienment through rural country,
with design speeds of 50 1o 6o m,p.h and even more,
hut have now become so congested with parking vehicles
and pedestrians that speed limits of 33 or even 23
nmpi have been imposed.  In certain cases the road
authority, to provide for through trathic, has had to
construct, or is now constructing, a new road to a
similar standard parallelling the first.
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20. Expressweavs and  Limited  Access )‘t\'r-md.\',-—
Traflic authorities consider that the most satistactory
solution 1o the city road traffic problem is the express-
way. Many United States cities have constructed
expressways, more are constructing or planning them.
All cities that have constructed any expressways arc
so satisfied with the result that they are now rapidly
extending the system. New York is the outstanding
case.

In expressway design the following advice was ob-
tained from New York engincers based on their long
time experience in expressway construction and opera-
tion. It must constantly be borne in mind that these
roads are designed for very dense fast-moving trafhic,
and obstructions—or interference of any kind—create
most hazardous conditions.  Important points are - —

(a) Provide ample lane widths and clearances.

(b) Provide space at sides of each road for park-

ing of disabled vehicles,

() Where side entrances juin without increasc in
number of lanes or throughway only allow
single entry,

Always provide acceleration lanes at such

entries,

(¢) Such entries and acceleration lanes should
only be on correct side of through road {leit
in Australia).  Provide under or over pass
for cars from right-hand side.

(d)

(f) End of acceleration lanes not to be of too
Mat a taper. It should be clear to the driver
that fanc 15 ending,

Provide high speed exits or adequate de-
celeration lanes,

(g)

(/) Standardise layouts at junctioms and avoid
movements difhicult to follow.

(1) Avoid obstructions to sight—especially De-
ware of closed bridge railing on or near
curves,

While the complete expressway with separation of
cross traffic and no side entrances from abutting
properties is preferable, it is often not economically
feasible in rural arcas, especially so in flat country,
Here a useful compromise adopted in rural areas in
some States is the so-called “limited access”™ road with
cross traffic permitted only at long intervals at care-
fully designed junctions at grade and access rights
from adjacent properties restricted to private access to
farms, etc.  Junctions on such roads arc provided with
acceleration and deceleration lanes where traffic volumes
are high enough to warrant this provision and turning
traffic is guided by islands into definite traffic channels,

21, Measurement of Riding Quality.—Most States
in the United States of America place considerable em-
phasis on smooth riding of pavements and adopt a very
high standard of maintenance in this regard.

Throughout the United States the Public Roads Ad-
ministration Road Roughness Measuring Machine has
now been adopted as the standard for comparison of
road inequalities. It has also been adopted by other
American and some European countries,

22. Traffic Signs.—In this work as much emphasis
is placed on efficient guidance as on control; it is con-
sidered that, in traffic, drivers hesitating because un-
sure of direction to take create a serious hazard. Ad-
ance signs and clearlv-legible signs are regular prac-
tice at important junctions.

To simplify and cheapen work of guidance signing,
the “route number™ svstem of signing is widely used.
This cheap small sign is partienlarly advantageous in
cities, as it enables routes to be satisfactorily posted at
reasonable cost, despite the number of mtersections in-
volved.

Warning sign practice in New South Wales as re-
cards curves, narrow hridees, and other definite danger
points is similar to general United States practice,  In
the United States many States also use a distinctly-
shaped “caution” sign, which would be more property
described as an “alert” sign, on roads carrying fast
traffic to inform drivers of such things as side roads
and minor junctions from which other traflic might
cnter,

The “Halt” or “Stop™ sign 1s used very extensively
at minor road entrances and even at important june-
tions.

Great importance is attached to night visibility in all
tvpes of signing,  Huminated and reflector button signs
are often used. A third type has recently been de-
veloped, the over-all reflectorised sign® and 35 very
rapidly gaining in popularity. The advantages of these
signs, as compared with reflector button signs, are their
high legibility and their similar appearance by day
and hy night.

23. Traffic Lines and Pavement Markings.—lIt is
almost invariable practice in the United States to centre
line two-lane pavements and to mark the lane boun-
daries on wider roads,  For this work the best mech-
anical plant seen was considered to he the latest maodel
of the California [lighway Department’s machine. The
Department’s present machine is of a previous Cali-
fornia design, but the new Californian machine has a
number of improvements and additions: in particular
it 15 equipped to add glass heads to painted lines.

Glass beads are now being added (o painted lines by
a number of the States in the United States to improve
night visibilitv.  The improvement so obtained is out-
standing.

[n many cases permanent or semi-permanent markers
are built in or added to pavements. This is usunally
only done in cities and on bridges where traffic is
heavy. In conerete pavements tile and similar markers
are cast in.  In bituminous work permanent concrete
and similar markers are sometimes used, bhut the usual
need for resheeting generally makes this uneconomical.
A satisfactory  semi-permanent marker widely used,
particularly in the east of the United States, consists
of small rectangles of white or  vellow  linoleum
cemented to the road surface with asphalt.

*The material generally used in these signs is at present
under trial in New South Wales,
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PROGRESS OF CONSTRUCTION OF NEW BRIDGE OVER IRON COVE, SYDNEY.

e

-
-t

1. General view of work in progress on piers and abutment. Old bridge in background.
2. Formwork—Balmain abutment.
3

. Piers under construction.
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Metropolitan Maintenance Depot Re-established

on Ne

I'rior to 1942, the Departinient carried out its prin-
cipal plant repair work in a ecentral workshop on a
site of eight acres at Granville, which also served as
a centre for the Department’s Metropolitan mainten-
ance organisation.  With the passage of time, the area
became too crowded for efficient working,

The mereasing use of mechamical plant. and the
activity resulting from the organisation of work on
defence projects at a distance, resulted in acute con-
gestion and extra space became urgently necessary.
Arrangements were therefore made 1o acquire an
adjacent arca of seventeen acres. and to this was
transferred  the  Metropolitan - Maintenance  head-
quarters.  Parts of the area were used also for storage
of plant 2waiting repair and  for storage  of bulk
materials. The original area was thus left for use for
the central workshop and store, the buildings of which
were subsequently enlarged to meet new requirements

w Sile.

In developing the new area as a Metropolitan Main-
tenance depot, the principal features provided for were
as follows:

Store building, with separate buildings for paint,
cement and inflammable liquids and general
stores.

Bulk materials storage.

Hot-mixing plant.

I’lant storage.,

Vehicle garage.

Ofttice for clerical staff and foremen.

Weighbridge.

Locker rooms, ete., for emplovees.

The layvout adopted 15 shown on the plan herewith.
It was designed so that operations mmvolving noise,
dust, smoke or fumes should be well away from the
office and from dwellings in the vicinity, and so that
all movement and handling of materials might he
carried out with the least difficulty and, so far as
possible, by mechanical means.  Ample space is pro-
vided for expansion of activities if and when necessary.

as described o the March, 1947 number of this AIl buildings have now heen erected, except the
journal, employees” lecker room. It has not yet proved possible
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General Office.

to provide for this and temporary arrangements are in

use. The new hot-mixing plant has also not vet been
erected. although a commencement has heen made.
Meanwhile the original unit on the Central Workshop
site continues 1 use.

[n establishing the new depot, every effort has heen
made to secure a high standard of appearance by the
construction of  roads, paths and Tawns, and Dy the
planting of trees, shrubs, ete. On account of the un-
usual soil conditions at the site, specialist advice was
obtained recarding trees, and the results have been
entirelyv satisfactory,

MAIN ROADS.

Vol. XIII, No. 4.

View of Depot.

The depot serves the Department’s road and bridge
maintenance gangs i the Merropolitan area, supple-
mented by local subsidiary depots as and where neces
sary, It also serves the Department’s Metropolitan
road construction organisation,

It acts as the headquarters  for  line-marking
throughout the State, and provides a central storage
for bitumen.  Over 70,000 drums of bitimen were
received at the depot during the last fnancial vear,
and over 43.000 drums despatched. The annual output
of hot-mixed bituminous materials is about 13,000
1ons.

Portion of Bitumen Stockpile.

Main Entrance to Depot.

—

SYDNEY HARBOUR BRIDGE ACCOUNT.

Lircome, "

Road Tolls oo e ieeaas 206,536
Contrilmtions

Railway Passengers ..o ieriiineennrns. 07,370

Tramway Passengers ..o.o.ooioeao... e I 12,384

Omnibus Passengers .......... R T 0.230

Rent from Properties. jive coveesssss e e 7.080

£300,320

Income and Expenditure for the period 1st July, 1947, to 31st March, 1948.

Fapeaditure. £

Cost of Collecting Road Tolls ..., SR 15.200
Mamtenance and Minor Improvements ... ..... 20,771
Alterations to Archwavs .o oot ia 10,201
Administrative Expenses .o, coas 1,321
Loan Charges £

Interest.  cuoevamse T AT AT 102,730

Exchange ....ivi00an T 24,000

Smking Fund ....iiiiiiaiiiiiiiieans 40,500

Management Lxpenses .............. 730

- 267,000

£323,385
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of Elevating Graders for Road Works.

The elevating grader is a comparatively recent addi-
tion to the items of mechanical equipment used by the
Department for road construction m New South Wales,
Although its use is limited to some extent, by the nature
of the topography in the case of formation work and
by the type of material and nature of deposit in the case
of gravel loading, good results have been achieved.

The Department first acquired an elevating grader
arly i 1940, and the machine was placed on road
formation work in the DBroken Tl District of the
Western Division. It was later vsed on aerodrome
construction work during the war.  On completion of
war-time works, in 1944, 1t was returned to the Western
Division, and placed in the Bourke District where it is
still emploved. A second machine was purchased in
11)46 and placed i use in the Broken Hill District early
in 1947

Earlier Use of Elevating Grader in lustralia —An
earlv model clevating grader is known to have been
used in connection with the construction of railway
embankments in Victoria as early as 19o7-8.  This
machine was drawn by horse team and the clevator
belt was driven off the rear axle, not by an engine 2s
in the modern types.  Flevating grculcrn were also used
by the New South Wales Water Conservation and Irri-
gation  Commission  for channel  excavation in  the
Murrumbidgee Irrigation Area in the early 1930s,

The earliest known use of an elevating grader for
road works in New South Wales was by 1I|c Berrigan
Shire Council in 1928, The area of the Shire 1s mainly
Hat with some low ranges of hills.  There is a limited
amount of black soil plain, but the remainder of the
arca is red loam of sufficiently good quality to serve
as a road surface for light traffic under most conditions,
The loam is generally at least six inches deep with
uvnderlying clay.  Prior to 1928, road formations had
been scooped into place and the resulting formation
wis a mixture of loam and elay.  As a result, there
was often an excess of clay in the upper layvers, which
required gravelling to produce a reasonably trafficable
surface, but extensive gravelling operations were not
practicable on account of cost,  Formations constructed
by the elevating grader, however, utilised only surface
loam, and thus were more satisfactory in this respect.
as well as being mueh cheaper,

The elevating grader first used by Berrigan Shire
Council was tractor drawn and basically the same as
the modern type except that the elevator was driven
off one rear wheel of the grader.  In spite of mechanical
troubles and difficulty in obtaining imported replacement
parts the machine is reported to have worked very
successfully, A tractor-drawn grader was used for
final shaping and for consolidating the formation. The
usttal formation constructed required 37 to 40 cubic

ards per 100 linear feet.  In good conditions and with-
out stoppages, the machine cnu]d construct up to 20
chains of formation per day, but the average output

was considerably lower.  Some hundreds of miles of
carth formation were constructed prior to 193y, and
M some cases costs were as low as 3%d. per cubie
\';Lr(l,

Inland ~ Defence  Highway,  Duaringa—Charters
Towers, Queensland.—1The northern portion of the
Queensland Inland Defence Highway, constructed over
a length of 4oz miles by the Department of Main Roads,
New South Wales, in late 1942, gave an opportunity
for demonstration of the value of elevating graders
for rapid formation construction on the level or gently
sloping country which predominated on the project.
Originally, in the absence of elevating graders it had
heen intended to carry out the work with motor graders.
However, six clevating graders became available shortly
after the work commenced, and their use proved to be
an important factor in the successiul completion of the
road within the short period allowed. Iach of these
machines was capable of excavating side ditches and
placing in position, for spreading by motor graders,
sufhicient material 1o complete the formation for one
mile of road each daily shift. A considerable propor-
tion of the total length of go2 miles was formed in
this way.

The elevating graders were also used on this job
to load gl'nw'| m cases where gravel (](’]:lmih extended
over wide flat areas. At first some lorry drivers
experienced difficulty in maintaining position under the
elevator hoom, but these difficulties were quickly over-
come. Gravel production reached its peak when on
one length of road one elevating grader kept 47 lorries
moving continually over an average lead of four miles
and, taking only 21 seconds to deliver each 5 cubic yard
load. gave a total shift output of 3,000 cubic yards.

To enable a comparison to be made with “Chinaman”
operation for gravel loading on  this  jobh, typical
orgamsation and output were:—Tractors and two 2
cubic yard bottomless scoops loading over *Chinaman,”
and lorries limited to carry 4 cubie vard load so that
one charge from both scoops constituted a full lorry
load. The fastest time to load a lorry from the time
the lorry hecame stationary under the “chinaman’ till
it commenced to move away with its load was 30
seconds, and the maximum output in a single shift was
1.800 cubic vards.

Stuart  Thghway—Northern Tervitorv.—Following
the good results of elevating grader work in Oueens-
land, the Department emploved several machines on the
Stuart Highway, Northern Territory. in 1943 and
1944, but on this job they were used for the excavation
and loading of gravel only.

During 1944 a total of 38%0.000 cubic yards of gravel
was loaded from five elevating graders, the average
daily output from cach machine heing approximately
1,100 cubic vards,
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Western Division—New South Wales—The Depart-
ment's two elevating graders in the Western Division
of New South Wales are heing used exclusively in the
construction of formations.  rior to the diversion of
the first clevating grader o acrodrome construction
during the war, the machine had accomplished 144
miles of completed formation.  Since resuming work
after the war, approximately 120 miles of formation
have been completed by the same machine, notwith-
standing the fact that exceptionally long periods of rain
have been experienced,

On country of a gravelly nature where sand drift or
soil erosion 1s not extensive, as in many areas in the
Cobar District of the Western Division, a formation
having its crown about 0 inches above, and table drains
about 9 inches below, natural surface level is satisfac-
tory, provided adequate catch drains are provided to
divert surface drainage from the formation. This type
of formation can be constructed readily and cconomic-
ally either by drawn or seli-propelled graders. In other
arcas, however, somewhat higher  formations are
required in order to secure satisfactory drainage or
to reduce the effects of wind erosion, and the elevating
grader has proved to be the most economical unit for
this class of work.

The elevating grader is not suitable for use in sandy
soil as the cutting disc cannot “turn™ the soil on
the clevating belt. [t is unwise to use the elevating
grader i ground containing large stones or other
obstructions which may cause damage or over-stressing
of the grader, For these soils, tractors and scoops or
bulldozers can be used successfully.

Output and Costs.—The elevating grader is capable
of very large output.  Under good conditions the rate
of excavation is in excess of 600 cubic vards per hour,
For one recent period on formation work 291,700 cubic
vards of earth were excavated to form 42 miles of road
in 542 working hours (approximately 540 cubic yards
per hour ).

The elevating grader usually worked as a unit com
prising elevating grader drawn by 109 h.p. tractor.
tractor-drawn grader for levelling the material exca-
vated and placed by the elevating grader, a tractor-
drawn sheepsfoot roller for surface consolidation of
formation, one 83 h.p. tractor being used for both
levelling and consolidation.  The tractor is fitted with
a dozer blade if required for clearing of trees. Where
clearing is extensive, the work is carried out separately
in advance. Where the Unit is not attached to a con-
struction organisation, a caravan for workmen’s living
purposes and part-time utility truck for use in trans-
porting employees to and from camp, delivering fuel,
stores, ete., forms part of the Unit.

The first elevating grader purchased hy the Depart-
ment in 1940 (48-inch wide carrier belt) carricd out
the following quantities of formation work Detween
the time it was first placed in operation on the 3rd
April, 1040, up to the end of December, 1947. (For a
period of approximately 18 months in 1942 and 1043
the elevating grader was engaged on urgent war work

most of the time being loaned to another Department
for acrodrome construction, )
Cubic yards

solid

Miles measure-

formed. ment.
State Highway No. 8. Broken

Hill-Wilcanmia Road ........ 70 103,000
Trunk Road No. 60, Broken Hill-

Wentworth Road ........... 08 430,500
State Highway No. 7. Bourke-

Barringun Road ............ 17 110,000
Mam Road No. gog.  DBourke-

Hungerford Road ..o 37 333.000
Main Road No, gjoz. From junc-
tion of Trunk Road No. 70

SOUEhWALAS  cvmey vone ramienins o 22 150,000
Main Road No. 437 near Goo-

do0Pa s g cwwsies @ L0 100,000
State Highway Noo 180 Angle-

donl-( ;nn{lrmg:l Road ..:icnes

G 43.000

1,047,500

During the first nine months of the elevating
grader’s operations between the 3rd April, 1940, and
the 20th December, 1940, the Unit, whilst engaged on
State Highway No. 8. cleared, formed and consoh
dated 62 miles of roadway comprising approximately
397,000 cubic vards m omostly sandy and red clay
soils.  During this time the elevating grader’s trac-
tor was part of the time engaged on clearing, but the
elevating grader for the time actually worked by it
excavated and deposited this material in place at an
average rate of 438 cubic _\':u‘r]e per hour. The costs
of this work are as follows :—

Pence per
cuhic yard

solid
measurement.

Clearing: (Hght) » sovwniearasiings: A8
Fxcavation and spilling in place hy ele-

ating grader ..o .20
Spreading by grader and consolidation .

by Sheepsfoot roller ... .. .. So
Miscellaneous

Foreman's supervision, utility truck

ruming costs, provision of caravan.

statutory  holidays, Workers' Com-

pensation  Insurance and Pay  Roll

To%: 5 eniesrae T s s Oy
Total cost of completed formation per

L 14 F 3.00

Subsequent to the 2oth December, 1ggo, it was
necessary to release for urgent war work the tractor
engaged on spreading and consolidating, leaving the
elevating grader’s large tractor to carry out all opera-
tions of clearing, pulling the elevating grader, the
grader for levelling the material excavated. and sheeps-
foot roller for consolidation. In consequence, the time
that could he worked by the elevating grader itself
was considerably reduced with a drop in the total



June, 1948 MAIN ROADS. 119

. Soil spilling off end of Elevating Grader.

. Construction of formation in progress.

. Elevating Grader loading gravel into lorry.

1

2

3

4. Sheepsfoot Roller consolidating surface of earth formation.
5. Typical Elevating Grader formalion prior to use by traffic.

6

Typical Elevating Crader formation in use by traffic.
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Excavated soil moving by elevator for discharge on to
road.

quantity of work that could be carried out and an
increase mounit costs, For the period 2oth December,
1940, up to the 12th June, 1942, the elevating grader
unit completed, while working under the handicap of
tractor shortage, 82 miles of raised formation com-
prising 503,500 cubic vards at an average cost of 3.90
pence per cubic vard consolidated, the cost of excava-
ting and placing by the elevating grader amounting
to 1.30 pence of the total unit cost of 3.0 pence, From
commencement of operations up to the 12th June,
1042, peak outputs of the elevaung grader per hour
actually worked by this machine were (03, 601, 608,
570, 574 and 507 with an average of 305 cubic vards
for the 305.300 cubic yards gum]\](tu[ between the
20th December, 1940, and 12th June, 1942,

Since return in December, 1943, from aerodrome
construction, this clevating grader has completed a
further 635,000 cubic vards of formation, the cost to-
day averaging approximately 4.75 pence per cubic
vard Tor the completed operations of clearing, excava-
ting, spreading and  consolidation, ineluding cost of
foreman's supervision, caravan provision, utility truck,
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holidays, workers' compensation insurance and pay roll
tax.

Many difficulties created by the war were met with
during the major part of the time this particular
machine has been in operation.  Shortage of separate
tractor for levelling and consolidation of the excavated
material and shortage of spare machine parts con-
siderably reduced the time that could normally have
heen worked by the elevating grader. While these dis-
abilities did not appreciably affect the output of the
clevating grader per hour actually worked, they never-
theless caused a substantial drop in the volume of
work possible in the same period under normal
conditions.

Time losses due to wet weather, wet ground. plant
breakdowns and repairs, and moving between jobs can
considerably reduce the productive working time. For
example, during the year 1946/47 time losses experi-
enced in the use of one clevating grader were as
follows:

Percentage
of total
working time

Wet weather and wet ground ... .. 2
Dismantling and moving  between
jn}lh’ .................. Win Fwe 14
Plant hreakdowns and repairs .. .. 1814
Miscellaneous .. ... e 7L
Total tiivie 108t s consmmmin o 64
45

The lost time in this case was greater than normal
due to unusually long periods of wet weather, high
incidence of plant breakdowns and the need for fre-
quent movement of plant hetween jobs,

Mawner of Formation Construction—"The desired
width of formation is 26 feet, and this is secured by
making eleven complete circuits with the elevating
grader and then spreading slightly for the edges of the
formation with drawn grader,

When commencing a section of new work a line of
pegs is placed at 23 feet from the centre line of the
proposed formation and the centre of the towing trac-
tor is driven to these pegs. The first cut is thus made
at 28 ft. 6 ms. from the centre line of the formation
and the first two lines of spill are deposited on the
far side of the centre line while the machine is open
ing the horrow pit. Taking into account the clearance
between the cutting dise and clevator, the length of
the clevator, and the normal low cast of the material
after leaving the elevator, the machime has a reach
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Figure 1. Elevating grader formation as constructed.
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from “cut”™ 1o “drop™ of about 30 feet. Tull depth of
cut 15 not attamed untii the third cireuit. The elevat-
ing grader can be adjusted to make varving widths of
cut but, as emploved in the Western Division, usually
makes a0 cut of from 16 mches to 18 nches wide,
Fleven cuts 10 inches wide make a borrow pit 14 ft,
O ins. wide. The shape of the resulting cross-section
is shown in Figure 1,

The width of clearing in timbered country is usually
about 100 feet, to clear roots from the path of the dise
of the machine.

Under routine maintenance and the action of wind
and rain, the formation hecomes within a vear after

Llpiform baver 2 |
o sregoer fhan Sl

Figure 2. Ultimate shape of elevating grader formation.
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Another example of new formation constructed by Elevating Grader,

MAIN ROADS. 121

construction similar in form to the Department Type
“AT Flat Country Cross-section, see Figure 2. [How-
ever, side drains or “borrow pits” often are completely
filled by drifting soil in a short period.

The depth of cut may vary from ¢ inches up to 24
inches, depending on the nature of the ground. Assum-
img a cut of 18 inches wide and 15 inches deep, a fair
average figure for the quantity of material deposited
i the formation is 4'% cubic vards per chain (solid
pit measurement ). Where possible extra depth of cut
gives better results than extra width of cut.

It 1s necessary to build into the embankment a height
up to twice that ultimately required. The material as
excavated 1s largely in the form of clods and there is a
high percentage of voids. Placing is followed by shap-
g with drawn grader and surface consolidating with
sheepsfoot roller. Complete consolidation occurs with-
i a period of twelve months under the eficets of trafiic
and weather. The object of consolidating the surface
of the bank is to enable it to carry traffic innmediately
after construction, and no attempt is made to secure
complete consolidation of the bank with the roller,
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Wales.

DEVELOPMENT OF THE ROUTE OF THE HUME HIGHWAY.

The Hume ighway is the main road leading from
Svdney to Albury, and thenee to Melbourne, via Liver-
pool, Cross Roads, Narellan, Camden. Picton and
derrima to Goulburn, and onwards through Gunning,
Yass, Coolac, Gundagai, Tarcutta and Holbrook to
Albury.

Prior to 1028 the Hume Highway was known as the
Great Southern road ( Main Road Noo 17). Tn 1928,
the Main Roads Board adopted the principle of giving
cach important State Highway the same name throngh-
out its length and, after consultation with the local
governing bodies concerned, arranged with the Country
Roads Board of Victoria for the re-naming of the roud
from Svdney to Melbourne, via Albury, as the Hume
Fhghway.,  This name was adopted as a tribute to
Hamilton Hume, one of the two pioneers who led the
first exploration party overland to Port Phillip in
Victoria, much of the route of the Thghway being along
that followed by Tume on his overland journey,

Hamilton Hume.

Hamilton Tume was born in New South Wales in
the year 17y7. his parents having been amongst the
carliest cettlers in the Colony.  In his early days he was
hardy and athletic, as well as intelligent and spirited.
He acquired from the natives an unusual facility for
finding his way without the aid of a compass.  In addi-
tion to his exploration of the route from Sydney to Port
PPhillip, his name is associated also with other note-
worthy explorations, particularly in the western portion
of New South Wales,  Hume died on the 1gth April,
1873.

EARLY EXPLORATIONS.

In the first vears of the Colony, the main southern
rotite from Sydney Cove and Parramatia went by way
of Prospect (about 17 miles west of Sydney) and then
turned generally south via Carne's THID and Narellan
to Camden, as those localities came to he called.  Later
a route was developed from Sydney via Liverpool and
Cross Roads 1o Carne’s Tl and this hecame the prin
cipal avenue for trafiic southwards,  Shortly before the
passing of the Main Roads Act the road hetween Cross
Roads, Campbelltown and Narellan was improved, and
for some years carried the main trafbic o the south
without passing near Carne’s 111

[Tume was one of the earliest explorers of that part
of New South Wales sitvated between Liverpool and
Goulburn,  During the vear 1804, in company with his
brothers, he discovered a tract of country, which was
mamed “Argyle,” subsequently forming the County of
Argyle, and situated immediately north of Goulburn.,
On the 3rd March, 1818, he accompanied Surveyor
James Mechan ona journey which commenced at Liver-
o 1, under instructions to see 1f overland communica-
tion could be effected between sydney and Jervis Bay.
Meehan's party proceeded by a then existing track as
far as the site of Moss Vale, thence or a line to the
north of the present route of the Hume Highway, which
the party reached at Marulan, and f{rom there in a
southerly direction to the east of Bungonia and to the
west of Lake Bathurst, making the return journey to
the south of where the City of Goulburn now stands.

With the extension of scttlement from Syvdney Cove
towards the west and south, in 1824, the Governar,
Sir Thomas Brishane, supported an expedition to obtain
information regarding the unexplored territory between
Syidney and the southern coast of what 1s now the State
of \Victoria, The leaders of the :‘.\]n'cliliun were
[amilton Hume and William Hilton Hovell.  The
latter resided at Naralling, where he obtamed a grant
of land in 1821, and from which the present village of

Narellan takes its name.  The party set out from
Appin, near Sydney, on the 3rd October, 1824, and
travelled first via DPicton, Bong Bong., Kenmore and

Breadalbane to Hume's property near lLake George,
which was reached ten days later,
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Cooma Cottage, Yass. Residence of H.amillon H.ume.
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They then proceeded to Yass Plains, crossing the
Goodradighee River, where they were delayed by a
Hood, and entered unexplored and mountainous coun-
try.  They passed close to the site of the present town
of Tumut, and on the 16th November, 1824, reached
the Murray River near the site of what is now the City
of Albury., The journey ended on the western side of
PPort Phillip near the site of the present City of Geelong.
The route of Hume and Hovell's party thus followed
to a considerable degree the general route of the present
land road conmection hetween Svdney and Melbourne,
now known as the Hume Highway.

EARLY SURVEYS.

The carliest survey of the route of the Tuture Hume
ITighway appears to have been carried out by William
Harper m 1821, his field books containing particulars
of a traverse from the Nepean River, near Camden,
over the Razorback Range and onwards to the Wollon-
dilly River near Paddy’s River. Following this a
survey was carricd out by Survevor Ralfe over Cook-
bundoon Range, continuing until it intersected the
Wollondilly River near Breadalbane.  This was com-
pleted on the Sth July, 1826,

In a statement accompanying a letter dated 21st
July, 1829, from the Colonial Secretary to the
Surveyor-General, Major T. Mitchell, it is set out that
the hne of the road in use through the Argyle district
was from Campbelltown to NMenangle Ford, then from
Stonequarry Creck to Myrtle Creek, and on to Bargo
and Lupton’s Inn, about 10 miles south of Picton, thus
not passing ever the Razorback Range. The route
then passed over the Mittagong Range to the township
of Bong Bong, near Moss Vale, and from there to
Paddy’s River, where a good bridge had been con-
structed. It then proceeded to Barber’s Creek, a dis-
tance of 67 miles from Menangle Ford. The route
previously projected over the Razorback Range was not
abandoned, however, hecause on the 11th November,
1829, Survevor IT. I, White was instructed to proceed
to Stonequarry Creek and make a detailed survey of
the Razorback Hills, and to show a line of road on his
plan.

On the 20th March, 1830, Mitchell reported that, in
accordance with the Governor's instructions, he had
marked a line of road. Apparently this line followed
the existing route via Campbelltown, as far as Lupton’s
Inn.  Between the latter point and Little Forest, a

e ©
MUNDOOREN

Locality Map Showing Mitchell's Line,
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distance of about 6 miles, the previous line was
straightened, with a slight saving in distance. From
Little Forest a considerable alteration in the existing
route was made, The new line left the old track at
Little Forest 1L, and “although it was somewhat
tortuous, the ascent to favourable ground was easy. and
this ground could not be reached by any other manner.”
The new line continued to the northward of the old
track and passed through Bowral to Berrima, where
Mitchell reported there were two natural piers of rock
upon which a small but permanent bridge could be built.
The line then went southwards along almost flat country
to Black Bob's Creek., where there was a shight detour
to the east in order to avoid a deep gully, which
Mitchell recommended should be bridged. The then
existing track to Goulburn was intersected almost
immediately after crossing Black Bob's Creck, and the
new line reached Paddy’s River at Murimba.  Mitchell
recommended the erection of an iron bridge at Paddy’s
River, although he said that both at this point and at
other places where he had recommended bridges, even
if they were not built at once there would be no great
impediment to travelling when the line had heen cleared.
The new line then proceeded by way of Marulan to
Towrang, where it rejoined the old line at a distance
of 10 miles from the “Marked Tree” west of Barber’s
Creek. The saving in road length by adopting the new
line proposed by Mitehell was 22 miles g chains, and 1t
dispensed with the need for two crossings over the
Wollondilly River, which were necessary on the line
pProp ed [ll‘(‘\'illllh]_\'.

As stated previously, Mitehell's new line did not
cross the Razorback Range. However, a line for a
road across the range was determined following on the
detailed survey of Survevor . F. White previously
referred to, and an inspection by the Commissioners
for partitioning the Territory.  Many objections to this
route were raised in the 'ress, and it was opposed by
Mitchell, but without result.  Mitchell stated that the
suggested route was not in the proper line for the great
road through the Argyle district, and that he “woull
never have thought of applying all the means allowed
for the construction of great roads through the most
important part of the Colony to the Razorback, where
the road must, in time, become a cross road, bemg
ottt of the best direction for a great road to Argyle.”

EARLY CONSTRUCTION.

The first definite record of a road being constructerd
from Sydney to the south is the construction of a
section between Svdney and  Liverpool by  William
Roberts, and its opening on the 22nd March, 1814,

The discoveries of Hume and Meehan to the south
in 1818 had disclosed the existence of promising lands.
and Governor Macquarie decided to encourage settle-
ment in the new country.  In order to give access to
it a road was necessarv, and this was constructed by
convict labour, The carliest reference to this road is
in a letter from the Governor to Commissary-General
Drennan, dated gth September, 1819, where instructions
were given for “the construction of a cart road through
the country as far as the settlement about to be estab-
Iished there,”  The work was commenced on the oth
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October, 1819, wud was completed in ebruary, 1821,
The length of the road was 735 miles, and its average
width 33 feet. The cost of operations was £280 3s. 8d.,
which included the erection of six bridges. The road
crossed the Bargo River at the point where the presemt
highway passes over the stream by a bridge, thence it
passed over the Mittagong Range,  Proceeding south,
the new road crossed the Wingecarribee River below
the present bridge at Bong Bong, and passed through
what are now Moss Vale and Sutton Forest, heyond
which it went west across 'addy’s River by means of 1
low level bridge, and a short distance further on the
road crossed the Wollondilly River. It then ran through
Arthursleigh, an early land grant, thenee to Greenwich
Park and across the Cookbundoon Range.  The old
road appears to have reached the Wollondilly River
again at what is now Throsby's Ford.

[Larly in 1822 a new line from Merrimbo to Goulburn
Plains was discovered, and this route, although not
actually surveved, was used,

In 1832, with the greater part of his surveys com-
pleted, Mitchell’s active mind was exercised in planning
the construction of new great roads, and in devising
some means of preventing the stoppage of the King's
[Tighways as a result of destruction by flood or fire
of the rude wooden bridges which had hitherto served
as crossings of the various watercourses.  In that vear,
when passing along Macquarie-street, Sydney, he saw
a mechanic engaged in cutting the coping stope of the
dwarf wall in front of the Legislative Assembly, This
man was David Lennox, who alterwards became Super-
intendent of Bridges.  Lennox, who was born in Ayr,
Scotland, was 435 years of age when he took service
under Mitchell, having arrived in Sydney on the 11th
August, 1832, The early bridge erected over Prospect
Creek during the construction of the original road from
Ashheld, Sydney, to Liverpool, had been destroyed by
flood, and others, subsequently erected, had suffered in
the same way. At this time a bridge carried on stone
piers existed, hut was in a ruinous condition.  Lennox
designed a stone bridge of a single span to replace the
latter, and the design and erection was approved by the
Governor. It was crected by convict labour, the stone

L s

Lansdowne Bridge over Prospect Creek.
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for the bridge Dbeing obtained from 7 miles down-
stream on the banks of George's River, and conveyed
to the site of the bridge by means of punts.  The
foundation stone was laid by the Governor on 1st
Jamuary, 1834, and the bridge was opened to the public
on the 20th January, 1836, The span of the arch is
12 feet, the height of the crown above high-water
mark 30 feet, the length 1go feet, and the breadth 27
feet, This bridge is still in use.

Approval was given in 1832 to the construction of
the road on the new line surveved by Mitchell i 1830,
I the course of an address to the Legislative Assembly
it 1833, the Governor stated the road might be opened
in six months.  However, it was not completed until
some years later.  There are no definite records as to
the order i which the work was carried out, but there
are records of the hridges built hy Lennox in conjune-
tion with the road construction.  In 1833 he received
instructions to construct a bridge over the Winge-
carribee River at Bermima, and although there was
some delay in the commencement of the work it was
completed in June, 1830, It was designed on the lines
of the Lansdowne Bridge, and had an arch span of 50
feet and a width of 27 fect, including parapets.  This
bridge was destroyed by flood in 1860,

Brsma, (origmat) $BRIDGE s
Jrom Shetch in Sir Thomss Mildneils Fiad Baak © 53 Michal  Lieary

Detignad sad budtr by Davida Lesnos Opoud  (HAG

Destrayet by PFlasd  1BGO

On the 23rd January, 1834, Lennox reported having
laidl out the site of a bridge on the main southern road
at the crossing of Midwav Rivulet, 3 miles south of
Berrima.  For this crossing a wooden bridge was
designed supported by three masonry piers 20 feet
apart, In 1835 the Surveyor-General reported that the
bridge had been completed.

Again in 1834 Lennox laid out the site of a bridge at
Crawford’s or Black Bob's Creek, 7% miles beyond
Derrima, The span of the Dbridge was 30 feet,
Although the bridge was passable for traflic in April,
1830, 1t was not completed for some considerable time
afterwards.  The Surveyor-General reported that the
piers and walls were of excellent stone resting on a solid
mass of rock, and that the bridge was constructed of
strong beams, supported by a bhrace.  This bridge has
sinee heen replaced.

A map dated 1847 shows that by then the main
southern road passed through Goulburn and Yass. The
Yass River was bridged by a structure completed by



The Dog on the Tuckerbox Monument.
Erected on Site of Drover's Camp 5 miles from Gundagai.

Lemnox m 1854, A track then continued througi
Bookham, Jugiong and Coolac to Gundagai, where the
Murrumbidgee River was crossed by a ford. Prior to
a great Hood in the Murrumbidge River in 1832, the
township of Gundagai was located on the half-mile wide
flat on the northern bank.  The food destroyed the
origimal town, mundating the flat to a depth of about
15 feet. with the loss of eighty-nine lives. As a conse-
quence settlement was transferred to higher ground
overlooking each bank.
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The track then {followed the southern bank of the
river to Jones' Inn, a distance of 20 miles from Gun-
dagai, where it turned sharply southwards to Tarcutta
(passing through Mundarloo, crossing a range Detween
Yabtree and Yaven Hills), running generally in a
south-westerly direction through Kyeamba Station and
over Kyeamba Range to Garrvowen and Germantown,
now Holbrook, thence via Bowna to Albury. At this
time the ronte was merely a track serving the various
holdings which had been taken up, although the route
of the track is substantially the same as that of the
Highway to-day,

The control of the main southern road was assumed
by the Department of P'ublic Works in the year 1861,
At that time a fair amount of metalling had been
carried out between Svdney and Goulburn, although
the surface was not good, excepting in a few small
sections,  From Goulburn to Albury very little con-
struction work had been undertaken.

By the Shires Act of 1go3 the care and control of
public roads was transferred to the Councils of Shires
and Municipalities,

With the passing of the Main Roads Act in 1923 the
Great Southern road hecame eligible for assistance from
Main Roads Funds.  In 1928 it was proclamed a State
Highway and named in honour of Hamilton Hume.
Since 1925 the highway has been improved throughout,
including the construction of many deviations. By
1940 it had been provided with a bituminous or other
dustless surface over its full length in New South
Wales, 3735 miles, and similarly on through Victoria to
Melbourne,

Step by step, over a period of 130 vears, the High-
way has been developed and noproved.  After the con-
struction of railways, and prior (o the introduction of
motor vehicles, the Great Southern road, like other
main rural highways, lost much of its earlier signific-
ance, and improvement lagged.  This lost ground has
been mare than regained since the introduction of motor
vehicles. To-day the Hume Highway carries a heavy
and concentrated traftic, It performed a vital function
during the war vears. The IHighway, as it now exists,
forms a permanent and fitting memonal to the Aus-
tralian born and intrepid explorer— Hamilton Hume.

—l———

Tenders Accel)led )

The fotlowing Tenders (exceeding
I'ebruary and March, 1g48.

£300) were accepted by the Department during the months of January,

Council. BN Work lenderer, Amount.
No
|
| l 5. d
Bankstown M. | 508 | Construction of g-span reinforced conerete bridge over| MeConnell Building Co 6,708 15 10
sully near Keys Parade | Ll
Eurobodalla S, ... 1 | Bridge over Clyde River at Bateman’s Bay— Supply and The Clyde Engincering 62,500 o 0O
delivery of metal-work and machinery, Co. Lul.

1 Bridge over Tuross Kiver at Bodalla

Supply of steelwork s

29,070 0 O
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Why do we Drive on the Left Hand Side of the Road

Urnguay. last American country to cling to the
practice of driving on the left, recently started conform-
ing to the right-hand rule of the road.  Now the Pan-
American motorist can laugh at international horders

~unlike his FEuoropean counterpart who must swing
from one side of the road to the other as he drives
across some of the borders of the countries of the Old
'\\‘IJI'IIL

Uruguay's action in makig the rule of the road
unanimous in the Americas, raises the question why
mankind did not agree on such a simple thing in the
first place. Why did some nations adopt one practice
and others do t\.ull\ the opposite”

The answer lies deep in the mists of time when
men stopped carr \mg loads on their hacks and on horse-

back and began using carts and wagons. It probably
traces, says the National Geographic Society, to that

universal badge of the wagoner—the horsewhip.

In old England the predominant type of transport
was the simple four-wheeled box wagon with a hoard
across the front end for the driver’s seat. The driver
sat on the right end of this board so as to keep his
whip hand free. e could wield the whip with more
ease from the right side because his arm and whip

would swing clear of the vehicle, \When two of these
wagons miet, the drivers pulled to the left. They did
this so they could sce 1f their vehicles were clearing
cach other,

Fngland’s American Colonies  aped  the mother
country in the rule of the road untl about 1730,
Conditions peculiar to the colonies—greater distances,
more long hauling, higeger freight loads—resulted in
the development of the Conestoga wagon about that
time. Two or, more likely, three pairs of horses pulled
these heavy wagons,  The driver, or postilion, sat on the
left rear horse. e did not choose to sit on the right
rear horse hecause then his own hody would be in the
way when whipping the horse to his left.

From the left rear horse, however, he was in a
position to strike with his whip hand at all the horses.
Naturally he kept to the right when meeting other
vehicles, for only on that side “could he watch the space
between the passing wagons to see that they cleared each
other. In time the ponderous freight wagons forced
all other types of vehicles to conform to their rules of
the road.

“IHighway Research Abstracts,” February, 1048,
Satety,” Volume o, Nos, 11-12,

Published in
and from “Traffic

PAYMENTS FROM THE ROADS FUNDS FOR PERIOD 1st JULY, 1947, to 31st MARCH, 1948.

Covsry o Cospereann Max Roaps Fuxp—

Construction of Roads and Bridges

Amount Paid,

281,507

Cost of Acquisition of Land for Road W 1r1u||||},, P, 17,052
Maintenance of Roads and Dridges ..ottt 300,212
Interest, lixchange and Repayment of Loans .......... T 0.316F

156,201

Other Expenditare

£702.778

TotE covosmismamis e sneve
Covntry Main Roaps Fusp—
Constraction:gf Koads and Brdges ... coiseondisseaiommasasmsas s 330,449
Cost of Acquisition of Land for Road Widening ..................... 3.741
Maintenance of Roads and Bridges ...... .. ..... e e A 1,413,320
Interest, Fxchange and Repayvment of Loans ... ..., e AT PO 142,272
NMurchase and Repair of Plant and Motor Vehieles oo oo oo, 144,234

(hher Fxpenditire ..o e e e 146,880
Total ..o oeiinn. e £2 10002
DEvELoryaexTanL Roans Funp—
Construction of Roads and Bridges ...c..vrvirmiinerisrisesssnsesasssnss 6O7.017
Cthey I2epomifiie  covevemaimmimemimmvanEmm AT S W 1,800
Total R R e T R e 68,00
Svmsmary AL Funps—
Constractionof Roads- dnd Britlees vy s e s rssam HRR.a63
Cast of Acquisition of Land for Road Widening ..o oo .. 21.003
Maintenanee of Roads and Bridges .00 000t 1,743,538
Interest, Exchange and Repayment of Loans oo 0. ... ... ..... 14N, 7R
144,234

I'urchase and Repair o Plant and

Other Fxpenditure

Tenal

*Excludes a special pavment of £606.006 in the liquidation

date, of outstanding loan liabilitics,

Muotor Vehicles

304071

............ £3,251,587

prior to the ordinary due
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Tenders Acceple(l.

The following Tenders (execeding £500) were accepted by the respective Councils during the months of
January, February and '\I.m.h 194b

Council. |[ R\E:‘:'d | Wark. Tenderer. Amount.
- . . ) 5.
Albury € [ 2 | Supply and delivery of aggregate ... | Hurricane 1hil Ouarries I8 4 0
Apsley 5. 11 I Supply, delivery and spreading 2,000 . \tl» wravel between, W. H. Marshall 897 13 3
174 m.and 21,55 m. west of Walce ha | |
Ashiield M. \ 167 | Supply and application of 6,500 salloms bitumen... el B, By-raducts 734 10 0
2008 'y, 1l |
Bibbenluke 5. ...| 288 | Construction of bridge and approaches over Hopping Joe| I L. Hall 2,330 183
Creck.
Iland S, ... 2 | Gravel resheeting between 14 m.and 1810 m. ... Miller and Lewington... hg2r O 8
Bogan S, 7 | Construction culverts, approach ramps, ele. L B L Boland L 752 1 4
- ool 1178 | Clearmyg and grubbing 55 ft. wide between (nr'li:lmhnlu_ W HL Johnston g 0o
and Murrawombie.
Boree S. ... 61 | Supply, delivery and spreading 4,144 ¢, yds. gravel on) R K. Barnes .. 2370013 9
237 TR, 61 and 3,205 ¢, vds. gravel on MR, 237,
Burrangong 5. ... 78 | Surfacing ...| B.H.I, By Products 1,770 10 8
P'ty. Ltd. |
Coolamon S, Supply, delivery and spreading 3,700 . vds, gravel .. Stames and Grundy ... 833 17 0
Gilgandra S. 18 | Supply and delivery 4,780 ¢. yds. gravel 38 m.—53.31 m.| S. |. Bailey . 1,676 15 4
s ol 18 | Supply and delivery 3,200 c. yds. loam 33 m.—35m. ... s | 533 O 8
Guyra S. ... void 73 | Supply and delivery 16,108 c. yds. gravel ... .o Prost and Spriges 2,541 O o0
135
Hastings S, .| 112 | Resealing at Comboyne «i| B.H.P. By-Products, gl 22
I'ty. Ltd. |
Holbrook S, ...| 331 | Supply and delivery 5,300 c. yds. gravel ... o PN Carstans I 971 13 4
Hume 8. ... Surfacing and r-:'aurlm.mg,, . BB By-1'rodue 1-.! 1,454 11 ©
Pty Ltd.
Jemalong S, ...l 1104 | Supply, delivery and spreading 4,288 ¢. yds, gravel o 1P Dean ugh 4 0O
Lockhart S. 57 | Sealing and resealing ... i BHP, By - I'roducts 1,051 G 5
Pty T,

" 57  Surfacing i o 0 3,713 10 4
Manning 5. 10 Supply and l](’lk\cl\’ of l.rusht'd .lmi sC reened nrr'nll ‘m(l L. C. Wilson ... 1,114 13 9
ot grit. |

102 |
Murrumbidgee 5. 14 Supply, delivery and spreading 13,416 ¢ yds. loam ...| Hardie and Co. 2805 8 o
Nepean 5. ...l 155 | Construction of gravel pavement, including clearing, N. H, Bowers & Leard| 17,722 14 O
fencing, ete., from 3 m. 3,000 [t. to 5 m. 1,750 ft. | Py L.
Patrick Plains S. 181 | Surfacing with bitumen between 3.6 m. and o 0 m. from
MR 503. l BILP. DBy-Products )
i ...l 503 | Surfacing with bitumen between 6.0 m, and 7.82 m. from| | Pty. Ltd. 1,303 7t
Singleton.,
Severn 5. o | Supply, delivery and spreading 3,750 c. yds. gravel, Ben| Frost and Sprizgs 843 15 ©
Lomond Kange. |
Tenterficld S, ... 16 | Construction of reinforced concrete culvert x5 m. east of 1% Dwyer 291 17 O
Tenterneld.
Tumut S.... 4 | Supply and delivery 2,100 c. vds. gravel ... wre| N, Sheather ... 787 10 ©
Wade 5. ... S0 | Surfacing e BHLI, By-I'roducts 1,829 3 8
321 Pty Ltd.
i o 8o | Resealing voe ‘ o 1,484 11 ©
Waradgery S, ... 14 | Resurfacing with limestone gravel between 38 mo and] D, A, Newman & Sons 2,355 © 0O
40.2 m.
Weddin 5. O | Supply, delivery and spreading 5.120 ¢, vds, gravel between] S . Bailey ... g7y O 8
210 m. and 232 m. [
" (5 ‘ Supply, delivery and spreading 12,002 ¢ vds. gravel i 3,729 15 4
between 234.5 m. and 2750 m. |
- .| 3028 Clearing, forming and gravelling 4 m. 1,550 [t AL ] Gam L7615 11
4 m. 3,001 £t from S H. 6 towards Goolagong, |
Wollondilly 5. ...; 177 | Supply and application ol 23,320 galls. Duratenax _..| Australian Gaslight 1.870 g 2
179 Co,
" cof 77 | Supply and delivery of 1400 tons crushed river gravel o] Blue Metal and Grave Lo 7 6
170 stockpiles, 'y, L,

Sy lm.»\. Ihu:n... Henry Tenmant, Government Privter 1045,




MAIN ROADS STANDARDS.

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

Form No,

yo¥
A 1532*
Arngn®
A rrso®
Arnrsi¥
A szt
A 1476
A T101
Atrnz
A 114

v d b
2287

%4
72*

EARTHWORKS AND FORMATION.
Formation.  (Revised, July, 1o4f.)
Standard Tvpical Cross-sections.
Flat Country Cross-section, Tvpe A, (Revised, 1a30.)
Flat Country Cross-section, w B, (Re 1, 1530.]
Flat Conmtry Crosssection, Tyvpe 10, (Revised, 1a36.)
I Country Cross- i Tvpe D2 (Revised, 1030.)
Flat Country Cross-section, Tyvpe E1,  [Revised, 1937.)
Typical Cross-seetion Ope-way Feeder Road, (136,

Typival Crosssection Twoowav Feeder Road, {1931

Rubble Retaining Wall.  (1941.)
PAVEMENTS.

nuary, g,

Gravel Pavement.  (Revised, Je

Reconstroction with Groavel of Ex
1)

Supply and Delivery of Gravel,  {Revised, Auzust, 15939.)

s Pavements.  (Kevised, Janmary,

Broken Stone Dase Course.  (Reprinted with amendments, Augunst,

1947.)

HE* Recopstruction with Broken Stone of Existing Pavement to form @ Base

200
337
105
351
65*
301%

122"
14t
3t
94"
230t

66H*
r23*

406

3427
2qm

64"
kDM
kL
121°

Ar3q2*
A 1346
A
A 1824
A 1n24
A 178

ed, October, 1933.)

Tar.  (Revised, March, 1930.)

Bitnmen,  (Revised, Felrnary, 19390

Bitumen Emulsion. (Revised, September, 1042.)

Supply and Delivery of Agp

Waterbound Macad:

supply and Applic:
1046.)

Surfaci

S

Conrse,  [Rew

(Revisedl Julv, 1941.)
(Tuly, t930.)

wowith Tar, | Revised, May, 1940.)
with Bitamen.  (Ke
g with Tar. (Revised. May, 1040.)

ing with Bitumen.,  (Revised, Juolv, 1940.)
tion Macadam, Surfs
JEUN]

[te-sur
Ie surfa

men Peng
Jecemin

Tar or
(Kevis
Tar or Bitumen Penetr
(Revi ermber, To360.)

rinted with amendments, Angust,

Tar and or Bitumen,  (Revised, August,

1947.]

¢ Conrse, 2 inches thick.

tiom Maeadam, Surface Course, 3 inches thick,

Cement Conerete Pavement (April, 1039) and Plan and Cross-section

A 1147 (March, 1032).
Hitum
1947.)

GENERAL.

Caover Sheet for Specifications, Council Contract.  [Revised, April,

ous Flush Seals amd  Reseals - Fluxing  of Binders, (March,

1935.)

*General Conditions of Contract, Council Contraet.  (Revised, Felirnary,

1947.)

Schedule of Quantities

Bulk Sum Tender 1 , Counecil Contract,  (Revised, August,

Bulk Sum Contract Form, Couneil Contract,

Provision for Traffic [Revi
A 1323* and details A 13
1947.)

Warning Signs, Details of Constroction

Iron Trestles for Road Barriers.

Fimber Trestle and Barrier,

Light Broom Drag, (1041,

Pipe Frame Drag.

Mould for Conerete Test Cylinder,

A ”8"'3}1'".'0 Guards, Types A, B, C, I3, I, F, and G,

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

A 1453-5
Iu‘-.
A 478"

A gractSpecimen Drawing, Ulat Conntry Ko

Spevi
A 478uT,

1 e

1946.)

. June, 1a47) with general arrangement,
* of temporary signs.  (Revised, January,

en Drawings, Rural Read Design, with drawings Ag784* and

1938}
1047.)

A 1113* Rural Road Plan and Long Form (tracing cloth),
A rrrg* Rural Koad Cross seetion m [tracing cloth),
Arrrs* Urban Read Plan Forms (tracing eloth),
193 Duties of Superintending Officer finstructions),  (Revised, July,
314 ndard Regulations for Running of Ferries,  {Revised, January,
A 1hgs  Stadia Reduction Diagram.  {to30.)
355" lwstructions for Design of Two-lane Rural Highways (1o37)
A 1482* Horizontal Curve Transitions [diagrams).
A 1488%, A 1488a%, A 14858*, and A 1488c”. Horizontal Curve Transitions
(tables for speeds of 3o, g0, so. and 6a miles per hour),
A1ty Widening of Shoulders on Crests,
36a* Instructions for Desicn of Urban Hoads (g0,
288 Instructions for Design of Intersections (193a).
402 Instructions for Desien of Rural Intersections (acceleration and decelera

Standards marked * o

tion lanes).  (1ug1.)

v be purchased from the Government Printer

Svdney,

Form No,
KERBS, GUTTERS, AND GULLY PITS.

amed Dish Crossings

243 Integral Conerete Kerb and Gutter ol Ve
(Revised, July, 19390 and Diawing.  (A134A.)
245 Gulle Pit (i HL \ av, 1o34q) and Drawings (@) with grating (A 1042);
(h Ierbinlet 1og3)s o) with grating and extended kerh inlet
(A rz52): (4) l\ltltl‘d kerls indet (A 15353).
A 190 Gullv G
A8 Conceete Converter,  (1a36.)

ating {1130

FENCING.
132 Split Post aned Kol Fenving and Dirawing (A 1),

141* Post and Wire Vencing  (Revised, December, 1947 and Drawings (a)
Phitn (A quq)s 100 Rabbit-pront (& qo8]; (¢) Flood gate (A 16),

113 “1“|TI-IIIW Fencivg  (Revised, February 1934) and Drawing A 7.
+ . Noven

her, 1539.)

144 : rotection Fencing and Drawing (A 14a).

ction Fencing (instruction),  (Revised, May, o)
Argon 152 g feet wide,  [1936.)

A 1875 ll--lm Frafhe By pass 2o feet wide, (1942.)

246

BRIDGES AND CULVERTS.
A 4 Standard Bridee Loading (general instroction).  {1938.)

Loading (instruction for dead-end Developmental
el 1438.)

A 44 Standard
Kaonls,)

18* Data for Bridge Design. (Revised August, 1934.)

4% Data accompanving Bridge or Culvert Designs,
A 26 Waterway Diagram.  (Revised, 1944)

37t Waterway Calculations.  (1939.)

A 421 Boring Gear, 2 inches, (1030.)

A 44 Boring Gear, 3§ inches, (1026
A 2847 Ko Sounding Apparatus,  (1n45.)
A 2995 Rod Sounding Apparatus, with tripod (1947).

25% Pipe Culverts and Headwalls [Revised, December, 16939) and drawings,
Simple Rows of Pipes, 15 in. to 20 in, ding (A 143%), 2-3 ft. dia. (A 130%),
3t 6 i ddias (A 17 4 Tt dia, (A 173%), 4 ft. 6 in. dia (A 174), 5 ft.
dia, (A 175), 0 ft. dia. (A 177); 11--1|14I1. Rows of Pipes, 15 in, to 21 in,
dia. (A 211*) 2-3 ft, dia. (A 203%), 3 ft. 6 in. dia. (A 2158), 4 ft. dia.
(A 20K), 4 ft. 6 in. dia, | ia. (A 206), 6 ft. dia. (A 213);
Trieble Raws of Pipes, 15 in. to 21 in. dis [\ 210), 2-3 ft. dia. (A 210)
and Straight Headwalls for Pipe Colverts, 13-24 in, dia. (A 11535%).

A 1* Joint for Concrete Pipes.  [Revised, Aungust, 1y33.)
. or less (Revised, December, 1942.)

A 142* Inlet Sump for Pipe Culverts 3 1t d

138 Pre-Cast Conerete Box Calvert (Revised, November, 1947) and drawings,
G i hizh [A 4585%), 12 0. (A 440%), 1 It Gin. (A 447%), 2 11, (A 448%).
20t Gin (A 449).

A 31 Concrete Arch Culvert, 5 ft high. {1931}
A 314 Concrete Arch Culvert, 10 ft. high. (1931.)
206% Keintoreed Conerete Culvert (Revised, Febraary, 1948) and instruction
sheets (A 305, A 359, A 306, A 304).
A 1832 Castin Place Concrete Pipe Culverts.  (1942.)
A 300* Concrete Colvert Posts,  (Revised, June, 1937.)

specification for 25 ft., and drawings for 50 ft. (A 209). 4o ft.
an) 25 L. portable (A 1148).

ent of Bolting Planks for v

joo  Pile Diriv

[

A 1850 A ous widths of deck. (1643.)
A 45 Timber Bridge, Standard Details.  (Revised, October, 1947.)
Arygr Timber Beam Skew DBridge Det (ta41.)

164 Timber Beam Brdue (Revised, April, 1947) and instruction sheets,
6 L (A7) 18 6L (A 68), 2o ft, (A 7o) and 22 ft. (A 1761). (Amended
August, To46.)

A rz26 and A 1165 Low Level Timber Bridges, instruction sheets far 16 feet, and
18ft. between kerbs,  (1932.)

camd A 1223 Single Span Timber Culverts, instruction sheets for
c s it amd zo (t, between kerbs,  (1931.)

135* Timber Culvert and drawings, 1 ft. 6 in, high (A 427), 2 ﬂ (A 428), 3 ft,
(A 420), 4 ft. (A 430), 5 ft. to & ft. high, (A 431). (rg28.)

326 kxtermination of Termites in Timber Bridges, (Revised, October, 1940).
A 222* Pipe Handrailing Details. (Revised, July, 1947.)
350 Reinforeed Concrete Bridge,  (Revised, January, 1946.)

405 Design of Forms and Falsework for Concrete Bridge Construction.
(September, 1047.)

Others may be purchased from the Head Othiee of the Department of Main Roads, 300 Castlereagh Street, Svdney, single copies being free to Councils.
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State Highways

Divisional Boundaries . ————
Divisional Offices .. ®
SCALE Area of New South Wales, 309,433 square miles.
B O 50 100 150 200

e AT o R i Length of public roads within New South Wales, 126,058 miles.

MILEAGE OF ROADS CLASSIFIED UNDER THE MAIN ROADS

ACT, AS AT Ist JULY, 1947.
State Highways
Trunk Roads ......covvvvvvnvnrvnnnnnn

Main Roads
Secondary Roads (County of Cumberland only) ............... 81
Developmental Roads .....ccccoeeiiiiiiinninvaniiniiiens AT : 2,805
AUSTRAUA SsouT: ; — 2_5 e
UNCLASSIFIED ROADS, in Western part of State, coming
within the provisions of the Main Roads Act............ 2,309

TOTAL 28,080

—_———
Uu\:}mwlk
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