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The Principles of Transport Co-ordination.

By T. H. UrtoNn, M.C.E., M.INsT.C.E., M.I.LE.(AUST.)

HE need for the co-ordination of transport is

hecoming increasingly recognised. For the time

being, attention is largely focussed on the pro-
blem as it concerns road and rail transport, but the
subject is larger than this. All forms of transport—
sea, river, road, rail and air—are bidding for their
share of the world’s transport and in due course have
to be considered. Already in this Commonwealth,
parallel service has arisen between rail and air along
the East-West route connecting Adelaide and Per:h.
At a later stage we may expect to see airships as well
as aeroplanes claiming their part of the work to he
done.

Is each form of transport to be allowed to compete
indiscriminately for its portion? Formerly the answer
was “Yes.” Now it is more generally “No.” Unre-
stricted competition means loss and inefficiency. In a
young country such as Australia, where the utmost
efforts of the community are required to dovelop its
resources and the greater proportion of the transport
system is either Government
subsidised, such losses must be avoided if we are to
play our proper part in the business of the world.
do this, some measure of Government or semi-Govern-
ment control is necessary.  How is this to be done?
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There are doubtless many methods which will be
tried in the Commonwealth before a generally accepted
procedure is adopted and it is moreover outside our
purview to pronounce officially in favour of one or
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another. But it is thought that there are certain com-
mon principles on which any scheme of co-ordination
must be based to be successful, and if these can be
ascertained, suitable machinery can then be developed.

What may these be?

This subject was investigated by the Commonwealth
Transport Committee which reported to the Govern-
ments of the Commonwealth and the States in May,
1929, on the Co-ordination of Transport in Australia,
and it is proposed to state and to analyse its conclu-
sions. These were that the following general principles
should apply to any scheme for effecting co-ordina-
tion ;(—

“(a) Iach transport agency should be regarded
as providing a delinite link in the chain of
transportation.  ach limitations as to
capacity, speed or convenience, and should be

has

regulated as far as practicable to its own
sphere.

(b) The determination of the respective spheres
of action should he made by some authority
which can ensure that the operations of all
arc knit together into systematic whole,

(c) The co-ordinating authority should not be

interested in one transport agency more than
another. It must have an cve to the whole
transportation system.,
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(d) Each transport agency should be self-support- otherwise an immediate economic need, por-

ing, but if a service is necessary in the in- tion of the liability for them is borne by Con-
terests of the State, which will not be self-sup- solidated Revenue.

porting, such as for development, then a de- (¢) suggests that, providing overlapping and con-

finite policy of subsidy out of other resources sequent waste do not oceur, competition is

should be laid down. healthy. Thus the railways and interstate

(e¢) Co-ordination should not prohibit competi- steamers provide means of passenger a_m‘l

 tion, but should regulate the various services gp:_;(l:; transport between the various capital

to prevent overlapping and consequent econo- cities, and although they cater for somewhat

mic waste. different types of traffic, the fact of alter-

) "y : . natives being available ensures that each form

(f) Co-ordmation 5110.111(1 not involve interference of transport must do its utmost to give ser-

in the administration of any transport agency. e Cut-throat competition between the

(g) All proposals for a new transport service or two services involving an aggregate develop-

facility should be examined by the co-ordin-

ating authority to determine

(i) the necessity for the new service;

(1) whether the proposed service is the most
efficient means of providing the trans-
port facility required, or provides a pub-
lic convenience which cannot be supplied
by existing services;

(iii) the possibility of the new service pro-
viding either directly or indirectly a re-
turn sufficient to cover interest, sinking
fund, and operating expenses.”

Let us examine these,

(a)

(b)

(d)

15 fundamental to any scheme of co-ordima-
tion. If one form of transport is considered
all-capable, thien obviously co-ordmation would
consist of scrapping all the rest. 1f, however,
it he agreed that cach has its defimite part to
play in the scheme of transportion, then this
is the test which must be applied in consider-
ing whether one or the other agency is to
perform a particular service,

and (¢) enunciate the principle of the neces-
sity of an umpire to decide between the alter-
natives, who, if his (or its) decision is to be
accepted, must be impartial.

15 a business principle which, if complied with,
enables a check to be made as to whether
cach agency is being run on economic lines.
It has already been accepted in the legislation
of New South Wales in the case of railways
by a subsidy of £800,000 per annum being
paid from Consolidated Revenue on account
of the losses on developmental lines and, in
the case of special unemployment rehief works,
by only portion of the hability for the in-
terest and sinking fund of loan moneys ex-
pended thereon being placed on the trans-
port agency assisted thereby. In other words,
since unemployment relief is the task of the
State as a whole, and frequently involves the
undertaking of works for which there is not

ment much in excess of the total traffic avail-
able would not, however, be to the permanent
advantage of the community,

(f) is a recommendation that, apart from the re-
gulation necessary to ensure co-ordination, in-
terference with the administration of any
transport agency should be avoided. In other
words, the co-ordinating body should not
be allowed to dictate to the railway adminis-
tration the type of engines it should use, or
the instructions it should give to its staff, nor
to the shipping agencies, the size of their
ships and the frequency of their service, nor
to the road authorities the class of construc-
tion or the system of maintenance to be
adopted on the roads or what works should
be done on already proclaimed main roads.

(g) enunciates the bases which are recommended
for the determination as to what new services
should be established, e.g., a new railway or
developmental road or port, &c.  In other
words, it suggests that the development of
any arca should be investigated on the broad-
est possible lines, instead of separate consid-
eration being given to projects for new
railway lines, developmental roads or ports,
&c., and that the framework of a general
scheme of development should first be deter-
mined upon, after which any further steps
would be taken in accordance therewith. The
advisability, in the Board’s opinion, if the
public interest is to be conserved, of adopting
such a policy was referred to in the Board’s
Fourth Annual Report presented to Parlia-
ment last year.

It will be seen then that the task of co-ordination
calls for the widest possible vision, and the broadest
possible knowledge. The first step to ensure that it is
undertaken rightly is to determine the principles upon
which it should be based and it is with the objective
of stimulating thought and developing definite views
upon these that the above discussion 1s offered for
consideration.
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News of the Month.

METROPOLITAN DIVISION.

The widening of the bridge over Duck River, on
Parramatta-road in the Municipalities of Auburn and
Granville, has been completed by the contractors,
Messrs. S. Haunstrup & Co. Pty. Ltd.

More than 3 miles of concrete pavement 2o feet
wide have now been laid on the ITume IHighway from
the Water Race at Carne’s Hill towards Narellan.

The contractors for the construction of the ferry
docks at Kangaroo Point and Mooney Point, on the
Hawkesbury River, have completed the driving of all
piles and expect to finish the whole of the work in-
cluded in the contract during the present month.

The reconstruction in cement concrete of High-
street, Penrith, is making satisfactory progress, half
the road having now been completed and opened to
traffic.

The work of tar surfacing the Hornsby—Galston—
Dural road (No. 161) is well in hand. Its completion
at an early date will provide a surfaced road for the
whole distance between Hornshy and Parramatta, via
Galston, Dural, Rogan’s Hill, Castle Hill, and Baulk-
ham Hills.

Good progress is being made with the reconditioning
of a further length of the Castlercagh-road (No. 1535)
beyond the 6-mile post from DPenrith.

The work of regravelling the Campbelltown-Appin
road (No. 177) has been completed.

The whole of the Pennant Hills-Rogan’s Iill road
(No. 156) has been resurfaced with tar.

The concreting of Gladesville-road and Joubert-
street, Hunter’s Hill, between Mary-street and Figtree
Bridge, is now complete and the road open to traffic.
It is anticipated that the sections being reconstructed
in Burns Bay road, between Figtree Bridge and
Longueville-road will also be completed very shortly.
The work has been done under contract to the Board by
the State Monier ipe and Reinforced Concrete Works.

The reconstruction of the Cabramatta-Mulgoa
Developmental Road (No. 1,087), from Cowpasture-
road towards Cecil Park, is now well advanced. The
provision of a 4-inch gravel sub-base has greatly facili-
tated construction in preventing the red clay, which
forms the subgrade in this district, working up into the
stone base course during rolling. The work is being

carried out under contract to the Nepean Shire Council
by Mr. W. J. Donovan.

OUTER METROPOLITAN DIVISION.

The new bridge over Wallarah Creek, on the Great
Northern Highway north of Wyong, has been com-
pleted and opened to traffic. It consists of 5 spans

of 35 feet and 2 spans of 25 feet, providing a total
length of 225 feet. The width provided is 20 feet be-
tween kerbs. The deck is of reinforced concrete, the
girders are of steel and the substructure consists of
reinforced concrete piles. The new bridge replaces an
old narrow timber structure which had reached the
end of its useful life.

Union-street, Adamstown, showing widened roadway and
new buildings.

The last stages of the widening and reconstruction
of the Great Northern Highway in the Municipalties
of Merewether and Adamstown have been completed.
For 703 feet south of Glebe-road, Adamstown, the
highway, which was previously only 48 feet in width
has been widened to 66 feet. The pavement is of
2 inch asphaltic concrete on a 6 inch concrete founda-
tion. The widening necessitated the demolition of
buildings on the western side, but these have been
replaced in a number of instances by new structures,
resulting in a considerable general improvement as
shown in the accompanying illustration.

The Nattai Shire Council has completed the recon-
struction of the Hume Highway in the Municipality of
Mittagong, between Pioneer-street, Mittagong, and
Gibbergunyah Creek, a lengh of 4.831 feet. The wear-
ing course is of premixed bituminous macadam on a
broken stone base course. The work is an extension
of the length north of Mittagong constructed by the
Nattai Shire Council last year.

The construction of 3 miles of the North Coast High-
way terminating at the northern boundary of the Port
Stephens Shire has been considerably delayed by un-
favourable weather conditions. The work is now well
forward. A further contract has been let for an addi-
tional length of 2 miles 3,380 feet extending south-
ward from the previous work. The construction
throughuut consists of a 3 inch bituminous penetration
wearing course upon a 6 inch broken stone base course,
with culverts and subsidiary works.
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In the Shire of Lirina, the Council has completed the
rescaling of 13 miles of the Great Northern Highway
between Gosford and Wyong, and will shortly com-
mence widening and superelevating the roadway at
several of the sharper bends.

On the Singleton-Denman road (No. 213) in the
Shire of Patrick Plains, two low-level timber heam
bridges, one at the old Muason Dien Crossing and
the other at Bowman's Crossing, arc being cerected over
the Hunter River.

Two high-level timber beam bridges are being con-
structed by contract over the Allyn River at Sale's and
Kenny's Crossings on the Gresford-Eccleston Devel-
opmental road (No. 1,128), in the Shire of Walla-
robb.

For many vears, travellers proceeding from Mitta-
gong towards Bowral and Moss Vale have been com-
pelled to negotiate a heavy grade, which includes two
sharp curves, in approach to a subway under the Great
Southern Railway on the ascent of the Gib Range.
Visibility in the vicinity of the subway is very poor.
To remedy this, a deviation has been adopted, involving
the construction of an over-bridge on a good align-
ment and a length of 1 mile of waterbound macadam
pavement surfaced with tar. The erection of the
bridge has been completed by the Railway Department,
and a tender for the road work has been accepted by
the Mittagong Municipal Council.

UPPER NORTHERN DIVISION.

Between Coff’s Harbour and the beginning of Korora
deviation, on the North Coast Highway in the Shire
of Dorrigo. 414 miles of the highway have been bitu-
men surfaced by the council under its current main-
tenance programme.

The Maclean Municipal Council has completed and
opened to traffic 2,700 lineal feet of bitumen pene-
tration macadam in River-street, Maclean (North
Coast Highwav). A further length of 2982 lineal
feet of a similar type of pavement is being constructed
by Messrs. Model Homes, Limited, under contract with
the municipality.

The contractors, Messrs. M. R. [ lornibrook, Timited,
have completed a two-span timber bridge over Hoff-
man’s Creek, on the Great Northern [lighway, in the
Shire of Tenterfield. This is one of the minor worke,
referred to on page 104 of the April number of Main
Roads, in connection with the reorganisation of the
Amosfield-Mt. Lindesay section of the highway,

A reinforced concerete causeway, in lieu of a stone
crossing, has been constructed over Hell Hole Creels,
on the Cobbadah-Narrabri road (No. 133) in the Shire
of Gwydir,

Contractor R. B. Haydon is making good progress
with the reconstruction of 444 miles of gravel pave-
ment betwen Glen Innes and Deepwater, on the Great
Northern Highway in the Shire of Severn.

The Inverell Muncipal Council has constructed, by
day labour, a short deviation of 833 chains, together
with a 7 ft. 6 in. by 3 ft. 6 in. reinforced concrete
hox culvert, on the Inverell-Bundarra road (No. 115).

On the Gwydir [ighway at Gravesend. in the Shire
of Yallaroi, the Foundation Company, Limited, the
contractors for the erection of the bridge over the
Gwydir River, which was described on page 40 of the
November number of Main Roads, have placed in posi-
tion the girders for the 7o-feet span and are erecting
the truss for the 1go-feet span at the Warialda end.

LOWER NORTHERN DIVISION.

On the Wee Waa-Pillaga road (No. 127) in the
Shire of Namoi, a further section of nearly 2 miles
of gravel pavement on black soil country is practically
complete. Gravel is not readily obtainable at this
point, the material for this length having had to be
hauled 32 miles by rail and 10 miles by road. With
a view to trying out a less expensive road, a short
section of the road in extension of this work is being
treated with an experimental surfacmg of red soil.

Main Road signposting has recently been completed
in the Shire of Namoi, 103 posts having been erected
on a total length of 155 miles. Signposts are particu-
larly important in this shire, where there is so much
unformed black soil and habitations are scattered.

The Wood's Reef deviations, extending over 214
miles of the Barraba-Bundarra road (No. 132) in the
Shire of Barraba, have been completed by Contractor
White. The deviations climinate two creck crossings
included in the former bush track, Further works on
this road. which are under consideration and will,
when completed, make 1t possible to cater for trafhc
for some years to come by maintenance and minor
formation work, are the erection of a low-level bridge
over Ironbark Creek and the construction of 1 mile of
road above the creck beyond Wood’s Reef.

After consultation with the Armidale Municipal
Council, the Board has notified the council that the
approved route of the Great Northern Highway has
been fixed so that trafhic will not have to negotiate
the level crossing at Butler-street, but will cross the
railway line by the overhead bridge in Dangar-street.
To connect to this bridge. approximately 65 chains of
roadway have to be constructed in Kentucky-street.
The adopted route is the most direct available, gives a
good connection with the Grafton-Kempsey road ( No.
121) and, from Kentucky-street, affords a fine view
of the city.

On the North Coast Highway in the Municipality of
Port Macquarie, Contractor Mcl.can has completed a
short deviation 712 feet long, which eliminates a dan-
gerous bend and at the same time permits improved
drainage of the swampy flat crossed by the road. The
pavement is 18 fect wide, of broken stone and will
later be surfaced with bitumen.
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Under its 1929 Maintenance Programme, the Dum-
aresq Shire Council has carried out effective work on
the Armidale-Grafton road (No. r21). At Armidale,
where trafhic 1s heaviest, the road has been widened to
standard, strengthened and tar-surfaced. Farther out,
widening has been carried out and the existing pave-
ment reconditioned, while nearer Ibor the existing
road has been smoothed out and drained pending
further improvement under future programmes.

On the North Coast Highway between Kempsey
and Frederickton, 3 miles of the road parallel to the
Macleay River has been raised from 18 inches to 30
inches, and surfaced with an 8-inch broken stone pave-
ment which will shortly be surface treated.  To avoid
the inundation of this road during freshes in the
river, an earth embankment is being construeted across
Verge's drain, 1 mile north of Kempsey, to replace a
bank destroyed by floods m 1927,

CENTRAL WESTERN DIVISION.

The Mid-Western Highway through the Municipality
ol Grenfell has recently been considerably improved by
systematic maintenance by the council. The length of
the highway in the Shire of Weddin, from Grenfell
towards Cowra, has also been improved by the shire
council. Both sections present a good surface through-
out.

The gravelled length of the Mid-Western Highway
in the Municipality of Blayney has been subjected to
maintenance under the direction of the Lyndhurst
Shire Iingineer, who supervised the work o behalf
of the Board.

Progressive maintenance has greatly improved the
surface of the North-Western Highway between
Molong and Wellington. The section, with the excep-
tion of the last 3 miles into W ellington where a devia-
tion is under consideration, is now m good order.

The Belar Creek bridge, on the Nyngan-Colane road
(No. 204) in the Shire of Bogan, has been re-decked
and painted, and the approaches have been re-gravelled,

A single span concrete bridge has been completed
and opened to traffic at Wattle Creek, on the Orange-
IFforbes Trunk Road (No. 61) in the Shire of Amaroo,
in replacement of an old timber bridge which was
rendered untrafficable in 1926, On the North-Wes-
tern llighway, in the same shire, a concrete box cul-
vert has been erccted at the site of an old timber bridge
which was washed away in 1927,

SOUTHERN DIVISION.

On the Federal Highway, of the works described
in the January number of Main Roeads, earthworks
and culverts between 1214 miles and 18 miles have
heen completed by Contractor W. D. McDonald; a
7-inch gravel pavement is hcing constructed by Con-
tractor |. Dunn between 1214 miles and the Federal

Territory boundary at 2734 miles, the work being the
greatest length of paving yet let by the Board in one
contract, and the McLean Construction Company has
commenced operations on the Yass River bridge. The
new highway will be available for traffic upon the com-
pletion of these three works.

A further section of 2 miles of the Monaro Highway,
between Bega and Tathra, in the Shire of Imlay, has
been reconstructed with a 7-inch waterbound macadam
pavement, surfaced with a tar primer and a bitumen
seal coat. This important length of the highway has
Ifmw been reconstructed for a distance of 714 miles from

Jega.

On the Prince’s Highway i the Shire of Clyde, the
Board has undertaken by day labour the reconstruction
of a further length of 3 miles in premixed bituminous
macadam. The work will extend from the previous
section terminating north of Tomerong to the com-
mencement of the second deviation south of that town.
[.ocal sandstone is being utilised for both base and sur-
face courses,

The surfacing with asphaltic oil primer and bitumen
seal coat of two sections, lutallillg 6 miles 2,500 feet
of the ITume Ilighway between Cullerin and Gunning,
has been completed by the contractors, Messrs, John
Fowler & Company.

On the Hume [lighway between Yass and Bowning
there will shortly be a continuous length of more than
¢ miles of new bituminous penetration macadam. Com-
mencing at Kirkton, and extending to the Yass River
bridge, a section of 2 miles is under construction by
Messrs. N. I1. Jones & Company. The next 334 miles
extending westerly are under construction by Mr. F. H.
Stewart, and a still further 3% miles adjoining this
has just been completed by Australian Roads, Limited.

A two-span concrete bridge is being constructed over
Hume Creek on the Goulburn-Dalton road ( No. 201) in
the Shire of Gunning. The original timber bridge was
washed away during a flood, since which time traffic
has used a ford.

RIVERINA DIVISION.

The construction by the Chas, Hardy Contracting
Company Limited of 2 miles of gravel pavement, with
culverts, on the Lochhart-Urana Trunk Road (No. 59),
cwssmg Brookong IP’lain in the Shire of Lockhart, is
nearing completion and will shortly be available for
traftic.

In the Municipality of Murrumburrah, a length of 1
mile oo feet in Albury-street (No. 243) is being re-
surfaced with tar by the council,

One mile of the Monaro Iighway in the Municip-
ality of Wagga Wagga, commencing at the railway level
crossing and extending to the municipal boundary, has
been reconditioned, and semi-penetrated and sealed with
tar. The whole length of the highway within the
municipality is now tar-surfaced and in good order.
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Arrangements are in hand for the improvement of
3 miles of the Mid-Western Iighway in the Muni-
cipality of Balranald. This work will open up the
approach to the town from the direction of Hay.

At the western end of the Mid-Western Highway, a
length of 24 miles between Goolgowi and Rankin’s
Springs, in the Shire of Carrathool, is at present being
improved. The existing clearing is being widened and
the whole length is being formed and drained, This
work, apart from effecting an improvement for through
traffic, is developmental in character and should be of
value in assisting to open up the rich wheat area west
of Rankin's Springs.

Messrs, Connolly & t"nc:uu‘s have practically completed
the construction of 114 miles of gravel pavement on
the Urana-Corowa roatl (No. 131), in the Shire of
Urana. This was the only unconstructed length of the
road in the shire and its opening to traffic will make
available a continuous length of all-weather roadway.

Personal.

On 25th March, 1930, Mr. 5. L. Luker, B.5c. (Civ.
Eng.), Assoc. M. Inst. C.I5., Metropolitan Maintenance
Engineer, left with his fann]y by the s.s. Ceramic on
an extended tour which will embrace Great Britain,
LEurope and Northern America. Mr. Luker’s journey
is primarily in connection with private business, but
he proposes also to make enquiries into methods of
road construction and maintenance abroad. The Board
has therefore taken advantage of his intention so that,
in conjunction with Mr. H. M. Sherrard, M.C.E,,
Assoc. M.Inst.C.E., Assistant Chief Engineer, who
will also shortly be leaving for the United States of
America, he shall attend, as one of its official repre-
sentatives, the Sixth International Road Congress,
which is to be held at Washington, D.C., in October
next. The Board and its staff wish Mr. Luker and his
family “bon voyage,” and look forward with pleasure
and interest to his return towards the end of the pre-
sent year.

Expenditure from 1st July, 1929, to 31st March, 1930.

County oF CUMBERLAND Marx Roap Funp—
Construction of Roads and Bridges
Cost of Land Resumptions i
Maintenance of Roads and Bridges
Repayment of Loans
Survey, Design, Supervision md '\dmlmstratmn
Purchase of Stock and Assets
Miscellaneous

Total

Country Main Roaps Fusp
Construction of Koads and Bridges, mclmlmg l(e‘;umptmns
Maintenance of Roads and Bridges :
Repayment of Loans
Survey, Design, Supervision dml \dmlmstntlon
Purchase of Stock and Assets
Miscellaneous

Total

FEDERAL Ap Roaps Funp—
Construction of Roads and Bridges, mcludmg Resumptions
Purchase of Stock and Assets
Miscellaneous

Total

DevELopMENTAL Roans Funp—
Construction of Roads and Bridges
Survey, Design, Supervision and Administr: 1tion
Miscellancous

Total

SUMMARY, ALL FUNDS.
Construction of Reads and Bridges, including Ruumptmm
Maintenance of Roads and Bridges .., 7
Repayment of Loans
Survey, Design, Supervision .md \zllmn:etralwn
Purchase of Stock and Assets..
Miscellaneous

Grand Total ...

Expenditure Expenditure Total Expenditure
to far month o

28th February, 1930, of March. 31st March, 1930,
£ s. d. £ s, d. £ s. d.
344,008 7 © 35.834 12 @ 380,443 0 3
108,050 12 11 5,368 18 6 114,028 11 5
177,560 1T I 20,205 12 10 197,805 3 11
157,034 8 2 7.806 4 11 165,020 13 T
36,503 15 3 3.685 17 4 40,240 12 7
14,720 0O 1 432 9 7 15,161 15 8
7,078 14 o 205 7 8 8,184 1 8
847,143 15 © 73800 3 7 920,952 18 7
580,041 1 O 48,127 18 3 637,708 19 11
734,877 10 6 71,808 16 2 800,776 15 8
IB020 I3 A | desesvesansines 18,020 13 1
90,046 5 7 11,651 8 8 102,297 14 3
*28,063 5 11 506 1 O *28,307 4 5
26,952 18 1 2,190 15 5§ 20,143 13 O
1,431,175 11 10 134,405 o 2 1,505,640 12 0
5,425 19 B go,605 13 7 770,031 13
12,111 5 7 9 13 2 12,120 18 ¢

6,220 2 O 0 0 3 6,220 2

703,757 7 9 90,615 7 o 794.372 14 9
187,026 6 1 17,809 3 4 204,925 0O 5
2,965 15 7 1,053 0 3 4,018 15 10
6,279 4 10 *120 10 O 6,158 14 10
196,291 6 0 18,831 13 7 215,103 © 1
‘i ;- e

1,015,361 7 8 197,836 6 7 2,113,197 14 3
912,447 10 7 92,194 9 o 1,004,041 19 7
175,055 1 3 7,480 4 11 153,041 6 2
130,175 16 5 16,300 6 3 146,566 2 8
*2,122 14 3 1,038 4 3 *1,084 10 o
47,430 19 3 2,275 13 4 4,706 12 g

£ 3,178,348 1 1 317,721 4 4 3,496,069 5 5

* Oredit,
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Maintenance in the County of Cumberland.

By S. L. LUKER, B.Sc.(C1v.ENG.), A.M.INST.C.E.

Metropolitan Mainienance Engineer.

w HILE there remains much that could, and will
be done, as time and funds allow, in the
way of still further improving the condition

of the main roads in the County of Cumberland, it is
generally conceded that in the five years since the
Board’s inception, a very considerable change has heen
wrought in conditions of road travel in this area. At
that time, except for a comparatively small mileage
of then recently constructed cement concrete and
asphalt pavement, the main roads of the County of
Cumberland within a radius of ten or fifteen miles of
the City of Sydney were generally in other than satis-
factory condition; the Lane Cove road through Wil-
loughby and Lane Cove, and the Cook’s River road
through St. Peters, for instance, two of the most
important outlets from Sydney, were remarkable for
their defects. Parts of the Parramatta-road and of
the Prince’s Highway in Rockdale had, a year or two
befare then, been reconstructed in tar or bituminous
macadam with a sandstone base, but under the phen-
omenal growth of traflic, had begun to show signs of
serious deterioration. The remaining main roads of
various types within this area were also generally inade-
quate in standard of condition for the rapidly increas-
ing volume of trallic. Those of waterbound macadam
were suffering severely from the abrasive and dis-
ruptive effect of fast rubber-tyred traffic, while the
tar and Dbituminous macadam roads were becoming
uncomfortably corrugated.

(

condition but there was a certain want of system in
their arrangement, cross-connections or circumferential
routes being lacking.

Jeyond the area of ten to fifteen miles radius to
which the above remarks apply, the main routes, viz.:
the Great Western road, the Windsor road, Great
Southern road and Prince’s Highway, had benefited
from comparatively recent reconstruction (in water-
bound macadam surfaced with bitumen) by the Public
Works Department, and these stretches of road had
become popular routes for traffic.  The sections of these
roads not then constructed, and the remaining less
important roads, were either earth, gravel or metal and
were uniformly bad. Some were practically impassable
after rain, and in dry weather were uncomfortable
owing to dust. The Great Western road, between the
Nepean River and Mount Victoria, for instance, was
continually falling into disrepair despite the efforts of
the local councils to maintain it with the funds at their
disposal. The I'rince’s IHighway, south of Sutherland,
was of loose gravel and subject to rapid corrugation
under traffic. Sections of the Great Southern road be
yond Liverpool were extremely rough and the same
description applied to the Wiseman’s Ferry road north
of Pitt Town.

Arrangements for the continuation of the work
already carried out by the Public Works Department
and the reconstruction of the worst sections of the
roads, were at once instituted by the Board, but while

Parramatta-road, Lidcombe, before reconstruction.

A few councils had, prior to the Board's inception,
constructed cement or bituminous concrete pavements
within their areas—and due credit must be given to the
enterprise of such bodies and to the engineers who
carried out the work—but beyond these outstanding
cases, the majority of roads suffered from the effect
of traffic of an altogether heavier and more destructive
character than that for which they had been bult,
Moreover, not only were the roads generally in poor

Left, waving of bituminous pavement, and right, patching.

these were being brought to fruition, and to meet the
needs of the large number of roads which, though
possibly in need of reconstruction, could not, with the
funds available, be rebuilt during the earlier years of
the Board's operations, it was necessary to put in hand
an extensive programme of maintenance. In many
instances, work of a comparatively heavy nature was
found to be essential; the existing pavements which
were either worn out or inadequate in strength had to
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be completely resheeted with either waterbound macad-
am (later to be surfaced with tar or bitumen ) or with
tar or bituminous macadam, either mixed hefore heing
laid or penetrated when spread. In other cases,
extensive patching was resorted to, to hold the road
together until such time as it could be reconstructed,
some reshaping of earth and gravel sections was put
in hand, but in the main, little could be done on roads
of this nature until the second and third year of the
Board's operations,

Such measures naturally had their heneficial effect
on travel conditions, but this was to a large extent
counteracted by the fact that the growing number of
maotor cars, buses and lorries used the roads to an
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been iitial difficulties in securing maintenance work
to the desired standard, it should be recorded that
the great majority of cases councils have shown a com-
mendable desire to achieve the standard aimed at.  As
the result of their efforts the funds granted were, in
the main, spent economically and well.  Furthermore,
while the plant available for road maintenance at the
time of the Board’s formation consisted of little more
than rollers, tar and bitumen boilers, and light horse-
drawn graders—and these machines by no means pos-
sessed by all councils—many of the latter have in the
five years of the Board’s work, purchased up-to-date
machinery and plant, such as power graders and
machinery for mixing tar and bitumen macadam (in

Application of bituminous surfacing to concrete pavement, Botany-road.

increasing extent as the urgently required repairs were
effected.  This process of comparatively heavy main-
tenance has therefore had to be continued throughout
the whole of the five years period, as additional
stretches of road began to suffer i one way or another
by the severe treatment to which they were subjected.
When it 1s considered that in the time mentioned the
number of motor vehicles in use has more than doubled,
and the distance run by a majority of the vehicles has
largely increased, it will be appreciated that in spite
of the extenszive construction programme carried out
hy the Board, the task of maintaining the main roads
in the County of Cumberland has become a heavier
cne each year.

As alfecting the amount of work undertaken in this
direction, the increase in the total length of maim roads
should also be mentioned, the majority of newly pro-
claimed main roads having required t'un||:.'1r:'1li\'c|}-‘
heavy expenditure to bring them into full use as a
part of the system of main roads.

A great part of the maintenance work has Deen
carried out by councils under grants made by the
Board after examination and approval of councils’
proposals, and while naturally in some cases there have

the case of two or three councils, even the more expen-
sive weighing and grading machines necessary for
mixing bituminous concrete ), so that high-class work
is becoming possible—to the benefit of the road user
and the still greater economy in funds.

In spite of the best efforts of co-operation on the
part of couneils, however, one of the essential require-
ments of a satisfactory system of highway maintenance
was lacking. A due degrec of uniformity in the
nature and condition of the surface 1s needed for any
such complete system, as a section, however short, in
an otherwise good road, which is very much below the
general standard. seriously detracts from the value of
that road. Similarly, from the view point of the road-
maintaining authority, to have one section of road
differing in class of material, or in any other respeet,
from the remamder of the road gives rise to ditheulty,
not only in providing the plant and materials required
for the particular type of road, but also in supervision
of the work done.  Such conditions were encountered
by the DBoard on several of the more important main
roads in the County of Cumberland,  The Great
Western road, for instance, traversed or formed the
boundary of thirtcen separate municipalitics in the
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fifteen miles between the city and Parramatta.
Main Southern road, likewise, was in charge of a
number of councils, and, adding to the difficulties which
would thus arise in sccuring umformm of condition
and methods of work, was the fact that a number of
the councils concerned did not possess the plant re-
quired for effecting repairs, much less the heavier
reconditioning required for preserving the condition
of the main road through their areas.

The natural outcome of these conditions was that
many of these councils either requested the Board to
take over, or, upon having the position explained to
them, concurred in assumption by the Board of direct
responsibility for mamtenance.  Provision of staff and
plant for the complete maintenance of all classes of
road was thus entailed, and a start having been made
in this direction on a few sections of any particular
road, it became necessary for convenience and economy
in working to take over intervening sections which hacd
to be traversed by the Board’s gangs, patrolmen, &ec.
Thus, practically the whole of the main routes (now
State Highways) came under direct maintenance by the
Board, and considerable economy has resulted from
this process.

Left, power scarifier-grader.

In its efforts to afford that degree of continuous in-
spection and attention so essential for keeping a system
of highways in proper condition, the Board has had
in view not only the safety and comfort of the travel-
ling public and the aggregate saving in the cost of
transportation made possible by the improvement in the
condition of the roads, but also the conservation of
the money invested in their construction—for if there
is one failure in road policy worse than another. it is
to spend money in constructing roads and to allow the
assets to be destroyed for lack of adequate mainten-
ance. It is the desire to avoid the lastnamed error
that has very largely governed the Board’s policy in
respect of the maintenance of the roads which it has
itself constructed either by contract or day labour. A
number of these have been built in bituminous concrete
by contractors who specialise in that particular type
of construction, and, partly as a guarantee of satis-
factory work, but mainly in order to ensure that re-
pairs, &c., are done in a proper manner by experienced
skilled workmen, the contracts for the construction of
the pavements have in all cases to date embodied :
provision for maintenance for a period of five yenrn‘.
The maintenance of these bituminous pavements at the

43562—B
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expiration of the respective contract periods, and of
the newly constructed pavements of other types
(cement concrete, &e.), will in the main be carried
out by the Board’s staff.

The following table sets out the mileages of pro-
claimed main and secondary roads in the County of
Cumberland in each year since the commencement of
the operations of the Main Roads Act and the expendi-
ture incurred i maintenance —

| Mileage of pro-
claimed or de-
clared roads at

Maintenance Expenditure.
the end of each

Year. financial year.
| 3 - ey
i - . Through |By Board’s ey
Main, | Secondary, Cmulc!igl. Ltaﬂ direct. Total,
March 1925- ‘;nth' £ \ £ £
June, 1926 ...| 548 | ...... 123,075 | 24,455 147,530
192627 ..| 550 12-0 | 108,707 | 97.132 205,839
192?—-'-*3 .-+ 554 19'5 111,939 | 127,155 239,004
1928-29 .. 500°3| 420 64,076 | 122,271 186,347
1920-30 (esti-
mated) o5 487 100,000 | 146,000 246,000
I'otals 507 7q7 517 013 1,024,810

Right, patrol maintenance equipment.

Thus at the end of the current financial year (3oth
June, 1930), more than one million pounds will have
heen spent on maintenance during five and a half years
that will have passed since the commencement of the
operations of the Main Roads Act. This includes not
only maintenance in the ordinary way, f.e., keeping the
road in trafficable order to its original width and condi-
tion, but also substantial improvements, such as the
tar surfacing of roads which were previously either of
waterbound macadam or gravel, heavy resheeting with
tar or bituminous macadam, either by premixing or
the penetration process, incidental work such as minor
widening of pavements, improvement of corners, and
replacement of faulty sections of foundations, &c.,
the restoration of street openings and the repair of
bridges. The bulk of the expenditure, however, has
been incurred in the normal processes of maintenance,
such as surface treatments with tar and bitumen, patch-
ing, light resheeting with premixed tar or bituminous
macadam, in making good the wearing away of the
earth and gravel shoulders of the rural-type roads
(i.e., those having a central strip of pavement only)
and (on the same type of road) in that very important
work of keeping watertables and culverts in order.
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Reconditioning of Old Waterbound Macadam

By Davip Cratg, M.INsST.C.E.,, M.I.LE.(AusT.)
Chief Engineer.

{ Nore.—The following is a statement which has heen pre-
pared for the guidance of and issue to the Board's Divisional
Engineers. It deals with a class of work which, in view of the
wide and ever growing spread of road transport throughont
the State, on ordinary roads as well as proclaimed main roads,
must receive increasing attention. It is a subject, therefore,
of great importance to all Councils as well as to the Board.—
Lditor.)

LD waterbound macadam roads requiring treat-
ment usually have to be reshaped, and some-
times widened also. Cases do occur, how-

ever, where the road presents a satisfactory shape, and
reconditioning or improvement of the running surface
is necessary. As in all country roadwork, the local
materials available are the dominating factor in deter-
mining what method should be adopted in recondition-
ing.

For light trafhc conditions, the most suitable method
is to reshape the existing road and surface with gravel,
if available. For this purpose, gravel of good binding
quality is necessary, as the underlying layer of metal
has the effect of preventing to some extent the rise of
capillary moisture. On account of the very satisfac-
tory results that can be obtained with gravel, the use
of this material should always be given first considera-
tion.

Where suitable gravel is not available, reshaping
alone is generally only a temporary palliative. If the
reshaped road is of adequate thickness, and contains
a high percentage of stone, it is possible to surface
treat it with tar or bituminous materials. In some
cases a reshaped road may be brought to suitable condi-
tion for surfacing by blinding with 34-inch screenings
(excluding material passing 34-inch ring), and rolling
and watering. In cases of this nature, two coat tar
or bituminous work is essential, and the first coat
should be tar, preferably Priming Tar, at the rate of
from 1/6 to 1/; of a gallon per square vard. The
seal coat may be bitumen or tar, depending on local
conditions, applied at the rate of .3 gallons per square
yard. If tar is used, it should be No. 1 grade, and if
bitumen, it should be of penetration at least 85—100,
and consideration might well be given to the use of
100-120, or 175-225 grades, especially in cooler parts
of the State.

There have been placed on the market recently
various grades of liquid bitumen. These are claimed
to be extremely adhesive, especially the 85/80 grade
(i.e. containing 83 per cent. of So-penetration bitu-
men). The liquid bitumens are intermediate between
road oils and ordinary bitumens, and have no measur-
able penetration. The least liquid of the liquid bitu-
mens approximates to 200 penetration, however. Under
most favourable conditions, 85/80 liquid bitumen might
be applied direct to a reshaped road. It is suitable
for application after a light tar primer in all cases
where surfacing is admissible.

Should the road be too thin or contain insufficient
stone for surface treatment, and gravel surfacing is
impracticable or undesirable, it becomes necessary to
add new metal. What thickness of existing metal may
be considered too thin is a matter for local determina-
tion. If the foundation is sound and dry, three or
four inches (thickness after reshaping) may be satis-
factorily surfaced, but if unsound, then a new wearing
course will be necessary. There are a variety of
methods by which this may be done, and in some cases
the construction of trial sections and close attention to
costs will be necessary to determine the most suitable
types. The following indicate some of the methods :—

(1) Addition of 215 inch or 3 inch thick penetra-
tion surface course using 1Y% or 234 inch
gauge stone respectively. A 3 inch layer
would have 114 gallons per square yard
grouting and 1/3 gallon per square vard
seal. The grouting for the 2)% inch layer
would be 1 gallon per square vard.

(2) Additon of 2 inch thick penetration course
using 114 inch metal.  Grout with 34 gallons
per square yard and seal with Y4 gallon per
square yard. In some cases, seal coat may be
omitted.

s

(3) Retread construction. 14 inch—2 inch thick,
using 1% inch metal. This method elimin-
ates most or all of the rolling necessary in
penetration work, and may thereby enable a
fair quality local stone to be used instead of
importing first-class metal. It results in a
smooth running surface. Seal coat may be
omitted.

“Semi-penetration.”  This name has been
used to describe several differing processes,
Among these are:—

(4)

(a) A layer one stone thick of 24 inch, or
even 114 inch metal is added and rolled
so that the stones are partly pressed into
the reslaped roadway. Bitumen—85—
100 or softer—or a suitable grade of tar,
is then applied at a rate between 14 and
2/3 of a gallon per square yard, and
followed with 31 inch screenings and
rolling.  Seal coat may be omitted where
bitumen is used for penetration.

“Puddle Macadam™ as used in West Vir-
ginia. In this “semi-penetration” method,
soft sandstone is spread 4 inch loose and
rolled. It is then filled to about 4 inch
above surface of stones by addition of
fine stone and dust and further rolling.
Surplus material is then swept off until a
mosaic surface is exposed. This is then

(Concluded on page 180.)

(b’



May, 1930,

MAIN ROADS.

179

The Organisation of Roz;d Works 1n the
Shire of Boree.

By Lroyp W. Morris, C.E., L.S., Shire Engincer,
and S. D. STABLES, STUD.LLE. (AUST.), Assistant Shive Engineer.

(In the February issue of “Main Roads” an account was
given by Mr. C. W. Williams of the organisation of road
works in the Shire of Tumut, and an invitation extended to
other Shire Engincers to contribute similar articles. In this
jssue, Messrs. Morris and Stables describe the position in the
Borec Shire. These statements as to the manner in which
various engineers are endeavouring to cope with the problem
of road improvement within their areas should prove of great
value to others engaged in similar work. The Board would
welcome further contributions from other engineers, arranged
somewhat along the lines adopted by Messrs. Williams and
Morris—Editor.)

General Topographical and other Conditions of
Shire—~The Shire of Boree, covering an area of 8oo
square miles, is situated in the Central-western Divi-
sion and on the western slopes of the Canobolas
Mountain, The country generally is undulating and
fertile, except for the Nangar Range and isolated
granite outcrops in the north and south-west. The
general altitude lies between 700 and 1.500 feet above
sea-level, and the topography 1s such that casy road
grades, with practically no side-cutting, are readily
obtainable.

The higher hills adjacent to Canobolas, an extinct
volcano, are capped with basalt.  The underlying Devo-
nian and Silurian strata are noted more or less for
their abundance of roadmaking materials, consisting
of limestones, quartzites, conglomerates, red sand-
stones and gravels. The soils commonly met with are
sound and capable of carrying heavy traffic when
covered with a light layer of gravel, but they are such
that scouring action readily takes place in side drains,

A moderate climate is experienced, extreme varia-
tions of temperature being exceptional.

The principal roads of Boree and the adjoining
shires form part of that system which radiates towards
Orange, so that the main roads run in a general east
to west direction. The shire headquarters are centrally
situated at Cudal, which is on the most important
road in the shire (Trunk Road No. 61).

The total mileage of trunk road in the shire is 37%5.
There are also approximately 8 miles of main roads
and 4)% miles of developmental road. Of the remain-
ing roads of the shire, 34 miles carry a certain amount
of through traffic, 8o miles carry heavy local traffie,
while there are 200 miles of by-roads and many miles
of lanes,

Gravel and other surfacing materials used on these
roads are taken an average distance of 3 miles, but
specially selected material is carted up to 18 miles.

Formation of a Policy—In order to overcome the
rapid deterioration of the principal roads of the shire,
the counal, at the end of 1928, entirely reviewed its
road policy. As a result it was decided to increase
the general rate from 2d. to 224d. and to spend two-
thirds of the available revenue on the maintenance of

|

main roads for a period of two years. The general
policy since then has been to allocate money for this
work according to its urgency. The relative urgency
of the work to be done was considered to be as fol-
lows :—

(a) Obligatory maintenance of existing good
lengths, consisting of grading, dragging, ap-
plication of “loose blanket” of selected
gravel and cleaning and aligning water-tables
and side drains.

> : 9 4
€. )i -'-‘ o,
‘p\\ 7 \ ‘Q"@Q{
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Sketch map, Shire of Boree.

(b)Heavy maintenance of worst lengths, consist-
ing of scarifying, reshaping, and widening
existing  pavement and resheeting with
gravel, the building of shoulders and drain-
age work generally.

(¢) Resheeting fair to bad lengths, without

scarifying and reshaping unless absolutely

necessary, and the cleaning of water-tables
and side drains.

General light maintenance of the remaining

portions. This work includes only patching

pot-holes and attention to longitudinal drain-
age where necessary,

(d

S
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It was decided that no new construction on main
roads was warranted until the total length of such
roads already constructed was placed in good condi-
tion.

The Yearly Programme~A flying survey of all
roads in the shire is made towards the end of each
calendar year. With the information obtained from
this the complete programme for the coming year is
prepared and the part dealing with main roads is
submitted to the Main Roads Board for approval
Sufficient time is allowed to permit of this being ob-
tained before the New Year in order to permit of an
early commencement of the work being made. After
such approval is secured, any variations introduced
are only of a very minor character. Care is taken to
have the whole of the work completed within the
year,

Views showing method of loading gravel.

The Conduct of the Work—Both day-labour and
contract methods for the carrying out of works are
used, although wherever possible, the former is pre-
ferred, as it is found that, carried out with proper
organisation and supervision. supplemented by a bonus
system, it is cheaper and more satisfactory. This does
not apply to large bridges or other works of a similar
nature.

During the holiday season the plant is overhauled
and any necessary repairs made. Before operations
are commenced on a large scale the permanent em-
ployees are re-selected from those engaged during
the previous year. Two complete large gangs are or-
ganised and each commences work in a different dis-
trict. All work, as set out in the programme, is done
by these two gangs, the work on main roads being

done in conjunction with that on the less important
roads.  The gangs proceed in a definite direction and
do all necessary work as they go, so that no re-travers-
ing of an area once covered is necessary, except in
cases of extreme urgency or for carrying out the sys-
tematic maintenance described elsewhere.

Method of Carrying out the W ork.—Maintenance
and construction plant is kept up to date, as it is
considered that the greatest economy can be obtained
only by the use of the most suitable machinery and
the exclusion, as far as possible, of all kinds of hand
work., Drays are hardly ever used, except for shifting
camp, motor trucks for this purpose being, in general,
preferred.  Plant in use m the shire includes the fol-
lowing —Two 10-ton steam rollers, two complete port-
able crushing and screening plants, driven by a Robey
tractor and oil engine, two scarifier-graders (light
type), one 8-foot grader, all complete with back
slopers, eight baby graders, two 3)%-yard, one 3-yard,
and one 1}%-yard motor trucks, a large number of
drag and wheel scoops, four rooters, twelve No. 66
and 64 mouldboard ploughs, and several light ploughs,
one motor water cart and spray, one horse-drawn
water cart, besides bitumen kettles, a large number
of heavy and light road drags, &c.  Such spare parts
as are most likely to be required are always kept in
stock.

A close attention has been given to detailed ad-
ministration of road work in order to obtain the
most economical results,  All work 1s carried out on
a unit cost basis and detailed unit costs for different
classes of work, under varying conditions, together
with methods to be employed and details of organisa-
tion, have been prepared.  Responsible employees are
given these figures from which they daily check the
actual cost, which must not in any case exceed those
which are applicable to the given conditions. If they
do so and the ganger 1s unable to rectify the matter,
it is immediately reported to the engineer. All em-
ployees are closely watched and those not giving satis-
faction are immediately dismissed ; while those show-
ing a marked aptitude for any particular class of
work are kept on such work as far as practicable.

Special attention has been given to economical
methods for the handling of road materials, &c. For
loading gravel at the pits, the following method is
employed :—A loading stage, consisting of two hinged
doors of 2V2-mnch oregon about 10 feet long by 2 feet
wide, is constructed. These doors are supported by
three catches on a centre bar which are controlled by
a single lever and are counter-weighted. The gravel
is tipped on the doors with two-horse scoops and the
motor trucks are driven into an excavation made be-
neath them,  The lever is then pulled over, which
releases the catches and allows the doors to open
and the gravel to fall into the truck. If the loading
device is properly constructed, this takes place with-
out undue jarring to the vehicle beneath,  The aver-
age time taken to load a large truck is about 20
seconds and the average quantity of gravel loaded by
one man in a day with a two-horse drag scoop is 60 to
70 cubic vards, the record being 132 cubic yards, The
total cost of such a loading device, exclusive of the
portable doors, seldom exceeds £10.
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Actual average unit costs per cubic yard of gravel,

when handled as described, are as follow ;—
s, d. s d

Ploughing gravel with rooter .. .. 0 g4too 0
Scooping and loading .. .. .. .. 0 gtoo0 10
Total loaded on trucks 1wy
Hauling 1 mile 0 gto1 3
Spreading, harrowing and gnuiuu., 0 400 5
Net cost spread on road 2 203 0
Overhead expenses—
Loading stage e ee ee .. 0 0dtoo
Supervision, &ec. e ee ae .. 0 2 tOO 3
Total cost spread 2 43 t03 4

Property-owners rarely require the council to pay
compensation for gravel obtained from their land.

Contract rates for haulage are as follows:—

1 mile, 1s. 3d. per cubic yard.

2 miles, 2s. per cubic yard.

3 miles, 2s. 6d. per cubic yard.

The rate is increased by 6d. per mile for each addi-
tional mile. When carried out by the council by
day labour the cost averages, over all hauls, about 6d.
per cubic yard less than this.

The following is taken from the result of an actual
day’s work i —

One Levland truck (capacity—Ilevel full, 54 cubic vards)
made 40 trips on a lead of about 1 mile on a good
road.

Rate

per culy yd.
Ploughing gravel (2 men and 3 horses)

hali day .. T 2d.
Loading and wcoopmg Sel ed o WE WS uG ol
Loading in trucks .. .. .. .. .. 11d.
Per day.
o £ osod
Depreciation on Leyland .. @ 3 7 o
Driver and greasing .. .. (@ 110 0
Petrol and oil i v ew o) 20100 O
Total oo ms w5 £7 17 o or 8d
Spreading, harrowing and grading (3 men
and 2z horses, half time) .. . 4.
Net cost spread on road .. .. .. L. 1s. 114,
Ganger (part time) ¥ e R TWGD ek 1.
Loading stage, &c. (life 4,000 cub. yds.) 1d.
Incidentals, shifting camp, wood and water
and contingencies .. .. .. .. .. 24d.
Total cost spread on road .. .. .. 25 3hd

The scoopmen are paid a bonus of 55 on loading
60 cubic yards in one day and gd. for each additional
cubic yard. This has been found to produce very
good results, not the least of which is a reduction
in the rates paid for contract haulage, due to the fact
that no time 1s lost at the pit as was formerly the case,

All minor repairs to motor trucks are carried out
before or after working hours, and the drivers work
right up to knock-off time in order to enable the
scoopmen to do so.

Considerable trouble has been experienced in the
past from the occurrence of corrugations on gravel
roads. This has now been practically overcome by the
use of scarifier-graders and heavy drags shod with
steel plates, These have been found to produce highly

satisfactory results when used immediately after rain.
A “loose blanket " covering of specially selected gravel
reduces their formation to a great extent. Light
maintenance on the principal roads is carried out by
first stacking selected gravel in heaps of 1 cubic yard
each at 1 chain intervals along the road, the trucks
being divided into compartments of 1 cubic yard for
the purpose. These are placed on the shoulders close
to the road, but out of the way of traffic. The heaps are
spread after dragging as required, two men with a
drag scoop doing about a mile a day.

Gravel road showing " loose blanket " and heaps of
maintenance gravel,

Supervision and Administration—The results de-
scribed above could not have been achieved without
careful and thorough engineering supervision, and the
same interest by the engineer in day-labour working
costs as would be taken by a contractor. The great
assistance rendered by the council in giving the en-
gineer a free hand to organise the carrying out of
the programme of works, after it has once been
approved, has also been a most important contributing
factor and is greatly appreciated.

A single-seater Chevrolet car, owned by the council,
is used in supervision work. It has been found very
useful, on a small scale, for the transportation of the
less bulky stores and materials.  Last year 20,000
miles were covered in supervision and inspection work
at a unit cost of approximately 3%d. per mile.

The employees are paid fortnightly. The time-
sheets arc sent in on Saturdays and the men paid
during the following week. Formerly it was the prac-
tice for the men to fill out these forms during the week
up to the Friday night. This system was found to be
unsatisfactory in view of the fact that it made accur-
ate allacation of the expenditure unduly difficult,
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Developmental

N the March issue of Main Roads reference was
made to the Board’s proposals for an investiga-
tion to be made with a view to determining, so

far as it is practicable, the economic result of the
expenditure of State funds on Developmental Roads
since the commencement of its operations, To assist

Roads Policy.

in this direction, a statement of expenditure on the
various roads assisted in the Upper Northern Division
has been published in the preceding issue of Main
Roads, to which the following table, dealing with
Developmental Roads in the Lower Northern Division
1s now added.

LOWER NORTHERN DIVISION.

STATEMENT of Works undertaken and completed from 1st

July, 1923, to 28th February, 1930, and expenditurc

of Developmental Roads Funds to 3oth June, 192q.

| Location of Waork,

Completed Cost,

Dev. | Date of | Shire or ™ N : Expenditure
Road [Proclama-| Munici- Cl\:?b ol Length, Amgunt of Squrce of - e to joth
No. tion bty . ork. Grant. Funds. Council's . June, 1929.
: g patity At From Contribu- Total,
tion.
m. ft. £ s d £ s d £ s 4 £ s d
oy | 22/r/26 | Mandowa | 43 me to g} m. . [Mamilla, towards| Gravel, 5 o 5000 o o |CCS 1925-26 150 3 6 5,151 3 6 (5,000 O O
Buoggalri. culvert and
mu.‘.nways.
- wee| 0} 1 Lo 12 m. o000t i ...| Gravel and| 3 5,000 |0,805 o9 o | Vate 1g26-27 S 6,805 ¢ o (6805 9 ©
13 m. 1,220 ft. to 14} culverts,
nw
" wer| B4 Mgy 0§ to 15 M., - W teza | oo0 o o | Vote  1g28o2g 2,000 O O (1000 O O
134 mop o 144 mop.,
. | £2 1, 1,000 ft. tO 13 m. - | Gravel 1 o220 |zoo0 o o | Fed, Aid Grant, 2,000 0 © [1,900 O ©
1,220 1., 1926—27.
111,20 (15805 9 o© 151 3 6 |15,956 12 © |14,705 9 ©
1030 1/7/27 | Hastings | o ft. to 4,700 ft, (paved| Telegraph  Point| W.H.M. and| o 4,700 |2,500 o o | Vote 1927-27 327 5 o 2827 5 o250 ©0 O
to 3,500 f1.)" North. culverts,
" e | 45700 M1, to 2m. 1,140ft. " ol WoBM. L) 11,720 (7,338 14 B | Vote 1928-29 R — 2,000 0 O
2 1,140 |9,838 14 8 3127 5 o0 |2,827 5 0 |4,500 o O
1032 | 22/1/26 [ Cockburn | tf m. to 3 m., 3 m. to 53| Limbri ... wo| Clearing andl| 4 2,277 5,812 o o |C.C.S, 1925-26 | 644 © 5 6,436 o 5 |5812 o o
. formation,
i woo| Limbri Bridge ... i ...| Bridge and| ... |z,577 17 4 | Vote 19206-27 200 0 O |z2077 17 4 |2777 17 4
culvert, inc.
approaches.
o v Swamp Oak Creek and 7 «o| Bridges ... ...... 2,228 1 10 | Vote 1gz2b6-27 200 0 © |2,428 1 10 |Lgoo o O
Taylor's Creek,
" v | 183 m. to 194 m. " wo| Earth  for-| 1 2,354 | 2,604 & 5| Fed. Aid Grant,| 200 o o (2,814 % 5 |2,000 0 o
makion, 1926-27.
i wi| 9 m. 1700 o to 10 m, " oo | Deviation 1 870 369 o 1o |Vote 1gz20-27 | ... SGivi e
2,640 11, and forma- 2,000 0 o |Vote 1928-29 FEE A panane
tion.
7 221 (15,801 B 5§ 1,244 O 5 [14,676 8 o0 12,489 17 4
1034 | 22/1/26 | Peel  ..[5m. to6 m. 51ch, 8 m.| Westdale  Rail-| Gravel, 4 462 [2,400 o o |C.C.5. 1925-26 | ... FE AT 2,400 0 O
to 9 m. 7z ch, 14 m.| way Siding. culverts
72 ch, to 15 m. 32 ch, and cause-
ways,
" «..| o ch. ta 65 ch,, 65 ch. to ¥ .--| Gravel, cul-| 1 3,069 |5,000 o0 o |Vote 1926-27 o § 6 |5000 ¢ 6 |5000 0 O
135 ch., 135 ch, to 142 verts and
ch., 191 ch. to 207 ch. ) causeways.
i woi| B3 ch. to 2734 ch, .| Winton ... v | Gravel 2 2,013 | 5,144 6 o | Fed. Aid Grant, ST 5144 5 5 |3000 0 ©
1927-28.
B o204 (12,544 O © ¢ 9 O |10,144 14 II |[10,400 O O
1037 | 22/1/26 | Wyaldra | om. toom. 1,200 ft., 0 m.| Goolma .. is wel 03,840 [1,800 0 o |Votle 1g28-29 e 1 weess AR

2,700 It. to 1 m. 6o ft.
" «e| 37 ch. to 51 ch., 2 m. " «-+| Clearing
22 ch, to 2 m. 53 ch., Gravel

v3m. 55 ch., 4 m-
14 ch. to 6 m. 34 ch,,
I m. 6 och to 1 m. 26
ch., 1 m. 39 ch, to r m.

3 2,640 |) i s
03:*‘-‘36 { 1,000 00 C.C.S. 1925-26 135 b 11 1,135 6 11 |I,000 O ©

G5 ch,
to44 | Extended| Manning | 8 m. 2,000 ft, ... v | Gloucester  and| Timber
29,/6,/28 Manning Shire| bridge,
boumdary, to-] Brown's
wards  Kram- Creek,
bach,

12/3/20 | Gloucester| 3 m. 3 ch. to 4 m, 1o ch,| % m. 67 ch, from| Formation
Gloucester and
towards Kram-| culverts,
bach.

" see| 4 ML 10 C MO 6 M, - " o b

4 4,236 | 2,800 0 a 135 € 11 |n,135 6 11 |[L000 ©

weeene | 5,000 0 0 | Vote 1928-29 S L.

la

t 462| 730 o o |C.CS. 1925-26 | 867 3 5 |n617 3 5| 750 © o

1 4,620 5,000 0 o |Vote 1g28-2¢ [P TR [

2 5,082 |10,750 0 © B67 3 3 |1,617 3 5 750 © @
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LOWER NORTHERN DIVISION—continued.

Location of Work. Completed Cost.
Dev. | Date of | Shire or . 5 Expenditure
3 s Class of Amount of Source of pe
P Proolanng) AR Work, | LenEth: | TG ant, Funds, Council's J‘° Joth
40 on, LY. At From Contribu- Total. une, 1929.
tion.
. . m. ft. £ 5 d. £ s d. £ s d | o0
to48 | 22/1/26 | Macleay...| 4 m. to 6 m. 62 ch...| Comara ] Formation 3 198 |6,000 o o |C.CS 1925-26 422 14 9 |6,422 14 ¢ |6,000 O O
gm to § m 35 ch,f 1 and
tom, 10ch, to 12 m.|»Bellbrook " culverts.
26 ch. .
2 ..| 6m.62ch, to7m. 1och,,| Comara ... " 1 2,244 (3,252 19 O | Vote 1o26-27 | ... vaash
sm. 60ch. tosm 76ch.
7 m. 10 ch. to 8m 2 o
o eee| 6 m. to 6 m. 2,713 ft. | Bellbrook " 02,713 5329 3 6 | Fed Aid Grant, | ... -
e —— 1927-28. —_————— | —_——— —_—
4 5,155 |10,5%82 3 o 422 14 0 [6,422 14 0 |booo o O
1056 1/7/27 | Hastings | o m. to 4,940 L, 5,840] Kendall woo| Gravel and| 1 2,115 (4,904 12 § | Vole 1926-27 4,994 12 8 4094 12 8
ft. to 8,300 (t. culverts,
w e]4mao it to 5.E40 i, " W.BM. .| 125205212 2z 6 |Vote 1928-29 1,500 o ©
¥,300 ft. to 11,600 ft.,
3 m. 1,900 ft. to 3 m. e e e e
Aa2o0 i, 2 4,635 (10,206 15 2 4,994 12 8 6,494 12 8
toy3 | 8/8/27 | Bellingen | 0 m. 6och, to 1 m. 52 ch.| Bonville, towards| W.B.M. and| o 4,861 | 2,200 o o [ Vaote 1926-27 332 5 8 |z332 5 8 |z200 0 ©
Bonville Stn, culverts.
1075 | 5/8/27 | Nambucca| o m. to 3 m. 4,768 it ...| Macksville lirarel and| 3 4,768 | 8,000 o0 o |Vote 1926-27 | 119 0 o |8,119 o o [S000 0 @
culverts,
W | 29 m. 786 ft. to 31 m, " Formation...| 2 4,281 370 o o |Vote 1928-29 ] i WS
4,007 ft. 6000 o o | Fed, Aid Grant, 0,370 © O (5000 © 0
1g27-28. f
. v 31 M. 4,067 ft. to 33 m. b .| Formation, 1 3,359 6,032 o o | Vote 1g928-29 . = 2,000 O O
2,040 ft. and
culverts.
- v..] 30 m. and 30 m. 68 ch. . o] Gravel  and] o 4,488 [ roon o o | C.CS 1923-24 i 210 [Lmd 210 |[Looo O O
culverts,
g 1,056 |21,402 0 o 125 2 IO [15,495 2 1o [16,000 © O
to78 | 5/8/27 | Nambueca| 174 m. to 18 m., 18 m. to| Bowraville ...| Gravel and| 3 4092 [1,500 o o | C.CS. 1923-24 296 3 10| 1,796 3 10/I,500 © O
19 M., 214 m. to 244 m. culverts, )
- o meto 2 m. g6z ft. " ool Gravel and | z 462 |6,500 o o | Vote 1g26-27 A e 450 © ©
bridges.
¢ 23 9 10 | C.C.S, 1923-24 )
. W2 me g6z L ta 3 om. i LIW.BM, .1 2008 2,822 13 10 | C.C.8. 1924-28 | > i | i 1,500 0 0
2,470 ft. 1,125 5 o | C.CS5 1025 20 J)
7 1,282 11,971 B8 2906 3 10 |5L,796 3 10 [9.450 0 O
1093 3/2/28 | Cockburn |0 M. to 2,254 ft., 3,300] Attunga, towards| W.B.M. and| 2 1,386 (6,080 1 3 | Vole 1920-27 |1,430 1 4 (7528 2 7 [bo8g 1 3
Extended ft. to 2 m, 2,342 ft. Hall’s Creek. culverts. .
6/7/28 . woo| T m (Attunga Creek) ... " ...| Bridge e WY 1,650 0 o | Vote ayz8-29 s 1,650 0 o |1,500 0 O
- 2 m. 4,830 ft. to 3 m, " ...| Earth  for-| 0 4,300 525 o o | Vote igzi-29 j0z z 4 is0 o o
3,850 ft. mation.
4 o tm. e, to 4 m, 2 ch,...| Attunga, towards| Culverts (&).. 1,850 o & | Vote 1g928-29 14 12 6 |1,864 13 2 |Lo00 0 o
Somerton,
3 406 [10,144 1 11 1,453 13 10 [11,544 18 1 |B939 1 3
1094 3/2/28 | Hastings |0 m. 2,200 ft. to 5 m, ...| Kindee ... .| Gravel | 4 1,440 |15,000 0 o | Fed. ,\idatjruut. TR % b0 o o
' 1g27-28,
1102 | 6/7/28 | Merriwa,..| 3 m. to 3j m. and 5 m,| At Bow, towards ” o] 2 2,150 | 4,600 o0 o | Fed Aid Grant, FRETTR (Ve 1,500 0 O
48 ch, to 7 m, 21 ch, Idaville. 12724,
Extended " Jt mo to 1 m. 35 ch, " vivees |3,000 0 o0 | Vole, 1g28-29 v 2 i
29/11/29 9 m. 33 ch, to 10 m. T 2 1,792
25 ch.
4 3942|7000 0 0O ' asee 1,500 0 ©
6/7/28 |U 16} m. to 17} m, oo | Aberdeen .| Gravel two .
TS 17 Ilii?er. t " brids'es. 0 4,538 |to,000 0 o | Fed. Aid Grant, e L,000. O O
15} m. (Kouchel) ik i Bridge 1g27-28,
i v I M to 12} M. " ...| Deviation ...| 1 3,930 [4725 o o |CLUS. 1923-24 |1,6g5 3 o |6420 3 0§ |4,725 O O
o el 14 m.to 15 m. 5 i e » .| 081902400 0 0| C.CS 1924-25 | 495 5 6 |2872 11 B |2,377 6 2
3 3,088 |17,135 0 o 2,90 9 3 (9,292 15 5 |Baoz 6 2
t1og | 29,/0/28 " 1 m. to 3 m. 4,025 ft. ...| 41 m, from Scone| Formation, | o 4025|5000 o o | Vote 1g26-27 | ... 2,000 O O
culverts,
rr12 | 20/7/28 | Liverpool | o m. to 1 m. 8 ch. ...| Dubbledah ... Gravel | T 8462000 o o |Vole gz8-zp vaswss | ewwens -
Plains,
i w.| Tm, Bch, to t m. 6och,, W .| Formation, | t 2,720 [3.000 o o | Vote gzb-27 | .. 2879 5 2 (2000 o0 0
7 m. to 7 m. 70 ch. gravel,
2 3,266 [5,000 0 © 2879 5 2 |2000 © ©
2 | 28 | Peel,  ...|om.to 66ch, 1m. 17ch,| Gidley Siding ...| Crossings. o 693 - 8 |86 &
1/9/ eyt el 2 1,308 }s,nm o o | Vote 1928-29 o 1 Wboo 1 8 |6500 o o0
I
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The Six-wheel Rigid Frame Motor Vehicle.

By J. James, B.C.L.

Engineer.

N the February issue of Main Roads, the necessity
was pointed out of not only adapting the roads to
the vehicles using them, but also of endeavouring

to develop types of vehicles which are capable of
economic operation and, at the same time, do not re-
quire expensive forms of road construction. One of
the transport units which have recently come into use
with this latter objective is the six-wheeled rigid frame
motor vehicle.

Fig. 1.

The adaptation of pneumatic tyres to commercial
vehicles has, in the first place, enabled speeds to be
increased from the comparatively low values suitable
to solid tyred vehicles, and concurrently, the develop-
ment of the six-wheel rigid frame chassis (shown dia-
grammatically in Figure 1) has cnabled the gross
weight of vehicles, and in due proportion. the pay load
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Fig. 2.

also, to be considerably increased without exceeding
the wheel load limits fixed in the interests of prevent-
ing undue damage to road pavements. The principal
type of six-wheeler developed during the last six years
1s such that several very definite advantages accrue to
both vehicle and road, as compared with conventional
four-wheelers of similar load-carrying capacity.

As indicated by the diagram, Fig. 1, the six-wheeler,
in respect to its front end. is identical with the ordinary
four-wheeler. The rear end of the chassis, however,
is supported by a bogie of four wheels, each of which
is connected by suitable gearing to the engine of the
vehicle. Each axle is. provided with a differential, as
in the four-wheeler, but there is no differential between
the two axles. The bogie is free to pivot about an
axis at right angles to the length of the chassis, and
each axle is spring-connected to this pivot in such a
way that very considerable relative movement of the
four wheels 1s possible. It is an essential feature of
the construction of the bogie that, under all conditions
of load and road, the balanced suspension shall enable
the weight of the rear end of the chassis to be shared
equally between the four driving wheels.

Figure 2 has been compiled from published data
concerning DBritish four-wheel and six-wheel trucks
marketed in Australia, and arranged to indicate the
relationship between chassis weight and total weight
(chassis, body and maker’s load rating) and to show
the corresponding maximum (rear) wheel loads. In
chassis of the same rated capacity there is no practical
difference in weight as between four-wheel and six-
wheel vehicles, The ratio of “weight of body and
load” to “weight of chassis” steadily increases from
100 :100 for a vehicle weighing 3 tons loaded to 160 :100
for a r1o-ton vehicle, and would be approximately
200:100 for a 15-ton vehicle. Throughout the range
of the diagram the maximum wheel load of any six-
wheeler is approximately 6o per cent. that of the four-
wheeler having the same gross weight.

The advantages of the six-wheeler, compared with
the four-wheeler, are as follow :—

1. Greatly lessened road-bed pressures. Figure 3 is a
diagrammatic representation of the pressures trans-
mitted through the pavement to the road sub-grade
from the rear wheels of six-wheel and four-wheel
vehicles of equal load capacity, and has been drawn
from the results of actual tests made upon a certain
pavement by the United States Bureau of DPublic
Roads. These tests indicate that the maximum sub-
soil pressure produced by the six-whecler is only one-
third of that produced by the four-wheeler. It follows
that a considerably lesser depth of pavement would
satisfactorily convey the former vehicle over a given
subgrade than would be necessary to adequately sup-
port the latter.

2. Reduced impact forces.—The rear wheel loads of
a six-wheeler are approximately 60 per cent. of those
of a four-wheeler of the same capacity, and conse-
quently the unsprung weights of six-wheeler and four-
wheeler are in a similar ratio. The advantages of a
lighter unsprung weight, as regards riding qualities,
are too well known to need further comment.

To determine experimentally the impacts arising
from motor vehicles the United States Bureau of
Public Roads has made a number of tests. The details
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and results of one series, shown in Figure 4, demon-
strated that, of all the vehicles tested, the six-wheeler
although the heaviest, caused the least impact, and would
accordingly be the most economical vehicle in regard
to damage to the pavement. The figure shows that
the impact forces m the case of the six-wheeler are
approximately equal to those in the case of a four-
wheeler with a nearly equal wheel load and similar tyre
equipment, indicating that the balanced suspension of
the former vehicle 1s functioning as designed, and all
road shocks are shared equally between the two driving
axles.

3. Improved traction.—Should one rear wheel of a
conventional four-wheeler lose traction it spins and
power is automatically cut off by the differential from
the other rear wheel. With the six-wheeler, when a
rear wheel loses traction it cannot spin so long as the
remaining three wheels, or two wheels of one axle,
retain their grip of the road (since there is no differ-
ential between the rear axles), and power will con-
tinue to be applied through one axle at least. The

S — 6 WHEEL TRUCK
CARRYING 10,000 lba.
T -
2 SUB- SOIL PRESSURE
3 (POUNDS PER SQUARE INCH )

4 WHEEL TRUCK
CARRYING 10000 ]bs.

SUB-SOIL PRESSURE
(POUNDS PER SQUARE INCH)

N A WA —

Fig. 3.

degree of improved traction provided by the latter
vehicle has been demonstrated conclusively on many
occasions during recent years. Conditions such as
muddy unmade roads, désert sand, and grassy hill-
sides are negotiable by the six-wheeler, which, when
provided with suitable wide range gearing (lt:blgmd to
take full advantage of the improved traction, may be
operated on grades quite outside the scope of the
four-wheeler.

4. Increased life of tyres.—In Figure 3 it 1s shown
that, in turning a corner with a six-wheeler, and steer-
ing by the front wheels only, the difference in the
radii of the paths traversed by the two rear wheels on
one side is about 34 inch. This difference is easily
compensated by the “give” in pneumatic tyres. In
the comparable four-wheeler, which, if of more than
moderate capacity, would necessarily be fitted with
dual tyres on the rear wheels, the difference in radii
of the paths traversed by each tyre would be of the
order of 7 inches, which could not possibly be adjusted

by “give” in the tyres, and slipping would occur.
Should dual tyres be used on the rear wheels of a
heavy six-wheeler these will be considerably smaller
than the tyres of a corresponding four-wheeler, and
would therefore be set closer together. This again
would reduce wheel slip, as compared with the four-
wheeler,

THOUSANES OF POUMDS
MMEA TN ES EEa S = -
NEZPFHASRELSAES anD
THOUSAMDS OF POUNGY

TOTAL WEICHT OF TRUCK rws [0 IMPACT Teus m
AII wehicles drven at (73 mies per hour wsnnobstrud-an 2ns h?

‘ W"!ll YWCI

im«[u TRUCH | AWHEEL THUCK | 4 WHEEL THUCR ; INHIKL 1uutl

Preurrotic tyres | Pneumatic tyres Sobd tyres |
Wheel load 4750 1bs, Wheel od 2001 | Whee! load 7900 by WM an-dmm Hr-ql-mu Mm
i e

Fig. 4.

Experience has shown the life of tyres on six-
wheelers to be from 50 to 75 per cent. in excess of
that on four-wheelers, whidl IS due in a large measure
to the reduced tyre slippage and wheel spin.

5. Increased safety.—DBrakes can be applied easily and
conveniently to each of the four driving wheels of the
six-wheeler, and the construction of the bogie greatly
facilitates the equalising arrangements on the second
and third axles. Should the brake on any one wheel
be faulty that wheel would nevertheless be locked,
since there is no differential between the two axles.
The six-wheeler makes four rear tyre contacts with
the road, as against two in the case of the four-whecler,
and skidding 1s practically eliminated.

— |

— ,l,—,,—
._r =

Fig. 5.

6. Increased riding comfort.—1The impact forces dealt
with by a rear axle of a six-wheeler are approximately
one-half those which would occur in a vehicle with a
single rear axle. In the former case the road shocks
are shared between the two axles by the balanced sus-
pension, and the shocks reaching the body of the
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vehicle are thus further reduced, as compared with a
four-wheeler of similar capacity operating under
similar conditions. Also, as demonstrated by Figure 1,
it one of the rear wheels should sink into a hole, or
ride over an obstruction, the hody and load will fall
or rise, as the case may be, only one-half the distance
as compared with the four-wheeler. These two con-
siderations explain the increased riding comfort of the
six-wheeler.

7. Less road congestion.—\Vith six-wheelers, less
vehicles are needed to handle a given tonnage. On
account of the reduced wheel loads these vehicles lend
themselves to the use of pneumatic tvres, which leads
in turn to increased speeds. On account of the easc
of applying four-wheel brakes to a six-wheeler the
latter can safely be run at a higher speed than a heavy
duty four-wheeler.

Fig. 6. A medium weight, War Office type, six-wheel
chassis.

8. Increased economy of freight transportation.—A six-
wheeler complying with the legal gross weight limit
of 14 tons 13 cwt. would, as indicated by Figure 2,
have a chassis weight of approximately 4 tons ¢ cwt.
Assuming a body weight of 1 ton 4 cwt. then the net
load capacity of the vehicle would be ¢ tons, while the
dead weight, or non-paying load, would be 5 tons 13
cwt. Thus, for each ton of pay load 1214 cwts. of
non-paying load would be propelled. ~ Corresponding
figures for other vehicles are given below.

| Dead
Chassis | Body | Total Tay Dead | Weight

Vehicle and capacity, e il L C oL | per tan
weight, | weight. weight.| load. | weight. of pay
| | Inad.

tons, | tons. tons. tons, tons, tons,
Legal limit 6-wheeler (o tons)  4.45 .20 | 14.65 9.0 5.05 .63
Legal limit 4-wheeler (0 tons) 4.0 1.0 1L.o b.o 5.0 +83
4 wheeler (4 tons) .. sl 38 & 8.5 4.2 4.3 1.02
4-wheeler (3 tons) ... el 3.0 7 7.0 3.3 3.7 L1z
4-wheeler (2 tons) .., 2.2 6 | 5.0 2.2 2.8 1.27

These figures indicate that the six-wheeler, by
reason of its superior pay load ratio, would show a sub-
stantial economy in fuel consumption, tyre wear, and
wear of pavements, as compared with any permissible
four-wheeler,

Also, one six-wheeler, with one driver, could dis-
place two four-wheelers, each with a driver, thus econo-
mising in wages; while the distinctive characteristics
of the former vehicle—reduced wheel loads, four-
wheel drive, and balanced suspension-—lead to still
further economies.

The foregoing relates specifically to the three axle,
four-wheel drive, balanced suspension type of rigid
frame six-wheeler which has been developed under
the auspices of the British War Office.  There are
other types of six-wheelers which do not employ the
War Office type of drive or suspension, and some drive
on two wheels only. These vehicles, in general, are
superior, in respect to the characteristics discussed
above, to four-wheelers, but do not necessarily confer
all the advantages of the type of vehicle to which the
discussion is principally directed.

Acknowledgement is made of information extracted
from the following sources:—

“ Public Roads.”

“Highway Engineer and Contractor.”

“ Australian Commercial Motor.”

_ e
Reconditioning of Old Water-bound Macadam,

(Continued from page 178)
treated with about §4 gallon per square
vard of tar, and chippings are applied
and rolled. Seal in the usual way.

(¢) Constructing a light surface course as

for waterbound macadam, but stopping
at the point when water should be
applied, Then apply tar or bitumen.
This is substantially the same as “puddle
macadam.”
An ordinary light penetration surface
course, e.g., 2 mches thick, 1s sometimes
referred to as “semi-penetration.”  The
use of the term in this connection is to
be deprecated.

(d

It will be noted above that Priming Tar has been
recommended for priming reconditioned roads. In
most cases a suitable road oil will be equally satisfac-
tory—such as the Board’s specification for Road Oil
“A” Both Road Oil “A” (or any oil containing 33
per cent. or less of 8o penetration bitumen) and Prim-
ing Tar may be applied cold in warm weather. For
National economic reasons however, it will be realised
that, provided acceptable local products can be obtained
at satisfactory prices, their use is preferable to the
importation of materials from overseas.

—

Gragie of Bitumen recommended for Use
in Penetration Macadam Roads.

Tne following circular was issued on 3rd April, 1930,
to all Councils in the Eastern and Central Divisions
of the State:—

The Board has had under consideration for some
time the advisability of amending its specification for
the bitumen used in bitumen penetration macadam
roads and in surfacing work, from 6o-70 penetration
grade to a higher penetration grade.

Experience has now demonstrated that 85-100 pene-
tration bitumen may be substituted for 60-70 penetra-
tion bitumen without increased risk of “bleeding” in
hot weather, and with the definite advantage in both
penetration and surfacing work of greater fluidity at
time of application, especially at relatively low tempera-
tures. A further advantage in surfacing work is that

(Concluded on page 18q)
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The Maintenance Organisation of the Prince’s
Highway Within the Southern Division.

By T. A. DoNaLDsON, M.ILLM.&Cv.E., AM.LE. (AusT.)

Divisional Engincer.

HE Prince’s Highway within the Southern Divi-
sion extends from Nowra on the north to the
Victorian border on the south, a distance of

254 miles, passing in turn through the Municipalities
of Nowra and South Shoalhaven, the Shire of Clyde,
and the Municipality of Ulladulla, the Shires of Euro-
bodalla and Mumbulla, the Municipality of Bega, and
the Shire of Imlay. For the whole of its length, it
closely follows the coast line, frequently being in con-
tact with it, and never more than 15 miles distant. Tt
passes through beautiful scenery and, because of this
and the many facilities for bathing and fishing, the road
is one of the most popular tourist routes in the State.
In addition, it is one of the two Interstate Highways
to Victoria and the main avenue of communication
between the South Coast and the State Capital, via
Nowra, at which point the railway from Sydney term-
inates. It therefore performs the duties which in other
parts of the State are rendered by a combination of
rail and road, which makes it singularly important.
The country passed through is devoted primarily to
dairying, on which account the road facilities must be
such as to permit of uninterrupted daily delivery of
milk or cream to the factories established at the various
centres. The chief points of contact with the coast are
at Ulladulla, Bateman’s Bay, Moruya, Narooma, Bega
(via Tathra), Merimbula and ISden. These places
are served regularly by coastal steamers, and hence
they constitute, with the rail head at Nowra, the
strategic points through which supplies of tools, plant
and materials (other than those locally available)
must be obtained.

The surface of the Highway, with the exception of
about 12 miles of bituminous pavement between Nowra
and Tomerong, and short lengths of bitumen or tarred
surfaces in the business areas of Milton, Bateman's
Bay, Moruya and Narooma, is generally gravel inter-
spersed with lengths of waterbound macadam or earth
sections. Suitable materials for maintenance and re-
pair are, especially at the northern end between Nowra
and Bateman’s Bay, difficult to obtain and of some-
what inferior quality. Towards the southern end,
however, the supplies of stone and gravel improve in
quahty, particularly within the Bega district, where
excellent decomposed granite gravel is obtainable at
small expense.

As regards alignment and width, it was—and still is
in certain parts—(like many other roads in the State
which had been located and built before the advent of
the present age of fast moving motor traffic) by no
means satisfactory, long lengths in the vicinity of
Milton and over the Cockwhy Hills between Ulladulla
and Bateman’s Bay, and from Wolumla to Eden re-
quiring extensive deviation to fit them for modern
conditions. In many other places, although the align-
ment was suitable, the width was insufficient.

The foregoing constitutes the salient points of the
road, the bulk of which has, since April, 1929, been in
the Board’s hands for maintenance. It will readily
be appreciated that the opportunity which then pre-
sented itself for organising an adequate system of
maintenance was somewhat unique and that the
problem was given very careful consideration. The
works to be done by any maintenance organisation
were seen to consist of two kinds—one the routine
maintenance of placing and keeping the road in traffic-
able condition, and the other the continuous improve-
ment of the road as the traffic grew in quantity and
speed, as it was bound to do progressively with the
improvement of the surface. While the former and
a part of the latter could be best attended to by patrols
with definite lengths of the road under their charge,
a great deal of the second would consist of isolated
works and could best be dealt with by gangs specially
trained and equipped. Similarly any extensive repairs
to bridges could only be efficiently carried out by
special bridge gangs. Consequently a combined system
of road patrols and gangs was indicated—the former
heing confined to definite lengths and performing
routine work, the latter carrying out the specialised
and emergency work wherever it was required. Each
patrol would be simply and suitably equipped and
given charge of a defimte length, the mileage of which
would be dependent upon the density or weight of
traffic and the class of material forming the road sur-
face. Each gang would be more elaborately equipped
and would vary in size, from time to time, according
to the nature of the work to he done.

To ensure that the operations of these groups were
properly performed, the supervision of a resident Engi-
neer and two resident Foremen was considered neces-
sary. Narooma, as the most central point on the High-
way, was selected as the Headquarters of the former,
and Milton and Bega. respectively, as those of the
latter, these being, in their turn, approximately midway
between Narooma and the northern and southern
limits of the Division. Thus, three effective and con-
veniently placed points of control were established.
Attached to the main headquarters at Narooma were a
clerk and a storckeeper to assist the Engineer-in-Charge
with time-keeping, costing, store-keeping, payment of
workmen and miscellancous duties. The two foremen
were each placed in control, under the direction of this
Engineer, of the lengths in which they were stationed.
the disposition of their headquarters making it practi-
cable for them to supervise these with the minimum
of travelling. They were also made responsible for
the receipt and safe custody of stores arriving at rail-
head (Nowra only) or wharf, and the delivery to
store, depot, or site of work, as required. Further,
by equipping them with utility trucks for their con-
veyance, they were enabled, when reporting to the Local
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Office (generally once a week) to deliver to the store-
keeper tools and gear for repair by a blacksmith sta-
tioned at that point, and to receive new and repaired
equipment and light stores for distribution to patrols
and gangs along the road.
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Sketch map of Prince's Highway, showing maintenance
organization.

The general work of maintenance is performed by
patrols consisting of a leading hand and one or more
labourers.  These are each equipped with necessary
tools and plant consisting mainly of one two-horse

Vol. I, No. 8.

grader, fitted with either a 5 or 6 ft. blade, and road
drags. The graders are used for general light re-
shaping of gravel and earth sections. and the road
drags for use after wet weather. For the purpose of
obtaining new road making materials, a 30-cwt, or 2-
ton motor lorry is provided and paid for at contract
rates.  In one section, a 2-ton motor lorry fitted with
grader blade, operated by the driver, is in use instead
of the usual separate horse-drawn grader and lorry.
It has the advantage of combining the functions of the
two independent machines and has proved very service-
able,  With its aid, between 2% and 312 miles of road
can be satisfactorily reshaped per day. Further im-
provements are now being tried which, it is hoped. will
still further increase its usefulness.

The duties of each patrol are:
(@) To keep the road to its proper shape and cross
section by means of graders and drags.
(b) To repair the road surface by securing and
adding new material when and where neces-
SArYy.
(¢) To provide for the satisfactory dramage of
the road, side dramns, culverts and bridges.
(d) To effect minor repairs to bridges and cul-
verts.

Ta keep the approaches to bridges and cul-

verts, and their decks, in good condition,

(f) During times of flood, to prevent blockage
of bridges by timber.

(¢) To erect barriers and red lights at washouts
and points of danger on the section.

(h) To maintain and/or improve the visibility by
cutting down and removing scrub on curves
and road sides.

(i) To repair or restrict the crosion
and side drains,

() To paint bridge and culvert fences, fender
posts and sign boards,

(k) Broadly, to look after the entire section, and

(/) Finally, for the leading hand to forward re-
ports of work done, materials used, from
whom secured, times worked by men and
plant under his charge,

—_—
S
g

hatters

The average length of road entrusted to each patrol
is at present 22 miles.

Superimposed on these patrols for still heavier work
are three power scarifier graders, which are employed
on the scarification, reshecting and partial reshaping
of road surfaces where necessary, the final reshaping
and consolidation being carried out by the two-horse
graders previously mentioned. The lengths patrolled
by these machines vary from 70 to 8o miles. Iach is
driven by a tractor, one unit being of the scparate
type requiring a driver and a grader operator, the
others being of the combined type, operated and
driven, except on heavy work, by one man.  Assisting
each of these machines is a labourer who removes
stones and attends to the drainage in the section while
the grader is working. To conserve time, caravans
are attached to each unit and used by the men for
camping.
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Two road rollers are also in use for the scarification,
reshaping and consolidation of waterbound and tar
surfaced pavements, together with the consolidation of
new gravel sections,

A considerable amount of improvement has been
undertaken by way of widemng and/or benchmg and
superelevating curves, increasing the width of narrow
sections and elimiating V gutters (otherwise cause-
ways or inverts), notably between Wandandian and
Milton, Bateman's Bay and Mogo., Bodalla and Nar-
ooma, Central Tilba and Dignam’s Creck, Cobargo and
Bega, and Eden and the Victorian border, but a large
amount still remains to be done to bring the Highway
up to the standard aimed at.  [Four gangs are emploved
on this work, and are making progress at the average
monthly rate of 9,400 lineal feet of widening, while

Two ferry services are maintained—one over the
Clyde River at Bateman’s Bay and the other over the
Wagonga River at Narooma. At the former, a twelve-
vehicle steam ferry, operated by the Board's staff, is
running ; while at the latter a six-vehicle oil-driven
ferry is being operated under contract. These ferries
run day and night on demand. except once each month
from 9 p.m. on the fourth Thursday to 6 am. the
following day, when repairs and necessary overhaul
are carried out,

The work which has heen undertaken has produced
a very great improvement in the condition of the road.
This has resulted in attracting an ever increasing
number of tourists to the South Coast, and has also
enabled the regular passenger service cars to effect a
reduction in travelling time. to such a degree that

l‘ PDWET gracler trimming !hou]der!.

3. A road drag working on gravel pavement.

during the six months ending 3ist December, 1929,
forty-seven turns were widened and superelevated.
As a considerable quantity of excavation is in rock.
especially south of Bateman's Bay, two portable air
compressors are used for drilling purposes.  Benching
of side cutting on the mner sides of curves very greatly
improves their visibility at a minimum expenditure and
affords a ready means of improving their safety. It
is, therefore, largely availed of where complete widen-
ing would be too expensive,

Twenty-three causeways were replaced with rein-
forced concrete pipe and box culverts during 1929.

The repair and maintenance of bridges and culverts
is a most important item of work performed by the
organisation. IZach structure is closely examined once
a year, and any other than minor repairs, which, as
already mentioned, are included amongst the patrol-
man’s duties, are carried out by a bridge gang. under
the direction of a working foreman. These gangs
are equipped with necessary plant, and the services of
a diver are made available for mspection and repair
of parts of structures below water. All timber used
in repairs is obtained from the many local sawmills,
supplied and delivered to bridge site at contract rates.
[ixcellent turpentine piles are found between Nowra
and Milton, ironbark near Narooma, while box and
other suitable hardwoods are available. When new
decking is required, steps are taken to provide spiking
planks, which are balted to the tops of girders. This
arrangement not only increases the life of the struc-
ture but checks the rising of deck spikes.

2. Visibility on a 66 ft. radius curve improved by benching.
4. Power grader scarifying and re-shaping gravel pavement.

residents from the extreme southern districts can now
reach Sydney in one day.  As was stated earlier in this
article, however, much vet remains to he done as re-
gards the improvement of alignment and width, and it
is the Board’s intention to pursue, as funds permit, a
systematic policy of removing the present disalnlities
until the whole length of the Highway is brought into
line with the standards required by modern traffic,
[

Grade of Bitumen Recommended for Use in Penetration
Macadam Roads.
(Continued from page 186)

the softer bitumen enables the surface to be filled more
readily with coarse screenings, thereby tending to
prevent “bleeding.” The Board has, therefore, decided
that for all penetration and surfacing work of main
roads in which bitumen is to be used, which will com-
mence after 1st July, 1930, 85-100 penetration bitumen
shall be specified, and it 1s asked that the Council’s
Engineer arrange accordingly.

In order, however, to allow the suppliers of bitumen
to clear their stocks and orders of 60-70 material which
they have obtained in anticipation of the old specifica-
tion being continued. 60-70 penetration bitumen should
continue to he specified, unless special circumstances
warrant otherwise, for all penetration and surfacing
work using bitumen, which will be commenced prior
to 1st July, 1930.

No alteration is proposed in the grade of bitumen at
present specified in premixed bituminous macadam.
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Country State Highway Maintenance and
Improvement Programme for 1930-31I.

HTE Board has requested the Divisional Engincers

m charge of the six Country Divisions to pre-

pare  maintenance and improvement pro-

grammes, including bridges and ferries, on the State
Highways for the financial year 1930-371.

his deputy, will traverse the more important Highways
in company with the Divisional Engineer and the shire
or municipal engineer, with a view to examining
councils’ proposals on the ground and making any
adjustments that are necessary to co-ordinate the whole

MAIN

_______DOIVISION ~ra

S BOARD OF NEW
o HIGHWAY N°_____

MAINTENANCE AND IMPROVEMENT PROGRAMME FOR YEAR 15T JULY IS
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OR SHIRE OF J.__._.

T0 30™JUNEIS
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These programmes are to be submitted not later
than 5th May, 1930, in accordance with the form shown
above, a separate sheet being used for each Highway
in each shire or municipality, and chainages being con-
tinuous throughout the shire or municipality from the
boundary nearer to Sydney.

It is proposed, when these programmes have heen
received at Head Office, that the Chief Engineer, or

of the programmes, and to fit them to the funds which
can be provided.

On this occasion, definite provision has been made
for the separation of “Maintenance” and “Improve-
ment.” By the latter term is meant definite improve-
ment in the type of pavement (such as the change from
gravel to gravel tar-surfaced) or of culverts (such as
the replacement of a small worn out timber culvert
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by a reinforced concrete pipe culvert), the enlarge-
ment or benching of curves, the replacement of cause-
ways by culverts, &c. Previously these works, which
can be best carried out in conjunction with the main-
tenance programme, have not been distinguished from
maintenance.  As, however, the cost per mile of road
under such circumstances does not truly reflect the cost
of maintenance, it has been decided to make this dis-
tinction as from 1st July, 1930, and to keep the costs
accordingly. It will be noted that the item “Forming
shoulders and superelevating” has been placed under
“Improvement,” but where the road has been properly
formed, such wmk will come under the heading of
“Maintenance.”

The Divisional Engineer of the Central Western
Division (Mr. H. M. Baker), in circularising the coun-
cils of his Division in preparation for the submission ot
the programme of that Division, asked that in order
that he should be able to appreciate the councils’
views as to the urgency of the works which appeared
desmlble. maintenance ahuuld be divided into “Obli-
gatory,” “Heavy” and “General” as set out below,
and that in the case of the various items under
“Heavy” maintenance. an order of urgency should be
indicated.

Obligatory Maintenance (of the existing good
lengths of pavement, which should include the lengths
which were good prior to 30/6/29, and the lengths
reconditioned under heavy maintenance under the
1929/30 programme).

(1) Gravel pavements—
(a) Light grading of pavement and shoulders four
times.
(b) Cleaning and aligning watertables and catch-
drains twice.
() Stacking and spreading maintenance gravel at
the rate of 1 cubic yard per chain.

(2) Tar or Bitumen pavements (whether pre-
mixed, penetration or surfaced)—

Resurfacing in accordance with the Board's stand-
ard specilication for such work.

(3) Structures—

Repair and repainting of culverts, mile posts and
signposts and constructing small culverts.

Heavy Maintenance (of the lengths which at the
completion of the 1929/30 programme are still bad).

(a) Scarifving, reshaping, resheeting wi_th gravel at
...... cubic yards per chain and rolling pavement
and shaping up shoulders.

(b) Clearing and aligning watertables and catchdrains
twice.

(¢) Subsequent obligatory maintenance, to consist of
light grading of pavement and shoulders once and
st.ukmg and spreading maintenance gravel at the
rate of 4 cubic yard per chain.

General Maintenance (of the bad lengths not pro-
vided for under either Obligatory or Heavy Main-
tenance).

Supply of material (quantity to be specified) for the
patching of these sections of the roadway until funds
become available in subsequent vears for its recon-
ditioning.

Tenders and Quotations Accepted.

The acceptance by the respective Councils of the following Tenders has been approved by the Board during the

month of March, 1930 :—-

Work. | |
—r— 7 = I Na?cjo{ | w Amoupt_'nr
M.:;'“gh}’ar]el.t? : RNO_ Description, | = ! Ke led Tender,
| | s. d.
Namoi .... 127 | Road construction, 1 mile 1.320 IE: J- H. Sleeman . 6,580 o o
Oberon ..., 1033 | Formation, [hdllld.g{. and pipe culvert ..| Williams and B“ftf-'ﬂ 362 11 o
Merriwa ..., 1102  Road construction s | D. Walmsley ... 669 12 4
Bibbenluke ... ... 288 | Widening and gravelling be tween 23} and 15§ miles George Warne ... 3.851 6 o
Liverpool Plains ... 11 | Forming and gravelling, Soo ft. T. G. McKay . 500 0 o
Do ...l 11 | Forming, gravelling and five culverts D. McGee .l 1,300 18 6
Do 11 | Forming, gravelling and three culverts J. Sullivan 'md H A"“‘ 1,631 5 9
itage.
Bega ... ..., 272 | Repairs to Tarraganda-lane bridge ... W. 1. McDonald 767 8 o
Waugoola ... ..., 1058 | Forming and gravelling J. Bryant 1,67 9 o
Do ..., 1058 | Forming and gravelling g J. Bryant 302 11 9
Manning G ..., 1044 | Construction of timber bndge over Brown's Creek E. W. Milligan - 3.438 3 3
Upper Hunter .../ 105 | Construction of bridge over Hunter River, at Bcll J. A. Jackson and ‘iuu.ﬂ 4,100 0 ©
| Crossin

Tomki | 1047 | W ah.rbufnd macadam . Murray and Co. 1,104 5 3
Glen Innes =l 1009 | Gravel roadway between 1 m. Uw {t. a.ud 2 m. 1 530 it Model Homes, Ltd. ... 1,930 19 2
Wyaldara ... ../ 1037 | Formation, gravelling and culverts . o W. G. McDonald 834 18 6
Severn 9 | Bitumen pcm.tmtmn, 4 miles A. M. Black and Co, 14,032 8 2
Mittagong ... ...| 260 | Gib deviation, 5,260 f{, M. Gilroy 8,705 10 4
Stround ... 1110  Construction in waterbound maradam 2 m. .1. 280 ft. ‘\ln:ll'.;r-lth Caratn and 6,128 1 6

| | ohnson.
Berrigan ... 1126 | Gravel construction, T m. 4,220 ft. ... C. Snell 2,030 0 ©
Carrathool ... 6 Formation and clearing, 4 miles Ledwidge and  Hurst 788 o o

Bros,

Do 6 | Formation and clearing, 4 miles ...| E. and G. McCau gol © O
Do 6 | Formation and clearing, 4 miles in ...| L. C. Billing ... 744 © 0O
Do .... 1071 | Clearing and forming, 3% miles : J. Stokes 687 o o
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The following Tenders and Quotations were accepted by the Board during the month of March, 1930:—

TENDERS.

. ., 1 g .‘i.\m_ﬁj:ni' @ Amm:]n%nld
i 1 Road auceessiol Tenderer. nl'(‘l’l!‘- ender.
Musictpliey | Read | Description.
[

. | £ s d
(;:(:;Irathgh.:c ! 50 | Construction of 4 miles of gravel pavement MeGann and Edwards. .. 9,200 O 4
Apsley 11 | Construction of 3 miles of gravel pavement.., ‘ Model Homes, Ltd. 8,602 14
(\:'g?:)l\:%umla } 3 | Construction of 15 miles of gravel pavement 1. Dunn, Ltd, ...- 16,158 o
TPort Stephens 10 | Construction in bitumen penetration macadam of 2§ miless W. 3. Carr Construction, 18,859 8

between Raymond Terrace and Stroud. Ltd.
Erina o | Surfacing of 8 miles of gravel pavement between Mooney| J. Fowler and Co. (Aust.) 5103 53 O
Creek and Gosford with tar primer and bitumen seal. Ltd.
Tenterfield g | Construction of a four-span reinforced concrete bridge aver] Mcl.ean Comstruction 6,116 17 ©»
Wrylie Creck. Co.
Yarrowlumla 3 Construction of a three-span reinforced concrete bridge] Mclean Construction 2,288 16 O
over the Yass River, near Sutton. Ca.
Erina o  Haunlage of 7,500 tons of materials from Wyee railway Hawkins, Ltd. 7 mile @ 1s. 7d.
I station to the Board’s depot at corner of Wyee-road and = miles @ 2s. 5d.
Wyong-Swansea road. | 3 miles @ 3s. 3d.
Hornsby 0 I Hire of up to sixteen 2-ton motor trucks with power G. A. Rudd. 1 (@ 7s. 3d. per hr.
| operated or quick acting tipping gear. 3 @ 7s. 6d, per hr,
[ W. J. Donovan 4 (@ 7s. 5d. per hr.
3 (@ 7s. od. per hr.
| ‘ R. A. Chappell... 2 @ 7s. 6d. per hr,
]. Staines 2 (@ 7s. per hr.
| J. Saunders 1 (@ 6s. per hr.
Port Stephens 101 Caretaking of the Paterson River bridge at Dunmore, for| B. Franklin {104 per annum.
three years from 1st February, 1930. |
Ashfield 5 | Purchase and demolition of shop near intersection of Par- ]. H. Brennan and Son f3z 10 o0
ramatta-road and Great North road, Fivedock.
I
QUOTATIONS.
No. of R ¢ kil | i . " Aﬁmﬁunl 3[
Quotation, cription of Article. | ame of Successful Tenderer, Qui-ct“:ill)}:n.
6B | esicersessssessrassesasnssirassinanan [ Cancelled. L osod,
778 | Concrete pipes, 27 ft. x 151in. dia.; 114 ft. x zt in.dia.; 158 ft. x State Monier Pipe Works 218 4

42 in. dia. ‘

779 Bridge timber—Hewn girders —1006 ft. 6 in., 13 in. x 12 in.; E. J. Burnside 40 6 11

33 ft. 6in., 14 1n. x 12 1n.

780  Deformed metallic jointing, 18,500 lin. ft., 18 gauge, g.i., in 6 ft. I'. G. Kerr & Co, 334 4 ©
lengths.
781 Mastic jointing, § in., 800 plﬂ:eq type A; goo pieces, typc B...| Ormonoid Roofing and Asphalts Co. 9o 10 11
783 Concrete pipes, 66 ft. x 18 1., 32 ft. x 21in. ... ...| State Monier Pipe Works ... 30 4 ©
785 Trachyte sets, 1,200 L. ft. 5in. x 3 in.; 20, L ft. 4in. x 3 in. Bowral Trachyte Quarries ‘-:yndlcatl. 45 13 4
788 ' Concrete pipes, 132 ft. x 21 in. State Monier plpl, Works ... 3a 12 o
782 Bluc Metal, 200 tons, 2} in. Sydney and Suburban Blue Metal Qnames... S0 o o
784 Bitumen kettle, 50 gall. W. N, Stone .. - 37 10 o
786 Blue metal, 500 tons, §; in. State Mctal Qudrm.- 16z 10 ©
787 Bitumen, 50 tons, bo-—70 pen. Vacuum Oil Co. Pty. [m-utr-d 375 o o
791 Chain wire, 1,000 ft., 24 in. “l(ll: 2 in. mu:ll, No. 8 B.W.G. H. Clarke and Sons 17 14 2
790 Specimen cabin-:t i John Brown z 18 O
795  Maple cabinet Brien and Tompsett ... 8 1 9
703 Blue metal, 300 tons, § in. ... N.S.W. Associated Blue Metal Quarrus 120 0 O
708 (In lieu of 704} Tar, 4,000 galls. No. 2, |oon gaiib No. 3 Australian Gas Ilght Co. 241 13 4
Soo  IFirewood, 200 tons, in 2 ft. 6 in. lcngth» v i Brunero Bros. 140 0 ©
7090 Rowing boat . W, M. Ford ... 210 0
797 | Bridge [1mber -—Hewn Lrlrders—-g.o ft. x 13 in. x 1.: in., 34 ft x| G, and D). Mackay 253 12 10

151n. X 12 1in., 159 ft. X 141in. X 14 im.

Capwales, 464 ftux 12in. x 6in. .

Piles (12 in. small end), 294 ft.

Round girders (16 in. small end), 125 [t.

Decking, 3,000 ft. super, 7 in. 10 in. wide by 4 in., in|

2z ft. 6 1n. lengths.
8o1 Blue metal, 300 tons, {§ in.; 570 tons, 1} in. ... N.S.W. Associated Blue Metal Quauus 424 12 6
oy Tar, 5,350 galls,, No, o, delivered hot to Board's hpraycrh Australian Gaslight Co. Ltd. 2 139y 7
Soz Blue Metal :—
So tons, 24 in.; 27 tons, 1} in.; 27 tons, § in.; 8 tons, f in.| N.S.W. Associated Blue Metal Quarries 34 19 11
RANSISR - | S

‘yydne) Alfred James Kent, L5.0.,

Government Printer—1830.
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