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EXTRACT FROM THE VOTES AND PROCEEDINGS OF THE: HOUSE. OF REPRESENTATIVES, No. 6,
DATED. 26t NOVEMBER, 1929,
4. Pupric Works CoMMITTEE—] oF Work—Cl R N or FepERAL HionwWAY WITHIN THE FEDERAL
Carrrat Termrory.—Mr. Lyons (Minister for Works and Railways). moved, pursusnt fo- notice, That, in
d with the provisi of the Ith Public Works' Commitice Act 1913-1921, the following
proposed work be referred to the Parli y Standing' ittee on Public Works for investigation and
report, viz. :—Construction of Federal Highwey within the Federal Capital Territory.
Mr. Lyons having lnid on the Table plans, &c., in connexion with the proposed work—
Dehato ensued. )
Question—put and passed.

LIST OF WITNESSES.

Paap
Fleniing, Daniel Vietor, Commissioner of Highways, South Australin .. . .. .. w22
Hill, Thos., Director-General of Works, Canberra . - 1,8,6,38
Hunder, Major Rongld' Butler, General Manager, A lian Cement Manuf: A . . 13
McCormack, William Thomas Bartholomew, Chaitmen, Country Roads. Board, Victoria . w 10
Murphy, Michael Joseph, President, A.W.U., Adelaide .. . . . . . 20
Newell, Hugh Hamilton, Deputy President, Main Roads Board, New South: Wales . .- 3B
Pickett, Gilbert Josiah, Manager, Adelaide Cement Company .. . o . . . 19
Picrson, Percy Roach, Secretary, N.R.A., Melbourne . . . . . - 9
Potts, William Ehmbirst, Chief Enginecr, Federal Capital Commission .. .. . e . 25
Sibley, Lewis Preston, Manager, Broken Hill Proprietary By-Products Pty. Ltd. . . .83

Skinnef, Frederick John, Federal President, N.R.A., Melbourno: .
Whitford, Stanley R., Member of the Legislative Council, South Australia N . .. 21
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FEDERAL HIGHWAY.

"REPORT.

The Porliamentary Standing Committee on Public Works to which the H f
Representatives réferred for investigation and report the question of the. constructi(::‘xllseofoa
Federal Highway within the Federal Capital Territory has the honour to report as follows :—

INTRODUCTORY.

: 1. Conberra, until recently, was spproached by two main roads—one from Sydn i
Goulburn and, Queanbeyen, and the other from Melbourne, via Albury and Yass. yTheey,rg:g
from Goulburn to Canberta was about 68 miles in length, and that from Yass shout 44 miles.

These were sufficient for the needs of Canberra. until 1924, when the growing import
of the Federal Capital and the development of motor traffic rendered impro%red co!rgnmlgfif:a?i]:i
Tnecessary.

2. Under the Federal Aids Road scheme a comprehensive. view was taken of the matter
so that all expenditure would form part of a definite plan which would embody in it;nr!:mix]{
{eatures. access from Canberra to Sydney, to Melbourne via Albury, and to Melbourne via Cooma,
Bombala and the Prince’s Highway. ’

3. When' the State of New South Wales; in 1927, decided to take advantage of the
E‘edem} road grant, this scheme of development was drawn up, the whole to be completed within
en years.

4. In considering the 68 miles of road from Goulburn via Bungendore and Queanbeyan to
Cq.nberra, it was recognized that 37 miles between Queanbeyan and Tarago was badly located
with sharp curves and steep grades; some of it was partly paved, and other portions were not
paved at all. Another section of 21 miles between Goulburn and Collector was already in
existence  and was portion of a through road to be carried out with Federal aid over a period
of-ten years. After a conference between the then Treasurer (Dr. Earle Page) and the New South
Wales authorities, it was decided that it would be better to construct the Goulburn~Collector
road, rather than improve the old road, and an agreement:was reached to proceed with the wark
as o special measure, rather than allow the usual development to take place over a period of
ten years. Under this arrangement the State undertook to construct 22 miles of road from a
point 5% miles from Collector to the boundary of the Federal Territory, at an estimated cost of
£200,000—two thirds of the money to be found by the Federal Government, and one third by
the State over a period of two years. The Commonwealth undertook also to continue the road
over a distance of approximately 6 miles from the boundary of the Federal Territory to the
boundary of the City of Canberra.. Under this proposal the total distance from Goulburn to
Parlioment House,.Canberra, via Collector, will be 593 miles, as against 68 miles via Queanbeyan
and Bungendore.

5. The road from Goulburn to Collector, a distance of about 20 miles, is being dealt. with
by the State, and is not the subject of Federal aid.. Tt is in good condition, well gravelled, and
probably will be surfaced with bitumen.. Over a distance of 8 miles 3,800 feet from Collector,
the road is in very good condition and will not require. further attention at the present; from
this point-for a further 3 miles a contract has been let which will be met from Federal Aid funds,
From 6 miles 3,800 feet south of Collector to the Federal Territory boundary is 21 miles 360 feet,
and the cost.of constructing, this road is to be charged to the special grant of £200,000 set apart
for this purpose, of which the Commonwealth is to pay two-thirds and the.State one-third, ‘The
New South Wales Main Roads Board anticipates completing its section by the end of 1930,

PRESENT PROPOSAL.

6. The Eroposul submitted for the consideration of the Committee involves the continuation
of the road:-above described from the boundary of the Federal Capital Teritory to: the City
boundary of Canberra, a distance of 5 miles 3,438 feet.



iv

DESCRIPTION) (?F THE ROAD PROPOSED. .
7. Starting from Canberra,, the, -rplq‘d is located at first in. the, northerly prolorigation of

uhe constructed portion of the easterp. rondway of Northbourne-avenie, and continues therein

The road runs parallel to, and distant ajout 700 feet westerly from the located route of the
Canberra-Yass railway, but crosses the lcation of the railway about 1 mile 851 feet from the
point of commencement. The read then ontinues iny & general north-casterly direction crossing
the lowest part of o low x'unge at o poiny, knowp as (linn's Gap, elevation 2,203 feet; distant
approximately 4 miles 3,880 feet: from the, point of ¢o; t, and terminates at the New
South Wales boundary, elevation 2,268 feet. The deepest cubbing is to be 6 ft. 6.in., and the
greatest filling is approximately 11 feet, The sharpest cutves (500 and' 600-ft.. radiug) cccur
ab Gini’s Gap; all others being of 1,000 or 2,000-5¢. radigs, The maximum grade is. ) in 20
and the minimum is 1 in 300. The grading, cuxvature, ‘&o.,.i8 héld to conform 0. the best
standards, and the road is propéily designed for fast motortraffic. Outside the city aréa the work
cunforms with the details adopted by the Main Roads Board of New South Wales for the same
highway in New South Wales, :

8. The paved width will be 20 fect, the shoulders 4 feét wids, and the formation 28 feet
wide. The formation width is measured between the tops of banks and thé bottoms of cuftings,
The clear width of bridges and' enlverts will be 20 feet %ebween Kerbs, excepting that pipe and
box culverts will be mnc%e sufficiently wide to carry the full 28 feet of formation. - °

for about a mile.” It then turns oi1, a cl@rvz, of 2,000-ft. radius to run in a- north-easterly direction,.

9. Surface water drainage will be collected by table-and cateh draips, and the water will
be carried under the road by pipe and: box culverts all constructed in reinforced gonerete to
designs standard for the whole oF the lngh\vay. The pipe culverts will vary from 15 inches to
36 inche dinmeter ; and box culverts range Lo size from one opening 6 fest by 3 feet o thres
openings 6 fect by 3 feeb each. There will be one bridge opening of 30 feet. spai, 80 degignéd
that it can be enlarged if later found necessary. The reservation for the foad iy 200-feet wide

within the limits of the city plan, and 100 fest. wide elsgwhere. Provision is-being-made for an,

avenue of trees alongside the road,

ESTIMATED ¢OST.
10. The-estimated cost is set down -t approximately £50,000.

COMMITTEE'S INVESTIGATIONS.

11, The Comtuittee traversed the. country through which the road is to ass, inspected
various types .of roads in the Federal Territory and elsewhere, and: took evidence from the
Director-General of Works, the Chiof Engineer, Federal Capital. Commission; and from. road
construction experts in Sydney, Melbourne and Adelaide.

' NECESSITY Fow 1HE Rosp,

12, With the growing importance of the. Federal Capital City, it is gonerally recognized:
that direct road access should he available t6 the State capitals, and thé incresse of mator
transpurt demands that such roads should' be of a cliss capablé of providing for fast traffic, The
development of the road via Colleetor and -Goulbuin, rather thag, the oxisting road through
O % T a o pre ; oy WHIOH 11 e i de o0

yan and ore commends itself to the € whick wnanimotisly agrecs
with the location of the highway as. proposed. ’

MurHOD OF ConsrrucrION.

13. It was ascertained in evidence that the construction of this road will pe Pproceeded
with in stages. The first stage will: comprise. construction. of culverts and the. formation of
earthworks ;” while these are consolidating it is' proposed to spread- a 7-in. layer of ‘gravel and
permit the passage of traffic until the road i thoroughly consolidateq, Later; any wedk spots

14. After hearing the opinions of various experts i the matter, the Committee is. satisfied

that the system of construction proposed is:on the latest approved principles, Stress was laid
: ding roads from the bottom upwards with tEe various -inaterials

properly graded and worked nto position before any durfacing 48 attémpted, With carefuf
attention fo the drainage in addition, the Comnmittee:is convinced that the-basis illtbe laid ofia
zoad that may be expected to give the besp service for the longest. petiod,: . - - i

v

. Surraciyg, :

16. The greatest road-making authorities assert that there is no “best road surface
material ” for alf purposes. Every case must be dealt With on its merits, due regard being paid
to sub-soil, climate, rainfall, and volume of traffic. Tt was stated in evidence that the traffic
on this section will not at first be very heavy, and mi,‘i:y be expected to average only 200 to 400
vehicles per day for some. years, consequent{’y nothing like the expenditure involved jn. city or
suburban road construction need be idered.  Aftefthe gravel of the first stage is consolidated,
the Committee agrees that it be sprayed witli tar or o bituminous material, and later, when traffic
warrants it, further surfaced with penctration or mixed-in-phce macadam. It js difficult to
say what cannot be done with cheap construetion in some cases, but the Committee has confidence
in the. Commonywealth officials in charge of this work, and is contens to leave the actual details
to them, only stressing the importance of thinking in terms of pence per super yard, as every
Dbenny so saved means many pounds per mile. '

. Use oF Tar.

6. During the course of the inquiry representations were: made to the Committeo that
an endeavour should be made. in constructing roads to use as much Australian material as
possible. Mention was made of Australian cement, but in a road of this class, the amount of
fraffic expected does not warrant a second thougltt being given to concrete, and, in any case,
its cost would be prohibitive, It was stated in evidence, however, that considerable use. might
be made of Australian tar if gregter attention were paid toit. The Committee ascertained that
about 25 million gallons of far s produced in Australie per annum as a by-product ; about
4 million gallons by the Broken Hill Proprictary Company, and the remainder by the various
‘gas companies. The Broken Hill Proprietary Company’s far, produced in coke ovens, and the
tar produced by some of the gas companies in horizonta] retorts is said to be of a superior quality
to that produced’in vertical retorts, and the former has been extensively and suceessfully user]
on various roads, especially. for the primer coats. Experiments are now being. conducted with

& by-product, and iy frequently burned by the company producing it as fuel, and considered
for that purpose to- have o value of perhaps 4d. » geilon, yet, when. an endeavour is made to
purchase it for road-making, 8d, a-gallon is asked, It was pointed out in ovidence that in many
‘cases it is cheaper to import and use bitumen for road-making, than to utilize tar the local
by-product. AWhough it is stated that the total production of tar is insufficient to meet the
whtﬁe of the Australian requirements for roads, the Committee is desirous of recommending
$he use of Australian tar wherever it can be profitably used in road-making, but it is considered
that the producers should do their part in reducing the price to a point which will make the nse
of that material more attractive than the imported bitumen.

MAINTENANCE.

17: The cost of maintenance of roads is governed by the class of surface decided upon
and the volume of traffic, and may range from:£80 to £200 per mile. The type of road
recommended, when completed with bitumen surfacing and seal coat is estimated to cost in
maintenance approximately £200 per annum. This will provide for o ronewal of ‘the seal coat
once every three years at a cost of £400 per mile equal to £132 per annum, while perindieal
attention by way of patrol, repairs to- shoulders, and elimination of pot-holes is estimated tn
account for another £30.

JONCLUSION,

18. The Committee was impressed with the wealth of material contained in the very
complete report on roads presented by the Directr-General of Works, Mr. T. Hill, after his
recent visit to England anf America, which should be of considerable value to all road-makers.

There is no regular publication of 5 Federal character at present on the. subject of road
engineering, but the Main Roads Board of New South Wales, realizing that sometling of that
nature was needed, is publishing a menthly paper called Main Roads. n which are set out the
results of their experiments and the need for: testing materials. By this means it is hoped that
local governing bodies will be kept in touch with the vesults of the. Board’s experiments, and,

if Council and Shire Engineers can he
G redpmy.
‘hairman.

dealingwith their problems, failtres and:

Office of the Parliamentary Standing Committee on. Public. Works,
Parliament House, Canberra.
Ltk April, 1930,



MINUTES OF KVIDENCE.

(Laken at Canberrg.)
THURSDAY, v DEOEMBER, 1929

Present:
Mr. Laoey, Chairman;

Senator Dooley - Mn, Curtin

Senator Reid. Mr. Gregory

Senator Sampson My, Holloway

‘Mr. M. Cameron, Mr. Long.

Thomas. Hill, Director General of Works, Department
of Works, Cunberra, sworn aud cxamined..

1. To the Chairman—Canberrs in its early days
wag approached by two road from Sydney, via
Goulburn_and' Quenubeyan, and the. other fromw Mels
bourne, vin Albury and Yass. The road from Goul-
burn to Canberra was about 68 miles in length and
that from Yass to Cauberra about 44 miles. They were
sufficient for the needs of Canberrs until' abont 1524,
when the growing importance of the Federal Capital
and the development.of motor traffic rendered improved
communication neeessary,  Whilst the respective
munieipalities and. shires had done exeellent work in
maintaining the ronds as well as their means permitted
the lack of paving, gravelling, and culverts caused
considerable iuterference with trafiie in wet weather.
Moreover, wear and tear of the ronds became very
beavy under the influence of the inerensing traffic,
and as they passed through only second-rate pastoral
couiitry the-yield of rates did: not provide much money

‘for maintenance.. The Federal Aids Road Scheme

eiiabled s to take a compiehensive view of this matter,,
so, that all' expenditure wouild. form part of a definite
scheme which would embody as its main fentures necess
from ‘Canberra to Sydney, to Melbourne via Albury,
and also via Cooma, Bombala and the Prince’s High-
way,. to- Jervis Bay, 'and; finally, a westerly outlet
to Albury via Tumut to obviate the long detour via
Yass. When New South 'Whales belatedly decided in
1927 to take advaniage of the federal road grants,
this scheme' of development was drawn up and the
committee will see on the map the full extent of ‘the
works proposed to be done in the first five years, the
Commonwealth providing £1 for every 158, expended
by ‘the State. The arterial or interstate ronds are
shown in blue, trunk ronds between important towns
within-the State of New South Wales iw brown, develop-
mental roads in red, and existing ronds, which are not
the subject of federal aid, in black. Apart from the
work being done with the aid of federal money, the
State. of Now South Wales is doing a considerable
amount. of road construetion throngh the Main Roads
Boanrd ps.part.of a general policy of road improvement,

-In drawing, up our scheme, we considered. first. the

68 hiles of rond to Goulburn via Bungendore and
Queanbeyan, We had to recogunize that 37 miles of
it, between Quonnbeyan and Tarago was badly located,
and' twisty, with sharp curves aud steep grades. Some
of it was partially paved and other portions. were not
paved af all.  Another scetion of 21 milés be-
twéen: Goulburn and Collector was alrerdy in exist-
encé and was. part of n through road to be carried
out: with federal aid over a period of ten years, We
decided that it would be better to carry it through to
Cavberra, immediately, rather than incur the very

heavy expense of re-making the road vin Queanbeyan
and Bungendore. Not ouly wonld' the old road be more
costly. and longer, but on. acconnt of the steep grades
and' sharp curves conld never be mado as satisfactory
as. the route vin Collector.. By comstructing 21 niles
in New South Wales and six miles within the Federal
Capital Territory we could reduce the distance between
Canberra and Goulburn by ecight miles and get a very:
much better road: at less cost. The matter was placed
before the then: Minister for Works who referred it to
Cabinet and as a result of a conference with the New
South Wales authorities, the then Trensurer (Dr, Earle.
Page) wrote this letter to his colleague, the Minister
for Works. and Rajlways—
Commonwenlth Trensury,
Canberra,
. 20th, July, 1928,

My dear Minister for Works and Railways,

In comnexion with the Govermment’s deeision, I' inter-
viewed wembers of the Now South Wales State Govern.
ment with the result that the New Sonth Wales Government
has agreed to contribute 20s. for every 403, contrilbuted hy
the Commuonweulth Government for the purpose of construet-
ing the 22 miles of road from a point five and n helf miles
from Collector to the bound: of the Federal Territory,
the estimate of the costr of is £200,000, two-thirds of
whieh will he found by the Federal Government and one-third.
by_the State Government ever a perind of two yewrs,

T have approved' of thé plucing of {he sum of £50,000° on'
the. Egtimates for' the current year to provide for the econ-
struction of: the road whicly lies outside the Federal, Territory.

am also placing on the Estimates o sum of £25,000 which
will he made availuble to the Federnt Capital Commission for
the coustruction of that portion of the rond which lies within
the Fedeinl Territory..

Yours faithfully,
(Signed) Bante Ace,
Hon, W, €. Hill, M.P,,
Minister for Works nud Railways,
Melbourne.
The idea of making the special grant was to cxpedite
the work, beeause, if the new connexion with Canberra
were carried ont under the Federal Aid' Scheme, it
would not be completed in less than ten years. The
total distance from Goulburn to Parliament Ilouse,
Canberra, via Collector, will be 593 miles as against 68
miles via Queanbeyan and Bungendore. The former is
divided into-four sections. The first section from Goul-
burn to Collector, u distance of approximately twenty
miles, is being dealt with by the State. It is in good
running condition and well gravelled and probably will
be swrfaced with bitumen. It is not the subject of
federnl aid. The seeoud seotion s from Collector to a
point § miles 3,800 feet south of Collector, and the whole
of it will be constructed from federnl aid funds. Alloca-
tions for this work were made in 1926-27 and 1928,
totalling £77,000. A econtract has been let for 3
miles from approximately 6 miles south of Collector
to 3 miles south of Collector to John Fowler Limited,
for £11,850-8s. 7d. The remainder of the seetion from
Collector to a point 3 miles 3,800 feet to the south,
ig in very good condition and will not require any atten-
tion at present, but ultimately it will be further im-
proved by the State. The third section is from 6 miles
3,800 fect south of Collector tothe Federal Territory
boundary, n distance of 21 miles 360 feet. The cost of
it is eharged to the special grant of £200,000, two-thirds
of which will be provided by the Commonwealth. Con-
tracts have been let totalling £123,691. Some are com-
pleted, and others arce due to be completed by the 30th
June. next. The first stretch from 6 miles to 12
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miles south of Colleetor is completed in hitumen pene-
tration mucadam; the other two contracts are-for earth-
works and culyerts only, and the fourth contract:is for
a bridge at the 16-mile point. The paving of the
piece from the 12 to the 17-mile post yot remaing to.
be done. Thut 15 extimated to cost £70,308 103, 0d.
As T explained to the committee yesterday, we have
not been able to distover yet auy really good btone
or gravel, but we are exploring the locality in order
to muke surc that the best available is used. The
fourth seetion of the rond is the subject of the présent
veference to this committee, 1t extends from the. boun-
dary of the Federal Cupital Territory to the bonn-
dary of the: City of Cauberra, a distance of 3 miles:
3,439 feet, and is ostimated to cost £50,000, This work
is chargeable to n specinl grant of £50,000, the: whole
of which will be borne by the Commonwealth. A con-
tract has. been let for the earthworks, eulverts, &ei,
to John Fowler and Company for £17,800 Ts, 7d.
When these four sectious ave completed, Canberra: will
have permanent nccess to Sydney .via Goulburn by
u fivst-clnss rond. The second means of uccess to which-
we gave consideration was that from Cauberra to Yass.
An earlier Works Committee considered this roud
when dealing with a project for couneeting Canberra
with Yass by railway., Because that road. passes.
through n lot of poor country and its adequate main-
tonanee would place too grent a burden on the loeal:
governing bodies, it was added to the federal aid pro-
gramme, The length of road from Canberra City
boundary is approxmmntely 44 miles, of which 23 miles
requires attention. Seventeen miles of that section
is it the shire of Goodradigher and the inder in
the municipality of Yass, The proposal is to re-locate
the road in a permanent position, recondition and
strengthen it, and ultimately surface it with bitumen,
20 that there will be n complete bitumen surfaced: road
from Canberra to Yass. Between Yass and Albusy,
considerable portions of the road have been rebuilt,
and we hope that with the assistonce of the States &
bitumen surfaced vond will be available right through
to Melbourne, The Vietorian rond. authorities are help-
ing to vealize this scheme. They recognize that inde-
pendent of the requircments of Canberrn the main
Hunme Ilighway must nitimately be surfaced with bitu-
men. We had hoped that this would be completed by
the end of next year, but probably it will take another
year, The road vin Colfector was given preference
over that to Yass, beeause there iz very little traffic
on the latter, and it adds 50 miles to the distanee be-
tween Cnnberra and Sydney. The road from Yass to
Counra, kuown as the North-Western Highway, will
ultimately give aceess to Orange and Bathurst. A con-
nesion between Goulburn and Bathurst is now being
made. From the projects I have indieated, the com-
mittee will see that aceess to Canberra from the north
and north-enst is provided for. The next scheme js
an eastward communication with Jervis Bay. The
proposal is to make a exion across to B lore
from the new Federal Highway near Collector and
miprove the existiug road vie Braidwood to Bateman's
Bay where it will ink up with the Prinee’s Highway.
The section from Bungendore to- Bateman’s Bay will
be constructed out of State funds, and the State has
definitely ngreed to reconstruet and strengthen it in
the near future, From Bateman’s Bay one can go
along the Prinee’s Mighway cither north to Jervis Bay
or southward through Bega and Eden to Melbourne,
The reason for selecting the Braidwood route is that
round construetion through the Kangaroo Valley would
be difficult and costly, beenuse of the ravines and sand-
stome, Another road on the programme will provide
Cauberra with an exit 10 the south,, using the existing
rond to Cooma, Bombala and (ann River, where it
links up with the Prinee’s Iighway through Orbost

to Melbourne, Already considerable amounts havo been
expended on this route from federal aid' and State
funds. Although this route is longer than the road to
Yass, it is much moro-picturesque and for that re~son
is greatly fayoured by mictorists. Moreover, it would
open n lot of good country. We hope that it will be
completed in a_couple of years. It is in very good

motorable condition at present, except for = couple

of water erossings which give trouble im wet weather,
‘When-bridges have been built there, this road will be
motorable at all times, A road westward through ‘Cumut
was alyo considered. At present, therq is-a-seetion of rond
to the Federal Capital boundary via the Cotter River and
Urigrra, and under the Federal Aid Scheme auother
section hag been deyeloped through very good country
in the valley east of Tumut. If the intervening space
of 25 miles conld be bridged at reasonable expense, we
would have a shorter route to Albury and Mclbourne,
pussing, through  Tumbarnmba to the Murray River,

.giving nceess. to very good: country, and following the

Ilume Reservoir for a. distance of aboiit 30-miles. Tt
would have to- pass the snow level twice. Starting
from Tumut, wh.eh lus an altitude of 600 feet, the
road would climb to 4,000 feet on the dividing spur,
drop into the Goodradighee Valley ot 1,200 feet, rise
again to 4,000 feeot, drop into. the Cotter River Valley
at 1,500 feet, and.rise again into Canberra at 1,800 feet.
‘T'he surveys show. side slopes of 1 to.1 in loose rock with.
curyes as low as 70 feet. radius, and the eonstruction
of a road suitable for motorists and. heavy traffic
would, be so costly as to be boyond the realm .of prac-
tieal polities for the present. It dges, however, offer
a very attractive short eut, and-the Tumut and Guean-
beyan: shires have recently conforred regarding the
building of & rough throngh track. Tho two. special
grants of £50,000 are based on. the provision: of roads
with bitumen surface. No other clnss of construction
would' be satisfactory to road. users and the cost of
mai would be excessivee. When I was in
Ameried, T .made n gpecin] stndy of road. construetion.
In drawing up the scheme of Lederal Aids Roads, T
reeeivad every assistauce from. the State authorities in,
adopting the very latest enginecring practice in regard
to both the class of construction and the use of plant
and machinery. As a means of opening upiand settling
the country, there is little-to-cl between the Bung

dore and Collcetor routes. The advantage of the latter
is that it is shorter, cheaper and' better. It will give
give access to Canberra by the Northbourne-avenue
and conforms to the city plans. One stipulation was
that the road should be of similar type to the standard
roads being construeted. by the State authovities. The
first stage of comstvuction is the formation of culverts
aud carthworks. While they are:consolidatinig a 7-ineh
layer of gravel is spread. Traffic is then permitted
over the road until it is thoroughly consolidated. When
the wenk spots of the rond have been strengthened. the
voad is surfaced; cither by bitumen spray or by semi-
bitumen penetration, We ave at present experimenting
tor distover which method will be most: suitable for
the material available. It is the practice now. to adapt
the use of bitumen to. the materials on thy spot, nnd
until one has experimented it is dificult. to. lny down

definite practice. That ¢an be done, if one imports”

malerinl into the loeality, but it would involve very
heavy expense for cartage. Following the American
practice private firms ave speeializing in bitumen spray-
ing. One plant has already been used in' the locality
by which the spray is used at o cortain temperature
under definite pressure and according to a precise
chomien] formula, Several of these machines are jn-
use in New South Wales, The bitumen is. internally
heated and sprayed under pressure up to 80 1b, The
first stage of the 6 miles of road to be constructed

within the: Federal Capital Terratory should: be com-
pleted by the end-of February. ‘Lhe gravelling-should:
be finished by September or October, and the bitumen.
spraying will be done the following summer. We hope

-that the rond' will be available for traffic during the

gravolliug stage. ‘The road. will require a second cont
of Bitumen after it has been in use for about twelve
months, but that gecond spray is considered part of
the third stage of construetion. The maintenance
costs: shotld be compnratively very small, It may be
£80 per wmile annually; that will depend very much
on the traffic, Experience shows. that traflic develops
tremendously on. a rond: of this class, and usnally when
the maintenance cost exeeeds 5 por cent. of the eapitnl
cost it is time to strengthen the road. 1 wm aware
of the provision in the Public Works Committee Act,
that works costing, £25,000 nnd upwards shall' be re-
forred to this committee, and. I accept responsibility
for the failure to refer this £50,000 -undertaking ‘in
accorduned with the set. It was. an oversight due to
thetfact that L regarded: this as a. federal nid work, In
regpeet. of the 21 miles of road for which the Com-
monwenlth is providing £2 for every £1 provided by
the Sfate, a speeial grant was made to expedite the
work. The outlet from Canberra to the north was
distinctly bad and n permanent improvement was
wanted inside two years. If the work had been carried out
under the Federal Aids Seheme it would not have been
completbd: inside ten yeays, The State authorities have
shown: great willingness to improve the aceess to Can~
berrn and: the last” Government felt that special help
to speed np: the work was warranted. The increased
burden ot-the Commonwealth is not very great. The
Pederal Aid Roads. Act provides that contributions
shall be in the proportions of four-sevenths by the
Commonwenlth: to three-sevenths by the States. in this
cnse tliat has been alteved to: two-thivds aud one-third,
The .grant was. a separate itom on the Estimntes and
will not be paid for out of the Federal Aid Ronds
ote. .

2, T'¢ Senator Reid—The time i3 not yet ripe in
Australia for the use of concrete on the ordinury
highways outside the city, because the cost of conereto
in comparison witl bitunien is so great as mot to be
warranted' by the trafie. Apart from earthworks,
culverts, and’ other formation work, the paving of a
cement. conerete Yond averages 22s, 8d. per square yard.
Whereas we are smrfacing, hundreds “of miles with
bitumen at a cost of 4s. to 5s. per square yard, whilst
bitumen spraying costs as low at 2s. per square yard,
The exténsive deposits of gravel lend themselves par-
tleularly to the spraying metliod. Lven in Canberra
concrete paving is costing from 2is, to 22s. 6d. per
square yard, or approximately £11,000 per mile. More-
over, bitumen-treatment is more adaptable to an existing,
road; where there is some bed to_work on, it can be
treated and will give good wear,, but concrete paving
cannot be touched at a cost of less than 22s, 6d. per
square yard. Even in the United States of Ameriea
the extent of concrete voad is mot as great as it is.
generally understood to bo, Of the 8,000,000 miles. of.
roads, fully 2,500,000 miles have not. been touched.
Of the remaining 300,000 miles, about 50,000 miles
are of concrote, 100,000 miles are surfaced with
bitwumen, and another 100,000 miles are gravel. The
remainder arc merely formed in dirt, Notwithstand-
ing the great wealth and population of America it
still has. n,very large proportion of gravelled and bitu:
men swfneed ronds. L am. certuin. that the bitumen road
is the. most suifed to. Anstralin’s means and traffie. In
spraying bitumen, we use about half a gellon-per square
yord, which means n cost of about.1s. On the higher
class bitumen. rond the cost of the material would be
about 2s, 6d. per square yurd. I am aware that some
engineers ndvoeate the construction. of conerete roads

because the whole of tlie money is spent within Ans-
tralin. i\t the present time about 4,000,000 gallons of
tar from the Broken Hill Proprietary Works at New-
castle is. being adapted and used: on. the road. The
gas.companies nre paying attention to the incrense of
this commodity,  Anmally between 15,000,000 nud
20,000,000 gatlons of bituminous material is used for
rond: construetion: in Australia, and the whole of it
canmot be supplied locally, ’Phe local artiele is quite

tisfactory.  The specifieations for hitumi ronds
include n definite formuln for the nse of tar. It is the
desire of. the constructing nuthorities ta use as. much of
Australinn material as is available, but tar is only o
by-product, and our supplies are limited to the produet
of coke ovens. Recently I investigated this matter and
aseertained that if all the tar produced in Australin
were used on the roads we would still have to import
n Jurge quantity. Road oil has roughly 50 per cent,
asphaltic contents, wherens the percentage in’ bitumen

1598 por gent, Our first spray s usually an oil with

a snall asphaltie coutent, to produce gregter penctra-
tion. The sccond spraying is with heavier material,
which will act as a sort of envelope. Blows or faults
in the bitumen surfuce are usually due to hurried con-
stenetion.  Traffic over a road for some months will
give better cousolidation than a heavy roller; after
the weak spots have been disclosed by the traflie the
bitumen: can be applied without risk of bows or soft
spots, :
lﬂ. o Mr. Molloway.—Undoubtedly the concrete
rond is better than any other but the lheavy capital
cost, involving large outgoings for interest, muke them
impossible except in eity areas or where the traflie is
very heavy. Conerete is too costly for arterial vouds and
highways. The difference between the interest on the
enpital eost of a concrete rond and the muintenance cost
of n hituminous. rond would in a few years be suffivient
to pay the cost of laying a conerete road, Interest
and maintenanee would cost 6 per cent., which, on o
enpital cost of £20,000. per mile, would be cqual to
£1,200 per year per annum. Tests we have made with
individual sections of road show, unfortunately, that
the eost of concrete is prohibitive.  No road inchuded
in the federal aid progromme has been built or
improved merely for the benefit of tourist trafie.  The
purpose of these roads is to improve the means of com-
munieation and benefit the population. The require-
ments of tourists are not considered when the money
is being alloeated.  Generally spenking, the struggling
farmer gets the most benefit from the arterial ronds
wo nve building. The proportions of the expenditure
by the Commouwealth and State vespectively nre fixed
by statute at four-sevenths: and threesevenths. In
alloeating money we do not aim at cqual distribution
between districts, The only consideration we have is
the traflic to:be served and the possibilities of develop-
ment, The cost. of n rosd as eertified by the Auditor-
General of the State and: the chairman of the Roads
Bonrd is divided between the Commonwealth and the
States in tho rigid proportions of four-sevenths and
threc-sevenths,
(Taken at Canberra.)
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Works, reealled and further examined.
4. To Mr. Curlin—It is not the usual practice to

put kerbs down on.rond constyuetion, though sometimes
we put in a boxing to hold the gravel formation, If




the right kind of matoerial is employed a kerb is not
necossary. 1 am aware that there have been anumber
of iplaints about corrugati

roads, but when roads have been: consolidated and sur-
faced with bitumen there should be ne room for fufther

complaint,  Corrugations in a road are dus-either to-

an excessive quantity of' bitumien or; in the csse of
what we ogll o hot mix, aw incorreet proportion ofithe

filling material.  In every instance corrugationsy -if’

evident i a road with a bitumen surface, are dueito
some fault in eonstruction, Gravel will move under
traffic before the application of bitumen, especially: if
the percentage of “fines” is not carcfully ~wate hed,
Ronds constructed under carlier methods frequently
gave evidence of corrugation, This was duo to the
practice of taking the run of material from the sand-
pit; but under modern methods gravel for road con-
struction is sereened, and we know what is the correct
percentage of fines for the proper mixture,  This'
material compacts under pressiire dnd wenther condi-
tions. If, however, there is an excess of fluid, even
dry fluid like sand, the mass will give under pressure,
and the rond become corrugated.  We overcome. this
difficulty ns. regards gravel roads by the coustant use
of the grader,  We regard expenditure on grading as
part of the cost of construction, for it is necessary to
keep all gravel rouds well bladed by the uso of a petrol-
driven grader, If gravel is properly graded. and
sereened, und if the ©fines” are kept down to about
95 per cent. of the total mass, a_gravel road’ should
prove entirely satisfactory provided the grader is used.
Under the agreement with the States for the construc.
tion of Federal Aid ronds, the Commonwealth approves
of the type of rond to be constructed in a particular
Joeality, but it does ot exereise supervision over con-
struction. My department is, however, supplied with
complote plans, scctions aud  specifications, and is
fuformed of the estimated cost beforo the: proposil is
approved. When T visit a State I make it my business
to inspect those roads whieh, in my judgment, require
inspection, in company with the Chairman of the Roads
Board; but the State authorities have a freo hand in
all construction work, and have to acéepf. responsibility.

in certain-'gravel
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position to. maintain a plant for surfacing with bitu-
men, and city contractors are-not disposed to-tender for
sountry work. .

5. To M. Gregory—Tho rond in.front of the Osn-
berra Hotel is sprayed with bitumen, and on the Quean-
beyan road there is a section tochnically described as-a
re-trend, which is the type of road next in order after
& bitumen spray rond.” The road in front of Parlia-
ment Houso is o bitumen penetration or-hot mix, The
exposed gravel which is lyin% about on it has never been
trénted, and practicplly nothing has been done in the
way of gpraying, '

6. T'o Mr. Curtin—Our original cstimate of £50;000i
for-the work now before.the committee was made: with-
out any survey; but it will prove to be pretty -close
to the actnal ¢ost, Wa based our estimate. on the.
known cost of similar ronds in New South Wales.  3r.
Dotts will be able to give you exnot information as to
all costs, We made-the necessary surveys and estimates
before calling: tenders, and all the details. aro attached
to the files, One contractor wns £600 under and one
£460 above our cstimate. It is not unusual to have a
wide margin between:the highest. and lowest. tendérers
Deenuse every tender, and even a departmental estimate,
is in the nature of a bid. I have scen tenders for some:
works ranging-from £2,500 to-£7,500: _Xf a-contractor
has plenty of ‘work in hand he puts his prico-up; but
if he iz short of work he will do a- job for the: bare
cost. 30 as to keep his plant eceupied and 'his teams to-
gether,  There will be five different contractors. on
this road, but. they will all be. doing the same class of
work. Prices have dropped appreciably since the con-
tractor for the first scction submitted his tender.
consider that some of the later prices are below the
remunerative-level.  The first tenderer was fairly near:
the departmental estimate, but I am, afraid: the last
contractor will loso money.. There is no- prohibition :of
sub-contracts, but a sub-contractor has to- comply; with
all the conditions of the contrnet and pay the stipulated
rate of wnges. There is, however, very little sub-
contracting in rond work. The contractors for thig road.

If a road is down for, say, six months before it is sur-
faoed with bitumen, it should not corrugate, especially
if it has been well bladed during that time.  We regard.
the construction period as euded when the second coat
of bitumen has been put on.  If traffic dovelops rapidly
on a partieular rond, it is necessary sometimes to put
on a eoat of penctration maeadam. I am familiar with
the road between Armidale and Bunbury, in Western
Australin.  That was not constructed entirely by pri-
vate contract. All the bitumen surfacing in Western
Australia has been done by the Roads Board with day
labour. I can recall no instance of bitumen surfacing.
that has not been done by the Ronds Board in Western.
Australia, because it has the plant, and surfacing with
bitumen calls for a cortain amount of experience and
gkill. A number of penetration mncadam roads have
been done by contract. A few private contractors in
New South Wales and Vietoria, as well as in South
Australia, have the neeessary plant for bitumen sur-
facing, but nearly all of the surfacing on Federal Aid
roads hns been done by the roads boards in the: respec-
tive States beeause they have the plant, and their
employees have the experience. T regard bitumen: sur-
facing as necessary to ensure a veally good: job. Tt is
not an economy to omit it. I strongly favour all sur-
facing with bitumen to be done by ronds boards with day
lubour. Those contractors. who have the necessary
plaut to carry out the highest grade of road: construe-
tion usually find sufficient. work in the cities to keep
them fully oceupied. Federal Aid roads are in country
distriets, and country road contractors are not in a

will be required to do all esrtli work, forming, construct
culverts, and carting gravel from the pit to the site. The
sprending and rolling, will be done by departmental
labour:  The section from a point six miles to twelve
miles out was let under a different contract.. The suc-
cessful tenderer had to finish that job, which included
a 8-inch penetration macadam surface.  Meintenance
is the responsibility of the State Governments, and: the
practice of all roads boards is to keep men permanently
cmployed grading over the whole length of a road. In
the United: States of Amerien, where there is n. great
mileage of federal aid ronds, the practice is to- offer
prizes for the best-kept seetion, and. you would be sur-
prised at the state of cleanliness on sosne sections. Our
roads boards lgve adopted the same palicy:

7. T'o Mr. Long—1Iu the case of all roads in the
Federal Capitul Territory; mainteuance will be the:
responsibility of the Federal Capital Commission or
whatever body takes its place. There is very little
competition for Federal Aid road contracts; particu-
larly in the more remote comitry districts. If the
lowest tender is above: tho departmental estimate, the
work is earried out departmentally, About 50 per
cent. of the work on Federal Aid roads is carried out
by contrnct and the -balance by dny labiour under
departmental supervision, The contract prices. for
carthwork, forming and:culverting-on this rond totalled:
£17,890, and the total cost is put down at about'
£50,000. The grayel will be carted nt a contract rate
per square yard and delivered in sifu. Tt would not
be ceonomical to maintnin departmental drays and
teams for the carting of gravel, so we get all this
work done by private contraet; but the spreading and
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grading and mauntenanco are carried out depart-
mentally. Spraying is done usually by the Broken Hill
Préprictary Company, which has an extensive plant of
sprayers and supplies the material.  Also we: find it
a. good' plan to hire ofir quarry crushing plant out
to contractors: and’ charge them nbout 1s. & cubic yard'
for its use. They undertake to deliver the crushed
stone into- the bins at so mueh a square yord or
altornatively, deliver it to the job. The type of road
to bg. constructed from Canberrn to Collector is &
good one.. The use of gravels for rond econstruetion
has been the subject of careful study in the United
States of Amerien, Canadn nnd clsowhere. Bitumen
gives an cxcellent surface for many years, For a
50 foot road surfnced with bitumen we allow a cambor
of about 3 inches, but the tendency is to flatten out
to 2 inches; and sometimes even to 1 inch, and put in
Iongitndinal instead of cross drainage. The flattening
out of o road in this way makes it possible.to distribute
the traffic more evenly over its entire surface. In
districts. linble to heavy thunderstorms it might, be'
advisable to vary the practice ss regards the cnmberi
but in my judgment 3 inches is ample. for the Federal
Capitsl_Territory. The maintenance of a bitumen.
surfaced road depends upon the volume of traffic,
Usually, it. works out ot about £80-a mile per annum.
This ‘would provide for from, 500 to 800 vehiclas
a day, but if tho_traffic becomes very heavy, main-
tenance .charges might go as high as £200 a. milo per
annum, There are 5 types of bitumen road, varying
in price from 2s. per square yard up to 10s. In
South Australia. many of the Federal Aid roads are
surfaced. with 4 inches of metal. A new road with 8
inches of metal could be constructed for about 6s.
a. square yard. I profer bitumen to concréts on, the
saoro of exponge. A conerete rond costs anything from
295, 6d. a square yard, so it is possible to build three
miles of road with a bitumen surface for the. sum
heeded to. construct onc ile of concrete road, In
other words a.bitumen, surfaced road would' cost £3,500
a mile, and a conerete road £12,500. The interest on
the first named at 5 per cent. amounts to £175 a year,,
and, the' interest on the conerote rond would be £025
a year—a difference of £420, so the saving In
interest over a period of 20 years would be more than
.£8,000. Maintenance charges for a bitumen road
would be about £60 a year and for a conerote road
shout. £40 a year, because culverts would have to be
kept: olean and side: drains and slopes attended to.
I Smnld not feol justified in recommending any system
other than bitumen surfacing for roads in the Federal
Capital’ Territory.

8. T'o Senator. Sampson—The Act. provides that on
completion of Federal Aid rond coniracts the States
must nceept. rsponsibility for their maintenance. In
the Federal Capital Territory, the Federal Capital
Commission will be responsible.

9. To Mr, Cameron—Generally there is. 6 inches
or 7 inches of rond material under the bitumen, If
the sub-grade is good we can cut down the dopth of
crushed rock or gravel. The modern tendency is to:
roll new gravelled roads lightly, then to use tho blader
or grader constantly and allow the weather and traffic
to congolidate the construction.. We prefer to have.
& winter’s rain, on a new road before surfacing it with
bitumen beeause then it is well compacted. We have
Lad extensive oxperience with this class: of road in all
the: States and find it quite satisfactory. If there
were-any possibility of a.considerable amount of horse
drawn traffic over a new vond we should take steps.
to. provent it beeause of the damage that would be
done. We find that s soon as Wo construct a new
rohd horses seem to: disappest and the small amount
of horse-drawn traffic_that is. likely to use it will not
do much damage. We can prevent. heavy traction

engines from boiug taken over n TFederal Aid road,,
or cmngel‘ the owners to remave the bars. Expenditure
on kerbing is not justified and furthermore kerbing
is o menaco to traffie;. but on ronds where thero is. &
liability to creeping, it is the practice to put down
sunken kerbs to take the side thrust of traffic and main-
tain- the conatruction, Speaking generally 1 do wot
apprave of the practice of kerbing country ronds. It
doog: not strengthen the work in any way. If a road
displays a tendency to disintegrate at the edges, that.
is sovidence that the width of the paved surface is
ingufiicient. A road 16 feet wide won{’d show a greater
tendeney to disintegrate than an 18 foot read, beeause
tliere is more wear on the pavings. Even if a kerb
were put down on the edge of the pavings, it would not
arrest the process of disintegration at the edges. The
object of the kerb is to take the horizontal thrust
of the paving against the natural material in the
shoulders, and distribute it evenly, Perhaps. I should
have mentioned that in an 18-foot gravel road

would recommend a camber of from 5 to 6 iuches.
Weo endeavour to get o definite price per cubic yard
for the carting, of gravel. TFor the road work now
before the Committee the price is based on the actual
haulage but in most cases we get a prico based on
the mean haulage. The cost of this road will work
out nt about £8,000 a mile, but Mr. Potts will be able
to furnish the Committee with securate information
on thiz point. I would. deseribe this rond as first class
construction.  The highest grade of road has an
asplaltic surfree on a conercte bed. If there were
not a conerete bed: all the metal would be specially
graded and carefully measured and hiot mixed, The next
grade is penetration macadam, ~Then comes what
is known as the “ re-tread,” aud bitumen sprayed road.
A rond stands better if there is a stendy volume
of traffic over it. Traffic scems to spread the bitumen
ovenly and if any faults occur or erncks appear,
trafic scems to heal the wounds, and preveuts the
atmosphere from attacking the cxposed tar. Our ex-
perience in South Australin is that departmental esti-
mates. for Federal Aid road construetion are lower than
contract prices. Last year we iuvited tenders for
£200,000 worth of work in five scctions of 10’ miles
each. The tenders received were all above the depart-
mental estimate, and' the work was carried ont depart-
mentally, for a sum considerably below even the
departmental cstimate. 1 do not suggest that the
bids for private contractors were unduly high. The
dopartment, has the plant and the organization, and
it should be in a position to do the work more econo-
mieally than a private contractor. Bitumen surfacing
should he done departmentally by men who have become
skilled through long experience in that class of work,
There is o good deal to be Jearned about the application
of this mixture and every year it is becoming more
and more highly techuical. The country between Can-
berra and Goulburn is sccond clnss pastoral land. The
proposal is to construct a gravel road 20 feet wide, bitu-
men sprayed to o width of 18 feet. I should not care to
recommend spraying less than 18 feet, If, on the
score of cconomy, it. were deemed advisable to spray
1ess than 18 feet, L should recommend coming down to 12
feet, and then regard it ns a one-way traffic road, There
is difference of opinion among cngiicers ns to the
width of bitumen surfaeed rouds; some prefer 20 feet
and others 18 fect. In New South Wales the general
practice is to. bitumen spray for 20 feet wide, wherens
Victorin, profers 18 feet, Since the inanguration of
the Federal Aid ronds. scheme there has been o very
marked improvement in road construction: methods in
all the States. Actually Federal Aid roads. have put
rond: making “on the map,” so to speak, for it has
diveeted the attention. of all loeal governing authori-
ties, including even shive: couneils, to the wisdom of
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)i nsing up-to-date rond-making, plant; and the
adoption of scientific miethods for constiyietiopt, and
maintennnee, :

10. T's Mr, tiregory,—The proposed rond now byfore
the Committec is roughly 5% miles in length, Earth-
wor ulverts and fornring, will cost abont £20,000 tind
the gravel and bitwnen spraying aboue £30,000. The
gramvel is going to cost us abont 12s. a eunibe yard, 'de-
livered on the job,  Beeause of the extra haulage for the:
metal from the Mugga quarries, & conerete road would
cost about 27s. Gd. a square yard, I have seen some
concrete rond that cost £20,000 & mile, and 1 know
of none that has cost less than £12,000 a mile. We
propoese to get the gravel for the bitumen. surfacing
at the foot of Black Mountain: where there is an almost
unlimited supply upon which we have been diawing
for the last 15 ye In the construction of this road
swe use the run of the pit for 4 or & inches and
then sercen and grade for the top two inches, The
run of the pit contains a fair amount of sand and ns
the subgrade is rather eclayey, the pit material' is.
highly satisfactory. Generally speaking I' do not ap-
prove of the nse of heavy houlders for n buse, heeanse
& rawl construeted in that way has a tendoncy to
set unevenly. We have an ample supply of metal at
Mugg.  There is a big outevop there that will meet
all eur needs for many years.  Tho cost of metal at
the erusher varies from about 13s, to 14s. per square
yurd. Modern metheds, ineludiug the use of explosives
ave_employed’ to get it out, In Melbourne the priee
varies from 7s,6d. to Ss. 6d. per square yard,
but the rock there is softer. I agree that the price
in Canberra is high, and 1 know that every endeavour
has been made to reduce it, but certain factors, in-
cluding labiour costs, govern the priee. The carters
will deliver the materiat ow the ropd and it will
be immedintely sprend with the grader or by other
means,

(Taken at Canberra).
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Thomas ILill, Direetor-General of Works, Depart-
ment_of Works, Canberra, recalled and further
examined,

11, To the Chairmun—In ease there may have been
any misunderstanding concerning the setual cost of a
concrete roud, I shonld like to mnke it quite clear that
when speaking of a coucrete yond costing £19,500 a
mile, I was referring only to the cost of the paving;
the conploted cost of such a road wonld be £18,000 to
£19,000 a mile, as against approximately £6,000.a mile
for a road with a bitumen surface. The earthworks;
culverts, exenvations, &e., would he similay, ut after
the gravel' or other waterial constituting the bed has
been Taid, a period of two years or more should elapise
to allow it to thoreughly consolidate before any attempt
should he made to put the conerete-bed on the top. The
general practive in the United States of Ameriea is. to
allow three yeurs to elapse before applying the concrete.
For a conerete road there must be an absolutely perfect
bed. I have just veceived the eighth munual report of

the Commissioner of Main Roads for (Jueensland: tor
the yenp onded: 30t June, 1989, whick- contains some
interesting information concerntug plants. A para-
graph ou page § reads:— Lo )

The ook vahio of the plant and’ machinery owned by the
Comunission, which has all heen purclnired fromi revenue,, Is
£100,370. Agninst this Hem a reserve of £100,605 is shown,
which has heon ervated from plant cirnings nfter providing
for maintenunce. The mujor items of plant ave:—

Halfiyard' mechanieal navey ., o 1
Engines and crushers (large) e 26
Lngincs mud crushers {sminll) . ¢
Ttotlers,. sleans, 10 to 12 tons .. i 17
Rolterg, ofl, 10 to 11 -tony” .. 16
Rollers, oil, § to-butons .. . 8
Rollers, horse-drawn o~ .~ 34
Compressors . .- - 15 -
Practors .. . .~ .- 15
Power graders oo, “ . 10
Bitwoe. kettles and spragers ,. 15
Tramway track, waggons, driys, scoops, graders,

&e. se .o e » .
The plant is hired out to contrnctors md ‘loenl nlltho:iticﬁ
fur usp on main rond' works -any work is done. by day
Inhour thy job is debited, and the plant. account eredit ‘“‘i'.fl
the same hire rates as ate churged to a contractor, s that.
day Jaligur costs ean he falthfully compnged with contract
costs, The plut accont is ereditéd with all iwoneye recoived
for iphm} hire, and the-cost of operating the different clusses
of plantis watched, A analysis-of the plaut account. is made
from tine to time, and.hire rates are adjusted s advisalle,
Similar practice is followed in:the other States, In the.
sume report, opposite page 12, are three photographic
plates showing a gravel road treated with hitumen: and
the method! by which it is applied.
+ 2 To My, Gregory—For arterial- ronds- I recom-
mend an 18-feet -rondway with 4-feet shouldeis on each
side, Lhe eartlworks on-such a road-would vary'td the
estont of a fow feet, such us in going throvgh a cutting,
where the: width would Lo reduced; but we would not
interfere with the netual width of the paved aven. If'
adopting a 30-fect formation in casy country we would
probably reduce the width to 26' feet or 2§ feet when
encounteriug. bauks.  The eost wonld: vary owing to the
number of culverts and bridges to be-constructed, The
costs of conercte, hot mixed' or sprayed- bitumen, of
ordinary gravel roads, would vary from 20s. a square
yurd for conerete down fo 25, a square yard for bitumen
spray. Penetration maendam would be about 5s. or
59: 6d. n square yard, and hot mixed bitumen Ts, 8d: to
8s. a squure yard: According to some costs which I
obtained yesterday conerete ig being lnid at as: low as
18s,, butthat would he where the conditions were favor-
able and the work was procceding rapidly. I beliave
that in New South. Wales conerefe roads construetion
costg have been reduced to 16s, a square yard, but that
would be where 1,800 square yards were being Iaid i a
day. The maintenanee cost per mile per annum of a
hot mixed bitumen road might be the same as that of
asprayed bitumen rond; it will depend-upon the traffie,
have scen oxeellent bitumen sprayed ronds carrying
up to 2,000 veliicles a day, on which the maintenance
cosls were s high ns £300. per mile per anmum; but
that was duc to the fact that insufficient capital wug
avajlable at the time to lay down a hot mixed bitumen
road, on which maintenance costs would be lower.
When the maintenance cost of any road exceeds § per’
cent. of its capital cost it is time to improve-its quality.
The rond under comsiderntion could be: fermed o
200-vehicle-n-day. rond, and if constructed: under the
bitumen spray system the eapital cost would be: lower.
aud. the maintenance cost would be.nbout 2 per cont. of
the-capital expenditure fuvolved, Tt is not.casy to-give
the netual life of conercte, hot mixed or sprayed: gravet
rouds, as. many factors: ave involved: I ‘have known
coucrete roads to have shawn no signs of wear after teri
years’ use; but this is due to the fact that sucli-thorough-
fares used almost exclusively for motor traffic eventually
become covered with o, thin film of oil, which nets as a
protector and enables the road to remain.dn, practieally

the same condition as when Inid, “The life of a weli-
1nid eoncrote rond could be put. down at twenty years,
and-aven when it began to show signs of wear it could
bo sheeted with agphait, the coucrete making an excellent
base.. It is not essentinl tohave n break m the. centre
for expnnsion purposes. The practice. in the State of
Caroltna, where the roads. are equal to almost any of
those in any part of Amorien, is to have -n continuous
shegt 18 feet. wide without any expausion joints, The
ouly joints are those where work is discontinued at
night and commenced next morning.  Such joints are
heavily dowelled in order to. ensure an even: surface,
aud work 18 then proeceded with at the rate of about
1,800 feet n day. They are not reiuforeed concrete
voads. In the State of Illinois as.much as 38 miles of
18-fect. wide conerete ronds have been constructed in
different purts: of the State in one day. The practice
in that State is to provide an expansion joint in the
gontre, and, if necessary, to allow the concrete to crack
to o slight degree, I have walked over many miles of
such roads, and have seen stretches of 100 yards without
a.crack. The central expansion joint provides a per
manent division of traffie, and permits staggering ov
dingonal.cracks ncross the rond into whicly bitumen can
be poured, when maintenance work is necessary, Where
‘there are expunsion joints cvery 60 feet a slight. ridge
i8 likely to occur at every joint, which s inconvenient
‘to rond passengers travelling long distanees.  As the
result of persoual expericnce, I would suggest the eon-
struction of a concrete road: on the Ilinois pattern
without reinforeentent, and with an expansion joint
down the contre. Where the central joint is employed,
the. traffic is automatically regulated, and: in America
an additional speed of ten miles an hour is permitted.
The © curling " of concrete is due to an incorreet mix-
ture, but those difficulties are now leing overcome as
the result. of more scientific study. The present prac-
ticeris.to weigh all the ingredients, including the water,
and-curling is due: to the use of cither too much or in-
suffieient water in the mixture.  In most instances
conerete can be mixed on the job, and in others it may,
without disadvantnge, be mixed at some distance {rom
the work. TFor concreto road work the usual practice
is to have a central mixing station every 5 or 7 miles,
from which. poiut the conerete is distribuied ready
mixed. The latest practice in connexion with some
vork is to mix evorything, escept the water, which,
including the water, is then transported to the point
where it is required, where it is. then mixed and placed
in position. The old method of allowing the men to
mix the conerete on the job has largely disappenred.
In conuexion with & hot mixed bitunien road it 1s better
to liave a depot every 7 miles. The bitumen mixturg
retains its leat, and under this system it can be applied
hot, and then. rolled. I am.not in favour of reinforce-
ment in conerete roads except in very special civeum-~
stances, The general practice with this form of con-
struction. is to- put the reinforcement in the bottom,
where it can take up the expansion, and this practico
was followed for some time merely beeause it was the
‘custon, but seientificnlly the method is one which is
Tard to justify. In order to obtain a perfect.spray and
secure the necessary ndhesion of the rock, eareful stten-
tion must be given to the contents and temperature of
the bitumen mixture, and. to the other material being
used. .Care must bo taken to see that the “fues” are
not- coated with dust, which prevents the proper
adhesion of the bitumeu. Clean, fine sand is not a dis-
advantnge, but there must be only n small percentage,
if any, of clay. Great.attention must be given to-these
details in ordor to ensure agninst an absence. of corru-
gation or ripples. A second.spraxwould be only a-thiu
Iayer on top of the first applicution, and after a v
has been under trafic for a while the weak spots.
become apparent. The cost of a second spray is

-

cluded in the estinate I have submitted.  Arterial
bitumen roads carrying u traflic of 200 vehieles a day
should be 18 feet wide, but there are mstances where it
is necessary to spray stuch roads for only 9 feet, such as
we.have done near Port Augnsta, us that width.js sufl-
ciont to enrry the trafiie for some time to come. Ouv
costs of road making are about donble those in dmerien.
Our machinery is cqual to that nsed in that country,
but it costs about double the price. Morcover, in
Auerica they have an ample supply of lubour at from
2 dollurs to. 3 dollars a day, and the working dny con-
sists of ten lowss, There is no loliday pay or other
coneessions, the men being paid only for the aetual time
worked. 1n some parts. of America rond work is also
undertaken on Sundays, Indian and Mexiean labour
i available at very low rates, and in one State I saw
1,200 prigoners engaged in rond work at 2 dollars n day.
A churge of half a dollur is medo for maintaining the
men, the balance being held until they were free men.
Iigher rates are, of course, paid in cities, and also in
the Yosemite Valley, where they are puid up to 5 dollars
aday.  Slavs and Finns can easily be obtained in large
numbers for this clnss of work all. through the States.
If reinforcing were used, black rods would be necessary,.
03 galvanized rods prevent the adhesion of the con-
erete.  The cost of cement in Jlustralin is about
165, 6d. n cask, or £4 19s, a ton, delivered at the factory,
but authorized bodies, such as road boards, receive sup-
plies at a special rate of 185, a cask, or £3.18s. a_ton,
in truek londs at the fnotory. The cust of railige
between Queanbeyan and Canberra is about 35 per cent.
of the cost from Sydney to Quesubeyan. JAs previously
stated, our metal, which costs about 13s, at. the hins, is
vory hard, and particularly rough ou the grinding
plates of the erushers. It is a ducite which is diffienlt
to spall at the quarry, Genernlly, the cost of metal is
higher here thau in the eities, as in Mclbourne, for
instanee, the cost is Ts. 6d. at the bius, as agaiust 13s.
ta 15s. in_Canberra. . Metal from the south const of
New South Wales costs about 18s. to 21s. a yard de-
livered at Liverpool, but that is due to the remoteness
of the locality from which it is taken. Bluestone: or
granite, sueh as is used in Melbourne, is.uot so leavy
on the crushers, If other snitable quuries are not
loented the present system must be regavded as satis-
factory. At present it is a fair distance from the
quarry to the erusher, to which the stone is transported
in trucks; but there is a possibility of moving the
cerushers nearer to the quarry in order to save haulage.
Otic of onr crushers. has not been a suecess, If the
crushers were removed we would endenvour to have a
gravitation system between the quarry and the bins.
River gravel is excellent, and hus been used lavgely
both for conerete and road-miaking work; it all depends
on the location. We considered very cavefully the
question of the gravel to be used for the rond in ques-
tion, and helieve it would be too far to haul it from a
site other than that T have mentioned,

13. 7’0 the Chairman~Ilindley and Randle streets
in Adelaide were eonstructed in 1906 or 1907 of Trini-
dad asphalt, and if a thoroughfare of a similar con-
struction were loid down to-day the cost would be
30 per cent. higher, or say 30s. a square yard, With o
concrote base and an asphalt surface we could got
the same results at a lower cost. If the asphalt
surface of stch a road gave any trouble it could be
stripped. off, remelted with an additional “mix,” and
reapplied.. Roads of hnt construction are used only
for main strects in citics. Our plant is all in good
order, The main consideration in comnexion with a
rond construction plant is to write off its full value
long before its period of usefuluess. lins expired;, and
if this is dove it is practicable to take advantage of
improved machinery coming on- the market.



14, To Senator Reid.~When the concroto is made on
the job the dry mix, the water aud the concrets mixer
are earried to the place whero ¥ uired, when the
mixed concrete is placed in the machine from which
it drops onto the vond bed. The water is most carefully
weighed and the whole process is watched ‘to sco-that
¢he contents are uot varied. Tests are made ‘over
every 100 feet of rond by laying down patches along-
side”the rond' or by filling six iuch cylinders whicl
are sunk into the gravel with the mixture, which
are afterwnrds taken up and submitted to- laboratory
tosts. 1t hus been found that coucrete mixed at a
central dopot and enrried through the streots has been
x_lelnyed, due to traffic interruptions; in reaching the
job, or it has arrived when the men were: knocking off.
Under the spraying system the bitumen mixture is
applied with either a cun to which a spray is attached
or under power pressure from an $00 gallow tank.
Tt is internally heated and applied over the full 18
Teot in order to ensure an even surface. Under the
spraying system 4 to § gellon of the mixture is used
to the square yard, but under the penctration mothod
the intevstices in the metal are filled by the application
of 1} gallons of the mixture: to the square yard to
a depth of 1% to 2 inches. Under the penctration
system the first coat of a gallon or o gallon andi a
quarter per square yard is used, a top dressing of
sereenings applied and the whole surface rolled. An-
other spruy of probably a quarter of a gallou to the
square yard is upplivd, some further serecning applied
and the surlace roiled. .\ total of 14 gullons is required
for two conts,

15 T'o Mr. M. Camevon—Lven if cement were more.
extensively vsed in road coustruction 1 do not think
it could he supplied cheaper than it is at present.
In conversation with the manufacturers T was. in-
formed that 13s. a ecask was practically cost priec.
Even if the ontput were trebled the manufaeturing
costs in the way of additional plaut would be in-
creased, The plant eapacity of the Australian. cement
mannfaeturers is ronghly about a million tons and the
quantity used apart from rond work is about 750,000
tons. ‘'The manufacturefs. are therefore selling about
250,000 tons at 19s. cusk. In San Franeisco nnd
Los Angeles the contraet priee for coment is nhout Gs.
or Ts. Gl n cnsk although it has been sold in the
former eity ot 5s, n cusk. The price in America is
abont one half of the Australion price. This is due
to the lower cost of plant, installation, and lower
Tabour costs..

(Taken at Melbourne.y
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DPresent:
M, Lacry, Chairmun;
Senator Sampson

My, M. Cameron Mr, Wolloway

My, Curtin Mr. Long.

Frederick JuI'm.Sklum-r, Federal President, National
Ronds Associntion of Australia, sworn and examined.
16. 1o the (_‘hyirnmn.-l am aware thai this com-
“mittee is_mqmrmg inte a propusnl to construct #
federnt highvay from the boundary of the Federal
Capital Territory into the city. I am not acquainted
with Cauberra, but 1 understand that the New South
Wales. Government is construeting a road to the houn-
dary of the I“_vdm-ul Territory and that tlie Common-
wealth is continuing it from that point into Canberra,
It would be in the interests of cconomy to make this a

Mr. Gregory

$

first-clnse arterial vond, T em acquainted to & certain
oxtont with tho roads that have been construeted
throughout Vietorin and the other States, but only as
far ns national ronds are concerned Wo have never
advooated nuy speeial methods of construction,. but like
many other. authorities, we think that perliaps the most
expensive road is-the-ghenpest in the long run. I have
had ten yenss' experience as 8 member of o munietpal

council and' have had . great deal to do with the ronds.

constricted at South Melbourne, We always found
that the most. expensive road was'the cheapest in the
long ruii, and that if the money wore available it was
preferable to build-better class ronds, There arc various
mothods of construction; the best type being a concrete
Toundation with wood blocks eovered by & bitumen sur
face, Of conrsc that type of road runs: info money
and would cost from £25,000 to £30,000 n mile to con-
struct. 'That is. the best-class of road for heavy traffic.
Por motor traflie ouly, I do not, think that there would
he sny necessity for that elass of road. That expendi-
ture, of course, would bo: out: of the question at Can-
berra. In any cuso there would be no need for wood
Dlocking. I understund that the proposed length of
rond 3n the Federal Territory is & -mileg 8,439 feet,
and I consider that the expenditure of approximately
£10,000 & wile on its construetion would' be money well
gpent. I have had no cxperience of concrote ronds
in other parts of the world, but T have been told by
?eoplc who have visited Ameriea that the concreto
oundation has become an cstablished' fact. A com-
erete foundation. with wood blocks on- top would be 2
wmore expensive type of road than n concreto road.
T have had experienea of ronds in Victorin-beiug treated
with bitumen penelrution,,b'ut only ordinary main high-
ways, and the experienco frns proved that it is o suitable
type of construction for motor car traffic. T should
not.like to advoeate any special. form of construction;
that s o matter for road engiueers to decide, but I
should say that a bituminous road would be suitable for
Canberra, I have henrd no eriticism of the bituminous
roads constrneted in hot' climates. T suggest that: the
proposed road should have a conercte foundation with
2 bituminous surface, That would be the chenpest road
in the long run. Of course the maintenance is the
biggest factor in road coustruction. My associntion
has no figures showing the ‘maintenaneo costs of bitu-
minous roads. We nre not really: concerned with, the
form of eonstruetion;. all we: advoeate is. the eonstrue-
tion of rouds.

19. To Mr. Hollowey—T should say that if the better
class of rond were constrveted: ot ‘anberra the cost
of maintenance would be practically nil for at least’
five years, but it costs, moucy in the first place. The
ouly” rond for heavy traffic is one with a comerete
foundation, wood blocked and bituminous: surface.
shall ascertain whether we have any statistics showing,
comparisons of costs of maintenance on new roads as.
aguinst comparatively old yonds.

18. o Mr, M. Cameron.—Tho function of our asso-
cintion is to create a roads atmosphere and to help
\nunicipalities. in  their cfforts to obtain -additional
national highways, 1t is veally a matter for the Go-
vernment to decide whether ronds ruming parailel with
the rnilways should be so constructed: ag to_allow “of
direct competition with the railways. T certainly think
that good roads are the greatest asset to: the Common-
wealth, especially those between the capital cities, but.
T do not think it is_a vise policy to encourage com-
petition with the railways unless, of coutse, it is ine
tended to scrap the railways. We should construct
ronds more to couneet with railways thew to compete
with them. The poliey of out associntion is generally
1o construet throughout Australia the Dest class of roads
possible.

?

10, Lo Mr. Gregory—There. are thronghout Aus-
tralia- three types of ronds, arterial, main and dovelop-
mental. I suggest that tho national highways should Ec
of ' width, suiieient to allow two cars to pass each
other or of, the width of threa cars placed side by side.
Au arterial. soad would ueed to bo about, 18 feet wide
and: an ordinary * main road_perhaps a little less.
Davelopmental and feeder ronds would not need to be
0. wido' as oterial and main ronds. An avterial vosd
ghould have & concreta foundation, but it. would: be too
expensive 1o have wood blocks on top of that, An arterial
rénd should liave a. concrete foundation with a solid
bitumen surfoce, Mocadam ronds with bitumen poue-
trntion stand very wi 1l for motor car traffie. Some
purts of tlig roud to Seymotr have been sprayed with
bitumen and up to date the rond has stood fairly well.
Spraying with tar would apply more to.suburban roads,
and, would not be of any use for henvy traffie, partien-
larly where there is n likelihood of the hot weather
affcoting the surface. Tur docs not scem to penetrate
like. the Ditumen does, and 1 would not recommend
tar paving. I haveno iden of the cost of construction
of roads, eseept that a concrete road with a solid bitu-
men, surface would cost from £10,000 to £12,000 a mile.
T helieve that some ronds, constructed at @ cost of
£8,000's mile, have stood foirly'well. Of courso, & road
costing £10,000 » milevould stind better, Tt all depends
on the amount of money available: for road construc-
tion, beeause the greater the first_expenditure the Jess
the mnaintenanct. Our association 18 brought into
touch. with tho Victorian Country Ttonds Board, That
board: has done wondorful work and has more than
justifind it cxistence. It i8 2 splendid idea to. place
the construction of rouds in the hands of one authority.
That board cnrries ont vond construction both by day
Jahour and. by contraet. )

90. T'o Mr: M. Camerou—TLhere tre & number of
coucrete roads in ‘South Melbourne und the city council
there is quite sntisfied that the coustruction of those
roads has been & good invesunent for the ratepayers.

All classes of traffic travel over those rosds.

21, To Mr. Gurtin—There i8 o 1ot of heavy traffic
over those roads, such as timber waggons: and motor

8.

lor‘;;."l'o. Mr, AL Cameron—7The rond that I am
roferring to purticularly is Sturt-street, from Princes
Bridge to JLanna-street, That road cost roughly
£30,000- for' about a mile and was constructed five
years ago. Up to date the maintenance has been prac-

i nil,
uc;:lil.yl“o Mr., Curtin—a surface of bare conerete
wonld at times be slippery and dungerons for motor
cars. After cortain amount of wear and tear the
surface would become like glass ond exeeedingly

18,

dn;gfr;;:uw Chairman—3 bituminous surface would,
to n groat extent, prevent the rord from becomivg sdl\g-
pery, ands in addition, 2 bitaminous surface: would: be
move clastie dhmn & bare concrete surface.

The witness withdrew.

IS

Perey Ronel Picrson, Seeretary, National Rpl\ds Asso-
ciation of Australis, sworn and exemived.

25, T'o the Chairman.—During the latter part of
the war I wns attached to_the pnhmvy roads {md
railways seetion of the Royal Enginecrs. I mn.a\\nr?
that this committee: i3 IMQWTINE into @ PWI_’QS“f
to consfruct. & federal highway from dge boundary o'
the Federal Capitel Territory Tuto the city, Just a‘te&
the war L was in the United States of Amerioa attpehes

to the British Military Mission, and, being an engmeetf,‘
T went closcly into the matter of hp construction o

roaus. Subsequently, T was sssocinted with n i:.ompxx\;nx
that imported bituminous products into Australin, For

a cheap yoad I would rccommend: & bituminous road
eutirely, but if the money were available T would pre-
fer a conoréle road with a Dituminous surface, beonvse
it would pay in the long yun. A bituminous road has
a certain- amount of resiiency and that natwvally saves
wear and tear, A bituminous surface con bo renewed
at ony time. A vosd in the Federal Capital Territory
showld have a permanent foundation, and I suggest
that, if the money is available, it should have a eon-
ereté foundation with a bitumen surface. That is the
Dest. rond that could be constructed for the purpose. It
is diffieuly for me to make any statement respectiug
the maintenguee costs of roads construeted of concrete
with o bituminous. swfaee, but T shall let_the- com-
mittee have the approximate costs per mile of the
yarious types of voads.

26, o Mr. M. Cameron, — L suggest that the conerete
foundation should' be from 3 to 4 inches th‘ick, con-
sisting of 23 inches of hroken metal with 1} inehes of
solid comerete on top. 1 should hardly like to express
au opinion respecting the depth of the hitumen, A
bitumen surface, providvd that it lns o solid base, gives
practically » permanent voad. When the road begins
to wear, the bitumen surface can be ensily renewed.
Tt is & much more diffieult job to repair concrete
surface. There is 4 certain amount of resiliency n
the bitumen which is not apparent in 2 conerete sur-
face. A concrete rond with a bitwmen surface should
carry a load of 10 tons. T stiggest that in certain places
in the country conercte voads, tar sprayed, would be
quite all right for minor traffie, but a main arterial
road such as that which is proposed from Canberra
to Sydney would be used a great deal, and 1 strougly
advocate that it be constructed. of conercte with & bitu-
men. surfnce.

97, T Mr. Curlin—lt might be sound poliey for
the Commonweaith Government to have less_conerete
sn the bed of the road, and to place & Timit on the
traffic teavelling over it, but it would not be fair to '1](‘\
general public as whole. An: ordinary rond should
Stand londs of from 2 to 3 tons proyxded that the
apeed is Timited for beavily Tonded vehicles. T do-uot
think that it is the netual weight on the rond that causes
damage. Little damage will result {rom heavy traffit
provided that the lorries are limited to certain speeds.
It is the weight plus the frictiou thut dnmages the road.

98, T'o Mr. Giregory—L was in Amerien s an offieer
attached to the British Military Mission. As an engi-
neer 1 have always been interested in road construetion.
One of the best ronds in the world is from Washington
through Baltimore and Philadelphia to New York
The greater portion of thnt rond is of conerete with
« bituminous surface. Tt ia the finest road that I have
ever driven on. It is renlly a speed: tepck, I am mot
« civil engineer. I was originally 2 qnvnl_oﬂicer, and
after the war L was counceted with enginecring. have
Lad 1o practical experience‘of_rond-mukmg except while
in the army. When T was w:}h the Vacuum Ofl Com-
pany Lhnd 2 good denl to do with ronds.  Lsuw the con-
struction of roads with bituminous pru\)nmnons,'mld
I have come to the conelusion that that is the best ty{\c
of rond to coustruet. T do mot think that & we 1-
rolled. rond covered with bitumen would be as SIlIk{l\)‘E
ne @ conerete foundation covered' with Dbitumen. The
former might last for two OF three years, but it would
not hold' so well together, What i ‘wanted is a lasting
road. Ihaveno Jnowledge of the cost of conerete roads,
but when one is making roads for the: Government

there is no need to worry about the cost so long as one
gots the material, I could go into that matter and
supply the committee with figures.

59" T'o Mr. Long—TL do not cougider that a bare con-

crete surface is any yoore dangerous than & bituminous
surface. DBoth are Tiable to beeome slippery .\mder
certain conditions. I suggest that the foundation ©
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the: proposed rond shonld consist of some 8-to- 4 inches  use is low elues and: chenp and ive ‘aro hoping b st R years without, in tho interim,. bein, any charge upon  ronl is construeted, { shyukd not Lother abont covering
of metal with 1§ inches of concrete on top, and then moro of it.next year. Tho spraying of bitumen: is.cost- i maintenancs necount. Having dealt' for many years it beoause there wonld be-np heavy traflic upon it. The
fimished off with n bituminous. surface. T do! not con- ing' us 83d. per square yard: Of course, it may bo . b with 8,000'Jocnl authorities: ehoy, od and entrusted with  rond may need a bitnminons surface m three op four
sider that the climnatie couditions of Austrulia of of necessary the following yenr to. agnin .spray the yond s the. maintenanes of highways, ho had, invariably ime  your's tirte, and by that tme the old foundation would

any other country are detrimental 1o conerete joads. with bitumen; The road: has to-be watchéd and fed, i pressed”upon the responsiblo officers the importunce of b well eonsolidated aud: three fuches of penetration
()iy course, certain allowanee shonld be made for ‘etpan-  to prevent it from: breaking up, unti) we %éb‘to»tho stage ‘ thinking in terms of pence per super, yard, poiuting conld bo Pineed upon it. The vond shonld, be built by

sion aud contraction. Moast of the troubles conttnon  that wedave reached fn eatinexion. with the Geelong ot to-them that every. penny 5o expended would repres  stages, The nature of the covering depeuds entirely
to conerete roads have been. enused: through Inok of road. That road hag nét-been sprayed.for years, Four- i sent, on an. 18-foot rond, approximately £60 n mile, ff on the traflic, I should say that bitumen penetration
efficiency at the building stage.  If the eivil engincors. teen yoars ago it cost: ly-£2,000 o mile ¢ truct A this: feature wera kept well in view by the bighway engi- on top of gravel in the case of the Federsl Highway
knew their job those troubles would: not occur. I sug- 32 miles-of that Toad; and it ling not been, sprayed for , neer,. then relative vulucs‘\vonlq sooi make themselves ot Capberyn would last a long time, | hyve had ex

apparent; md'he would bo surprised if many serious mis-  porience of concrete: yonds, 1 spent 53 months in
‘takes. wore made, Frof our point of view it is almos: Laginnd with the Englisk Ronds Bourds, 1 spent g
driminal to expend on a road any more thaw is abso-  week or g fortuight with their best engineers and stil
lutely uccessary:  In Vietoria we have a foug way to  heep 10 close toush with them. I examned the roads
go and auything that we do is a foundation for some. in nglud, Iroland and Seotland and eame to' the con-

gest' that on conoreto ronds covered with o bitwminous  three yoars.

surface, londs should be Jimited and the vehiclesJimited 39, 0 e, Cyeetin~Ronds.etin. Jo spraed tob anueh,

to certain speeds, hould profes-the lmitati because fn that ense the netion of the sun canges the
A0: To dlr. tiregorg—1 should profer-the Ymitation surfaco to. pick up, necossitating a covering of conrse

to be-on the speed rather than on the weight of a lorry, eivel I oadei £
v s 7 gm?d’,‘,“ ordet to ?mb 120 1t - . . + thing better. “The rond between Seymour and Xvenel etnsion that rouds 1n the cities should have  eonercte
3\{~ Zo the 07"‘"'”’“"-"1‘"‘3 rond: Hetweon. Seymour has a-foundation of gravel 6 inches consolidated, which  foundation, That has heen borne out by the experieer
and Tatlarook, on the H““‘D‘E‘Sl“""%-]‘“s“81‘1\'0[ base g is obtained from the Mangalore pit, situnfed. about three  of Mr, Onlder; who had three trips to Mmerica, Ile
(Taken. at Melbourne.) which cost Is:. 5d. per squaro yard, miles from the centre of operations, 'The gravel cost  pame back and laid down the poliey that we are follgw-
34 T'o Mr. M. Cameron,—~The gravel:base ia. natural » b 19, 6d. per square. yard. and. the seal coat, consisting of g to-day. The Willtamstown “short road cost us
TUESDAY, Mvw JANUARY, 1930, pit gravel., tofa gallon of coal tar plus .3 gullons of }n‘cmpeu seal, £12,400 u wile, for baving ouly, aud the Gedlong road
) 35. 0% e Ohairmun—~The  sealeil bituminous: A cost-approximutely 8d. per squareyard. Thatis 2. 2d.  £15,100: We have sinee spent £1,700 in plucing drains
Present: maéndum is"of 2f-inch consolidated: thickness on 'n altogether. The road which has Just been completed is  paraliel-to the ros ¢ We found that the water running
Mr, Lacwy, Chairman; 6-inich consblidnted: grovel base, - The bitaminonz at present earrying 180 vehicles o day, and will take up. off the road envsed: the foundations undey the cdges
Senntar Sumpson My, Gregory macadam. 5 costing 35, 7d: per square yard, the tota} to 1,000-vehicles. Boyond that number, the foundation  of the conerete to become sodden, and' 1o obviate
M‘ i A O P ] AMr. Hollowa cost being s, pai: .équnre‘ym"d. That domes out-at ahowut , -0f-8 inches of gravel wonld take: another seal cont at a  thar we put in agricnltual drains alongside the rond,
Sel S Cameron Ar. Tong, Y £2,000'a mile. Tt is n-vory chea; p-method of road-con- eost of about 53d; in.order tp keep the road in deeent The iaterest biil on oue seetion of the Geeloug road
My Curtin r. Long, o 3 3 oaeap: ; order, It is diffieult to realize the low cost of that  costing £12,000, is £720 1 year. For the tust twelve

struetion, und we expeet that rond-to éarry ap to 1,000

vehicles n dpy. The mimber of vehidlos travelling ou conistruction.  Ou the  Geelong-Queenscliff road, - years ‘the avernge eost of " tar sprayiug the surface

William Thomas Bariholomew J\['c("v.mnm:l](i Member of
between  Wailington. and Queenseliff, thore wns o of 42 miles of that rond has been £156 a4 mile.

the Tustutution of Civil Lugineers, London, and

Chairman of the Country Hoads. Board of Vie- :gs'tﬁfl;l%‘ﬁl:;{"i‘t‘ é%g’“&oénggﬁ;“z,ﬁnﬁ}é“ﬁfg;ﬂ;ﬁggg‘ . section of old road consisting of ordinary ironstone The original cost of the rond was £2,000 ¢ mrle. That
torie, sworn and examived. fbr the st few fnilos. rapidly dropping off to onlg 30, g metal.  The coucil could not afford to pay its share  is a very low figure. It is difficult to say what rannot by

31. To the Chairman—~I am aware that the com- On the 'Seymour ronil the iﬁlmb’izr ofsvolxiclcs g‘ 576 ) towards constructing a penetration road: whiel we con-  done with ehenp consfruction. We sprayed a mad in
mittee is inguiring into a proposnl to consiruct n between here and' Kilmore, 279 betweeir Kilitoro and sidered wonld be hecessary to enalg]c 2,000 vehicles on  Gippsland at a cost of 104, a square yard,  The work
federal highway from the boundary of the Fodm:a] Broadford, and 307 between ‘Broadford and- Seymour, ! Smldnyq« and holidays -to be carried over it. As an  has been done for eighteen months ue two years and wo
Capital Territory into the city. I am aequainted with Tnumedintely Seymour. is passed: the nuinber . drops to ‘uhernat'xve the old rond-wag scarified, re-shaped and sug. have not spent anything on the road sinee. Tt is, an
Canberra. I have had three trips tlilem “f"d bave 50, 13 would, therefore, be waste of money'to have fﬂc(!d‘“{lfll tsnlnd,‘tim gonlsohd::e‘;ed thlmlincss 05 sand being ordnmrg ‘slau‘dy rox};l sprayed \\':(I'n mlluml bitwen, [Ih
vo Territor now the class of eountr s Y PR . N . a0 approximately one inch, te whole rond was con- enuse of that resu we are putting down sixtesy miles
driven over the Territ I know the Y @ road of extraordivarily heavy construetion beyond sollidnted. This was then sealed with o mixture of of similar rond neay A\-vngl, where the: soil consista

throngh which this road is to be construeted. The N yond: ' ing a t 1 ) ! il
m\ml‘;%r of motor Jorries likely to enrt produce on a ,S:g',;“;],l,:)', z‘;, %D‘;;;"l,g, 51,’;&1:)?:{" ‘-}i:;lﬁgsg ‘if:;z%c‘; ) fuel oil e bitumen, n quarter gnlllon of oil per square of granitie sand, Naturmlly, we hasehad some failure
road plays & mueh more important part i the desigh  und scarified und primed with. tar befors beiiig sealod: yard plus .3 gallons of hitumen, The total cost for the in rond construetion,  When we fivst conmnenerd 1his
of the road than the actual number of motor cars, I withbitumen, Tn tiolve months’ time we shall respray, q \,vl.)olerof this worklwns only 1s. 3d. a square yard. L work the men were new to i, We thought that we
understaud that the cstimnte of the number of wmotor and probably in five or-aix yeurs’ time we shall reach the - think the cost was £700 a mile. OF courso, the old rord.  wauld Tever construct the road to Bendigo, so insteud
cars travelling over tlis proposed road is 200 o day. neststage of econstriction, Sumples from gravel used on provided a good foundat'on for the now, road, and for  of tukmg off the whole of the old metal it was seari-
1 suggest that"this roud should be built in stages, what  guyvonds are put through n sieve on the ground to nscer- . au_entirely now work mueh more monoy would have fied and”a 24ineh thickuess of hitumen penetration
we cull stage construction, It should be built with g, tain its character; Thars js no guess work. Formerly to be expended. The cost of the rond botween Se):mou\' placed on top. 1 small sections water got in hetween
gravel base, sprayed with coal tar for the primer cont. .y, gravel was dumped and seattored about and und Avenel was 25 2d. a square ygrd. That is for the lnlm\'mn and: the pitehers and the surface breame
and, then given” a bituminous cont. Gravel ronds, the lumps. eaused by ation of fine material paving only, It Is not fol‘ll]x\thII:. The cost of every mashy, The men woye nnuser 1o this eluss of work at
treated in this way are carrying up to 800 vehicles n would he in_evidenee on (e surfaco of the road Qob differs.aceording to loeal conditions, lfhe material  the rime; but t)m.y now take great imtervest in the
day, If the trafic becomes. too heavy another Stge  for yoms afterwards, Now e gravel iy distri- 1 is being earted for about 94, n ton per mile. I shall work and are getung wonderful results,  } kum\‘ of
of construetion takes place, and the road should be buted according to its own weight and is then supplylhycommlttee with ﬂlccoscpcrrpllcof that roud.  the cauerete: penetration process. 1 have examined
given a penetration coat consisting of thyee inches of harrowed;  Thexstones. are sorted in'n similar manner . he maximum grade. would be_ upproximately 1 in 20, My, h.undm'lmul s \\'9\-11 at Smulrmglu‘\m,“tho cost
metal penetrated. with bitumen, When the traffic be to_the sands on the sen-beach, Many. years ago . but tho conditions yary espeelnlly with motor trang-  of which wis Ts. &b per square yard, The road
comes againr too heavy for that class of road, we cover f leetured. nt the Ulliversity, and one point that 1 | vorf,  Wo deal with every cnse aceording to the vas covered with metal to 4 thickuess of six inches

it with either sand asphalt or bituminous. conerete 1o, always stressed durin “my leetures was that, tho-soq. o eircumstnncps I'n eunil_lg leough a hill we !m\'e aand rolled, not very muel hu!‘ snffieient to put
2 thickness of say two inches consolidated, Tirst of  beacl was the best S%rfncc fn the world, beoause it - - grade of 1 e 15 5f the cireumstances. jnatified if, Of evory stone in position,  Mr. Sunderland used 2
all the foundation would be of gravel to & thickness enabled a speed of 200 niiles. an hout to ba attained. conrse the easier the grade the less is. the cost of main- mixture of one part of erment to twelve parts of
of six or eight inches consolidated. It fsr very essentinl  The reason fs that the waves. sort fntp Dosition. avery , tenance. ?\ater rushing down a steep grade has an  sundi He pleced a mixing machine uii & Ford cruck
that the soil should be -exmmtined. We huve saved  partiele of sand aceording -to its weight. The nien erosive fetion and the greuter the foree of wuter the  aud as the truck moved along the rond the: cemont was
enormous. sums. of money by n careful exnmination of trained for our wark .are taught to atudy every aspect. . . E’:ux:‘t‘cr le‘ tttll‘ne ,exi':;sxve ::ti("lc:t; . ?l;l t]llez 1:undl :IO B‘allurm Eo'\u-e'd onl to ‘;he eme(nl.t li:l.- roud was tlmn1 ml_lod],‘

il. In plnees where it is of an. unsuituble charne- liave some int ing . Hng 1 - are g iu a grade o i 1w order to save Qringlug up the: cement' and eausing o mechanicn
the soil. In pla T have some in eresting: figures of testing: vight down to \ a. detour of over a mile, interlogking of the metal: At first the surface of the

ter, like clay, we have introduced some poor elass Tocal  fnilure point. Mny T place hefore the committee the view
material to stabilize and to zet rid of the plastic .of the griatest Foad bonstruction authorify in the warld,
condition of the soil: Wo think of drainage first and  Sip Hone r Maybury 2 Ine brilliant veviaw of the work
Iust.  Where neeessavy we put in agrieultural deain- iy Great Britain in 1927-28 he showed that £61,000,000
Dpipes to get vid of the moisture. Tlien we spread the:  wag expended on 178,514 miles. of highways. He also -
gravel, which is dragged instend of being rolled, be- made impressive observations on the economical con-
cause in rolling the Tront roller forms waves in the struction of roads. Amongst other things Be said that
gravel aud it comes to the point when consolidation thers is no “best road Surfpee material ? for all pair-
tukes place nnd the process is repeated.  We use ordi. poses,. Each case should be dealt with on. its: merits i

36. T'o Mr. Curlin—Of course grades ave vednced  rond:was a Jittle rough becouse of waving eaused by the
on eurves, and ywe like.to obtain 500 fees radivs at least  roller, bur Mr, Sntherlamt Jins overcome that by spread-
g on important roads, and in other cases, 300 feet down to  ing sereenings on top and smaothing the surface. I
78 feet. On o road- in the Federal Capital' Territory am not quite sure what would vesult if the process of
it wwould be necessary to have the best, curve possible, conerete penetration were introduced on cley founda-

37. Lo the Chairman—Our bonrd: has constructed tion. Roads similar to the one- at Sandringham Kave

ronds with concrete: foundations. One seetion. of the been. constructed elsewhere in Australin, aud My,

Geelong road near the Guiding Star Hotel has. o con- Fleming could probably give the committee partienlars
nary deags 1o sort the gravel and we allow the traffic regard. to subsoil, climate and rainfull and to tho volume ! 21“:;'“ ;;';‘5:]; . g:;:nl; 25’3“5:;::.)’ c};%‘i")‘)‘l‘:isoirtu]%!b"?]l}‘::;mi: :‘tfr u‘:;:idT:‘;iﬂz‘:;’::;;’}:‘f;;dm;licﬁ f:‘lf" féf:i::g‘]fr m:}’{l, ‘:‘ﬁ::
fghg ut Oa:t(:s cmurfx‘::g’t sﬁ:’;‘;;‘s,cg::f iﬁ“ﬁﬁ‘: ::,'053 E":il?!;: g'"‘i 0‘ v;:ﬁht ‘;{l t::m?;‘, dlﬁ?i‘;u:ld__s:e: ﬁ'f“;:’::ln.]s\.wcﬁ),s:"";; Likely to travel over the road. In the oity the rouds  rook at a cost of 3g, Td: per square yvard, and in that ease
LS ° 3 . 1 to. 2l. o, super. y > UL '8 "f%ccd e:nﬁ shotld have o concrota base with a bituminous. carpet the metal was enrted’ twolve miles, 1 wonld net risk

N ) of sheet asphalt such-as may be seen on Point Nepean-  heavy traffie on a conerete rond' wnless it were protected:

gravel is- then sprayed either with ar, of which we are fifth of such expenditure wotild have: su
using 800 tons this y and: for which we pay lad the work beon exsented g the-lower fguics the'life road:in the-city of Brighton, At Canberra, if a concrote by a covering of bitumen. Lot me give an illustration
F, 34542

£2 179 6d. per ton, or with bitumen, The tar that we of the material lnid might hnve been from cight to ten
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A steel ball dropped on to n sheet of glass, would.
immediately smash. it to pieces, but if a pieco of rubber
were placed on the glnss the ball would bouncg off
without injuring it. On the Oakleigh road we
put down 4 inches of conerete and I} inches of
bituminous or sheet asphalt covering, 'That road
has stoed for the last nine yems and' the conerete
is still good. We have made tests with bare concyeto
roads. but they have all gone to pieces, showing fhat
it is necessary to cover them. If 1 were constructing a
conerete road along the St. Kilda road, I would leave
it entively bare, because the traffic: consists largely of
motor cars. The Botany road, Sydney, is being covered
as quickly ns possible, The Willinmstown short road is
 conerete voad and it cost 18s. 5d. per square yard, Its
width is 20 feet, and thickness 10—84—10, reinforeed.
The Geelong rond to Corio, puvement only, cost
18s. 10d. per square yard, the width being, 20 feet,
thickness 9—7—9, reinforced. The Guiding Star
deviation is of 2-ineh asphaltic conerete placed’ on top
of a concrete base. The width of the asphaltic conerete
is 20 feet, and the total width of base, including
kerbs, 21 ft, 4 in.  The thickness of base, excluding kerbs,
is 9—T--9, unreinforced. The total cost per square
yard was £1 3s. 24, being base 12s, 10d., and asphaitic
concrete, 10s, 4d. per square yard. Conerete ronds can
be recovered with bitumen without holding up the trailie
at all,  On the northern highway between Elmore
and  Rochester, erushed gravel, rail borne, spread
on new formation to n consolidated depth of 6 inches,
cost 23, 1d. per square yard. TIf the committee desived
the fignres to be given per eubie yard, I shall forward
them later. The seal cont would cost, approximately,
94d. per square yard, as materials are costly in that
aren. The total cost is 3s. 103, That road between:
Elmore and Hchuca has an exccedingly bad founda-
tion, I thiuk the cost at the quarry of the gravel is
about 7s. or 8s, per cubic yard, We genorally get it
carted at 10d. a ton a mile delivered on the road. I do
not know of any cascs of concrete roads being con-
strueted at the same cost as bitumen roads. The
portion of the Geelong road from the Guiding Star
Ilotel to Point Cook cost £12,000 a mile, It has two
conerete kerbs 8 inches thick by 2 feet wide adjacent to
the old pitcher foundation. On top of that founda-
tion is 8 inches of metal consolidated to 5 inches. On
top-of that is aw asphalt carpet of 2 inches. The work
was done approsimately at the cost of a concrete road,
The reason that we did not put eoncrete for the whole
width was that there was a certain amount of snlvage
from the old base which we thought it wonld be a pity
to throw out, Weo have what is known as a rougho-
meter which emriies out surface tests and registers
bumps per mile. Taking 100 as an excellent rond, the
following are some of the results: Flemington-road,
west side, 148; cast side, 191; St. Kilda-road, enst side,
259. The Iatter is n block vond with n solid conerete
base, but the bitumen on top of the blocks has been lifted
and moved until it is u series of little pot holes. 'The
road from Kilmore to Brondford registered 150, and
the road from Tallarook to Seymour, 158, 138 and 124
The road from Tynong to Bunyip registered 125 to 880,
the rond near Sale, consisting of sprayed gravel, 150 to
300. 'The Geelong road on the section between Corio
and Point Cook registered 95 and the section from
Point Cook to Werribee, consisting of sheet asphalt,
110 The conerete road oppesite Ford’s, Geelong,
registered 140, the penetration: macadam beyond Gee-
long to Colae 150, and beyond that 130 to 170,

88, To Mr. Gregory—~We are allowing £50 a mile
for the cost of maintaining penctration roads. We lave
a flying gang of seven men, and they operate with a
truck for 50 miles. That is between here and Broad-
ford. Certain sections of that road have bgen only
sprayed, but later we will put down penetration, " I
will let the committee have figures showing mainten-
ance costs per mile,

89, Yo the Chairman—We are using reinforcement
in eertain seetions where we have had to fill in ovor bad
places, the scction of the road neay the Guiding Star
Hotel is reinforced at the edges with three bars. The
road is © inches thick at the cdges to a width of
2 feet, and then 7 inghes thick to the centre. Reinfore-
ing is nbgolutely necessary in: the ense of heavy traffie
beeause it keops. to the outer cdges. Kerbing is neces-
sary to prevent the edges being torn away. ‘Threo years
ago we thoughi that we should have to put in korbs from
here to Bendigo and: Ballarat, The-cost would be-about
£1,200 a mile, and the interest £60, Sceing, that the total
cost of maintaining, pavement is between £60 aud £80,
we decided to leave the kerbing out and to keop close
control of the maintenance of tho edges. A motor ear
aceupies a width of about 6 feot and two ears passing
12 feet, 1f they kept 3 fect apart, that would leave
about 2 ft. 6 in. of the road that would never bo
touched except in corfain places, therefore, ‘our edge
maintenance is low, Thera is another point. Wo. put
in kerbs on the Geolong, rond, but the moment that
we.did that the veliieles: ran right to the cdges and fre-
quently the wheels went over, 50 that unless there is an
excellent foundation alongside the rond;. troubls scon
occurs at the edges. Tt is questionable whether any
Lkerbs ave needed on country roads. It is better to have
an extra, width of surface. I do not think that the dif-
ference between the cost of mass concrete and reinforced
conerete coustruction ig very much. It is not more: than:
1s. per square yard. It depends upon the nature of the
job. Xf'T had to construct the proposed rond in the
Lederal Capital ‘Lerritory, I would treat. the clay fouu-
dation with some poor class material and bring it to
the standnrd of the other portion of the road. That
could ouly be done by examining the soil upon which
the road is to be made. T would then put down
in two. layers, suy, 9 inches of gravel con-
solidated, keeping, in mind the height and ecnr-
vature so that at some future-time a penetration surface
could be superimposed. ‘Then spray the gravel with n

cont of primer, or eoat of bitumen, roll in further

gravel, and then carefully maintain it, attending to all
holes aud breaks. I would spray it again the next year,
When the bitumen tended to become fat or satiny, I
would spread dry gravel over it and roll it in.

40. Lo Mr, Gregory.—Sweeping would not be neces-
sary beenuse that would distwb the gravel.

4. To the Chairman-—~The tar gpraying, kills the
dust and prepares the way for the seal cont of bitu-
men.  We would use tar exelusively were it not for the
fact that when exposed to the weather it becomes
crystallized, but when placed ander & coat of bitumen
it is quite efficient.

42. J'o My, M. Cameron—It is special tar supplied
by the gas works. We have been using for a primary
cont 50 per cent. of fuel oil and 50 per eent. bitumen..
The tar js only of use as & primer underneath the bitu-
men and ig used mevely to kill the dust. It is difficult
to construet yonds to meet all waffic requirements. We
mny meet the requirements of 99 per cent. of the people
who travel over the vonds, but not the requivements of
the one per eent. whose sole idea is to sinash everything
up.  The voad from Mumbannah to the border of Vie-
torin and South Australia, on the way to Mount Gam-
bier, is of ip ion d Li is
used, 3 inehes loose for re-shaping the old road,
and + inches loose for the semi-penetration top. The-
cost per squave yard is 33, 7d. The amount of Duratar
No. 3 used was .7 of n gallon. T have not heard that
motor lorries are carting building stone from Mouut
Gambier to Mclbourue over that rond; in any ease we
have not anticipated such traflic over that road, but
if it did oceur we should have to put a heavy coating
upon it, The road from here to Ballarat is 20 feet
wide; from there to Horsham 18 feet wide, and boyond
that 16 feet. The road can always be widened if
necessary, Other than highways the width of roads,
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such a8 developmental roads and railway feeders, is
not less than 12 feet, It ranges from 12 feet to 20
feet. A metal shod velicle cuts the surface of n bitu-
ment road, but it wonld not do so. much damage: on n
penctration rond. If the surface is properly fed, it
does not pick up during hot weather, but a heavily
laden truek moving Fast. would be likely to disturb the
foundation of a penetration rond, espeeially if it were
not built for that elnsy of traffie,

43, To Senator Sampson.—I should not advoeate the
covering of concrete roads at Canberra, beeause the
tenflic thore consists mostly of rabber shod vehicles,
We allow for expansion and' contraetion of concrete by
putting in expansion joists.

44, To Mr. Curlin—The Vietorian Roads Board
does o good deal of its own construetional work
on the highways, especially in conuexion with bitu-
minous penctration.  The men have to be carcfully
cdueated: in the work of pouring: We have no machine
that is capable of doing this work, and the man on the
job runs at a_certain pace and pours the bitumen on
the surface. Excellent results are thus obtnined: We
have an extensive and varied plant, on which £112,600
has been expended. Wo have about 34 rollers, but in
auy case we have not too much plant. No p]l}nt is
allowed to lie idle. We have no large concrete mixers;
we prefer to invite tenders for conercte mixing, and to
invite tenders from owners of adjacent quarries and
gravel deposits. Tenders are invited for supplies for
five years, with the result that at Bendigo the con-
trnetors are putting in a steam shovel. We find it pre-
ferable to purchase plant sufficient for our own require-
ments. Some motor trucks were purchased, but, as
we- conld’ not compete with the contractors, tenders are
now invited for all work on the highways, with the
exeeption of the pouring of the bitumen and the spray-
ing of the metal. Stone is delivered in trucks on to the
rond by contraetors and the bitumen is even delivered
from the ship’s side to the job by eontract.

45, To Mr, Gregory.—I have had experience of por-
phyry gravel. 1t is the hardest in the world,  There
is somo at Gippsland. The average price of crushed
metal in Victoria is between 75, and 8s. n tou. We ob-
tnin our gravel generally by contract. When the con-
tractor submits his tender, he supplies with it about
10 1b. weight of gravel. That is immediately put
throngh a sieve nnd the vesult recorded. \\’hc_n‘ the
gravel is delivered on the job, it is sieved and if not
up to standard, is rejected, In that way we get the
very best gravel. Under the Motor Car Act, a load
of 8 tons is the limit that can be earried on a road
purallel with a railway, but 10" tous is the maximum
load on n road feeding a railway. We do not use the
P ion process ou develop 1 and feeder roads,
They are usually ordinary macadam ronds, and when
the traffic becomes too heavy we declare them main
roads.  Another method of coustruetion is to spray
half an inch of sand on top of the maeadam, on the
prineiple that, like the sand on the scashore; it ul.li-
mately finds its position. We sve successfully main-
taining roads by that means, Our best work has been
done in the back conntry, We have been attending to
the highways only during the last five years, so as to
give the eity some commexion with the country. We
were able to do that because of £1,000,000 collected in
motor- fees, being placed at our disposal. Before that
we spent something like £10,600,000 ow main and’
developmental ronds, The wlhole of the money ex-
pended on the highways is frum reveuue, but develop
mental and main roads are being constructed oul of
loan money.

46, To Mr. Long—lu constructing roads we are
guided mainly by local conditions. 1 kuow the condi-
tions at Canberra only by general observation in
travéllivg over the ronds in company with Mr. Hill.
I have noticed in the cuttings the elay sections to which
reference has already been made. Where the soil
is of a clayey character we tnke it ont nnd replace st
with solid ordinary foam, in faet, any cheap material
that is handy to the work. 1 would suggest that for
 gravel road witl n bituminous surface the gauge of
the gravel be about one inch. On top of the gravel
there would need to bea layer of metal because gravel
cauttot be petetrated, With & rond formation con-
sisting of 9-inelt gravel to o maximum of one el gange,
the binding should be sufficient so long as the gravel 1s
properly consolidated, I estimate that 10 tons would
be the maximum load over the proposed road. There
is a similar elass of road between Mangalore and Sey-
mour, and it is nbsolutely safe for 600 veliieles n day
We are hoping to run 1,000 vehicles a day over it
When we treat a rond with bitumen so as to gise a
fine surface we bring the eamber of the road dowyn to
as low as 1in 80, If the camber is any higher the edges
of the wheels cut into the sides of the erown and
start trouble. That attracts afl the tratlic on one part
of the rond, whereas with a flat road every yard of it
is utilized. The general trend of motor cars is to use
the: crown of the road, The flatter the road is, the
wider s the travelling space.  Of course, it is diftienlt
to give an opinion upon the propoused rond without see-
ing the location. X always stress the fact that the
ground must be studied before ronds are constructed.
and there may be points seen on the ground that are
not now apparent to me.

41, Tv the Chairman—1 should coustruet, iu tllju
ease, u penetration rond capable of carrying n traffie
of 200 vehicles a day, but within the eity I prefer
. ronds, not covered at all, beeause there is
1o steel tyre traffie worthy of the nume at Canberra,
1 suggest the use of reinforced concrete only, beeause
the fonndation is already there,

48, To Mr. M. Cameron.—We cover macadam roads
with @ } inch of sand only until we have time to
cover them with bitumen. It is difficult to consolidate
mueadam wuless it is sprayed. Macadam rouds are out
of date for motor traffie, nuless sprayed with about
1 gallon of conl tar per square ynrd, and later given o
seal coat of bitumen,

WEDNESDAY, 26rn FEBRUARY, 1930.
(Taken at Adelaide.)

Present:

Mr. Lacey, Chairman;
Senator Dooley Mr. Gregory
Senator Reid AU HoHoway
Mr. A, Cameron Mr, Long.
Mr. Curtin

Major Tomald IHinder, B.E. AMILE,  (Aust),
General Manager of the Australinn Cemsent Manu-
neturers’ Association, sworn and examined :—

49, To the Chairman.—On hehalf of my association
1 submit to the committer a statement regarding what
is in our opinion. the best type of road for the Federal
Capital Territory.




1 vealize that in the shot time availeble, it is quite

impossible 1o cover more thuu a small portion of the ground,.

coneerntng which nuny words have been, aud many mgre are
likely fu De, written’ and spoken, so I slall conflue my
remarks briefly to a_comsideration of. the cconomicn of road
construetion, the principles of whicl should underlie the
laying out of auy romd. programme, and I shall show {hat,
subject to certain limitations and conditions thut follow,
the concrete ruad is the must' economieal. of all £ypes.

In ing that a p iy an proposi-
tion for amy particular voud or loeality, & number of factors
must be taken into consideration; wot necessarily in their
order of importance, Some of these are;—

(1), The existing condition and hnportance of the road
to e paved.

(2). The volune of trafilc It i wow carrying or will
in the future he likely to carry.

{3}, The ability to maintain it in good condition nt
a reasonable cost.

(). The reduction in cost to urers that a pavement with
its smoolh surface and minimum of resistance
to tractive effort, its clennliness, and dependability,
will, ensure,

{3). The benefit it will confer on the residents on the
vond and in the locality, by reason of its good
qunlitiey, and' in Jessening freight costs, improving
passenger transportation and climinating the dust.
nuisanee, and’ incidentully inereasing, the value
of their properties.

{8). The first cost of the pavement ifsel,

(7). The life of the pavement in determining the an.
mul interest nnd sinking fund chagges.

(8). The prohable cost of maintennnce,
19, The ability of the pavement to carry the load..

In regard to (2} various attempts lhave heen made to
define the: quuntity of trafic that shouwld be carried by
varfously surfaced ronds, to ceonowically justify their con-
struetion, but it is necossary to foreenst the future traffie,
which inerenses rapidly with any Duproved surface and maey,
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In regard to (8) thickness for thickness: thera s vo other
firat-class .pavement :‘that- can Lo luid at the same cost oy
cpment conerete, and 3t becomes n. question, ag to, whether
. fistclus pavemedit or otie- of. an inferigr claracter is
required, and<if the former, the conerete prvement da: entitled
to the serious considération of those who will have to furnis),
the mouey for its. construction,

In regard to (7) it is diffieult to asess the life of a
congrete. pavenient,.as this. will bo-determined by the: charact
und intensity of the teaffic using it, by. the design and-quality
of the pavement itself and tlie subsequent cave faken in ity
mintennnee, and it will again bo_intluenced. by the eontrat
exercised by statule, regulation or+by-law in regard to maxic
mum wheel and .axie loads. Tu this conmexion the necessity
for ado and adhering to. a definite maximum wheel
load amd ninimem width of tyre' for snel load should.be
strongly empliasized.

In regard to- (8) the cost of maintenance for the firet six
yeara shvuld not exceed 1d. per square yard per annum for o
Bt

n conerete stirface,

In regurd. to (0) n conerete rond can be conetructed of
stieh strength as to carry any particular Joad desired,

If il the above facturs. are duly considered: in comiexion
with any important rond, and an imagipary balanee sheot
of piofit aud loss prepared, it will be found that provided
the mecéssary capital can be sceured,. conerete prvements
are o payahlo proposition.

The qualities that have made coneréte pavements so in.
creasingly popular are well: summed up by My, Hill; Chief
Fugineer, Commouwealth Department of Works-and Railways,
i his. report, viz, “durability, smoothness of surface, low
nintenauce cost, freedom from dust and: shipperiness, and
ity ability to ! all’ elimatic ditions,” To
these may he added that it can 18 comstructed' wholly by
Tocal. Inbour and’ with materials ohtained’ locally.

Tt is the: cheapest form of first-class puvement -that has yet.

heen Inid in Auckland, is the roport of Mr. W. E. Bush, Jato
City Engineer of Auckiand. He goes on to say “It is-effi-
clent and effective, for up to the present it las done. its
Jjob in providing a smooth, unyiclding and. clean pavement,
enpuble of being maintained. at” very small' expense””  There
are over 18 miles of concerete pavement in that city.

With ihe excellent yapid-hardening comeat now procuralile,
repuirs to réuchies enn be teadily affected, with & minimum
i i the rond user, nud, in any case; if the

therefore, soon paks the i limit: of some )
eheaper, but loss satisfactory type an conerete,  'The bonrd
of Wayne Comnty, United States of Ameries, voad com-

misstoners, fn their twelfth annanl report emphnsize this,
and_point out, “ Not only does existing trafiic shift to paved
vonds, hut whet was onee termed o theory hns in practice
proved to be u facts the time seved in marketing on concrete
roads results in preater production farms and  truck
gardens, This adds to the tonnage which the roads must
carry.”

T regard to (4} it s found generally impossible to-
satisiactonly muntain the maeadem surface of important
10uds, even when these have o hand-packed foundation, except.
at exeessnyeeost, i the renewed surface quickly deteriorates;
the question then becomes one of continuing to pny for n
svad that ss never really satisfactory, and of paying perhaps
a ttle mae for one that gives complete satisfaction,

fi tegard to (4} evidenc lins beon gathered by netunl test
to xhow the lurge saving fo motorists and transport firms
by reduced henzine consumption, wear of tyres and fewer
repaivs, md the larger loads carvied and more quickly
Ganspted’, Tt the extent of this can be gauged for ench.
wdnidual’ tond' by an analysis of the trafie using it, but
would' not be less Uan one penny per ton mile. A quotation
ir signifieant.  In “ Concrete Roads and ther Construction ™
the Tollowing paragrapl appears:—

B

Al the chone of 1919 there wan a thirty-mile stretel of
conerete iway Known as the “Ridge Route,” in Cali
pened to the public. The costeof this road was
rometling Jike 1,200,000 doliars, and it wus estimated by
eonseryatise Stale officiuls that with the heavy traffie
thet wonld pass over this road the total cost of
would be absorbed in less than 200 days by sa
petrol, iyves, und upkeep on the vehicles passing over
it.

It 1egard to (5) the fuet that in siates where the frontager
jays the greater pait of the cost, the preference again wnd
agnin given to the cement conerete pavement is a suflicient
indication that they regard it ns a sownd Suancial propo-
sition.

practice adepfed in Aueklaml of locating in. paved streets
service maius und of practicable sewers under. each footpath,,
enn be followed, there showld he very littly oceasion for the
entting of {renches,

In cities, it gives the street n fine, clean appenrance, and
ot nights 15 really un advantage. ‘

Cracks and joints, cven if well repaired, may mar ifs
Appearance, and necessitate periodieal attention, but given
Uiis, do not nffect its good traflic qualities in the slightest,
and the longitudinal joint serves to divide traffic,

It is somewhat difieult and costly to cut through, but this
ia really an advantage to the rond, for public utility com-
panies and' departments me learning to. avoid such dis
turbances.

After o caveful review of the whole eubjéet, Mr. Bush
atates, “ The joliey of laying conerete pavements is o sound
one,, and any change thevefrom will only be bronght abont
beeause of aitered conditions and' new knowledge.”

I shall now mnhe certnin nesumptions which cun bo con-
sidered under the assumed in rela-
tion to dpecifieation, life, and cost of various. types of ronds,
und in deing so- it must be nesumed that the surfney be
maintained up to its original stundard.

Any comparison of road types must necessarily take into
tecount not only the juitial cost, deprecietion and- main-
tenance, but also the costs ihat accrme on nccount of the
transport using the road—the true eost being the. combination'
of hoth. road and vehicle cost—or the overnll cost of trans-
portation.

If it coftld he shown that 4d. per ton mile conld he saved
on even u ninderate volume of traflic, say, 600,000 tons per
mile per annum, the sum of £1,250 pér mile per year eould-be
saved to the connnunity, which sum vepresents the interoaf
o1 £25,000 at 5 per rent., for one year,

At Canberra. the registration of motor velicles is 1303,
Making the smme assumptions ns hefore, the saving, to Can-
hofra residents. alone wonld be £27,260 in ono-yenr by running
on conerte roads in place of gravel roads. This means that
a sum of £345,000 could be spent yearly on permanently
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paving, the ronds, aud result fn an economy, wol only on
operating cost, hut beeause o deflnite nsset is seenred,

I make no apology for presenting the following standnrd
figures from.anthentle Ameviean sources slowing the saving
effoeted in operating costa by using cement conerete, 1 give
them ine H:e}r original form, nud fn making comparipons it
nwst be borne in. mind that metor vehieles cost twice as
much here,, petrol and: ofl twice as muel, so that operating’
costs. are_just double. The figures referred to are taken
from tho Town State College Enghicering Experiment Station,

an independent hody, from whiel it will e seen Ut the
wnld §d. can hie saved by aperatitg un cement conetele over
any other wurfiee,

1 also present another table shoning the avinge total
cost, &e,

Still another table js given showing tvaction tests by the
Gond Ronds Bureau of the Californin State Autumobile Axso
ciation.  These tablew show the veasan fur the low aperatng
cost on conerete roads.

TABLE 1.
Revatve Costs or VemicLe OperATION ONLY oX Vaniovs CLASSEs oF RoaDwWAY SURFACES.

! X Tocumntiedlred, tomoblles, Motor Tuses,
Typo of Surface, e e | L, e e, 25.9hihes por iour | 25 Sl per o
Contaper | Coutsper Conta per Conts per
tonmilo, ton-mile, vehiele-mile, ton-mile,
Average coment eonereto ., .. ol 8.00 8.30 lD.gO
i macadam {well i . 8.50 10.80 2o.10
Water.bound macadam (well i - 70 11.10 36'1040
Ordinaty geavel .. . . .00 1180 2.8
Ordinary corth .. . “ .50 12,60 20,60
TABLE 2.
CoMBINED (OR TOTAL) CoSTS OF INTEREST, MAINTENANCE, DEPRECIATION OF RoAD SURrAcES, PrLus TuE Cost oF VERIGLE
OPERATION.
verage number of vehicles per day .. 100 250 500 760 1,000 2,600
ﬁ:;:‘&o totis per day ety 150 375 gﬁ; 1,120 1,%00 ‘s 00
$ =
i . - 5,760 11,840 21,980 42,310 103,070
ﬁe&g“ e.c.mm co.".mw . - 0,160 12,230 22,300 42,000 103,430
Asphaltic conoreto . - 6,080 12,140 22,360 42,080 103,480
Shoot asphalt .. . - 6,000 12,160 22,200 42,7650 103,670
Bituminots meeadam ., - 6,810 13,270 24,100 47,730 109,970
Water-bound macadam .. . 8,670 13,080 24,670 47,040 114,110
Ordinary gravel .. .. - 5,350 12,470 24,350 48,140 -
Ordinary carth .. . et 5,320 12,850 25,580 . . . .
Ly o 2. Cement conerete—pre-mixed {ype.—Cement Ly volume
FABLE 3. T2 4, 20 foet wile, 85 03 < By, d-nch “dinmeter
Puit 15 TPouxns ree Tox. hara (edgs) i prnsion joiuts,
Over n lovel, unsurfaced comereto .. ..o2ne cont per e Yard abont 185, per mile at abont
Conerete buge, Jrin. Skin Top” nsphaltic off £8,000. o
und. sereenings .. - w402 . Bitmminons penetiation macadam.—20 fect wide, 8-
Water-bound niacadam, level, good con PR X Telford base, 3-in mueadam wearing surface pen
Conerete base, Hein, Topeka top, level, guod con- tented and seated with asplnle,  The estimated cost
dition . .. . . < 683 of this type under the conditions nsatmed is Ms. .
Gravel vond, good condition, Jevel . 782 per equire yard, and £6,860 per mile.

Enrth road, fine.dust, level, . . . 02
Fartlroud, stiff mud on top, firm nnderncath, level 218.0
Loose gravel, not packed down, new road; level .. 2063.0

These tables are interesting Decause they show the wvernge
money cost of operating ' trucks, antomobiles, wnd motor-
buses, and the extent Lo which these costs are affected by the
degree of improvement of tho vead surface. The first ‘tahle
shpws these costs for vehicles only. In the sccond table
there- has heen wdded to the vehiele costs the expense of the
highwny, thus giving the total annual cost of motor veliicle
transport to w community, This table shows that, w ith a
total traflic of only 100 vehicles per dey, the cost of w con-
crete voad, Is lower than that of any ofhier puyed rond, and
i only slightly more than the cost of an ordinury gr'm'el
and. dirt rond. -As trofiic incresses, nt about 100 vehiclus
per doy, and for all teaffie volumes above this: MNgure, tllm
total transportation. cost on couétete s-'suhstmltu\lly:‘lo\\c_r
than for any other road, including gravel and dirt,  Thu it
ean be seen that concrete. roads really pay for tllemm:l\'m.l .

The: figures given in tables 1 and 2 are American, hul
Wbt thengutal ot swouldbe higher i thix country, the
rolationship will still stand. .

‘!1‘11 ussm{lptions previously referred to for a compurison as
ta the totul mmm\‘ cost per mile of varlous, classes of paves
ment, are as follows,  This walter wa disenseed by mo
before the Institute of. Engl;iuuerﬁ (.-.\llsh-}ullgnl)m:;;:(!. E'I‘!e l(m;

i ‘g ri in the mam: ighteaye, ¥
cugsion was reprinted iy ;‘g oy, of 14

Decembor, 1028, from which the followi
Specifications for— N o b
. Cems conerete road—Lenetration. type. )
! C‘Z"I?\‘,“.ta 24 in. metal, consolidated to § inclies and
grauted with 1 cement, 2§ sand 20 fect wide, extintuted

dst £4,600" per mile.

.inchos df

mixed bitnminouws ameadnm—Twenty feet wide,
with 8 Telford base, and 3 in. pre mised woarin
surfnce wenled with aspimlt, The cstimuted cost of

this type is I8s, 4d., and per mile, £7,820.

B, ¢ v
fieation for this 43 po, 20 feet wide, 3
macndam, and 25, asphaltie conerete weard
fnce, the stimated cost of nhich i s, per square
yurd, and £04400: per mite.

It will be secn from these cdtimutes that the dispnritios
etween the estimates of flvst cost are not soy grest, and
w will now be shown that under the conditions extimnted,
die nitimate cost of conerete ronds in the ment economical

The true ammal cost of ench of the four types are tabulated:
below, the tebulation being hased on the formula A= M4
(C—S) F 1.0, whore—

A == mmual cost per wile,
M == equaded annual maintennnce cost. of the road’ surfue
g (exclusive of shoulders, ditehes, fences, enlverts,
&cw which are comman to all types
ub eost: per mile. .
4§ — galvage value at end of ihis ceonsmic life af the
anrfueing,
1 == unnunl deposit necessary to provide the sum of £1
» perind equal to the economie Tife, with interest
compound annualty ot the prevaiting rate.
1 == prevailing rate of interest applicable to work of. this
character,




Tt into words, this mieans that the total cost of the road
13 really the sum of the equated annunl cost of maintenance
per mile, and the annual sinking fund, which, with interest
compounded annually, will nccumulnte ot the end of the
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‘
rond’s cconaniic life o sum equal to the itinl eost, less
snlyage value, aiid the: nunnal inferest charge on the fnitial
cost per mile, b

Under these assumplions the following table gives. the
mitinl cost por mile, &e.som

Type 1— 2 |
: e
— S | Wmar [ gme | mm | e
Pesontion | BOOSI0 | Tenctistlon | Macadwm | Difumlnous
Setnod " | HSiheed | “Macadam, [ remixed, | Conerste.
Initial cost Per mile {20 feot wide) .. . . “ L4600 | £8,000 | £6,800 £7,820 £0,400
Eeonomio life P . . . . . I0ycors. { 18years o .d0yesrs | I2 yeara' | IG years
Salvage valug per milo ot end of economic lifo .. m 3 £2,200 £4,700 ,000 £3,000 2000
Total dc(fmintion per mile during economio lifo I % £4,100 | £3,800 | 4,820 £1,400
Annuai deposit required to accumulate £1 at the end of economis 8
Lifo, with interest compounded annually {6 per cent.) . D 19.08d. 8.52d. | 10.08d. 15.08d. 11.12a.
Annual sinking fund required to accumulato total depreelation per
mife at end of cconomio fifo . . . ) £100- | £146 | £302, £303 £343
Annual interest on initial cost per mil . e £225 £440 £340 £301 £470
Annunlsinking fund, plusinterest .. {C-S) D410 2416 | £586 | £842 £004 £813
Annual maintenance per mile— g
Traffic— 200,000 tons per snnum .. .- . . £24 £24 £81 25 | £30
Trafio— €00,000 tons per annum .. . . .- £8 I £38 £00 £14 3
Traflic—1,000,000 tons per antum .. . . o 2 £62 117 £66
Fraffio—1,500,000 tons per annum .. . “ .- £60 £69 £140 £115 0
Total annual cost per mile— A
Annual traffio in tons 1— '
,000 . o . . . £439 £610 £123 £140 £843
600,000 . . . . . £468 | £024 ) £341 £708 £801
1,000,000 . . . . e 3 £467 03! £750 £784 £870
1,600,000 . . .- . . £48¢4 £655 £782 | £800 £602

From  study of the sbove analysis it will be scen that
clie conerete road ig the: cheapest for the conditions nssumed.

Other factors: which ean hardly be given a monetary vahie,
but which nevertheless are part of the advantages of cons
ercte pomds, are their safety in all weatliors, neat and clean
appearance, lack of glure, their velue for night driving,, and
owing to tleir method of construetion they nutomatically pro-
vide Jines which divide the traffie. Concrete ronds will not
wear excessively; being ri they ean he. designed’ to earry
any required lond.  They provide, owing to their gritty sur-
fuce, wafe aud swie fouting for animals, espeeially on steep
grades,

In many American cities hylaws provide that, on
grades steeper than 10 per cent., roads must Le pved of
conerete,

In carefully-conducted experiments as well ns in the hard
grind of naclunl nervice, conereto roads have demunstrated
their guperiority.

The niost extensive of these experiments: was_made by the
State of Tllnois, A rond two miles long was huilt contain.
ing 64 setions of wsphalt,. brick, oud conerete pavement of
different thicknesses, Inid on various hases,

A fleet of army trucks mnde 23,200, round trips over this
bavement. At first oul?v the hare truck chnssis was used,
Then loads were gradunily inereased wntil n gross weight of
153 tows was renched. "

Many of the sectiol were destroyed early in the test,
Only those seetions survived which, were of 1 ; 2 ; 34 unsur.
faced' conerete or were of other types hiwing bases of equally
strong conerete from 53 {o 8 inches thick. In every crse,
it was conerete which gave the pavement the needed strongth
Lo support the londs and withstand the test.

In tests made at Arlington, Va,, the engineers of tho
United States Bureaw of Poblic Ronds found that rigid
materials, like concrete, were necessary to provide load B
porting value. Tt was alio found that various surfucing
muateriats. other than cancrete hnd practically no # cushion
ing” offect at common summer temperatures,  Tu nearly
overy ease, the strength of the pavement tested was measured
by the amount and stremgth of the concrete sinh which either
comprised the pasement. or formed its foundntion,

Une of the principal rensons for the popularity of conereto
b itn long, life. The life of & pavement depends upun wear,
failure wnder. lond, destruction by wenther, or o combination
of these,

In u wear test made by the United Stales Burenu of
Publie Roads, two xolid-tived truck wheels, londed so that
each weighed 3,000 pounds, made: 55,000 circuits of a. track
built of conercte containing all the common kinda of con
ecrete tpyregates.  Many of these aggrezates were gofter than
are alloved on any properly built voad, yet the maximum
wear an any section was only 0.018 of an ‘inel. The wheels
travelled in a path only ¢ inches wide, and a alight dis-
coluration of the surface was about the only visible e idence
of the traffic which had pussed over the conerete,

When, the wheels were cq\li&)pcd‘ with leavy skid chains,
and cnough eirenits wore made to représént” the traffic of.
250,000 t\\'o:lun trucks ot an 18-ft. rmu\, the maximum wenr
on any section. containing aggrepates neceptable under federal
afd specifientions was 0,52, inch, and' the average of all such
sections was only 0.25 inch,

It is evident from ihese tests that unless a cancrete: pave
ment is subjected to enormous steel tire or. skid, chain, traffie
it will never wear out, . )

Observations. of many old conerote pavenents: indieate that
surface marks which would be obliterated Ly as little as
1-32ud of aw inch of wear arc still. plainly visiblo after sub-
jection to muny yenrs' traffie.

The seience of rond' design has heen developed' until it is
now possible to determine how thick a concrete slab. should
be to stpport a given maximum, load. So' long 8a that load
is not exceeded, the conerete glab will not be broken by
biaflie.

Experience in all extremes of ruinfall and temperature in
all parts of the world has sliown that good. concrete is
unaffected by weather and actually grows stronger with age.

A good. deal of the evidence contained in this statement is
L!m result of my observntions dering a recent tenr of the
North Awmerican Continent for the expross purpose of inquir-
ingz into yoad construetion in general; most of the informa.
tion aviilable eoncerning conerete roads is of Americar origin
hecnuse it s in that country that modern rond development
has made the greatest sted Many thousands of pounds
have bm-q spent i that country in seientifie research on voad
construction, Some of the information obtnied lins alveady
been given to you.

I have recently conducted a. survey of the mileage of con-
erete rouds in Australin, which, unforttmately,. is. not yet
complete, but: the follawing figures give an idén of the extont
to which conerete is heing usedi—

New Soutly Wales—equivalent of 3
wide,

miles of road 18 fect

! quivalent of 30 miles of rond 18 fect wide.
South_Awstralin—Incomplete,
Victoria—incomplete.. ¥,

1t will ho observed, considering up.ill 1010 except in -
few city streets, very little concrote rond' construction. Jms
teant undertaken, thut the progress mnde has heen excellent,
and that the people generally nre appreciative of the value
of conercte: ronds.

T would here like to stress the*fact that comcrete ronds
are constrieted entirely of Ausiralinn-made material, thus
giving employment to Australinn workmen both in the manu-
facbure and distribution of centent, nud i the construction.
of the road.

This point should not he averlooked when it is congidered
that other und less. sntisfactory binding materials to the value
of ﬂmo.nqo per year are imported iito Auatralin.

Cement is used extensively abroad in the construction
of 1:onds.of every elass, In 1919 a commission sat in
California to advise ns to the best. means of getting: the
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ronds in. that stato out of the mud. That object was
achieved by providing roads of 4-inch concrete, 10
feot wide. Only recently those ronds have been widened
and resurfaced; this was necessitnted by the rapid de-
velopment of -traffic. In the menutime the roads had
given ten years of wenr,  Most. of the conercte road con-
struction in Australia hias been in the eities, but in New
Soutl: Wales. the Main Ronds Board is gradually ex-
tending this typo of road into the country. Various
country towns. have laid: down' ronds

the road were efficient, there would be  litle
dunger of the conerete breuking,  The specifien-
tions to which Australinn cement is manufae-
wred are moro severe than the speeifications employed
in  America; therefore, the Australian cement 1s
superior. The only movement that takes place in 3
crote ig the expausion and coutraction due to varyiug
temperatures. If the conercte in. the sidewalks at Can-
berrn hns erncked, the eause might be found in

roads ; B
themeare Queanbeyaw and' Murwillumbal. A traffi of
200 velicles per duy is an eeonomical propesition for
concrete rond” construction. That takes into nceount
the lifo of the road, interest, depreciation and operating,
costs,  Bituminous peuetration-.on an 8-inch Telford
base eosts about. 11s, 8. per square yard, or approxi-
mately £6,800 per mile. A-cenent concrete road: of the
best type costs 15s, a square yard, or £8,000 per rile.
The latter, however, involves no. wmaintenance cost
exeept an  oceasionnl attention to joints with
bitumen, “The life of a bitumen = penetration
road depends laigely on the volume and chapae:
ter of the traffic uwsing it, but it will probably
require to be resurfnced at infervals of ot
more-than two years. A bitumen roml must be sealed in
order to prevent the water from petting into it. On
normal foundations mass conevete without general re-
inforcement is usually sufficient. The usual thickness
of concrete for an average road is 6% inches in the
centre. The elass of construction has to he determined
by: a number. of factors, the drainnge of the surrounding
sountry being one of them. But in average condition
amixture of 1 :2 : 4 and & eross section of 9 inches:
64 inches: 9 inches, reinforced with edge bars and at
the cortiers. is all that is necessavy. The construetion
of n more expensive type of rond might temporarily
mean a smaller mileage of good roud, but ultimately
that disebility would be: overcome. I do not snggest
that all' the ronds in Australin should be laid down
in conerete, It would be wrong to hang such a mill-
stane about tho necks of the community, but in eities
and country towns the main streets aud the immediate
approaches should be of concrete. At the present time
Australin js able to produee abouc 1,300,000 tons of
cement' per annum, Last year the total sales did not
exceed 700,000 tons; thercfore & enpneity of 600,000
tons is lying idle, and the interest on the capital
expended must be eharged to the existing output, thus
making cement more costly than it should be. This
Australian_industry should be better supported: by the

ublic and by the Federal and: State governnients.
%itumon is an imported product. Australia produces
tars which approximnte bitumen in appearance and
physieal properties, but they ave not of the same
quality, and are not used to.sp-great an extent.  In lay-
ing down councrote roads T prefer to make definite
broaks, both longitudinal and transverse. In Q land
those breaks would be at move frequent intervals than
in Melbourne, because they ave made for the expross
purpose of minimizing eracking due to tempernture
changes. At Cauberra a break could be made in the
centre of the rond and trausverse breaks. at 50 feot
intervals, I should think that a 20-foot concreto rond
could be Inid down at Canberra. for about £8,000 per
mile. If road construction there has cost £1.£,000 per
mile probably hetween £4,000 and £5,000 is vepresented:
by earthyvorks, drainage, guttering and-kerbing.

50. To Mr. Long—Before placing concrete on a
“spowy” foundation the constructing engincer would
probably seavify the ground, and mix some sand \\'_nll
the elay, and then add more sand on top before putting
down the metal. That would tend to prevent the ex-
‘pansion and eontraction that usunlly takes place oni @

clay rond. Tt would not be neeessary to lay a greater

thickness of concrete. If the drainage at the sides of

faulty 7 , excessive water, bad  pud-
diing or insufficient curing. The sticky nature
of the natural foundations would not deter me
from wsing congrete on. the Federal highway, Conerete
would give a better surfuce and the operating costs
would be lower theu with any other type of road. A
concrete roadshonld' be almost flat, with just suffieient
camber to throw off the water. I would: suggest a
eamber of 1 in 50

51, To Mr, (‘urlin—Provided the work is eficientlv
supervised by a qualified foreman, unskilled workmen
can be usefully employed in the construction of conercte
ronds. ‘The man in charge of the mixer should be an
expert, There is moro in mixing conercte than is
generally known. Where the filling excecds. 4 feet, ‘I
would prefer the ground to be consolidated by traftic
and the weather before paving it. TUnder normal eon-
ditions a concrete rond can be built from start to finish
in one continnous process. Fillings exceeding 4 feet ave:
vare, and' the usnal practice is to surfnee them tempo-
varily.  In euttings and on level ground it is not
necessary to do  that.  There is a sccond elass
of coustruetion in conerete whieh is proving
quite practicable. It is known ns ecement pene-
tration. One road has been construeted in that way at
Canberra; unfortunately, the operators were not thor
oughly conversant with the business, aud did not get
a8 good a surfuce as is desirable. Any engineer will
agree that it is easier to make a mess of bitumen pene-
tration than concrete. Care must be taken to heat the
bitumen to- the proper temperature, and to get it iuto
aud through the road se thoroughly that wo veid is
left. The foundation is an important part of the road.
Without & good foundation a rond will not last, but »
conerete road has more ehanee of doing so, because it
can net as.a bridge. Instead of letting one contraet for
formation and anotiier for coucrete or bitwmen pene-
tration, 1 would' prefer the whole job to be let to om
eontractor who should de all the work from the torning
of the first sod to the final surfacing.

52. T'o Mr. Cameron.~The concrete roads in .ide-
laide have u conerete base and . bitumen surface. In
Woodsille and Port Adelaide concrete hag bren nsed as
a base. The Tenley Beach road has a section. of con-
crote neross & flood avea. It has been in use five
years, and although water is frequently flowing over
the rond: only one cornerof one slab has failed: the re-
mainder is-in perfect condition. Probably it has been
reinforced. At Port Adelside w streteh.of coment pene-
trition was reinforeed. 1 1 to roads
without reinforcement if the conerete is satisfactory and
the drainsge is good. I have scen many ronds
coustrneted i that way. I am aware that a
scetion of about 400 yirds at Botany in a
total length of about ¢ miles of conervete rond in
New South Wales fajled. The veason for that failure
is, known. The asgsociation of whick T am the gm.le.r.rzl
manager is formed for the express purpose of servieing
the product of the cement factories and promoting ite
further use. I am wot in a. position to express an
opiiion regarding the likelihood of the price of cement
being: reduced in the event of the output being in-
erensed, but T should say that if production were
inereused the price could be reduced. It is the general
desire of the coment trade to reduce the price to the
Jowest possible Jevel, beeanse the lower the price the




grenter the consumption will be. The consumption of
cement has. inereased gradually, but not nearly in
propurtivn to the increase in the plant capacity.

53. To Mr. Gregory.—Tn “spewy™ country pood
draivage is essential, If the. foundation is of elay and
is linble to expand and' contraet, thus. throwing stresses
on the eonerote, it is advisable to spread & 2 wmeh layer
of sand wider the paving, Latest investigatious show
that sand used in the muking of eonercte should be
well graded from coarse to fine; it need not be sharp,
and if it contaius no organic mafter does not require
washing. 1t is snfe to mix conerete at a eentral depot
and convey it to the place where it is to be used pro
vided that not more than three-quarters of an hour
clapses  between the mixing the laying,
under average temperature eonditions. Tn our speci-
fications for cement the minimum setting time is
one hour. Conerete increases in strength by being
wllowed to staund for a little time before being put inte
position. In the United States of Ameriea conerete enr
e bought at central mixing depots, aud often it is an
liour in transit to the job. Tt is earried in specially-
designed steel waggous which retain the water. If
conercte is properly mixed there is no danger of segre-
zation of the components,  In the United States. of
Amerien the price of cement is approximately half the
prico in Austratia, DPussibly the: prvsent cost of eement
is limiting the use of concrete in road construction, but
only about one bng of eement is required for cvery
square yard of vonercte rond. .\ ton of cemant is equal
to 24 bags, and if the price were reduced as mueh as
£1 per ton the eost wonld not be redueed by more than
1s. per squars yard. .\ good deal of the cost in eon-
erete rond construetion is represented by, labour.

54, To Senalor Reid.—The pereentnge costs of the
naterials used in a square yard of concrete, averaging
7 inches thick, 1 : 2 : £ mix, are—

per cent.
Broken stone or gravel .o
Sand B I 10
(ement . 48
Lakwur .. . .o

These percentnges are based on the following prices:
—Cement, £5 11s. in the mixer; sand, 10s, 6d. in the
mixer; stone, 17s, 8d. in thie mixer; labour at standard
rates. The. pereentage given for lahour ineludes only
cost of mixing, laying, placing and curing, but not that
entailed in hauling, or placing in the mixer—these
are charges to the cement, sand or stone as may be.
Engineers differ in regard to the néed for reinforer-
ment.  Under average conditions conercte does not
require gencral reinforcement throughout. I pre-
for edge bar and. corner reinforcement. In
swampy country the bottom of the conerete
wonld be reinforeed in order to give greater
strength and the top could. be reinforced to minimise
cracking. Bitumen penetration wonld net stand iw
swampy country without cnornous oxpenditure on its
n 1 The Q land Main Roads Comm's
sion will not construet anything but eoncrete roads in.
swampy eountry, Bitumen will not stand water and
the road: being of a flexible type it collapses when the:
foundations arc wenkeued. Conerete, on the other
hand, can function like a bridge. The specifications. for
n conerete road vary according to the nature of the
country and the anticipated traffie conditions, Conercte
ronds do not cause a dust nuisance and are not in any
way detrimental to. health.  Engineers. prefer o central
wixing depot, where that is economieally possible,. be-
eause the conerete is mixed, under the direet control of
osports and generally it gives better results. thau cons
erete mixed on the job. Often, too, it is Jess costly
TUsually sand from the scashore can be used without
detriment to the concrete, The reason why it is not
used more generally it that it is badly graded, being
mestly of one size and that too fine. If the concrete is
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being reinforeed intersetion may ocour between the
steel and the salts. The only effect of silt would be to
produce Initance qu the xond; but that becomes worn off,
The use of tar in place of bitumen has passed the ex-
perimental stage, and, in my opinf m, hitumen is being
used beenuso: of the pressure exerted by the sellers. At
the presont time the gnsworks cannot supply the demand
for tar, but. I feel sure that if they were nssured of a
rcgp\nr and increasing market for this by-product of
their ovens they would see.that.it was fortheoming, pro-
vided, of course, that tho conl-mines were- in- operation,
I think they could produce tar at:a price which would
ennble it to compete with biturmen. Altar road properly
prepared is no more affecied by heat than is bitumen,
A fortnight agoe the bitumen surfaees. of the: Adelaide
streets had to be covered with sereenings: beeause the
heat had made them so soft. I am convinced' that
efficient local tars suitable for road-making purposes
will be produced. if sufficient encouragement is given to
the manufacturers, The Neweast'e-Maitland rond,
made of loeal slag and tar from the Broken Hill Pro-
prietary Company’s retorts, is an exeellent example of a
tar penetration road. The use of conerete oi- country
ronds should be governed by the character and quantity
of the traffie. Agricultural ronds should be kept out of
the: mud. A little more diserimination could be used
in the making, of roads; move should be of concrete,
§5. To Senalor Dooley——A. cement, penetration, rond:
6. inches thick can be laid for £4,500° per mile. Bitu-
men_ penetration, costs about £8,000 per mile, TIn sug-
gesting a longitudinal break in a conerete road T had in
mind n 20-feet trock, A slab 10 feet wide wonld not
require a central break, Usually the centre joint is
conneeted with dowels of Lalf-inclr rods:  Ono edge is
butted against another, the two. are connccted by
dowels, and by this means vertienl movement of one
slab in relation to. another is prevented. In. making
ln'ea'ks at intervals of 50 feet, I would allow about % of
an. inch for expansion. These joints. also should be
dowelled, The concrete materinls should' be ehurned-in
the dl"um for at least a minute to ensure: thorough mix-
ing. The proportion of water should be strictly regu-
!Qled‘; some aggregates require more water than others.
The mixing should be under constant supervision. If a
shower has ocenrred overnight the sand: may contain,
instead. of about onc-half gallon of water to the cubic
foot, nbout one and a half gallons, In that event the
quautity of water put into the drum should be corre-
spondingly deereased. If a minute is not sufficient for
the thorough mixing of the conerete, I would increase
the time rather than the quantity of water.
The more time that is given to the mixing
the stronger the comerete will he. It is not
necessary, in. all el nees, o lid n
voad by traffie before laying down the concrete slab:
Ordinarily as soon as the rond has been. consolidated by
roller, the concrete ean be laid. A filling of 20 feet
depth: would. probably require twelve months. to_con-
so}:;lonto. Much- depends on the material used and the
Season.

56. 7o the Chairman~—Under average conditiong:con-
crete does: not require surfacing with bitumen. Au
'xeeptional instance is the Botany road, wheie the
traffic is confined by a kerb and tram rail to.an 11-feet
track. For roads of the type that this committee is
inquiring_into bitumen surfacing would be a waste-of
monzy, I eannot see any advantage in surfacing' a
conerote road. If, however, surfacing should be con-
sidered necessnry at some future time why do the
work immediately? The conerete will always have
its value ns n base, and: if you can defer the surfacing
of it for ten or fifteen years, you save interest on thé
extra money for that period.. If n eoncrete rond with-
out reinforcement could be built for £8,000 a mile, ve-
g{\)fga%gmcut for the full width might inerease the co;t fo

thadel !
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57, 1% Mr. Gregory—A conerete- rond: should stand
up to motor traffie indefinitely. If the road iz narrow.
and subject to heavy steel traffie the conerete should be
covered. ‘Tar’is not as good as bitumen. The two
matorials have differeut bases and physieal character-
faties. Thie usual practico is to give u primingconting
of tar heenuse of the diffieulty of getting bitumen to
adhere to- the metal or gravel, ‘perticularly if it is not

clenn,

68, T'o Mr. Iolloway—The limit to the volume of
traffie-that a 6-inch road with bar reinforcement on the
sides will carry is governed by the width of the rond
and, the spread: of the teaflic, ~ Lt is hardly likely that
any traffic-on, the Federal Highway. would injure such
@ road. In DBrisbune unsurfaced conerete: roads are
funetioning; satisfactorily

59, To Mr. —ICerbing is-not required except
when-the road.is subjeet to & heavy scour. I would nrge
the committee, when considering, the comparntive costs
of differont classes of roads, to. tuke into uceount not
only the initin) cost, but also the saving in operating
and maintenance expenses that can be affected by the
use of -concrete.

H

Phe witness withdrou.

Gilbert Josiah Pickett, manager of the Adclaide Cle-
ment Compmiy, Limited, sworn and. examined.

60. By e Ghairman~—On bellf of myself and
Ay, John.Jaimes Grierson, acting manager of the South
‘Australinn Portlend Coment Company,. Limited, I sub-
it thie following joint statement in the hope that it
will -nasist the committee to formulate a roudq‘nukmg
policy for recommendation to the Federal Govern-
ment i— .

As managers of the two Tueal \:el“l:ll'..\\()l'kh our duties com
prise the supervision of the actunl ruising nud Tundling of
Bt . muterialn : and the manufacture, despatch, and de-
ivery of the finished.nrticle. Under wosmul conditions, whon
the two plauts ave operating at their full eapacity, the in
imtry finds. emplayment for n_constderuble vumber of work-
mep, the ave smmber under those cireumstances heing -~

In quurries .. .. men
Freighting wnd transporting .. 20 men
I cement faclovies .. o .. 180 men

300 men

Tatal .- . .

In @ddition to these men o considerable number are cmployed
fram time in construction and repair work, partly ot the
coment works and partly in outside engineering shops, Apurt
from the divect employment of Inbour the ecment industry
creates u very large volume of indirect labour. For example,
way companies nermmlly consuine approximately 30000 tons
of conl. per_annum, This fuvolves lubour in Lewing, londing,
and diseharging, quid in hoth sen and. land- transport, Another
large ftem of i reenrring are s in Mon
\\'\ﬁn cement containere,  Buploynent s gi to hoth jute
aid paper hag wakers. On an estimated ontput of 85,000
tous of cenient per wnnum the requirements for packing, w uld
amount to the equivalent of some ole and o, Jalf milion
paper bags. The whole of the material for the paper bngs is
produced and made up in Australi, and this industry
affordd employment for a large puniber of employee aN-
penditure on the: purchase of materinls for plant. repuirs and
ronewnls i very heavy item in u cement works owing:to the
cnormous wear and! tear of nassive machinery whit
run: al fairly Digh rates of speed.  Practienlly atl steel; and
other materials uscrd for these purposes are mide in, Australia.
T ight bo observed thuf: it i the scttled poliey af the
South Australian Cement. Manufacturers. to: purchise all their
requ\rements,iuclm\ing new nmchlner_y,‘iu Australin as.far as
Nketioable,  As a. further indication of the vahne of the
comont industry to the general comn ity we might state
Dt we v lnrge: purchasers of eloctric turrent, contribute
Targely to the income of the: Water Supply Department, and
pay subatantinl sums in- Joeal rates and_Federnl and State
faxation, Our employees also muke eon utions wnder these
headings,  From whub hay been said it will he obvious that
the running and' upkeep of 2 cement factory sives wulgspreml
employment’ to-n large number of men, and, that the disburse.
mopts and wages ure apent in our oWl cotntry to the great
goeial- and: economie henefit: of the whole: community. ~ We
ench aid #ll conform to the Inws of our conntry and’ hear

our whate of the burdeas of citizenahip. In amr opinion then,
1t 15 nnspund business to wse binding matenaly for 1ol
It are of Iess yulue than cement, copeuially when
inls have to be fmported into thix cotintry  therehy
the alrendy htge teade balance aguinst the Com-
o ealth, and ineidently enriching people who do. not con
wribute to our nationd] revenues  The South Austration € e
mertt Compunies have invested over £300,000 in property and
Jant, and have-spent annually large sums of moncy hoep
T their machinery up to date, @ the standard of quality
af coment has been continmlly raised, in order that they may
prodnee an article which, will compare favorably with auy
other cement mnnufactured.  Under the truding conditions
now mesailing in th State the eoment plants wre not » &
g to full capcity or employing the masitum wutmbe
workmen,  Sonething should he done to provide new chanmels
for the conkumption of cement ta enable th
tion fully syd’ render the ntmost serviee
a1y a whole, The cement indus! U
all-Australinn industry, which,, in addition to provid
ployment, affords an’ important means of deseloy
jafitral resourees of the country. For the foregoing -
we urge that the nmguration of a comprelionsive paliey of
cemént cotierete vond construction in all the Australian States
I by of very distinet advantage not only to the ibdustsy
ith whiel we are wumediately comnceted, but in the bhns
vmt o practieally every inhubitant of the Connmanw ealth
As far us the State of Soutls Anstralin is concerned very littlo
centent conerete ronds luve heen constructed.  Sueh work so
far lity heen confined almost exclusively to the Government
] " the Corporation of the
1aide, aad the Corporation: of the City of Port .Adel
wide thise hodies only o fow isolnted patelies of this el of
sond huse been. Inid down.  ‘This result js insigmifiennt w
compared with the magnitude of coment conerete roud work
eavried out in the metropalitun ureas. of Melhourne, Sydney,
avd Beishane, to quote Australian examples. and Anchluml,
New Zealand, The faet that these cities and their emivoms
are continuing the construetion of cement conerete yonds i
imdobted  evidence that the wethod lus werits  well
rocogtilzed by rond-constructing, nuthoridies, Readily aer
ihle statistics show (hat roid trankport has inereased enr
wonsly during the past few yenrs, and the tendeney is toostill
further inerense. It nppears to us then, that the type of
vond: to he selected ahould take fully into consideration the
prohable incrense of traflic in the future, and futwme neces
sitios, provided for rather_ than: merely treating the ques
ngoie af expedieney and putting down a jmvement w!
wizht i 2 few yers prove indequute to carry the traflie
inerensed by matnral evolution.  The experience of the cities
mentioned: nhove, and other instanees wlhich no doubt will b
brought ta yonr natice with appropriate dotails, point to the
onrinent suitability of cel t concrete as the material for
lwoking. I conel it will he i that the
committee can tender valmhle nssistance: to the cetent anil
aliied industries, to the incrénse of emyployment of various
clnsses of Tahour, and 1o enlnved tranaport efficiency by nd
nz the comstruction of cement conerete vonds and, a
«pecifically referring to- South Austradin, by recommending
that' o portion of Federal Aid Roads Greants e alloented to
thut purpose.

ncustry to fune-
the conmunits
i 1 e

[ have had no.experience of the construetion of roads,
but when T was in America two years ago, T saw large
wmiloages. of conerete rond. The streteh fronr Los Ange-
los to San Francisco is of pre-mixed cement concvete.
Tn places it was 20 feet wide, but away’ from the cities
it warrowed to 1% feet,  Alongside concrate roads in
America 1 saw oil wells which used rubber tyvel
traffic and steel shod trailers, and neither lind any effect
on the wearing sarface, While T was in Cliieago T
discussed with_ engineers the advantages of comercte
voad construetion, and they were opposed to the use
of bitumen penetration. T was informed that all the
imaterinls they used in conerete are subject to labora-
tory tests. Ou my return to Adelaide, we submitted
stone from the loeal quarries to similar tests, and: they
vevenled that the quarry at Rockdale yields a stone
superior to amy other in Australin for coucrete rond'
purposes. Conerete has not been in favour with road
engineers becausy quarrymei used to give them the
«yun” of the quarry, and, would not supply properly
graded and- clean stone. Now they are prepared to
supply tested metal. In America, T saw chemists
taking samples from each ear load of sand and stone:
in faot the materials were aecepted only on the ehemists’
cortifientes. When the concrete was mixed, the cou-
sirneting authorities: took tests of every bateh lefore
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it was put into the road. I should say that a highway
with a traffic averaging 200 vehieles per day warrants
concreto construction, The wear and tear on an
ordinary macadam road would be tremendous; indeed,
it would last not more than six months; a bitumen
penetration road would' require to bo re-surfaced. within
two years, but a properly consiructed concrete road
would Inst from oight to ten years. With motal at
125, per yard, sand at 10s, cement at aboup £1 per
barrel, and using up-to-date appliances, pre-mixed. con-
crato should cost not more than 16s, per square yard.
Pre-mixed bituminous macadam would cost 118, to 12,
and a 9-inch penetration road about the same. Even
a concrete rond will require regular inspection, but the
only bad wenr oceurs nt the joints. A properly con-
strueted concrete rond should require practically no
maintenance for the first eight years, them it will
require patching and. perhaps renewal at the joints.
My observation of bitumen penetration roads is that
they require patching in the first twelve months, Pre-
mixed bitumen on the Birkenhend-rond cost between
11s, and 12s. per square yard. 1 have uever heard of
& bitumen road being put down for ds. per square yard,
Not a penny has been spent on the conerete section. of
the Henley Beach-rond during the five years, it has
been in use. That is it a flood ares, but 2 concrete
voad:can be gnaranteed to stand wnder any conditions.
Cement should have preference over bitumen, because
it gives' a better job, and' all the materials used' in n
conerete road are of Mustralion origin, The Australian
tar that is now being used on roads eonld still be used'
with sand for top-dressing and: repairs..

. 81 To Mr. Curtin,—The Americans instead of build-
ing all their roads to a width of 18 feet or 21 feot
put dmyu narrow strips of only 9 feet, and the sides
are ordinary macadam. In that way the cost of con-
crete construetion is reduced. In country areas it is
not necessary to lay conerete ronds to. the full width,
of 21 feet. In muny parts of South Australia the con-
struction of conerete roads' wonld be warranted, If
the farmer could eart his produce to the market or the
eailway siding over good roads he would save much
time and lnbour. A narrow conerete rosd would not
cost more than a double width road of bitumen, BMany
pastoralists are using road transport instead of the rail-
ways. It is an advantage to be able to load the lorries
at the woolshed and. convey the wool straight to the
merchants’ stores. Motor lorrics are transporting goods
between Adelnide and Port Augusta,

62. 7o Mr. Holloway—The high initial cost of a
conerete rond ean be overcome by laying' down, in the
first place, only narrow strips,

63, T'o Mr. Cameron,—We-contend that the final cost.
of narrow concrete roads would be less than the cost
of full macadamized ronds Less haulige power is
required ou conerete roads, and thera is less eonsumption
of petrol and less wear of tyres. We used to pay for
20al 378, per ton; now we are paying as much as 59s.
The pricc of cement in South Anstralia is approxi-
mately £6, ns compared with £5 8s, to £5 10s; in New
South Wales. The South Australian companies have to
pay more for clectric power than have the manufac-
turers in New South Wales, and our produc-
tion is on a smaller seale, If wo had the
larger output our cost of production would bo
reduced.  Some of the New South Wales companies
get coal for 12s, a ton. Woe are able to hold. our own
i the South Australion market, except that some
builders from Europe, who are nccustomed to English
ewient, cannot overcome their prejudice against the
colonial artiele. In Anckland two years ago, T saw
roads which formerly were of bitumen penetration but
had l‘wz-n couverted to conerete. They had been down.
for eight years and still hnd a long Yife, Cement was

costinf, in Now Zealand, ubout £5 15s. a fon, but the
manufactufors were working - natural cement rock

and had the advantago.of cheap conl.
64, To Mr, Hollowiy~The Australitn cement

specifiention is the most severe in the world; and’

beeause we Lidvo to work to that standard our product
18 superior,

85, To My, Long~If n 9-£t. coneretd-rond: were put
down for a cost of £3,500, the width could be. doubled
when the traffic warrauted by duplieating the expendi-
fure, A greatei demand for loeal cement wonld keep
the factories going full time, nnd they would employ
more labour. Further cuployment wonld: be.given: by
the grenter consumption of conl and bags for: the cement,
T am confident that the local companies would: not
endeavour to esploit the market if the greater demand
for cemeut enabled them to produce. to their full

eapaeity. If we were to inerease our pricés the foreign
cement would get control of the mnr{:ot.

66. To Mr. Curtin—I do not think that we would
usk that a higher duty bo imposed on coment in order
to shut out foreign competition.

67. To Mr. Long—If the factories were working
to full.cnpneny the natural tendeney- would be to lower
the price. of cement. Two and a Lalf yeary ago, when
the Adelaide Cement Company was: working, to full
capacity, my directors sent me on a trip round the
world to ascertain whetlier we: conld: produce cement
more cfficiently and nt less cost. We infended to put
in a plant capable of producing 250 fons per day, but
owing to. the depression we oannot sell the- wholo of
the output of ‘our present plant.

08, To Mr, Holloway—~If we were working to full
capacity I believe we could reduce the price of cement
becauso our overhend costs would' be-distributed over n
greater output. .

(Taken at Adeluide.)
THURSDAY, 2%rn FEBRUARY, 1930,

Present:
Mr, Lacry, Chairman;

Seuator Dooley Me. Curtin
Senator Reid Mr, (}rcgn;y
Senntor Sampson Mr. Hollowny
Mr, M. Oameron Mr. Long.

Michael Joseph Murphy, President, Adelaide Branch
of the Australinn Workers Union, sworn and
examined.

69. T the Chairman—All of the men engaged in.
the manufacture of coment in South Australin gre
members of thoe Australian Workers Union, and beeause:
cement ig not used as extensively as it might be, many
of them are out: of work, RMost of the men engaged in
Toad construction also are members of my union,
Through the diminution in the output, one comient
fugtory hns reduced its employees from 1 " to betweon
40'and 50. Tn_theother factory the position js some-
what similar, Both cstablishiénts whew-in full opéra-
tion employ about 300 men. If policy of concrote
rond coustruction. were in, opexation both. cement fac-
tories would. be working to full capacity, and many men
who are now unemployed would ‘be absorbed: in them:
orin the actual road construction. On aecount. of the
dirty character of the work, men. engaged, in spraying
bitumen aud laying, couerete receive n. little: extrn.
payment. Thusg‘ who spread the metal and' sereenings
are paid at ordinary labourers™ rates. T helieve that
conerete construction' would give more employment to
members of my union than bitumen penetration, In
the abacnee-of exFeriencu of concrete rond work in. this-
State, it.is diffieult to estimnte what would-be the effcet,
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but-as the wholé of the materials used: in conerete con-
struetior would be produced locally, it follows that a
largo number of additional men would get employment
in the quarries and cement works. Bituminous pene-
tration roads are not standing very well. I have in
mind a road betweon Adelaide and Callington, which
ig bifumen over a concrete foundation.  Another bitu-
minous penetration rond is that approaching Port
‘Wakefield, When I suw it about four months ago holes
were wearing in-it,

70. T'o Mr. Cameron,—The portion: of the Callington
road which is not wearing well is that. on the Adelaide
sidey some-:of it has been built for two or three years,
but one seetion was comipleted only during last summer..
Despite the fact that the rond is comparatively new,
it already bears indications of pot-holes. T support the
poliey of constructing ronds in cement conerete, and T
suggest that in building ronds in the Federal Capital
Territory the Commonwealth Government should set
an.example by using an all-Australian product. I am
not. afratd that the longevity of concrete roads would
diminish the employment of those who are ordinarily
engaged in road maintenance, beeause the money that
is now wasted on the maintenance' of inferior roads
would be available for a further extension of ronerete
ronds:;  After a conerete road is completed it needs no
further attention for several years. In the interests
of Australin, the Government should develop roads of
this kind,

71, T'o Mr, Gregory—~My experience suggests that
conerete road eonstruction would give employment to as
many men as bituminous penetration..” A road that
will stand practicatly for all time is the most economical
in the long run. If roads were built to country railway
stations instead of all converging on the city, they
would be of preater advantage to the producers, I
admit that with a Yimited sum of money available the
adoption of concrete construction would reduee the
mileage: of new rouds. I am advocating the use of
cement in road construetion rather than bitumen, which
is'an imported article. Ordinary developmental roads.
in the country are in a different eategory from high-
ways and metropolitan roads.

2. Lo -Senator-Docley—Men engaged in the melting
down of bitwmen receive a special rate of pay; those
who sprend ‘the bitumen and lay the couerete receive
about the same wage. Quarrymen receive the same
rate of pny whether the metal they are working is
hard or soft,

73. Po Senator Reid~That. portion of the Calling-
ton road which is now showing defects has been in
use for about two years. Previously it was
macadamized; the defects cannot be due to fanlty foun-
dationi. I do not think that more men would be em-
ployed in building three miles of bitumen penetration
than. in building oue mile of cement conerete,

4. To, Mr. Curlin—T do not suggest that develop-
mental roads in the country should be laid down in
concrete instead of the ordinary: gravel road, which
gives the farmer access to the rnil\\'x\tys,‘ but for surfaced
voads I Ulelieve that coucrete, being made of local
materinly, should have preference over bitumen.
Instead of using bitumen on top of concrete, we could
nse- conerete only. Where the penetration system is

ployed cement is preferable. Clountry roads nre
constructed by the loeal government authorities, but
contraets are let for the supply of stone. I favour
the construction of roads departmentally because the
loel government anthorities, having & complete plant,
can do the work more cconomically, To-day plant
belonging to the Iighwanys Department is lying idle
while work. is being lot on contraet, Judging by what
T have seen in Sydney during. the last three weeks, I
should say that conerete should be employed, even on
a rond’ having o ténffic not ekeceding 200 vehieles per
day. Well made-and' properly consolidated gravel roads
should stang for a long time, and it might be a. sound.

policy to build ronds of that chavacter for the time
being and surface them some years hence, when they
arc properly consolidated: I believe that conerete
penetration would stand better ‘than bitumen or bitu-
men penetration. For four years I worked for the
Adelaide Corporation. Many metal ronds were tar
dressed anmually, and often ﬁ’ud to be patched during
the year. TIn latter years there has been little steel
traflic on the city roads, but there is still a good deal
on the Port Adelaide roads.

75. To Mr. Long.—Doughy or spewy soil should be
treated with sand. ~ Macadam would be a good founda-
tion for a surface of cither concrete or bitumen. Fast
maving motor traffic creates potholes in gravel roads,
but not corrugations. Potholes do ot occur on conerete
ronds.. Takiug into aceount coustruction. and main-
tenance, the ordinary macadam rond direetly employs
the most.men, bt direetly and indircetly concrete con-
struction gives most employment. Clonerete construe-
tion requires careful supervision, particularly in the
mixing of the concrete. Skilled labour is not needed so
long as there is efficient supervision of the materials
and the mixing, Haviug regard to the enormous outlay
at Canberra.in ereating a model eity, it would be advis-
able to Jay down first-class roads of a permament
character.  Therefore, notwithstanding the greater
initial expenditure involved, I would recommend econ-
crete road construction: there,

78. To Mr. Cameron.—The lighways Department
used to tender in competition with private firms for
various road construction jobs. But the present State
Government is favorable to the contract system, and I
am not sure that the IHighways Department coutinnes
to tender,

77, To the Chairman—In choosing between bitu-
minous penetration aud concrete, it is the duty of, the
Commonwealth to give preference to Australion
industries rather than continne to import bituwmen.

The witness withdrew.

Stanley R. Whitford, M.L.C., South Australia, sworn.
and examined.

8. T'o the Chairman~I appear before the com-
mittee in’ the interests of the cement companies. I
have neted as.buyer for the Adelaide Cement Company
for two and a half years, and have a good idea of the
ramifications of the industry and its importance td
Sonth Australin. According to a table of costs pre-
pared by persons connected. with the cement industry
bituminous penetration § inches thick costs £2,500 per
mile, and cement penetration 6 inches thick from
£2,815 to £3,284 according to the local conditions.
Concrete ronds. in various parts of the State have
proved to be ail that conld be desired and the cost of
maintenance has been practically nil. A streteh of
concrete on the Jetty-road, Semaphore, has been laid
for tew or twelve years, and there is not & mark on it.
It carries henvy commercinl traffic and the railway
runs alongside, cansing a good deal of vibration. Yet
it has worn perfectly. A scetion of eoucrete on the
Ilenley Boach-road through swampy country has been
in use many years and not 8 penny has been spent
on maintenance,  An area of concrete earelessly laid
in the Adelaide Cement Company's yard has carried
heavy traffic for years remarkably well. T am told
that bitumen penetration costs 6s. per square yard.
Bitumen spraying may cost only about 2s., but the
cost of upkeep. must be taken futo account. A test
seetion- of cemient penetration was laid in Dunniker-
vond, Port Adelaide. I do not ¢hink the rond required
surfaeing, but it was covered with 2 or 3 inches of
bitumen, and within twelve months the heavy eor-
rugations had to be ironed out. Had'it not been covered



with bitumen it would not have required any nttention
for years. In answer to a question I ssked in Parlia-
ment, the Highways Commissioner stated that the
upkeep of bitumen penetration roads amounts, to- £72
per mile pev anwunt” That-must be.added to the capital
cost of the road. As far as we can judge o concreterond
requires no renovation for ten or twelve years, -

9. To Mr. regory~In laying down the experi- *

mental section of cement penetration in Dunnikor-
rond we first used 5 inches of specially picked S-inch
metal.  That was lightly volled and a Finch
steel reinforcement was laid. On top of that was put.
about 6 inches of 2-inch metal, which also- was lightly:
rolled. Cement, sand and water were mixed in a hig
tank o a lorry and gronted into the rond by means
of a lavrge hose with a fau shaped nozzle, The coment
penetrated right to the bottom of the road, and: while it
was still wet it was again rolled. Finally it was top
dressed with light sercenings, T saw a sample taken
out of that yond. ‘There is hardly a tool in South
Australia that would eut i, The rond is not kerbed.
When it was finished it was consolidated to a depth
of 9 inches, JAfter it was finally rolled it was kept
moist for a time. Coment penetration was employed on
the new wharves without reinforcement and within a
week iron shod vehicles were ruaning ovep it, 'The
experimental section in Dunniker-road s about two
wmiles long and 80 feet wide. Tt was built by the offorts
of the Adeluide Cement Company who brought over Mr,
Sunderland and his owfit from Melbourne.  Most
of the metal used for rond-making sbout Adelaide. is
porphyry rock.  We have no granite,

80. Lo M. Holloway~T suppose merchants import
cement beeause they ean make a better profit out of it
than out of local cement. The quality of the. South
JSustralian article is not questioned. The preference
for the imported cement is due to the cheaper price
and to a certain extent to prejudice against the loeal
article. The Adelaide Cement” Company could supply.
the whole of South Australin’s requirements, In years
gone by it supplied cement to Westorn Australin and
Tasmania. The existing plants are capable of doubling
their present ontput. 1f the output were eonsiderably
inereased a reduction of price should follow. The pre-
sent priee is too high. The loeal companies should’
make a definite offer that if, withont inereasing pro-
portionately their overhead expenses, they ean con-
siderably enlarge their output, the price of coment will
be reduced. Under existing conditions the demand’ is.
not great enough to keep both: the Adelnide and Brigh-
ton Cement Companies in full operation, and I Lave
often suggested that they should amalgamate, The
resulftant reductions in overhead costs should mean n
corresponding reduction of the price to the econsumer.

81 To My, Cameron—At present very little cement
is sent out of South Australia, The higher price in
this State as compared with New South Wales and
Vietoria is probably aceounted for by the higher price
we have to pay for conl.

822 To the Chairman—T wonld like the com-
mittee 1o be seized of the importance of the
cement industry in South  Anstralia.  When 1
Jjoined the serviee of the Adelnide Cement Company,
it employed 120 men. I suppose the Brighton Cement
Company employed nbout the same wumber.  Both,
companies have reduced their employment by two-
thirds. The wages of 120 men amounted to abont
£2,000- per month. 1 bought for the compauy oach
month approsimately £5,000 worth of coal, oil,, rods,
eliting, & That £3,000 mostly vepresents labour
and is spent in wages somewhere in Australia, The
company employs men of varying classes earning from
£L,000 a year to the basie wage. If we spend monthly
£2,000 in wages and £5,000 on materinl, we keep in out-
side employment nbout two and a half times as many
people as are actually engaged in the manufacture of
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coment, For that reason the industry Js. of special:
value to the community, If any local-industry is to. be
protested, the coment makers have a.good claim,

(Zaken at Adelaide.)
FRIDAY, 28w FEBRUARY, 1930,
Lresent:
. Mr. Laowy, Chajrman;
Senator Daoley Mr:. Curlin.
Seaator Reid Mr. Gregoyy
Senator Sampson Mr. Holloway
My, M, Cameron Mr. Long.
Daniel Vietor Fleming, Commissioner of Highways,
sworn and exaniined,

83, To the Chairman—1 am fequainted with
Cauberra, and recently travelled oyer the route of the
proposed federal highway.  In South Australia we
have dono a lot of rond veconstruction. in similar
country, Bituminous conerete is the highest typo of.
road we have put down, but our standard road is bit-
uminous penetration. The commitice saw yesterdny
samples of bitunmiinous penetration in use and in; course
of construetion on the Mount Barker-road; and T shall
supply, it with a complete specifieation. I submit the
following statement of actual costs. of various types
of rond puvement:—

. ACTUAL COSTS OF VARIQUS TYPES OF ROAD

PAVEMENTS.
Miresuxovs PENETRATION ON Es1sming Macanay Basw.

Cosf
saare yard.
in. compacted depth of penctration
Strengthening old buse .. .-
Rougli' atone edging . .

Cost per mily for pavement 20 fect wide, £3,000 (npproxi.
. itely).
Casts of materinls on ahove johwere as follows =
Metal' {28-in.) .. .. D8 3d. per eubie yard,
Sereenings - . «+ Os B per enbic yard,
Bitumen- N . .. %7 108, pew ton on roud.
Where un ol macadum buse s not uvailable, and n aew
foundation has to he constructed the cost would be ns fol.
s —

Per tlfl\ml'n yard,
8 d
Bin. compueled depth of yemotration .. 4 111
G-in, compacted metal foundution (npprox,) .. 3 o0
Rougl stone edging . . - [
7 a8

Cost per mile 20 feet puvement £4,400: {upproximately)

Brreawvous Coxensrs ox Onn Micapax Fouxpariox.
"

i per
#quare ?’nrd .
8, d,
4ein. dopth of hituminous concrote .. .82
Seartiying and strengthening of old hase e 110

100

Cost per mile 20 feet puvement, £5,867 (approximately).
Cost of materinls. on nbove joh:—

" 3 d

n. motal for strengthening:
s o = 0412 G per euble yard,
Sereenings forbituminous concrete 0 18 7 per cubie ynrd,
d for hituminouws conerete .. 011 0 per cnbie yard,
Filler for hitwuinous conercte .. 2 § 3 per ton.
Bitwmuen for bitwminous codiote” 8 5 0 per ton gross,
Nore:—A 2.u. depth of bituminous concrete would lave
cost approxiniately (x. 6d. per square yard or w tofal of
approsimmtely 8, 4d. per square yard,

On the Mount: Barker-road we put down 3 inches of
bituminous conerete, heenuse it s used by a
heavy fype of iron shod traffie, loading mp
4 tons  per  wheel  Thé usudl thickuess is

1
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only 2 inches, and if that woere used the
cost would be reduced from 8s, 2d. to Gs. 6d. per square
yard. The fivst portion of the Mount Barker-rond
wag completed in 1024, The total distance of bitumin-
ong- concrefe is. abont 13 miles, The annusl cost
for maintenance s been 13d, per square yard inelud-
ing shouldering. There ard three or four quarrics in
the district and between 760 and 800 tons of wmetal
are garried over that scetion every day. When it was
first construeted iron tired lorries, carrying between

" 6 aud 7 tons of metal, were using the road. To-day

the limit. is 8 tons por nxle, but the motor lorrics
travél up to 20 miles per lour. Thut is the
most severe test to which any road within iny
knowledge is subjected.  In reconstrueting that voad
we had to build one side while traffic continued on
the other.  That was. n big disadvantage in maintain-
ing the shape of the rond; snd added considerably
to the cost. Exeept on the shonlders the maintenauee
of that, portion nbove the quarrics has been practically
nil, and. there ia no evidence that any maintennuce will
Do required within the next couple of yemrs. Sinee tlie
Federal Aid Roads Agrcement has bren in operation
we have enlled for tenders for roud coustruction as a
cheek on the departmental estimates. At the present
timo the work is being done by the Road Construction
Department, but the materials are supplied by con-
tract.  The fact that the Commonwenlth Government
has always approved of our federal aid vonds being
coustructed by day labour is proof that the department
hus been nble to. tender suceessfully. In every instance
but one the final cost wns below tlie tender price. The
Gueen, Hills-road, which the committee saw yesterday,
is Dbituminous penetration on an existing macadam
baso, For maintenance we are allowing, £100' per mile
per aunum, but three quarters of that is absorbed in
houldering and drainag hat expenditnre has to be
ineurred on auy typo of rond, The Green ITills-rond
was commenced in October, 1928, We edge the vond with
rough stone, this.serves. to strengthen the shoulder and
pravent the rond from spreading uuder the influence
of heavy traflic.  Sonth Australia is unfortunate in
having, practieally no layge deposits of gravel. We
have small isolated pockets of gravel, but we have nol
been able to constrnet gravel roads to anything like the
sume extent as.in Vietoria and New South Wales. The
price of metal delivered. on the road deperds upon the
distance: of the job, from. the quarry. The price aver-
‘ages s, per cubic yard in fhe bins.  The Adelaide-
Tweedvale-road. is: heing, construeted at approximately
the same cost as the Green. Wills-road.  The fead: from
the Dunstan Quarry averages between 11 and 12 miles
and the price delivered on the job is 12s. Gd. per
cubie yard. The eartage is estimated at 6. to 7d. per
ton mile.  On a good penetration voad it might be
7d. ; on & rough road, 80, Unfortunately onr metnl is
very mixed, and'it is difficnlt to get a consistent sample
from any quarty. That is one of the faults of
quartzite, and we have no basalt like that in New
South Wales, I linve studied roud-making in Awmerica
and England and have seen abroad, many examples of
concrete coustruction, Given a big percentage of iron
tired traffic the maintenance of n concrete road would
be heavy. With mainly rubber tired traffic cement con-
erete would sustain. very little wear. As soon as irvon
traflic gets on. to an unprotected concrete rond A
certain. amount of wear is inevitable, In such cireum.
stanges it i§ advisable to surface it with bitumen. The
only sections of concrete ronds that have been put down
in South Australia have been short and' isolated, and it
is diffienlt to estimate what would be the average cost,
We have always caleulated that a properly designed
ceiment conerete road in the metropolitan aren would
cost about 17s, 6d. per square yard. Short strips of
cement penetration hive been laid; that class of con-
struction on a long streteh of road would. cost about
8. per squars yard. The esperimental seetions that

have been put down have not Leen sufficiently long

under traflie: fo euable us to estimate their durability.

My opinion is that of they are subject to iron traffic the
maintenance cost will be: heavy in comparison with

other ronds unless they are eovered. [f they are sur-
faced they become espensive. It is advisable to allow
a road to. settle before putting auy permanent type of
swrfueing on it. It enn be temporarily surfaced with
gravel or other loeal materinl, and when traftic has
been wsing it for twelve months n good foundation for
my type of smface will be available. It wonld be
courting failure: to. put even a conercte buse on n new

road immediately. A good gravel road will earry np
to 400 vehicles a day for three or four years with
proper maintenance:  Mueh depends on the eon-
venience you are prepaved: to give to the publie. On o
gravel rond dust is u nuisanee and you have to consider
whether it is not worth while to ineur the cost of pro

viding a better surface in order to obviate that incon

venience, Tho number of velieles using a road doves
not give much idea of the work which the roud i»
actually doing. Two or three hundred: cormmercinl
velifgles would do more damage thau 5,000 motor cars,
but having regard to the class of traffie that is likely
to uso the Iederal Highway, I should say that
o bitumen penetration road would earry up to
2,000 vehicles a day withour mueh maintenance
cost.  One road in this State is earvying 1,200
vehicles per day. The first portion of it was
Inid three years ago and we have spent uoth.
ing in maintenanee except. in respect of failures
due 1o the water trench, My experience of
cement penetration is not sufficient to warrant me in
expressing an opinion, regarding its suitability for
Canberra. My advice would be to put down a gravel
road for the time being, allow it to be consolidated by
traffic and then surface it with bitwmen. Within Can
berra itself you could not de better than employ coment
conerete, In a garden city you want something wore
than were wearing qualities. Cement concrete has a
plessing appearance and its one disadvantage is the
glare in swmmer. If conerete ronds at Canberra are
eosting £14,000 per inile, the figure seems high, but
much depends on the cost of materials and' the basic
wage. If I were eons!ructiug conerete roads under con
ditions similar to those in Canberra, I would emplay
reinforcement nt the cotners and on the edges; T have
not had mmech experience of mesh reinforeement
throughout.

84 T'o Mr. Gregory—The section of cement pene-
tration in Dunniker-rond, Port Adelaide, was laid as o
test under the direction of the eement manufacturers,
but not in-accordance with the ideas of my department.
In order that there should be no doubt regarding the
genuineness of the test, the construetion was handed
over-to Mr. Sunderland, of Melbourne, e was s
by the heaviness of the traffic, and put down an extra
thickuess of cement penetration. One difficulty in this
type of construction is to get an even surface.  Cement
penctration_ would not require surfacing for motor
traffie, but Dunniker-road is used by excessively heavy
ivon traffie. Sub-soil drainage will correet the dis
abilities of spewy ground such as that through whieh
portion of the Federal Tighway passes. On ground
that is doubtful or spongy we put a coating of sand
ar rubble before adding the metal. In constructing the
Green Hills-rond the metal was rolled heavily before
the bitumen was applied. Provided the base'is gond,
a heavy roller does not cause mueh movement in a
shallow depth of my Some metal will not compact;
the more you roll it the worse it becomes. Porphory,
however, should stand heavy rolling. There is so mueh
competition for eartage that prices are down as low as
5d. per ton mile. The Tweedvale-rond is being con-
strueted with portion of the speeial grant of £1,000,000
made by the Commonwealth Government recently for
the relief of uuemployment. The main purpose of the
rond is to serve and develop the market gardens’ traflic.




Ordinary developmental ronds.in the country are. con-
strueted by the Jocal government authorities, whe
usually invite tenders,

8. Fo Senator Dooley.—T should think that & S-inch
coat of cement penetration before adding the 3-inch: of
bitumen' peuctration would be inclined to crack. In
new formations the banks should be allowed ta sattly
for u winter. Tt is ndvisable-to allow the traffie to-com-
pact the base, but in wurgent cases. wo: have: put bitnmen
penctration, straight on to small deviations. We have
vomne 1o the conclusion, however, that it would have
beeu better ta wait, because the maintenance cost: for
the first year or two was bound to be high on account
of scttlement.  The wages of the men d
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eapital city, in which appearance must ba studied.” A
good road: will improye the .appearance of the city,
and. concrote is more plensing to. the-eye than bitumen,
It is & matter to.be dotermined by the'amount: of funde
available, I am not considering " whether cement is
botter than bitumen, I am concerned-to.get the greatest
leugth. of staudard road with. the money available.

87, Lo-Mr, Qurtin—~My department has ah extensive
plant for the congtruef ion:of roads, Part of the quarry
u:% equipment is hired to contractors. If ive employed,
only contractors who have. their own: plant, they would
have ahnost a mono oly of the work, and there would
be &)o ‘comPctitiun'. y making our own plant available,
an

loyed in re
constructing the Tweedsale-rond are ay follow s
HIGHWAYS AND LUCAL GOVERNMENT DEPARTMENT.
Prixciran Ratzs or Pay,
JPorhour,  Per day.
s d. & d.

Bituminous Conerete Workers—

oardmen I 110F o 15 3
Burnerman .. 21 w 16 8
Feederman .. 20t . 166
Kettlemon . . 2 0} »w 16 6
Mixers and weighers .. . 2 5 » 1008
Motor drivers .- . from 2 0} w 1601

o 2 2 to 17 &

Plont labourers . oo 1L o 16 6
Plant foremen . . -~ 21 w 23 4
Raker (iot) .. .~ 213 » 1011
Roller drivers . " 2 2%y o, 1T G}
Shovellers (hot) . . 2 o} » 1602
bourer on road in ar about bitumen 2 103 » 11

Bituninous Penetration Workers—

bourers in or about bituraen . 1103 or I4 11
Labourers (other). . 1108 , 14 0
Kettlomen, pourets ., 2 0f w 16 6
Road, Foremen. o o 2. 6 n 20 4

28 2t 4
Rollor drivers L7 U
Metal spreader T ., 63
Pitchers . 113 s 1500
Gangers i 3

s 17
to 2 3§ to 18
Nors-—Country workers, —plus 1s, per day camp allowartee.
Of course, the rate of wages affects only that propor-
tion of the gost which is due to labour. The total labour
cost o a bituminous penctration job is from 94, to 1s.
per square yard, so that the variation between the rates
i New South Wales and South .Australia would not
represent u difference of more than 8d. per square yard,
86. To Senator Reid—T havo been in the serviee of
the Svuth Australizn Goverument for nearly twenty
Jrars, and bad experience of ordinary rond construetion
before haudling bitumen and conerete. The old water-
buttid maeadam road, before the ndvent of the motor-
cur, used to last about seven years before requiring
re-conditioning. But when subject to motor traffie it
beeame very vough within twelve months. A gravel
road in the Federal Capital Territory could be given
au indefinite life by adding new materigl evely year,
but the cost of maintenanee would be proportionately
Inrge. It might be about £200 per mile per annum.
The upkeep consists principelly in maintaining the
shape of the surface and replacing the motal that is
sorn or washed away, At n maintenance cost of £200
per mile per wmum, a gravel road' would stand: the
wear and tear of mator traffie, A gravel rond might
be-eheaper, but it is questionable whother a road enter-
ing the Fedoral Capital should not be as free of dust as
is possible, Even under the best conditions a gravel
rond does ereate dust. If gravel is employed it should
have a compacted depth of ¢ inches. Our experienes in
South Australia shows that a stone edging is necessary
on practically all penctration roands. It is more diffienlt
to get an esen surface with eement penctration than
with litumen penctration, because, when using eement
a greater depth of metal has to be penetrated; 6 inches
is the minimum. It is a rigid type of paving and;
unless it has a good body, is inclined to erack. The
depth of it makes hollows unavoidable. TFrom an
ceonomieal point of view conerete ronds are not neees
sary in Canberrn, but yon are dealing with a federal
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g the contractors so mhueh. per diy for ‘the

usé of 1t, we get moré competitioir. They  tender
merely for-the supply of material; wo do not hire out
the vosd-making plant. The department docs practi-
cally the whole of the road construction and: the whole
of its plant is in commission. The department has ne
quarries. If we put our plant into a.quarry we tender
from that quarry. We. decido. which qUarry has the
liest class of metal. Where several quarries are avail
able, we call for tenders and allow the contrdctor 1o
employ his own plant. No roads have been cons
strueted by contractors for tha departiment, ‘Tho only
maintenanee required on the concrefo section of the
Henley Beach-road is for the repair of small defests,
The concrete 33 l2id on » raised eanseway over'a swamp,
and is only subjeet to light motor traffic. Despite cone
struction breaks cracks will occur, and they invoive s
slight maintenance charge. If such & road were subjeet
to-iron-tyred traffic the wear and tgar on the joints and
erncks would become excessive and’ maintenance would
be very heavy. If that road did not puss through a
flood area the volume of traffic on it would not warrant
concrete construction. On a road that hasa Tight traffie
burden concrete is not warranted except’ for’ the sake
of appearance. The Adelaide-Glenelg-rond was' -don-
strueted six years ago. It has only 9 inches of hitumen
conerete on the old macadam, and the traffic aver-
ages from: 5,000 to 6,000 vehicles por day, including,
until recently, double-deck 'buses. It is stall carrying
the traflic successfully. No doubt' the foundation ig
very good. Beiug only 2 inches thiek the cost did not
execed’ 8. por square yard. A cement vond would have
cost 10s, In making & now rond you aro bringing the
cost of bituminous penctration up to the level of con-
crete:  When providing au absolutely now road, otte
must allow time for the foundations. to settle. T would
recommend a surface of gravel to carry the trafic tem.”
porarily, and that would become a foundation for tho
permanent surface to be applied lnter. If agricultural
drain pipes are necessary they should: be put down
uuder the permanent surface.

88. To Mr. Long~~If a bitumen penetration road is.
properly pnt down it should not have a tendency to
form pot holes. The old typo. of penetration rosd did
corrugate, but that was due. to faulty construction—in.
adequate compaction, and uncven distribution of the
bitumen, causing the surface to lift in hot weather,
Tliis class of work has greatly improved. The present
load limit on a bituminous penetration road is cight
tons per axle or four tous on each wheel. Light motor
traffic should have very little effect on a good,, bitu-
minous-penetration road, We employ stone edging on
all penetration roads. With a four-ton wheel load the
strain on tho edge of a road is very heavy. The main
advantage of the edging is to strengthen the shoulder,
which is the weakest part of any road, The kerbing
costs about £240 2 mile. The proposed Federal High'
way is beyond the environs of the city, and, thercfore,
the initial expenditure of laying a conercte rond would
not be justified. T would recommond’ bituminous pene-
tration,  Soft gravel wonld be no detriment to that
method of construction. An excess of dust in theigravel
might prevent tha bitumen from penetrating éffectivoly.
L' saw the type of screenings that are used at Canberts,
and. I do not think the proportion of dust was
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sufliciont: to.be.objectionable, The. installation of equip-
ment to suck. the dust out of the sereeniugs would be
costly, but the Mines Department Las suggested the
installation of a suction plant:to get rid of the, dust for
‘the-sike of public Lealth,

. Lo Mr. Cameron—The ordinary maeadam rond
is ‘obsolote. for-motor traffic unless top-dressed in somo:
way. TFast.traffie, instead of consolidating it, causes it
to disintegrate. The cost of bitumen Penetration is
considorably Jess now than. when we started. Tor in.
stané, the Gorge-rond cost 6s. 4d. per equare yard ; now
we are doing.similar work for 5s, 1d. This is due to
teduced cost of metal supplied, larger output, better

ization, and i d knowledge. We try to
keep our_gangs. permanently cuployed, except the men:
engaged: with: pick and shovel on formation work., The
bitumen penotration roads: are built to a standard, apeci-
fieation, but I believe the Mount Gambier to Port Mae
donnell-rond'is of slightly less thickness than the Greou
Hillsxond, 'We used o smaller grade of metal, and
that meant less thickness of matorial when consolidated
That road has quite a good foundation and will eqrry
any traffie. In building a new road I would.not recom-
mend penctration bofore it has been compacted by
traffie. i

90, T'o Mlr, Curtin~—~A road 16 feet wide would not
be adequate for the Federal Highway, That should be
built.to the standard width of arterial highways in New
South Wales, We huild to u width of 16 feet only
where we consider volume of traffic does not warrant
a wider roadi By redueing thie width to 16 feet we aro
able to build @ greater mileage with the same amount
of'money. ‘The maintenance of the shoulders on a nar-
row road is slightly liigher, but not sufficient to make
up the difference botween the eapital coss of 16 feot and
20 feet widths. The Vietor Marbour-road is only 16
feet wide. It haa beon laid for three yours, and there
has been no shoulder maintenance to” date.

91, To My, Cameron—The passing teaffie at_any
particular point is very small, and if it gets off the
shoulder tha wear and tear is not very heavy, provided
the shoulder is kept in order. .

92, T'o Mr. C'urtin——A road wide enough to permit
three vehicles to pass simultuncously is dangerous; it
encourages passing. A width of 20 feet is standard for
two-ways fraffic on main roads,

98. To the Chairman.—I do not sec any great advay-
tage in conereto kerbing. It has a better appearance
thau stone, but the extra cost is not warranted, T am not
aware of any undue wear on the Callington bxmmm?us
penetration road. The Port Wnkoﬁo]cl-r(}nd near Two
Wells is not of penetration type; it is a Hmestone rond
that has been govered with bitumen, There-we are deal-
ing, with nn inferior class of stone; but the resuits we
have hind from- it during the last two or three years have
been, wondeifully good, I would not expect to get nny-
thing better than the Iast 16 miles of that road.

94 Tp Mr. Long—On the 16-ft. road we eamber
3'inches; on a 20-ft. vond 34 inches is sufficient, )

95. Do Mr. Holloway—1 understand that adjucent
to the proposed federal highway deposits: of suitable
rubble are available. Under avernge conditions the
additiondl cost of an entirely new road wonld be 2, &d
a square yard, 1f a gravel or rubble rond is put down
to- be: surfaced: Iater, value is got from it by allowing
the traffic to use it while it is consolidating. .

98. To fhe Chairman—~A good cement Ppenctration
10ad ghonld cost approximately 8s. a square yard.. Ten-
ders. were: invited for the rond from Selleck’s Hill to
Noarlmga,  TIncluded in the tenders was an offer from
the cement companies to construet. a coment penetration
1ond 6 inches thick and not. reinforeed, Their tender
was £4,000 per mile for a 16-£2, roadway without any
drainage or side shouklering. Bi pe <
is costing 4s. 10d, per square yard complete with drain-
uge ond shouldering.

97. To My, Curtin.~The men engaged on the Mount
Buarker-road eoustruction work 48 honrs.in five days.

(ZTaken at Canberra.)
(Sectional Committee.)

TUESDAY, 4rx MARCH, 1930.
Presont:
Mr, Lacey, Chairmau;

Mr, Curtin | Mr, Holloway.
Willinm Elmhirst Potts, Chief Engineer. Fedoral
Capital Commission, sworn and, examined
990, To the Chairmun.—I am asiare of the propusal
to construct a feders]l highway from the boundary of
the Federal Capital Territory to the city. The work
begins at the interseetion of Northbourne-avenue aud
the Canberrn-Yass road. At the point of commence-
ment the milenge s 26 miles, and 3,671 feet from Col-
lector and the elevation is 1,875 feet. The road is
loeated at first in the northerly prolongation of tho
constructed portion of the enstern roadway of North-
bourne-avenue and coutiuues therein to mileage 23
milos and 4,100 feet (ncar the northern Limis of the
city plan), Le, ubout a mile from the point of com-
mencement, [t then turus on a curve of 2,000 feet
radius to ruwin 1 north-ensterly direction, The rond at
fivst vuns parallel to and distant about 700 feot westerly
from the loeated route of the Canberra-Yass railway
but erosses the location of the railway at 25 miles and
4,900 feet, ie., about I wile and 851 feet from the
point of commencement. The lowest part of a
low yange is crossed at o point known as Gimn's
Gap, clevation 2,263 feet, distant approximately 4
miles nnd 3,880 feet from the point of commencement.
The work in the Fedoral Capital Territory terminates
on the Federal Cupital Tervitory-New South Wales
boundary, clevation 2,265 feet, at a distance of 4,838
feet from Gitw's Gap. Total length is 5 miles and
3438 feet.  TFine vistus of the Cauberra Valley will
be obtained by the traveller from Sydney at the
point of crossing the range at Gimn's Gap, and
at other poimts as he appronches the city.  For
three miles from the commencement of the work
the country traversed is clear of timber aud gently
rising, aud the earthworks are light.  Thereafter
the country is open timbored amd the location is
in sidling ground. The earthworks in this part are
heavier, “The deepest entting is approximately ¢ ft,
G in. decp and the highest 81 is approsimately
11 feet,  The sharpest curves (of 500 feet and 600 feot.
radius) oceur at Ginn's Gap; all others. being of 1,000
feet or 2,000 feet radius, Curves are super-elesated in

aceordance with the following table:~
Rudins of cup 0 feet or Jess, 1 ineh per foot side slope.
Radins of eurve 530 feet to 800 feet, § inch per fout side

Radius of eurve 850 feet to 1,400 feet, 4 ineh per foat. side
slope.

Ihldil’l:« of enl
side slope.
Owing to the large radii of the curves in this par-
tieular job, no widening is required and super-elevat-
jon is only required for two eurves, those at Ginn's Gap.
The heaviest grade is one in twenty and the minimum
grade is. one in 300. Vertical curves have been
determined so as to give n visibility of not less
than 500 feet. That visibility s ealeulated with
the cye of the observer 4 feet nbove ground. The
grading, enrvature, &e., conforms to the best stan-
dards and the road is properly designed for fast motor
traflic.  Outside the ecity area the work conforms
with the Main Roads Board of New Sowth Wales
detnils for the same highway in New South. Wales, The
paved width will be 20 feat, the shoulders will b ¢ feet
wide and the formation 28 feet wide. The formation
width i measured between the tops of banks and the
bottoms of cuttings, The elear width of bridges and
culverts will- be 20 feet betseen kerbs exeept that pipe

e 1,450 feet to 1050 feet, § inch per fuot
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aud box culverts will be mado suﬂicicutl{ wide to oarry
the full 25 feet width of formation. In the city area the
wadth of shoulders will be cased to b-fect to

with the eny standnrds.  The formation: will thug be 30
feet wide in.that gection.and. pipe and box culyerts wxll
be made an extra 2 feot wido accordingly. Surface.water
dramage will be collected: by table and catch drains,
and tho water wilt be carried ungder the road by ‘pipe
aud box eulverts, all constructed in reinforeed copercte
to designs standard for the whole of the ]ng\\wny.
The pipe culverts will yary from 16 in, to 36 in.
dinmeter.  The pipes-will be purchnsed:from- the. Com-
wmission by the contractor, Box cnlverts range. iny size
from one opening 6 ft. x 3 ft. to threo openings ¢
t. 8 3 ft. each. There will be one bridge opening of
30, span at mileage 25 miles 3,500 feet, which s so.
designed that it can casily bo unlnrged Iater by the con-
struction of an additional span to cairy storm-water
shich it will be called upon to discharge shuuld cvc\'

in

the ity subdivision.
required will be- p\lrclmacd from::the. Commlsslow by
the contigetor. - Lhe reservation for the road is. 200
feet wide. \vnthm ‘the limits: of tho‘ city plun, and 100
feet wido elsewhere. Provision. is. being: made for.an
avenna.of -trees alongside the rond..

0, Lo, Mr; Ciertin~—Tlio trees .wilk: be plaiited
about. from 80 to: 38; feet from -the- contro-of the road;
and. ndcquute provmour\v;ll be mado:for the suhsequom
orcction -of any telegraph and ‘telophone poles, If
dopends,, of course, supon the typs: of treo planted and
naturaly we shall, if. possible, ‘plant. native-trees, The:
plans and specifications for. this -work. have been ap-
proved. by the. Works Déepartment:and the. Commission
is-acting as-tho construcing authority on-behslf: of that
department.  Tenders for- carthworks and’ drainage
struetures were-enlled in Melbourne, Sydney. and-Can.
berra, and wore made returnable on: 4th: June; 1929.
The mnmtcnunce ‘pemod specified was. two itonths:
The sets out the tenders received

the Mt, Ainslie intercepting, drain be
northerly direetion to protect further development of

nnd .tlm depnrlnmntnl estimate

EARTHWORKS; EIC., kEDERAL HIGHWAY. i o

. 7. Fowler W, D, 1, Wallase
Ttem, Quantity Bate, | e’ | Tote | otchionaa, | Bate | M Bon® | Base |
R T D O A O T R, . d
Cle;nrlnz nl\d Grul)blnl; 20 ncres. 910 0] 100 0 0|25 0 0‘ 500 0 0110 0 O 200- ¢ 0. 0
1,080 cub, via, | 0 5 6| 878015 0/ 0. 6 3[' 9078 2 ‘6|0 8 4[13505 3 70
i s consoticaia | “H8oa (b 100y | 6 50| A7 17 3| 8120 3 0N B S|S0 9)'%E 4 38
subgrado and stiouts | i ' A
it fost 013 5 183 0 sloxg of 200. ¢ 0].0110 .9 3
1 fec 12 1] wo1nf1 2 o 11 0 010116 0
"ﬂﬂﬁlce! 1911 %38 8/19 0 322 g o't 2 of
et 113 of 3318 of112 0 . 853 0. 011 1 g
oemys. |55 8 s 83l 9 67 0 0|01 o
Nl ere
Steel in-headwals . t. 220 souj119¢ 55 50 0f1 4 O
Toncrata n box'cil- | 2ot eutyas. |5 3 O nasp §H 3P Y 4 2046 0 0f7 0
\-m- it ! ' ! 1 I
Steelinbos eulserts. . 802 cuta, o s 04 <0 40 o)
"ateh drnins | 1807 cub yits, \ 0 00 “
e foF. batfers | 50,600 ot f . PN
oncrete Dedgo .. - 1000° 0 0 L] L35l 80
intenance of works 20 0 of o g
Exeavatlon for box . - " PO
Camp and water sup- - . - L. . E - o -
Ficld overhiend charyes .- - . - Lo .. - . o
Provislonal sum .., I S A 50" 0 ) 5000 0 0| i 506’0 of L+
Total | . o 1700 7 9| ., |aBasy oo op . 23012 % 4| ., [90,00 7 6] .. {10746 & U
‘Time for completion . S1x months, Not shown. “S1x montha, . Four months, Bi% ponths,

The following, is a copy of the detailed departmental’ estimate:—
BSTIMATE (DEPARTMENTAL) FOR CONSTRUCTION OF EARTHWORKS, CULVERTS AND RELNTOBCED CONCRETL

BRIDGE ON FEDEI

RAL HIGHWAY

! Rate. A
Ttem. Descrlptlon. Quantlty. - Tabour, | Mutedali Total.
| Labour, | Materlak -
£ d ., d. d.
Earthworks .. . . «.cub, ynls‘ 31,930 07 3] (31 0
Clearing and grubbing .. acres 20 (8 0 0f [ . 0
Conuolidating sub-grade and shoulders 100 lin. ft, 208 . fra2i0 0 0
Trimming formation and batters .. 100 i 208 1110 0 (3B 0
Cateh drains .. - - (40 0 ] 0
- . L 506 10-4 01 1 6} 19 4 0 of0i4 0
. . 2070 3 6|1.0 0F 4814 6| 267 0 ¢
.- - t, 10 3 0fold 6 2213 0| 100 0 6
X “ - Iin. £t 27410 2 0]0 9 0 278 0| 123 6 0
Conerelo in hendwalls - - 2 cub. yds. 63{200/600f 1260 0[ 278 0 [
Reinforcement in headwalls .. ot afo 70|15 0 110 341 [
Box culverts— \ . .
Excavation . cub. yds, 270 (0 5 0 Lo ot oof 0
Concrote, including framowork . 2042 0 0{410 ¢} 588 0 01132 0 0
Reinforeement. 16} 7 0 035 0 0 10615 0| 38, & 0.
Camp cnmblluhmcnc‘ and u-mporury buudmgs P . 20 00| 100 0 0
Water supply ORI . .. . 450 0 0
Contingency sum . - - [ - “ 250 0 0| 260 0 0
Tool depreciation, I per cent. on Isbour .. P - 113,701 6 6 | 430819 - 0
Acaident pay, 1 per cent. on Iabour . [ S . “ : . 0
Holiday and wet.pay, 4 por ecnt. on Iabour [N “ POS P 0
Cost of reiuforced concrete brfdgo v o IO .- . 0.
- . [
Net total for eomparison with Tender IS A FRTRR (R
& . []

The' metal, sand,. and .coment
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The \\'ark of ciceting:feneing.und: gntes ié-being super-
vised: by the Lands Depurtment of the Commission,
and' the estimdted cost thereof is £1)300, the lowest
and successful tenderer being Mr. A, E. Monk, of
Quoanbeyan,  The road’ work wns: commeneed by the
contractars, Messrs. Fowler and Company, early in
July, and the contract date for completion was 10th
Deuﬁmber, 1020. The contract date lins already
von " exce¢ded by several months.  The extra time
iken: on,. tlie job will ‘incrense the cost of supervision,
thia nddmonnl cdost. of which will have to be recovered
from the’ contractors, But otherwise no liqiidated
ddinages: Will be fucurred: or inconvenience: eauséd
heenuge it will be impracticable fo nge the rond nntil
tlio construction of that seetion in: Now South Wales
hus réaelied' a traffieable stage. Tt is anticipated that

the: wliole of the work, inelud’ng surfucing: wil) he
completed by the end of the year  There have been
certain variations of the contraet, partieularly w
vespect of drainage structures, bur that will nof add’
anything to the cost,  The total additions to date
asmount to £487 58, 1d., and the total deductions te
£509°2s. 3d., so that' the halance in favour of the dedur
tiond i3 £101 178, 2d. Taking the contingruey sum of
£500 into nccount, it will' therefore scem that the
contract will be cumplcted for about £600 less than
the actual accepted figure.. The Commission is curry
ing out the work fiee of survey and other adminis
trative charges. Only the nctual' cost of the super
visors on the job. is being charged to the Works
Departinent.  The following is a statement of th
additions and. deductions to date: —

STATEMENT' OF ADDITIONS AND-DEDUCTIONS ON MESSRS. JOHN FOWLER'S CONTRACT. FEDERAL HIGHWAY

1 v i
- —_— Additlon.. Deduction.
. £ ad £ ad
i Bo: oulvort at23m2730—3/6 x 3——!0 bo placed-at an anglo of 63 dogrees to contro line of road, In. |
vert lavel raised"to 00 Length to ba 43 feot m!lctv.l of 48 feot. Estimated cost of deduction |,
5.At.length = 6} cubio y £8 29, 6. & £50 168, 8d: ; 2 owt: steel @ £2 20, 4d. = £6 150 4d. | .. 710
-Extra conorott in cnrtnm ‘wall—44 cubio.fect @ £8 25. nd. per cublo yard . 13 48
2 | Extrs pipo culvort at 0m4160—36 feot x 18 inches .. . . . . el 2430
3. | Extra pipo culvort at Om4570—33 fect x-16 fches .. - - " - ]l 110 0
4. | Extra plpo oulvert at 22m825—35 foot x.15 inchos .. . . o . . 1710 0
& | Extra pipo oulvert at 22m1100—34 feot x 15 inches .. . . .- . w1700
6 | Extrs pipo culvert at 23m1150-=32 ft. 8 in. x 15 inches .- . . .- | 18 50}
7 | Extra pipe culvert at 24m850—33 ft.. 4m. x 1r inchea: . . - .- ] 1818 4 |,
8. | Deduct 2/30-in..R.C. pipo culvert at 24m! . . . . s 3 6
9t Extra pipo culvert 2t 26m3150—78 fect x 30 Xnohes, doublo . . . . o |11613 6
10 Extm pipe cnlvert at 20m3468—78 feot x 30 inchv.-s, double .. . . .- - je 13 6
1n uct 18-in, pipe oulvert at 26m3160—33 fect lon, . 2 29
12 Addlhonnl catch drains at 24m650 to 24!nl700—l,M hncnl (ect x I (out deop nnd 1 to 1'side slopcu i
=78 cublo yards @ 3s, 10d. 180 0
3 A!lv.llhl:)ranl catch drain—24m1600 to A-n-’ooo—x,ooo Toat x 6 l'eet x1 lb. 6 in. = 417 cubio yords ()‘ 18
14 | Culvert st 25m1018—Reduce lcngth rom 47 feet, to 86 feot = 11 feot = 13.8 eublo ynrdu concroto g
£3 23, 6d. = £112 2g, 6dl. 5 14,6 owt, stecl @ £2 25, 4d. = £30 184, 1d. . .- . . 43 0 7
15 fuct 46 feot—6 feot.x 3 fect. box culvert at 26m3409—
Coneroto in:culvert — 25} cubie yards @ £8 24, 04, . i . . . . 1205 3 2
\ »Reinforcoment — 25,07 owt,.@ £2 2a, 4d. . 63 1 4
16; | Catelr dru(;:l n(lzhnon—%m.‘!lﬁo to 3460150 fect long —~msjor scetion 3 feet dccp, say 33 cub:c youds | .
. LT L
17| Additional ve-iforcoment aid concste in pipe culverh hcudwnlls—
. Reinforcement:
i ~0m4150 (18 inches . 4.6 1b. g
. 0m4750 (16 inches) . 4,25 1b, ]
22625 (15 inches) n 4.25 1h.
¢ :22m1100 (15 inohes) . .o 4.25 Ib,
23m1150 (15 inches): . . 4,25 1b, .
;  24m050 (15 inches] . . 4.25 Ib.
+28m83150 (30 inchca) x 2 . .- . 23.40 Ib.
'26m3409 (30 inches) x 2 . .- o 23140 1b.
N 11.70 cublo yards - 72.55 1b,
| I 7 i d to in pipe culvert headwall !
- Congre Reinforcement
2lm1000 (2/30 luches) ... . . ++ 8.76 cliblic yards w234 b,
23m3150 (118 inches) .. . . .+ .86 cubiéyards - 4.5.1b.
“£.60 oubic yarde - 27.9 Ib.
Additions .. . . . +.11.70 cubio yards .- 72.65 lb.,
Deductions ;. . . v+ .60 cubio yavds e 2700 1.
Balando additional-—
7.1.cubje yards.conéreic @ £5 Ba. 8L|. . . . . ['3710 3
4 owt. stcel @ £2 2. 4d. . . . . . . 16 10
407 & 1 15609 2 3
Total Balanco Deduction ., . ol 10117 2

Nofe.—This duos tub fncludo extras for additlonal rates carged for purchase of conerete pipes by Cuntruller of Stores,

In respcct of the surfncmg of the road, the actual.

type of pavement to'be laid down was nut:decldcd upon
before the commencement of the work. After con-
sideration, the conclusion was reached' that it would
be desirable to proceed with the eavthworks and all
drninage structures, and us.the formation progressed to
note the-clags.of :country pnsscd‘ through and the: local
miterials- thx\t might be sum\ble for pavement work,

FS‘S

It was thus hoped to find n good gravel suitable for
surface treatment with ‘bituminous materials. Stage
construction was adopted and a surfacel rond was
aimed at throughout. On the contract plans the levels
of the earthworks were so fixed and’ the boxing out
so specified that it would be possible as a first con-
struction stage to provide a thin 3-inch wearing course
of gravel to carry the troflic during consolidation of
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the earthworks. It was conmsidered that this gravel
wotld be available either as part of the pavement
foundations or as materinl for use on the shoulders:
of the road whon the time came to construet the final
surfacing,. When the committee inspected the road
it will be remembered that I pointed out the site from.
which the gravel would be obtained. That site was.
determined upon after o most thorough investigation,
ussisted by the Commonwealth. Geologienl Adviser. No
new proved mnss of stone or gravel was found
within payable distanee of the road. The gravel
for the base course will be supplied to the works
from Black Mountain gravel pits at 4s. 3d. per
cubic yard at the pit; and 8s. per cubie yard ¢rushed
for surfacing. Good deposits of natural gravel are
practically non-cxistent near the ity aren, Tt is
therefore necessary to make most of the gravel that is
used on the roads. The nature of the traffic will
warrant only u light type of bituminous surface course
at first. Xxperiments will be tried on existing city
roads constructed of Black Mountain gravel to prove the:
possibility of the proposed method of surface treatment,
(«) This method compriscs a first spray with a light tar
or bitumeni road oil as a primer coat, (b) Sealing with.
80-100 penetration bitumen, finished with §-inch metal
chips from Mugga quarry applied at the rate of approxi-
mately 150 cubic yards per mile. If the experiments are

ESTIMATE. FOR GRAVELLING—FEDERAL HIGHWAY,

auccessful, and the oxperimental work will be subjeeted.

to similar traffic to that -anticipated. on the highway,
this method will bo ndopted. The gravel: pavement
will bo first subjected to traffic for a period of approxi-
mately three months, meantime 'hcin(f kept in proper
condition and shape with power graders, prior to the
commencement of sealing operations.  The total
ostimated cost of this class of work, if adopted, is
approximately £5,000, or aboit 1s. 6d. per square-yard;
this estimate being based on a treated width of 1§
fect. Tt will be noticed that a width of 18 feet
of bitumen surface is mentioned. The ides. is to
gradually enlarge tlie'width of the road to.20 fect yhen
eatrying out the subsequent. necessury applications of
bitumen. The width of 18 feet is considered sufficient
in the first instanee; but the gravelling is actually being
carried out to n width of 20 feet. The cstimated. cost
of the gravelling, including the cost of maintenance
and grading for three months, is £12,000; The length of
the job is 5.7 miles, the distatice:from the pit to nearest
end: of job being 3 miles, The average lead is about
6 miles. The specifiention how calls for 6 inches-of con-
solidated gravel pavement, consisting of &-inch looso
vun of pit gravel and 3-ineh loose crushed gravel, The
number of square yards in the 20-feet width is 66,310,
The following Is a detailed. estimate of the cost of
gravelling:—

Tate. ‘
tem Deseelption. Quanfity, Labour. { Materlal, Totat,
A ! Labour, | Materlal, |
‘ tad|sadl t sad| ¢ ad| £ ad
Length, 20,840 lincal fect,  Width 20 feet = 66,310 ° * ) - 3 £ oad
square yards 5 3
Total, 8-in. Jooso gravel pavement !
&-in, looso pit run gravel at 4s. 3d. per cubic yard:
loaded
3-in. crushed gravel at 8s. per cubic yard, loaded
Averago load—say, 6 miles
1 | Formiug and boxing shoulders, .. 100 lineal ft. U B R 208 8 O . 208 8 0
2 | Pitgravel (Pit, 48 3d.—Cartage, 6s.) cubic yards 020010 1 81010 3 60 0 O 4716 0 O 5405 0 0
3 | Crushed grevel.. .- cubie yords | 5,000 |01 6{014 O} 420 0 O 3,920 0 0] 4340 0 O
4 | Rolling sub-grado and gravel .. . days 150 8 0 0} . 200 0 0| 900 0 O
& | Maintenanco for four niontha-— -
Six miles at €100 pes snile: . per annuwn . 100 6 © 100 0 0 200 ® ¢
Ficld supervision and overlead on labour (6 per cent.) | .. ' - i 300 0 0
Contingencies " . . g o T = ! .- . 20000 0
Add £300 for remogal, repair snderectionof plant .. | .. . . . . f“’gﬁ s g
Say : £12,000 I )
, Time required, 43 months, ! i .03 0 0

The sealed surface to be satisfactory will require to
be maintained for about oue year nud then given o
further coating of bitumen. The total estimated cost of
the bitmmen senled surface wounld. therefore be £8,925,
including cost of maintenance for one year at £100 per

mile per annum, £600;, cost of third seal coat at 1s. per
square yard, £3,325; and- initial cost, £5,000. The fol-
lowing is a detailed estimato of the two-course seal
conti—

ESTIMATE FOR TWO-COURSE SEAL COAT—FEDERAL HIGHWAY.

Ttem. Deserfption, Quantlty |-

Arca, 00,310 squaro yards

Second Course—
3 gallon yard of 807100 bitumen : 807100 bitumen
tons

n 8
Heating . . . «. pallons | 16,580
" § inch sereenings, 1/80 cub, yards, persq. yard tons 85
Spraying, gritting and rolling both courses - sq. yards | 66,310
Plant hire: .. " . . . .
Supervision .. . . .- . ..
Contingencies .. . . . . 6%

Sweeping .. . .. squaro yards | 66,310°
TFirst Courso—
3 allon yard of bitumen and oil, 50 per cent. of each ]
B0/100 bituraen . . tons 30
Asphaltio baso olt .. . .- tons 39
Heating . o L .. gallons | 10,680

TRate. '
Labour, Materlal, Total,
Lalour, Material. N

cadltead| £ aa|l ¢ ad| 2 aa
ooz .. 55212 0 . 55212 0

.. 0w o . 40010 0 40010
.. foo . 40010 0{ 40910 0
o 6 000 oaf or'ic 3| ‘5110 8] Toyig s
io10 of S T 810' 0 0
o 0 offo 0 oif s'is 3| sr1o 9 3og19 0
0201 631 8 0 0|1L073 2 6| 1168 5 O
« foe sy .. 1’88 0 0| 's8 0 0
i u 00’70 o] 1% 0 o
[ " 17 0 6| 180 0-0| 206 0 6
988 5 0] 390015 0f 480 0 0

Cost per square yards—ls, 61d. -
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If the experiments with the seal coat are not successful,
it is proposed to lny down what is kmown 28 n.
“retread ¥ surface. This form of construction has been.
successfully tried on the Canberra-Queanbeyan road,
The following is. the specification for' that clnsy of
coustruetion =—

SPECIFICATION FOR SURFACE MIX TAR MACADAM.
DESCKIPFION.
The work comprises the following operationa.
{e) Tio prepuration of the sub grade including shoulers,
lioxing and consolidation to such, width and con
vexity as may be specified.
(b) The apreading’ of o lnyer of erushed stone on tle
prepared sub-grade.
{o) The spraying of surfuce with tar at the specified
uantity per square yard.
{d) The blading, and surface mixing of tarred metal.
() Light rolling,
(f) The ispplicntion of 3-in, screenings to fill surface
v

{g) Rolling to consolidation.
(k) The applieation of sen) coat.
BroKEN STONE.

The Droken stone shall consist of clean, tough, durable
stone, free from dust, dirt or other foreign mutter ocourring
cither free or us a conting on the fragments and lmving u
Freueh co-cflicient of wear of not less than ten (10). It
shall be of one and' a half (13) inch gange, and shall be
uniformly graded hetween the specified screen sizes, and of
sueh_size that all will pass over a sereen having civeular
openings not less than three-quarters (1) of an inch nor more
thon one (1) inch in diameter, and through a sercen having
civenlar. openings not less than one and three-quarter (13)
inches nur more than 2. inches in diameter, and it shall e
free from an excess of llat and clongated pieces. Only one
claas of materinl shall be used on any section of roadway.

SCREENINGE.

The screenings shiell consist of material prepared from
clenn, tough, dwrable stone, uving a Frenelr co efficient of
wear of not less than ten (10), and shall be free from dirt
and other foreign' substance. They shall be of threequarter
(1) inclr and -of five-sixteenths (5-16) inch gange for the
respective purposes hiereinafter specified, und shall he frev
from stone dust,

Tar.

The tar wed. in (his work shall conform to the following

specifiention, which provides:for tho grades, ws specified herein-

afteri— .
Cake Oven Coks Oven
Tar No. 2. Tar No. 3.
Sindini Wnimunm.
Specifio gravity b 77 L. .. 1,185 . 1.195
Froo catbon, per cent. by

< 0t013% .
Distillation Test,

weight . 120179

By Volume, By Volume.

0° to 270° G, light tar ofls

not more than . 2% . 29
170° to 230° C., light tar oils

not moro than .. 12% . 7%
230° to 300° C., heavy tar
“oils at least and prefer-

ably moro than; .. 149% - 129,
Totaloily .. 2at030% L. 19t025%
Pitch fesiduo .. L 0t070% .. 75to81%
Softening point of tho pitcli .

residuo by tho ring, and' )

ball methodnot loss than  140% . - 140° ¥,

SUB-GRADE.
Tlie sub-grade shall be trimmed and reshaped and'
ghly  consoli i i with the plan and
gections, and' shall have a full width of 20 feet, All loose:
paiches of material shull be removed mid sanio replaced with
suitable gravel or melal and consolidated: by. rolling.

SrreAvING BROKEN S10NE.

Broken stone shall he s]lrcnd on the prepared sub-grade, in
seh quantities as will, give a wniform thickness of 3 inches
before consolidution, Spreading may be done. by hand, or by
means of grader,

Seravixe axp Mixine,

The surface of the broken stone, after being ypread: on sub-
grade, shall e sprayed. with tar in accordamce with that
already specificd for No. 2 tar, heated to a temperature of
from 220 to 260° degrecs Fahrenleit, at the rate of three:
quarter gollon per square yard, by nienus of a pressure dis
tributor.

‘Flie whole of the tarred metul shall be Uladed intn windsons
by monns of & power grader fitted with suitable blade 1 such
o manner s will' onsuiie every stone bemg turned over at least
wice.  The blade shall be operated while set at an angle of 4o
degrees and shall hase the trafling end jowered. Bladanz
opergtions shull be continued until the whole of the mate
aliowa even colour, und the surfnee hias been brought to an even
comexity as required, and tho mnes to a uniform thicks
Sheuld aby patehes wecur that hase not recened suflic
these shell be lightly spruyed and again mined with the

The surface: shall then bLe lightly rolled, with a roller
weighing not less than 10 tons, and ©4 the same time § mich
sereenings: alrendy specified shall be sprend on the surfaco
at the rate of about 1 eubic yrrd to 5O square yards,

Sereenings shall be aprend evenly and with a full sweeping
motion as the material leaves the shovel Rolling shall bo
continued until all mosement censes under the roller, aml the
material is. thoroughly consolidated for the full thnckness,

ArpuicaTIoN OF SEAL Coar.

Within a few daye after the completion of the mining and
eonsolidation of the wueadam surface, w seal coat of tar con
forming with that part of the specifleation for No. 8 tar
shall he:applied. ‘The surfuce of the road shall he swept clean
of any loose screenings and dirt, and any hollows and weuh
spots wlieh may have deselied shall be made- gand by remes
fng material and reeonstruction with the nddition of new
material, and thoroughly consoliduted to correct profile.
ta, heated to & temperature of between 220 degrees and 230
degrees Falirenbeit shall then e applied to the surface by
means of a presaure distributor in a uniform manner, and at
the rate of $ gallon per square yard of surfnce.

Immedintely after the application of the scaling cont of
tar, dry 5-16-inch sereenings, l\lreudi' specified, shall be spread
over the surface in sullicient quantitics to take up all excess:
tar, and- rolled, the smme precnutions being tuken in their
ulnplicnﬁun and in rolling as in that for the 3-inch screenings,
alvendy specified.  Excess application of sereemngs. s to be
pacticularly avoided.

The seal cont, as well as that part of the work alrendy
specified for spraying and mixing shall only be carried out
when the surfuee is perfectly dry and the air temperature is
not lfess than #0 degrees Fnhrenheit.

‘The Cunberra-Queanbeyan road, which was construeted
to the above speeifieation, has been down for about a
year, and it is in perfect. condition. The estimated cost
for the re-trend type of construetion, if adopted on the
basis of a paved width of 18 feet, is, if metal from
Muggn quarry is nsed, £17,090, or Gs. 3d. per square
yard. If, however, a suitable stone can be obtained, say,
at Mt. Ainslic or Mt. Russell, or if it proves possible
after experiment to-use the Black Mountain stone for
this.class of work, the estimated cost will be reduced to
£15,150, or s, 1d. per square yard. The following are
the alternative estimated costs—
ALTERNATIVE ESTIMATED COSTS.

. £ 8
(¢) Contract. prices for ewrth work and

drainnge structures . .-
Less possiblo savings, soy . .

17,800 7 7
500 0 0

“Total, sy . . 17400 0 0
Add cgut’ of gravelling s estimated .. 12,000 0 0

- 20,400 0 ©
equal to approxinntely £5,170 per mile.

FIRST ALTERNATIVE Foh SURKACING.
(«} Bituminous seal coat, add. .. oo 8000 0 0
38,400 0 ¢
or £6,

approsimutely per mile.
. SECOND ALTERNATIVE FOR SURFACING,
(4) Retrend surince using Black Moun-
trin or Russell Hill' or Ainslic stone, edd 15,150 0 0

44550 0 0
or approximately £7,830 per mile.
THIRD ANTERNATIVE.
Re-tread surfece using Muggs metal, add 17,000 0 0
or approximately £8,330 per mile.

47,300 0 0

The following is the detailed estimate for the re-
tread method of construction:—
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ESTIMATE FOR RETREAD SURFACES—FEDERAL HIGHWAY.

™ -
H Tate, ' [
Ttem. Descriptlon, Quantity. |1 - Aabour. | Mstertd, | Total,
i | Labour, | Mntertat, | '
! ad oot | £ oaal £ oad] £ oaa
Lenyth, 20,840 feet [ D | g
Arcn of retread—59,680 aaunm yards, 18 feet wido | i
| Making shoulders 6 fect witlo eaclvsido  cublo yards | 2,200 6 0 W b0 Oo ol ., | 6800
Motal, 3-inch loose Black Mountain- oubio yards |' 4,075 20 u o 49710 0 3,382 10 0:} 3870, 0 O

: Sercenings, 374 Mugga metal, 1/72 ocublc yards.
per squaro yard .

Additionn! cost using Mugga motal throughout .. | 4976 2. 0 | 25 0

. cubfoyards | 830 | 3 € 2 0] MG 5 0 1,03710° 0. 118215 0
Rolling - - .. squarcyards [ 69,080 [ .. 0 4 . 09418 4. D413 4
rading iy o .~ P VIR 0 24 62113 4| 62113 4
Tar No. 2, § gallon squaro yard .. <o gallons | 44,760 . 1 4 o 4.47&‘ 0 0] 4470 0
Tar No. 3, § gallon square yard .. «« gallons | 22,380 . 14 & '
Heating tae 4+ - - .. gallons | 67140 . 0 0| - [ D76 13017 6
Seal cont— i )
4 screonings .. 0 . . .~ 830 36 % 0 | M5 5 0] 1,08710-0] L8215 0
Bitumen, $ gallon square yard' .- . | 14,920 N 10 . 46 0 0] 46 0 0
Spraying .. . .. squaroyards | 50,680 { .. 0 3 . 66016 0| 6569.10- O
Heating bitumen . . . o | 14,020 ¢ 0rf o0 o 4012 6 40.12 6. %50
Ticld supervision and overhead on Iabour (8 por
L eent) . . . . O . . . . 100 0 0
Contingencics . - - JOS IO . . -] 500 00
! .Bs. 1d. squateyard” .. | 15163 0 2

" 40710 0 621815 0] 6716 6 0
g i - Yess Black Mountain inetal'| 3870 ¢ 0
0

)

i - 2837 &
| Total cost 65, 0}d, .. [1m000.14

In regard to the general construction of the whole
roud, the first. stage is to locate the route by in-
spection on the ground. The next stage is to have the
road surveyed and pegged out on the ground, clevation
taken, drawings made, grading and cross seetions pre-
pared and the design of drainage structures com:
pleted, Awestimate 1s then made, specifications drawn
up and the work is proceeded with cither by day-labour
or by contract. .\ contract defines:the cost. of the work
with a provision under which additions and deductions
can be made by the enginecr.  There is also provision
for liguidated damages. After the contract is let the
contractor establishes n eamp, collevts his plant and'
labour and' commences: work. It is usual to commence
the drainage structures first, and' then to proceed with.
the carthworks. In this instance, the contract was let
for the construction of drainage-structures and forma-
tion only. The gravel work is being carried out by
the Commission’s day-labour organization. The gravel
fur the base course is being obtained from. the pits by
hand londing and hand exeavation.  That is due to the
fuet that large stones aré: frequently found in a mass
of gravel and it is necessary to pick them out by hand.
It is, thercfore, impracticable to load by machine.
Gravel for the surface course will, howover, be dug
and loaded by manchine, and put through the crusher in
order to reduce it to the necessury gauge. It will then
be placed on the road, rolled, and the whole’of it. sub-
jeeted to traflie for a period of three or four mouths.
That is done to ensure cousolidation before the bitu-
minous surface is applied,

101, 7o Mz, Curiin.—1 should say that. a period of
three or four mouths would be sufficient in this «ase,
as the enrthworks are light, If the earthworks were
heavy it would be necessary to have a louger period for
consolidation.

102, 7o fhe Chairman,—I think that a period of
two years would: be tov long. .\ lot depends on the
actual traflic that aevelops on the rondway. If the
traffic appronches anything like that on the road
between Canberra and Queanbeyan, or even Bungen-
dore, I should say that two years would be far too long,
and would result in exeessive maintenance costs in. order
tu keep up the gravel surface. This-is an important

highway, and: will provide a direet link with Goulburn,
Tt will ‘earry considerable traffic at certain periods
of the year. The fraffic will be fast, and therefore
destructive to a gravel surface. It is'not intended to put
in kerbs, Miles of bituminous ronds in New. Sonth Wales.
are supported by plank edging or have no-edging at
all, aud cither method seems' porfeetly satisfactory.
The culverts will be loeated mainly in the natural
watet-courses, and water will be concentrated' thereto
when nevessary by the provision of eateh drains on the
uppcr side of the rond.  Our established practice now i,
to. obtain gravel from the Black Mountaim pit. It is
proposed to use bitumen for the surface of the road,
L have had experience of the cement penetration pro-
cess. A seetion of the road in Giles-street, Kingston,
comprising an. aren of about 1,400 square yards, is
of that type. I have inspected similar roads in, ¢ourse
of construction clsewhere. Cement penetration is more
expeusive than bitumen penetration. The bituminous
penctration work, including the foundation,. costs us
fbout 11s. 0. per square yard, The coment penctrition
work, and this really is not a fair comparison, beeause
the work is so small, cost 16s. 3dl. per square yard, But
1 know that cement penetration has proved to-be very
expensive elsewhere, The committee may; perbiaps,
be given information to the effect that the cost
of such work is from 7s. to. 8s. per square yard.
I am of the opinion that a cement penctration. rond.
would not be justified in this instance. I have no
information to indicnte when the New South- Wales
scetion of the road will be completed,. but I know that
construetion has commenced-on a 10-mila section imme-
dintely adjacent to ‘oyr end. The rond when finished.
will be a light type of bituminous rond: In thit
eategory T would inelude- the seal’ coat, the retread, and'
two methods of bituminous muendam—(a) the pene-
trntiop method, and (b) the hot mix methed: We use
machinery to spray bitumen on the roads, Hand-
spraying is a perfectly good method provided: that
experienced men are available. In' Canberra we have
no continnous programme of road construetion, and
we have not attempted to develop an experienced cofps
of labourers for pouring bitumen. by hand. We. do.
not possess & spraying plant, We usually purchase tar’
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{rom the Broken. Hill Proprietary' Company at.so much
1 gallon sprénd on the road. When-spraying bitumen
ve hire a.spraying plant. The same: sprayer can be
sised-for both tar aud:bitumen..

103; To- Mr. Holloway.—There is' no good pit of
“gravel ntailable in-Canberra. We have to make most of
our gravel' by puiting the metal’ throgh the erusher,
“Tiansport-is o big item, the average cost being about.
@3, per cubic yard for this job. We have not yet
applied’ the bituminous: treatment to this par-
‘ticulnr class of gravel. That treatment requires a
fairly- clean type of gravel in order to get good
sésults: I am waiting to ascortain how tho gravel
will respond to bituminons treatment. We let out by
gontract cartliworks, drainage structures, and fenciug.
‘Tlint is in accordaiee with the policy operating: in
connexion With Feders] Aid roads: This is'n Federal
Aid road; and the work s being done by the Commission
for the Works' Departiment. It is my firm conviction
that it is more profitable and practicable to have all-the
‘work edvried ont by one authorvity. I think that the
type of vond that we are now -consfrneting will meet
the present trafic needs, A coucrete road would be
entirely unjustificd. “The average cost of maintaining'
a ‘bituminons surfuce is.about £200 per mile per-annum.
Bituminous surfaciug would require o seal cont'say once
in‘ every three or foui years. It would also require
‘periodical attention by way of patrol and repairs to

houlders and olitnination of pot-holes, A fair estimata
fora seal cont is.£400 a mle, and over a period of
three years that would work out at the rate of X133
pei mile per anninm.  The patrol work would cost abont
an additional £60, bringing, the total to £200. The
‘maintenance of o surface and shoilders would cost
ahout the same,  That js our cxperience of rouds in the
city aren. By allowing n long periodbetween the
varions stages of construction, we should add more to
tlic cost: of the actual application of the bitwmen. If
a-rond is fo-litive n bityminous coating, it is preferable
-to-apply-it fairly soon after-its coustruction. I estimafe
that thé-cost of this road when completed will be about
£6,750 per mile. Tencing would cost about £200 a
ymile; and assuming that-that is ineluded in the estimate,
the-total cost would be nenrly nearly £7,000 per mile.

104 T'o Mr. Curtin.=Cément penetfation would
probably be more durable than bitumen penctration,
but the additionnl cost would outweigh. that ad-
vantage. Cement at Canberra costs about £5 for
a toii on trucks. It is obtained from. the new
works at Berrima. T have not scen-many cement pene-
tration- roads in Austraiia, but T understand. thet that
type of construction is. becoming quite a vogue in
Vidtoria. It is hard to make an cconomic comparison
of ‘tlie two. types of construction, particularly under
the local conditions obtaining here, Experience as to
capital costs, particularly in cement penetration, varies
in o most extraordinary manuer, Certain claims are
made by the cement companies which. scem rarely to
Tave been borne-out. I'know that in a number of cases
.the- costs have been for higher than the caleulations. of
the cement companices. ‘The work of construeting this
vondway is practically completed, and it would there-
fore be very diffienlt to makée a x dation_at

footpeths,  The quality and cost of that work,
v a8 od as th obtaining  elsewhere,
Wlien two large subdivisions. were being made
at Cunberrn in the early stages we called tenders for
the whole of the rond work amd earthwork.  The
lowest tender was well above the: departmental
estimate, and  we ecarried out the work at
less than our own estimate, Of course, that
is an exceptional ecase, beeause the conditions
in Canberra in those dnys were uot favorable
to contract work, Wo cannot. compete with contraet
work in respeet of kerbing and guttering, although
iu that case the work is really “equivalent to day
lnbour, because: the contractors are im a small way
and they work iu with the.department. Tt is more like
the butty-gang system. In my opinion, the contractors,
in the process of tendering, are Ay engaging in ent-
throat competition,

(Taken at Sydney.)
THURSDAY, 6ra MARCH, 1930.

. Present v
(Sectional Committec).

My, Greqory, in the Chair.
Senator Reid. ' Mr., M. Cameron,
Senator Sampson
Lewis Preston Sibley, Manager of the. Broken il
Proprictary By-products: Proprietary Limited,
Marrickville, sworn and examined.

105. To Mr. Gregary.—~T submit the following
statement.:—

T am it tie bsiess of distilling and selling eoal tav and
it umy be presuiiptusns for me to.espreas opinions on the
cvonomics of road: constrietion antl' maintenance, but' ar- the
tar business brings me into: intimate contnet with such work,
I have some rather pronsunced views, and will express them
Lefore tolking abont’ tar and: it< mevits. as eompaved with
hitwnen,
an immediate need for o Targe wileage of low
i ¢ o traflic eapacity of from 100

-2, Progressive or stage construction in. which the road is
improved with suceessively higher type surfaces ns required
Ay mereasung traflic, 1s ther ccunomic method of improsing
Kighways, It aveldn building in osess of traflic require
wents, | Progressive type surfaces ran he huilt which are
adequate for exiating, traflie, and which can Le fmpraved from
tine to time ro as to serve satisfactorily inerensed volumes
of traffic without' the destruetion of or waste of originad
investments.

8. Baceps in urban meas w the, dust nuisance is
factur, tar surfaeing in nat mencrally warranted’ on gravel
ronds until the enat of waintaining them approximately
efunls: the cost of mmintaining a tar surfuce, the initial cost
of which is from £300 to £400 per mile and the annunl: main
tonanee cast from £100 to perhaps £200 per mile.

4, No rond' carrying 2 traffic of less than 800-1,000 vehieles
por dlay swarrants seconstruction i a higher type thn gravel

this stage that the work be done departinentally:
The standard of the work carried out by the -con-
tractors is quite up to- specifieation, and T caunot say
that the department would have done: better work.
The cost of maintenance depends to u great extent on
the type of material used in construction and the
amoulit of traffic over the rond. T an a. firm believer
in tlic exceution of, ab any rate, all engineering works'
by departmental labour and plant. I have had con-
sidernble cxperience of both day lahour and contract
wotk. In Crnberrn all the: engincering works have
been carried out by day Ilmbowr.  That includes
sewerage, water supply, roads, parks and gavdens, and

Ly surfacing with tar, where gravel wuitable for
{e purpose i3 availablent @ veasanablo price. A higher typo
of surface in generally warranted when the cost of maintain
ing it with ter exceeds £200 per wmile per year,

5. When the cont of mnintaining o tar surface on gravel
exceeds tho interest chare on the eost of o penetration
mrendam or u “retrend " or “mixed-in-place * surface ex-
teysively used in Amerien and now heing introduced here,
wiel n xufface ean he constriieted on the oxisting rond with-
ot waste of the original investment. It may alw be con-
structed on gravel or sand-clay or some earth ronds that are
not. suitable for tur surfacing.

. The employing' of lahour instead of paying a dole may
warrant, improviny grades and ewrves far i advinee of the
needs of existing traflic, but does not warrant constructing a
wearing surface’ far in advance of such needs.
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7 Tay and Bitunten.- Tar und bl{umo:x are mmlmléshje tlllm
ho

world over, and the opinions. of ing
relative wmerits of the two materinls for different purposes aro
s wide apart as opintons of men generally on the subjeéfs
af' polittes and religion and are apparently as irreconcilable,
lut when tar has bten nsed ns successfully as has bitumen for
every type of rond construction {except sheet asphult) and
muintenance for which ecither. have heen (-m!wloyed, and a8
tar is produced locall: \v!lile all bitumen is imported, there

are lugicul reasuns why in the interdsts of the States and’

the Commonwealth evory road: engincer should muke the
fullest posslble use of tar to the exclusion of bitumen, and
if lie does not.get ax good results. ns have been ubtained else
where, then try, try and try sgain.  Failure to do so is nothing
less than personal himan failure,

8. 1 do not. like to talk shop at o time like this, but J
cunnut very well talk about tar without doing so, for the
quality or alue of tars for different purposes depends to a
large exteut on the conditions-under which they are: produced:
and to a far less extent on the processing of them.,

9 1t so happens that wy supply of tur comes from flo
liy-product coke ovens of the steel: works.at Neweastle, and is
the same kind of tar ns is generally used so successfully in'
England and Americt, It is the only supply of that kind
of tar 1 Australia. The only other tar of the same general
charavter avaifable here i~ that produced by the smaller gas
companies using horizontal retorts. The larger gas come
panies generally have vertienl retort plants and the tar
recovered from them s of a different character, and in the
opimion of mest roed engincera is not as suitable for road
unstruction and mnintenance purposes: as is coke oven or
lorizantal retort tar or Litutien However, it is my opinion
that in the interests of the Commonuweaith, all' tar pro-
duced in Austraha shoukd be used for road construction
and muetntenunce purposes, and that bitumen should not be
admitted free of duty when tar produced here is available.

10. Tar und bitwmen are in erery way as competitive as.
nre, for example, road rollers huilt in Australia with road
rallers built in England. At the present timé bitumen comes
into the Commonwealth free of duty and. is being used where
tar could be uved, und although some tar nuy not in. some
casés give as good value for the money expended as if bit
men were wsed, T suggest that in order that those who insist
on using hitunien ‘may in 2. measure be foreed to recoguize
the harm that is being done by enusing money to he sent
abroad that could he kept here, nnd' pay some penalty for so
dulng, an import duty of £2 per ton, equiralent to. .2d. per
‘gallon, be impuecd on bitanen, I ean for my company guasan
tep that our present base price of 84, per gallon for dis
tilléd tar in bulk at the distillery \\'nll&l‘ not be increased
because of any import duty that might be placed on material
that competes with it.

11, I renlize that placing an import duty on bitumen. would
Ueing emphatic protests from roads bumids, rond enginvers,
and ‘motorists, but it scems to me that there are economic
rensons, perhnps necessitics, which more than outweigh pro-
tests that may be made, and my suggestion is mnde in all
setjonsness for we have a large investment in plant and
equipment ased only for spraying Litumen, and we have,
exeept for a relatively short period during the past six years,
heen able to dispoese of all of the tar produced at the steel
works, Neweastle, for road construction and maintenance
purposes.

My company has supplied the. tar for, and supervised
the construetion of, two sections of road in the Federsl
Capital Territory of retread or mixed-in-place surface,
One section of about three-quarters of a mile on the
Queanbeyan-road was laid down in Jauuary. The
metal,, preferably of about one inch gauge, is spread
to a depth of 24 inches and sprayed with three-quarters
of a gallon of tar to- the square yard. The tar and:
metal are worked to and' fro with a grader until
thoroughly mixed, and the consistency of the tar has
stiffened sufficiently to- allow it and the metal to. con-
solidate under the roller. After the surface has been
levelled with the grader and consolidated by roller,
it is sealed with one-third to half a gallon of tar to
the square yard and blinded with sercenings. Penetra-
tion maeadam: is not mixed on the road. Metal of
H-in. to 2}in gauge 3 inches to. 4 inches
thick ds penetrated with g heavy tar, which
could mot be mixed in place. After penetra-
tion the road is volled and blinded in the same way'
as o retread. The retrend method permits of the use
of a lighter or thinner layer than penetration, and
usnally eosts less. T was in the tar business in the

Uniited States of Amerien for 25 yéars, and Mr. Hill,
the C! Ith Ditector of Works, will support mo
in saying that there tar'has bebn used as successfully
as bitumen.  Tndeed, thore ave engincers in. New Soutl
Wales who during the shortage of iar on account of
the conl dispute hnve postponed their road, works
beenuse they say that bitumen does not givo ns good
aresult as tar. The munieipal engineers at. Parramatty
and Auburn are amongst these who prefer tar.
Noymally my company  preduces about. 8,500,000
gallons of tar per annum: we are building new coke
ovens, and when the coal industry is in full swing again
we shall produce 4,000,000 gallons per annum. During
the lust six years, except for s relatively short period,
we sold: the whole of onr produet, Probably during
that period the steel works:have burned up to 1,000,000
gallons of tar,» T have said that an import duty on
bitumen would bring .emphatic protesis from, road
boards, rond. engincers and motorists. The reson. for
that statement is that I believe that those engineers
who prefer bitumen: would object. fo any impost that
would, iucrese its price. Motorists also are well
organized, and generally protest strongly against any
proposal that will inerease the cost of road construc.
tion and motoring. Left to themselyes-they would not
find any fault with tarred roads; but they would he
prompted by tlie importers to complain that roads could
not be built as well or cheaply if. a. duty were iniposcd
on bitumen. In addition to the Broken Hill Pro-
prietary Company’s Steel Works at  Neweastle
the large gas companies in the capital cities arc
producing ~ tar  which ean  be economically
used'  for road  purposes., Thoso . _engineers.
wha prefer bitumen should be: forced to-use Australian.
tar in the general interest of tho community,, orpay a
penalty. through the customs.tariff.. The freight on tar to
South Australia is 13d, per gallon when carried by the
Broken ]I.'l]l Proprietary Company’s.vessels. The“regu-
Iar shipping companies would charge about 32s. 6d. per
ton on tar in casks, and to- Western Australia about
48s. Freight is charged on, a mensurement. basis at the
rato of 183 gallons. to the ton, Notwithstanding that,
ond the faet that bitamen, being imported free of dutyi
is costing less than Australian tar, some engineers in
Perth are wusing tar. The Port Adelnide Corporation
insists on using tar instend of Dbitumen, I lhave
examined portion of the route of the proposed federal
highway. y: company suppliéd and sprayed the bitu-
mey on 4 section of the road being constructed. by Mr.
McDouald along, the shores of. Lake George. If gravel
is available along the: route of the federal “highway
aud is snitable for surfacing with tar it should be used
and allowed to. congolidnte. Lator, after all pot holes
and gullics have been. levolled, it should be surfaced
with tar and maintained in that way.. Relatively little
gravel in the Canberra aren. is siitable for surfacing
with tar, because of the excess of clay and fine material
in it, and if o suitable gravel cannot be found con-
venient to: the federal highway the surface should be
constructed by the retrend method.. Porphyry rock
would be suitable for rotread or nixed-in-place surfac-
ing, That method was used on the Queanbeyan section,
and my compauy has recently roceived an order from
the Federal Cn_pltnl Commission for tar to construet a
further 23 miles of that type of surface. In the
Thnited States of America, where suitable gravel i
available, voads are maintained by surfacing with tar
or bitumen. Next in order comes the retrend or
mixed-in-place type, which hns come into vogue
very rapidly during the Inst.three or four years, A
report by the Highway Rescarch Board,, Washington,
emphasizes the cconomic value of that type of cons
struction and goes s0' far as to say that nothing as
costly ns penetration macadam is warranted where
the trafie does not exceeld 1,500 vehicles per day. So
far ag T could learn, no refread: work had been done
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in England when I was:there thice years ago; thelarger
part of rond construction ‘there ds dome by pre-
mixing slag from the steel furnaces, or erushed metal,
With tar. Moit of thé maintenance:is done by surfacing
with tar. During the last six months the Main Roads
Bonrd iw New South Wales has invited- tenders for
Ahie construction of scvernl lengths of road, and the
speeifications huve provided for alternative tenders for
penctration with tur or bitumen aml sealing with
‘bitumen, Unfortunately, there ave no standard Inbora-
tory 'tests that do not tewd to prove that tar is almost
“worthless for road purposes, the range between melting
point and brittle point, and the evaporated lossvs being
‘greater than in bitmmen; but conditions in the field
‘arg different from those in the laboratory. The tem-
peratures used in the laboratory to determine the
evaporated losses are very muech higher than -those
to- whicli the mnateriuls are subjected on. the rond:. It
is not “true that during liot weather tar hias n greater
tendency than: bituinen to come to the surface. That.
‘fault can he obvinted by adjusting the quantity used,
aecording to the quantity and: charneter of the blinding
‘naterial,  Eight miles of the road from Maitland to
Newenstle was construeted and maintained entirely of
tar. .\ section of 26} miles on the Great Western-road,
botween Blaxtand aud Mount Vietorin, Was surfaced:
with tar three years sgo, Lt was mercly a temporary
improvement, but the results have been far beyond
the expectations: of those who earried out' the work,
Somé portious have been resarfaced, but generally the
rond has served all the requirements of trafiie,  The
Maitland-Newénstle-rond® was constructed four aud a
half years ago, and where the subesoil' conditions and
draindige had been propely: eared for has been very
cfficierit. Scetions. of it ure not as it should be, but
that isdue to faulty engineeriig. Drainage is 1 most
‘important factor, but the degree of safety required in.
road construction is- not wearly so high as im con-
nexion with buildings. It would be much more
cconomical to have I per cent. of a roud fail' and
expend 5 per cent..of the total. cost in repuiring, defects
than to inerease the total epst by 10 per eent., 15 per
cent., or 25 per cent, in order to cnsure agninst auy
failure.  Drainage should be taken eare of when n
road is first construeted; but the bearing strength of ‘the
road’ can be improved later, often at less rost than
by ensuriug against a defect of that character at the
outset, The cost of tar surfacing on suitable gravel
or water-bound macadum 1auges. from £200-t0 £100 per
mile. The depth of gravel placed on the road does uot
affeet the eost of surfacing; the cost of the surface will
be: the same, regardless of the cost of grading and:
flling. The depth of gravel to be employed depends
on the bearing strength of the natural soil. Where a
rond passes through gravel country that has naturally
2 good: bearing strength shaping is a1l that is required,
But through soft, wet country from nine inches to
twelve inches of foundation is necessary. A gravel or
water-hound' macadany roud should have a surface of
about three-eightls of an inch of tar and: blinding. The
unmal cost of maintenance will be from £100 to £200
per mile. In many instances it has been less, but £100
would bo a-fair estimate. All the tars produced in the
Commonwealth are suitable for rond construction at a
price. Those which are tle product of the gas company’
Tetorts are not as suitable as that produced by my
eompany, but their uses are regulated: by the cost at
wliich tliey can  be made available to the
rond cngincer:  The by-product' coke ovens have
o total olitput of about 3,500,000 gallons annually.
The impoits of bitumen total ahout 65,000 tons;
assuming 216 gallons  to  the tom, that is
equivalent to 14,000,000 gallons. T estimate that about
25;000,000 gallous of tar is made in Australin. With
tar, ns with bitmmen, it is necessary to have good
conditions to get the best results, T have had rosults.

from tar which the Main Roads Board of New Swuth
Wales will admit are as good as the results obtained
from bitumen. I think tar can be satisfactorily and
cconomically used where it is impracticable to use:
bitumen. When making a ‘penetration macadum rond
the métal need not be as clean, free from dust, or dry
to-get good results: from tar us is necessory when using
bitumen., Tir enn be nsed under lower temperature
conditions than would be desivable for bitumen. Tar
will bind better with a dusty surface then wiil bitumen,
and it is common practice, even when the final surface
is to-be of bitumen, to prime the road with tar.

106. 7'v Senafor Reid. -My company has done work
for the Main Roads Boara of New Sonth Wales; we
have supplicd and sprayed tar on the roads, and have
done similar work fur shires. and muuicipalities, the
Main Roads Board payiug portion ov all of the cost.
The board honestly believes that bitumen is very much
better than tar and cheaper in the long run, and 1
‘have never been able to upset that eonviction. The
boar's engincers think that bitumen lasts Ionger and
is less liable to disintegrate under traffic end varying
atmospheric conditions. They arve convineed that the
upkeep-of # tar surfaced: vond is much heavier than the
upheep of a bitumen surface. T have endeavoured to
get experiments in regurd to this matter carried out.
So far, only two tests have been made under com-
parable con litions.  One:was on # seetion of the Great
South-rond at Liverpool, whicl we.penetvated and.sealed
with tar about three years ago. The sen! cont did not
last nearly s long as [ expected,, or as the bitumen
‘Insted, ov an adjoining seetion; but except that the
tarred section required another seal coat, the road is in
evory respeet as good as the adjoining section.  The
other test was completed the week hefore Inst at
Wyong, on the Sydnvy-Neweastle voad. At my sug
gestion, the Main Roads Board arvanged for four
soetions of 20 chains cach of penetration macadam-—-
the first to be penetrated and sealed with my ecom-
pany’s tar; the second' to. be penetrated with our tar
aud sealed with bitumen; the third ‘to. be penetrated
and sealed with tar from vertical retorts; and the fourth
to be penetrated with tar from vertical retorts and
senled with bitumen. These various sections have been
consirneted under identieal conditions, and the vesu'ts
will be comparable. The difference in cost between
senling with tar and sealing with bitumen, using one-
third of a gallon of bitumen to. the square yard, was
about 103 a ehain.  Ou <ome works the price of omr
tar would be higher than bitumen; but when we can
send.tar in roilway tank wagons, and so avoid cooperage
charges, our price is. 1di to 2d. per gallon below the
cost of bitumen. I think tar will’ prove as economical
a8 bitumen, and T am anxious that many tests be made
fo prove or disprove that opinion, The term “ gravel ™
covers n great variety of materials, and T rarcly advise
surfacing auy considerable length of road without first
making tests of a few chains and allowing that section
to stawd through a winter and summer to see if there
is any sign of peeling. Decomposed granite and-other
gravels which have not too much mien are good any-
where; that js trne also of certain quartz gravels, Lut
ridge gravel is an uncertain quantity, and river gravel
usually requires sometling to be mixed with it other-
wise it will not consolidate under the roller. My tar
miscs well with: the serecnings fronr stone-crushers, hut
it is the practice to use with.tar a type of blinding that
would not e suitable with bitumen. The better the
blinding. the better the results. T prefer good: clens,
grit or metal chips: free of dust, but T have advised the
use of relatively fine sand from the river when it ean
be obtained for 2s. 6d. a yard rather than pay 18s,
a yard for metal sereenings. The superiority of the
Iatter dors mof warrant the additional expense.
If' we were to spray a gallon to 8 or 10 square
vards, it can be blinded with almost anything; but if
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we spray a gallou ta 4 square yards the blinding should. of Inst year, is standing up very well;, notwith- (Taken a Sydney.y road within the Federal Capital Territory, T wonld
ontuin some } or oven 4 inch matenal. Al our spray- standing that about 2,800 vohicles. por day use. the recommend tho snme type of construction 28 the board
ing is done by machines. Ono ton of conl.trented for rond, Another soction was put down: two months FRIDAY, Tth MARCH, 1930, is using:on the other seetion, The gravel bnse will be
coke yields only about 7 gallons. of tar; therefore, .tar Tater, aud from: the faet. that we have received an Present: auitable for subseqnent covering with an improved pav-
caunot be produced commercially as a_primary pro-  order from the Commission to supply and spray tar . Seetionul Commi ing. The firse obligation of a voad engineer 3s to
duct. It ean only be produced ceoncuically us @ by-  ou another 2§ miles,. I ssumo that that scotion also iy (Bectiony Commitiee) enstire proper loeation and gradients, suitable enpva.
product of the coke ovens. The aupply: of tar will giving satisfaction. We test samplag: from, every' tank Mr. Guraory, in the Chair, ture, and efficient drainnge. I have seen swampy
depend on the demand for coke, We have sold for wagon fo-sea that the far complies with the apecifioa- Senator Reid Mr. M. Cameron, country dealt with by deep drainage un cither side aud
rond construction purposes 90 per cent. of the tar wo  tions, but it hog not been found practicabls to climi. Senator Sampson ‘it has beeome dry aud hard in a very short time. The

have produced in the lust six. years, and I helieve that nate anything from hdrizontal ratort. tar exeept oil,
we conld sell all of it; but T am pleading also for the The quantity taken out. deponds on tho consistency of
sar produced by the gas companies, which I think also  the tar we Iave to supply, Neither has it been' found'

treatment of ground deponds on the loeation. If the
gronnd-is high, drainage perhaps will be sufficient, On
the fivst seetion of owr rond we hind to nse crushed

1fugh Hamilton. Newell, Deputy-President of the Main
Roadg Board: of New South Wales, sworn: and

should be used on the rond. Improvements have Lieen practicable to. add anything to improve tho quality of oxn,r?uwd. . metal, but now we are experiencing o difficuity in
effected. in the process of producing gas tor, and fur-  the tar, It is used as it comes from the rotort,.excepy: 113, T Ar. Gregory,—The proposed Federal High-  goating gravel, We huve let tenders for vidge grasel
ther improvements are possible, but at the Dresent time  for  distillation to  get the necessary  consis- oy 18 4_continuntion of the roud being ronstrueted Tor-a lewgth of fiftecu wiles, Tt is our itention fo e
most of the municipal engineers in the Syducy metro-  tency or viscosity,  Wo' remove mothing, exeept ‘ ’ by tho New South Wales Main Roads Board from  he. liest vidge gravel that js procurable, Sereening is
politan area prefer Broken ITill Proprietary tar at 4 percomtage of  distillate  oil, Tar “on the Goulbura to Canberra, The schnmr-_ was first promul- ot necessary ; if the gravel were sercened, the bitmmey
8d. per gallon more than they would have to. pay for rond. disintegrates  or woars off exactly Jike gated by z‘ho board us a result of an fuvestigation made would have to.be applied immedintely,  As n matter of
the product nf the vertieal retorts, They consider it a cont of paint on o building.  As the ofl evaporates, by me. “Following » “Ojersation between the mewmbers  faet we do not upply bitumen to gravel without first
ceonomical 1o pay a higher price for the superior  the tar loges jte. life. A tar surface requires o certain N L] of "the hoard and M, T1ill, Direetor-General. of Works, using tar as n primer. If we intend ta use any soal
article; but if they culd get. gastar for 4d. or 3. per  amount of trafie. Tt will last longer it 300 to, 500 It was thought better to find a better and shorter route  cont we subject the voad to wenrs afterwards the larger
gallon Jess than vur tar they would' probably wse it swhicles per day are using it thau i€ only 60 vehicles to Canberra, nnd we decided on one which would reduce stones hecome exposed and most of the dust is blown
A tar surface will not be sticky if the consistency and e it,. The principal difference between Dorizontal re- the distanee twelve miles bolow that of the previous wway,  Then by sweeping: we get a fair_smface to
quuutity of tar wsed is adjusted to correspond with  tort tar and vertical retort tar is that the.lntter containg shortest route. It follows the Mume Mighway from  whick the tar will adhere,” T befieve that No, 0 grade
the guantity amd character of blinding wsed. We  ceptain waxes. {4 tar surface-will, need ré—conditioning Sydney, through Goulburn to Yarra, about six  of tar has-a better ehanee of adhering to a dusty rond
sprayed. 263 miles between Blaxland and Mount after 2 year, or two yours, or threa years, uccording miles “beyond  Goulburn where it turns off to than has bitomen. We are HOW experimenting in the
Vietoria, and after the tar had been' Dblinded. to the conditions.of the traflic pn the road.. I have said Calledtor,” and follows the line of a reserve rond laboratory with rond oils and tars, Gravels are con-
fat  spots  were discernible  for a  weok or that the initial cost of tar surfacing, is from £300 tn along the enstern foreshiore of Lake George to Geary's  ecutryted) in boxes, Denetrated, and surfaeed with
wo.  They  required  immedinte attention,  but  £400 per mile. That covers two conts of tar, ench of Gap.” From that point to Canberra it is practically 2 different, preparations and tested gt varying tem
after the first fow wucks not a sticky spot conld be 4 to § pallon per aquare yard, The first con g ot new rond, The Main Roads Bourd auticipateseomplet  perntyres, Road oil js an imported by-praduct of
found. Tar surfaciug, if properly “laid, shows ny blinded; the sevond is. In time: the rond’ must be re- lug, its seotion by the end of 1930.  Special monetary  petrolenm. Tf we enn 8et tar to respond to. our tests
inclination to become soft 5o that traftic will cut it into surfaced, using not more than 4 gullon. to the square " provision has been made for this rond. s the vesult  we chall prefer to uge it, We are already usiug it
rtts and ridges., yard and blinding. If thie initial trentment of two of (;,l'i’(, ;I’ll G hct!ls\'cenc " {’{ ‘Z"; b"’;"d fn]irly ' axtfusi.\'ely "8 0 primer. W‘," ]‘I“"" flound‘ that
T 7 - N . conts .costs. £350 per mile, the subsequent, treatments and My, THill; the ien: Commonwenlth: Minister for  colte pren ar is superior to gas tar, whicl is the product
thl}ta ‘thol30::‘:11'11‘(?‘:(5?":"::{):0(;;:.-3 ?}&”mﬁ?iﬁ'?ﬁﬂl l:;].l;\;s will cost about £225 per mile, ]:nrqgeI quentities, of Works and Mo TUOHQ,  then Commonwealth  of the vertieal retort, It is gonerally recognized that
horizontal retort far, o Bitumen, The reasor is (s tar ave being burned, In America, tars-are distilied to Chicf  Engincer, the  Commonwealth under-  coke oven. tar hes' more bady and consistency and,
the vertical retort tuy 19 produced under difforent cos. piteh and used fox roofing sud for the making of took to- pay  two-thirds of‘ the cost of this therofore, should have: better wearing properties.  We
ditions, A vertion) yed recovers toen £y brig arge itieg of pitel. are sent to roud, independent of the Federal Aid - Roads  have used both types of tars for final surfaces; and
twenty gallons of tar per ton of coal whereas our ori- Burope for briquette-making, Agreement. We have lot contracts for practieally the  have uat o.\'permuo'od any diffeulty with it dwring
zontal: retort and coke- avens will yecover only about 11 Po Ar. . . while of the length. from. Colleetor to “the Federal  the Dot weather. When the board first eamne into exis-
;1o din Gregory.—~Sharp, clean, river sand i Ca,pxt,n)lcmmry, and. the whole of the carthworks, one  tence we did have trouble, through the melting of both

seven gallons. Many municipal engineers about Mel- not us good g

] ctensively - erushed metal’ for top dressing, but T of the Jargest bridge structures and many clverts are  tay ang bimmmrdm-ing hot weather, hut we have over
e o e i o e g ! L et T e R N oy L T R
cause 'llmy bolieve that it gives botter yalue Prob'ubly clean metal ohips.  For blinding purposes T would gravelling the last fifteen miles: We have. also made:  specifiasion submjtred to us by anm earlier authority,
the same: engincers would buy a road roller made iy prefer a_focl: that ovushies to cubos. rather than into Goangements.to carty out the neeessary works betweon  provided for 23 gallons of bitumen to the square
England rather than one made §n Australin Jf thers K6 The blwo metal’ abou Sydney tends to lie- Qollector gud the take-off from the Hume HMighway.  yard; we have-cnt that down to 1] gallons for penetra.
were no. import duty, beeause the imported artiele a1 §o¢ fnky. _The Yorphyry. rock at .Onubm:rn is cubi- We anticipate: that whilst. that portion may not be  tion, and { gallon for finishing,  Now we arc free of
30 per cont. to £0 pl‘)r‘ cent. Tess' cost would be better form, “"“1 I sow some white quartzite which gave o finished, it will be available for traffie by the end of bleeding and corvugation during the summer months,
value, ) ) very good: fracture, My firm has wmade no representa- the present year. Wo have: adopted stage construction, With tar we have had both failores and successes,
- . . . slous in vegard to cheaper froights on tar, The naarer Tho rond. a3 far ns Colleotor was.of gravel formation, Some of the tar produced by the B.ILP. By-Products
108. 7 Senafor Reid. There is no material dif. o commadity like tar is used fo the source of produe- and we purpose reconditioning it with gravel of a Proprietary was down for two and a half to three
ference between the conl burnt for eoke and coal burnt tion,. the more economical it s, My aim is to have quality that will-take.n tar or hitumen surface. Beyond Senrs withont further treatment; bug T believe that
for gns. Conls from certain mines or seams will pro- ol the tar .ﬁmt is prqduced in Neweastle used in New Cbllectur we experienced dlﬂ’il‘lllty in getting material the material used in the road len; itself to tar surface
duce more cubic feet of gns per ton than conl from South Wales, Adelaide, Pertl and: Melbourne would for the first five miles, and there we had to. put down  jup Our firsy experiment wns to lay down, on the
other seams, Similarly, doal from certain mines will  be dependent on the product of the gas. retorts, 1. a gravel hnse not of quality to take tar surfacing. We  Hame Highway near Liverpool, threy sections enrry
produce coke that will stand up better under the Joad  doubt if there would be cnough of that fo meet fequive v * Jaid: g G-in, gravel base and a $-in. wearing course of ing exactly the same trafie,  One was tn the Australian
of the blast furnace than will the eon) from other mines, ;r::;s 0va ;;1)%"];:‘;:0,53trg];}!ﬂ;;f@bll:"m""» 0[1’1' ti‘!lﬂ mindl; b biumicn,peneltmtionlfa;dtl(ic first five miIcS-] Frti:n]flm; Gaslight Company’s tar, another in the Brokew HIl
109, P Senator Sampson.—In o . 29 war now produced shoul: point ouwards, we decided 1o -carry out the whol ¢ o Compnny’s tar; and a third in bitumen.. The Austra-
far 0111"2;1“5;1)1*0:[1(! oﬁabxgsr::nd’i;lrfggnngw‘); 3(:ihﬂ;§§ l‘)“;l used before bitumon is. admitted ireo of duty. the earth-works and eall. for tenders for the paving  [igy, Gog. Company’s scetion failed in four and a half
gallon more than the gas companies charge for their ‘f" {:] country is committed to o proteetivd policy v ! later, becanse ghore scemied to be n possibility of finding months, and' the other tar at the end of seven months,
product, Until five years ago my company dolivered it 5.‘°‘t‘ "‘1‘""-?’ ‘; out l°3‘°"‘lly: and a duty an bitumen good: gravel as wo went along. That rond will con  Tpe bitumen did: wot require: attention for cighteen
the tar in barrels to the diffevent municipalities, but i)leu§ 1s 0§lcq posstin oty duty in fho tarifl, 1 stitute 2 base for an improved: wearing surface to bo months.  Even Mr, Sibley, manager of the BH.P, By-
1 was of the opinion that we were not getting the hest bz lﬁ‘gt;n{ !tm nposition ai: ﬂbd"t{ ou bituman }voul}i provided a8 traffic. requires, It will be suffeient for Produets Proprietary. Limited, admits that where tar
value from the use of it. Too often the engineers used for '; miu ol?ny company; but I am ’!dvoc"t"’g." the traffie: in the fmmediate futuro.so far as we are is used for penetration purposes, the rond: should be
100 much rather than too little, and that esnsod sticky IT‘;: ttlle gci;xor& gtult)lql]ofP;Xust.;alxn. A bls enterprise able to forenst it. At g later d‘:‘xrto it will be sur‘l;ncod sealed with bitumen, which is more waterproof than
ond bumpy roads. My company provided mechanical e the. Broken THill ] roprictary Company bas a with cither far or bitumen, We are putting down With both"tar and bitumen trouble is experienced
sprayers aud now most of the tar used in the metro-  greater interest in pinoing Australia on a sqund. in- nine inches of gravel, and. we nnticipate about two through eapilln tiou; water is drawn up ang
politan area, excopt for patching and. small jobs, ig  ustrial basis thau in aug profit it might make from Inches of wear. “If' necossary, we 'sl}nll lny down pre- through. the paving, cousing disiutegration. In one
supplied by our machines, Members. of my sfnff fre. the small by-product T am handling. mixed bxmmlmous mucudnn\; but we-do wot thinie thay instaniee that fanlt wag very extensive. Despite the
uently inspeet work i progress unless we. iro satisfied i ; . . any further improvemant will-be needed for two: years. sisi : o for doui § ke
q .y Insp progres C tisfie: 112. T Senator Reid~—The containe, whicl ¢ cohicl provision that is made for drainnge, springs break ony
that these in eharge are sufficiently exporionse] in the is disted Loners i which The present. estimato of the teafie is 200 yohicles per N 11 :
[ K Y exp owr tar is distributed aro drums whick originally con- i We ate- ing that  Where they are least expected. Tn this Instance a spring
use of tar ta obtain satisfactory results \ Jeriuted ginally co day, but that is a mere guess. We are-not gettin g tha ] !
i tained Jubricating oils or barrels that held grease. Araffie over -the Turago rond at the present time, In appeared on the summit of o hlll,.nlthough there was
120, To Ar. Cameron—I understand that three- We have to seud them: to Newenstle and reeooper them, my opinion some time will elapse before the trafie no record of any' trouble of that kind' hn\’mg.orqurrod
quarters of a mile of tar penctration on the Quean-  This. involves additional freight nnd greator cost, of -exceeds. 200 vehicles per day. Much will depend: on  before. Where we have known of the possibility of

beyan  rond, which was done early in Januacy handling, the growth of the capital oity, For the six, miles of enconntering: diffienltios of that kind, we have incurred
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the higher cost of cment conerete. An instance of that
is tho Murwillumbah to Tweed Hends foads We
put dowy, eight miles of bituminous penetration, -but
through the swamp ares we laid the pavement in-cement
conrete, which has a bridging effect. 1 am sure that
the bituminous penctration would not have stood wp
to the work in that area, Ahvnys one must lay the
paviug that s most snitable for loenl requirements and
conditions. 1 do not believe that.corrugntion is eaused
by using & heavy roller instead of a harrow on tho loose
metal. 1t is true that a heavy roller can create ineipient
corrugation which would become accentunted by the
subsequent. traffie.  But iustend of rolling the matal
longitudinally we use w light tandem roller di: 11

per wile of maintenanée on various sections of the
Prinee’s Ilighway  pavement has  been  from
£15 to £30' por' mile per aunum., The price we pay
for 24-inch metal depends upon the availability
of the material. At Kiama; we are buying 2§-inch
wetal  for about s, Sd. per ton at the
quarry and 13-inch metal:for about 0s. It is columnar
Dbasalt, Suppli i poli area have

pp vsed in the
to be transported not less than 70'miles, and ‘the cost
works out. at not less. than 13s. per cubie yard: When
the board first came into existence it was paying 7s. for
93-inch metal at the quarry, bni keen competition hins
developcd‘,‘qunn,‘ies are bzst;er cquipped, and they have:

and finish off with heavy longitudinal rolling, ~While
the metal is loose it is linble to move ahead of a heavy
voller, e have not done in New South Wales any
real cement penetration; but we did n short section on
the sandwich system, and wo are now arranging for
Mz, Craig, the chief engincer to the board, to carry
out another experiment. At Ryde, a listle cement
penetration has becu done, but sufficient time has not
clapsed to prove whether or not it is cutirely satistac
tory. We would not repeat the sandwich mathod: be-
cause the costs were not much below those of pre-mixed
cement concrete. The average costs per square yard
on the Collector road have beon as follows:—On
Fowler’s contract. for gravel paving on the section from
3 miles 3,800 feet to 6 miles 800 feet, the whole job
including the earthwork is costing £3,953 per mile. The
gravel, 6 inches thick, is costing 8.77d. per square yard,
and we are applying n 3-in. seal cont at a cost.of 1s. 3d.
per square yerd. The culverts, principally of pipes,
are costing 135, to 1ds, 11d. per lineal foot. Box eul-
vertg.are costing £6 13s. 13d. per eubic yard, On another
scetion, where we used erushed metal, the cost was
£9,424, per mile, but the earthworks were very much
heavier, The gravel in the base cost 2s. 9d. per square
yard, and the 3-in. penctration 75, per square yard.
On another gection of 5 miles, let to the same eontractor,
the earthworks nlone cost 9. per square yard, We have
to combine that cost with the price of the gravel paving
far whieh we have just received tendera; that contraet,
plus another for 10 miles, will be £5,235 per mile,
exclusive of surfacing. We shall probably leave ﬂm;
road for a couple of years until it has consoli-
dated, and is in a suitable-condition for surfacing; then
it will probably need a priming of tar and  seal
coat of bitumen. I do not antieipate that the main-
tenance will be heavy, On Prince’s Highway, from
Sydney to the Vietorian border, we arve \vorklzng an
ordinary horse-drawn drag, and the grading is. costing
about 21d. per chain for cach treatment, A month may
clapse between trentments, Graders and drags are work-
ing contivnously over the 300 miles of this highway,
and the cost of Tanintenaneca is not oxgessive. Becu\\sé
of the searcity of’ material the cost. of laying down: a
highly improved road would be tremendous, When
the Main Roads Bosrd came into existence the highway
wag in a bad condition thronghont, so much so that
serviee  cars, which left Moruya at 5 am.
failed at times to cntch the 2 pm train
at Nowrs. Since the rond hns been im-
proved the cars leave Moruya at 7.30 am., allow
the passengers a rest of three-garters of an hour at
M \l’tm\, aud arrive at Nowra in ample time for lunch.at
1 o'clock. This improvement is entirely duc to pro-
grossive maintenance of the road by drags and graders.
Qn the rond to Cauberra, maintenance will not bo exees-
sive for o year or two, and when the traffic and wear
warrant, we shall go in for further improvement. The
drag does not tend to thie dust nui unless

large that il handle éven o
5-ton spuil.  Because of freight charges the cost to me
on the job ig fairly heavy, being a8 high' na_23s. at
distances up to 170 or 180 miles, On the
North Coast and about the northern rivers the cost
is 26s. to 253, 6d, per cubic yord; within o hundred
miles radius of Sydney it is 16s. to 18s. por ton
On_the western and southern lines, where com-
petition 18 not so keoh, 23-inch metal costs about 8s. at
the plant. We use either sandstong or basalt—the:
former for the base course. It would not pny us to.
bring basalt spalls from the distant quarries, so we nse
sandstoue in au S-inch Telford: buse. Better' results
are obtained from busnlt thay from porphyry
At the present time, on nceount of the trouble
in  the conl iudustry, we experience diff-
culty in petting supplies of the beiter grade
tar. The gas-works are still able to supply up to about..
17,000,000 gatlons. We think the price of far is foo
igh., One company told us that it is cousuming
9,000,000 gallons per annum for fuel; it estimates the
fuel value at 3d. per gallon and ia receiving 23d. per
gallon for tar used as_fuel by other consumers, I
was assured, however, that ‘the profit to the company
on the distilled tar is only 3d. per gallon more than
the profit it obtains from the sale of crude tar
for fuel purposes. When the board' wants tar
for rond purposes, it is asked. to-pay 7d. and 8d. per
gallon. Although the tar-producers are objecting to the
importation of bitumen they aro not prepared to bring
down the price of tar to'a roasonable figure. One repre-
sentative of the tar-manufneturers snid that if the
board would let him know what it was paying for bitn-
men' he would quote a batter price for tar, We have
had quotations. for local tar which are ncinally higher
than the price of fmported bitumen, the figures being
104d. for bitumen and 103d. for Neweastle tar.
The price of bitumen s now approximately
8d. at the ship’s side. QOuly reeently vepre-
sentatives of the Broken Hill. Proprictary Company
conferred with the Minister' for Local Government
regarding the uso of tar; representotives of the
bonrd were present, and said that the future use of tar
would be governed by the price. The -companies said
that they would get together and consider the price, but
nothing has been done. T am certain that an import
duty on. bitumen will not help to bring down the price
of local tar. The Tederal Highway should lie buili in
progressive stages and, as the trefic grows and the
foundations become consolidated, it should be improved
to the extent that the traffic warrants, That is in
nccordanco  with  the advice given by the
then Ohief Engincer, Commonwealth Department of
Works, Mr: Hill, after his trip abrond. On
the Gonlburn side of Collector the gravel is very clean,
and we are spraying’ it immediately. Where the gravel'
has a considerable clay content the rond will be allowed
tor carry the traffic for a year or two Gefore further

it is working in a very fine flour-like material. Where
gravel contains. {fair percentage of dust the grader
Drings the stone to the surfnee; thas: forming' a_carpet
of metal which. tends to keep the dust down.  The cost

t t, otherwise-we might lose the tar or bitumen.
On the Great Northern-rond we have put down eement
conerete: to the Hawkesbury River and from Belmont
to Noweastle, the two heavy troffic seotions, but on the
two intermedinte sections are confining ourselves to
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gravel. At ono part we are uging gravel with a heavy
ciny content; wo do not propose to surface it imme-
dintely, but have medo arrangements for periodical
trontmonts of sand. ‘We anticipate that in a couple of
years the clay. will have beew killed. From Moonee
Oresk, iuto  Gosford gravel hms been laid and
o contract hins been let for tar surfncing it. North of
that we are adopting either penetration,. or pre-mixed
bituminous macedam_to Belmont. From: north of
Wyong to Catherine ‘Hill Bay there is » conglomerate
gravel, and the laboratory experiments suggest that we
should usa an nsphaltie oil as & primer_and one of the
local tars for sealing, applying & bitumen surface
later. In thoe metropolitan arew, where the roads wrv
traversed by tram-tracks, wo are putting down a 2-inch
earpet. coat of bituminous eonerete over a 6 to S-inch
cement base. Where there ave no tonm-tracks, we lay
down bare cement concrete, which, so far, is not showing
any undue  wear. e did anticipate five
years of use bofore we need do suything
Yo these ronds, but they are jikely to last longer.
They are subject to 8 Tittle: stecl-tyred traffie.
Portion of the Botany-road was.put down in bare eon
creto just prior to. the board coming into existence
That rond is traversed by trams and there is only #
slab 12 feet wide on eithor side of the tracks. On
one side the heavy Sron-tyred tvaffic going loaded to
the, tanneries has cut definite grooves in the conerete
In fact, after two years, the reinforcement is showing.
Ono of our greatest problems. is to deal with that. type
of traffic, but we are now treating the road with a 2<n.
bituminous. carpet coat,, and we believo that it will: be
effective. We have: allowed the gas company to put
down tar to its own. speeifieation. Hitherto we_nsed
bitumen, but now we are trying a new material, Dura-
tenax, a mixture of gas-piteh and bitumen.. Some of the
experiments show that it has held eftectively, and we do
not,_anticipate any further diffieulty with the Botauy
rood, On the opposite side of the tram-tracks, which
is subject to only the- lighter return traffie, the indiea-
tions of wear are very slight. Apart from that one
rond, we hiave had no.trouble with the conerete. There
ig no publication of & Tederal charaeter on the subject
of road engineering, but the Main Ronds Board of New
South Wales, realizing that something of that character
was neededl, is publishing 2 monthly paper ealled
Main Roads in which we set oul the results of our
experiments, and the testing of materials. In
every. possible way we let fhe local governing, bodies
know the results of our experience aud we lave asked
the municipal and shire engincers to contribute to the
journal letters and articles, dealing with their prob-
Jems, failures and successes. At present the articles are
contributed mainly by officers of the Main Ronds Board,
but the columns of the journal. are open to the shire
engineers, By means of this publieation we hope that
the shire engineer in the south will be able to. help
his brother in the north, and vice versa. ‘The Blue
Mountains road was in 2 foarful condition when the
board first came into existence. Remedial action had
to be taken immediately and we cmployed a ﬂpet of
eight rollers and searifiers.  We searified 813 miles .of
ond and treated it with @ light addition of material
and tar. We did not anticipate & lusting suceess, but
the results were mnost gratifying. The road stood fairly
well for about eighteen months, thew jt commenced
to corrugate, due to the fact that in parts new
material: had been placed over old material that had
Boen, somewhat pulverised. When: we spread our seal
cont of iar it slipped over the face of the metal 1_uul‘ set
up corrugntion. We have overcome that by using t}le
Rillifer. Dise, an implement somewhat like the dise:
plough; it passes over the road oud cuts off the ridges
and corrugations. The result is that the road is agrin
in good condition. Ench yenr we endeavour to do five
miles of reconstruerion.

114. To Senator Reid—We did uot set up our labora-
tory. until lnat year, and our testing engineer has only
been. a8 work since Juue. Tis experiments with dif-
ferent oils and tars commenced about two months ago.
So far no material has been discovered in Australia
that, can be mixed with tar to fmprove ita value for
road purposes. I sve no reason why something’ of the
kiud should not be produced later. Tn fuet at one of
e Federal Aid Ronds C'onfexences we formed o teeb-
uienl committee, representstive of various cominigsions
and road covstruetion authorities, and My, Kemp, of
Brisbane, vrged that the Commonwealih Bureau of
Seieuce aud Industry be vequested to investigate the
possibility of making, more use of Australian tar by
giviug it more elasticity. \ suggestion was made that we
might experiment in the use of dizearded mofor tyres.
Fhiese have only serap value, and if the rubber in
them can be treated and added to the tar, so as.to give
it more the consistency of bitumen, it will have a great
value for road-making purposes. The gas companies
have their own spraying waggons. These are filled at the
works, and the gus is sprayed on to the voad at about
ts, 2d, per square yard. The price of the tar is
from 7Td. to 8d. per gallon. 1 renlize that refining
costs something, but there seems to he too great a
margin between the price of 3d. per gallon for tar as
fuel, and 8d. per gallon in the companies’ waggons on
tho ronds.. We think the companies might yeasonably
reduce their price, heetuse the vefining is a simple sud
inoxpensive process.. The. price quoted is practieally
at the works, but the companies will earry the tar a
littlo distance and spray it on the rond. Our price,at
the depot, 14 miles from the city, is 9%d. per
gallon.. We recoived alternative quotations for tar and
bitunon, delivered at Rosehill depot, and the price of
the coke oven tar exceeded those-of bitumen. The local
gas compauy’s.tar at that time was 93d. at the depot, or
slightly less than bitumen. ‘The margin was not. suf-
feient 1o justify the use of tar, having regard to the
bettor quality of the imported material. We would
be glad to arrive at a stage when it was no longer
necossary to import one gallon of bitumen. In Sydney
about. four or fivo companies are operating in bitumen,
but their quotations are almost identieal; we think the
price is regulated by arraugement. There is no com:
petition except in regard to quality- Some time ago we
diseovered through n failure that oceurred quickly that
some bitumens have a greater duetility at low tem
pernture than others, The Mexiean bitumen is the

better; the Califorpian bitumen is without the re-
quired duetility at 34°, We discontinued using it last
winter, until other shipments. of better qualify werd
prought out, but we were ablo to carry on with mes-
halt, There is a tendency here as. in other parts to
place the bulk of the orders for bitumen with the
Shell Company. The: competition should be with tar,
and it is to this extent, that when the board started
bitumen ranged from £9 to nearly £10 per fon, wheress
to-dny it is about £7 12s. per ton. We find that whilst
the price of bitumen gradunlly dropped. the price of
tar did not decrease correspondingly. The gas com:
pavics were formed at the outset for the purpose of
gelling and manufseturing gns. Tar was a mere
by-produet, but with the use of it for road-making
they found a new source of profit, and appavently they
intend to exploit it to the masimum, tar is meroly

n hy-produet of the main industry of gas production, it

should: be sold at a minimum profit. _The position iz

wauch the samo with slag. The Broken Hill Proprietary

Company eannot help necumulating slag, at its New-

castle works, and five years ngo had mountnins of it,

which had to be blasted, carted, and  removed.

We inquired into the possibility of using it for

road-naking purposes. Probably it would be worth 1s.

per ton 10_qUAITY it out of the dumps aud load it into
trucks.  But the company charged us 7s, and 8s. per



ton,, practically she same- price as we had to pay for
blue metal. We-set out to build the Newenstle-Maitland
rond with Nowenstle slag and tar, but'ns wo appronched
Maitland it was chenper to earry metal some distanee
from the quarry than to use slag from the furnsecs at
Waratah.  We have been -offered thonsands of tons
of open-henrth slag from. Port Kembla, but it is only
Blast furnace slag that we ean wse. It has a Frenchr eo-
cfficient as low as 4, and the best «f it from 0 to 6.4,
as against 10 to 13 in- the basalts at Kiama, In the
United States of America it is found thay a sufter
stone ean be used’ with hitumen, and soft rocks with a
co-cflicient of nbout 6 have been used. We took a risk
at Maitland, beeause we wanted to use loeal material
and keep the money in the distriet.. The rond.is stand-
ing up fairly well. Mz, Sibley hos advised us not to use
an excessive quantity of tar, and although it is his
business to sell that material he has urged upon shire
engineers the wisdom of restrieting the quantity.
it should be possible for the companics
to put crushed slag on the trucks for 8s, Gd.
per ton,  Oune of the difficulties. experieiced in
the laboratory with tar was the time it requires to pene-
trate consolidated gravel, It takes longer than oil, ang
consequently may lhold up truffic to some extent, but
our testing officer, Mr. Mack, is persisting' with
his xperiments, aud  using  different  grades
of tar oils. We shall use tar more extensively
if we possibly ean. At the end of seven months,
the tar-surfaced read leading frony St. Mary's beesme
partly  disintegrated, probably because during the
wintcr months the elay was forced up through the tar,
but we treated it with bitumen and further sereenings,
and so overeame the trouble. The failure on the Hume
Ilighway at Liverpool was in the nature of surface
damage due to the tar haviug beecome lifeless.  The
more elastic material supplicd'by the Broken Hill Pro

prietary Company lasted longer than the Grs Com.
pany’s tay. It was elenrly evident that the latter had'
dried. up, and' that the mere addition of sercenings
would not help; we had to. apply bitumen. T have
vead that on Fifth-avenue, New York—a sheet asphalt
surface on a conerote hase—the caterpillar tracks of
wilitary tanks and heavy guns, one weighing 80 tons,
made indentations to & depth of ¥ ineh, and within 24

hours they were ironed out by the rubber-
tyred  maotor traflie. I do wot believe that
statement,  but it is  true that the indentations

in a bitumen swface, caused by ordinary steel
wheels, will be ironed out within a week by rubber-
tyred traffie.  That result would not be obtained with
tar.  Botlr tar and bitumen bleed nnder the influence
of sumuer heat, but that ean be obviated by using tho
correet quantities,  We think we have npproncheg‘ the
carreet proportions by using one and a quarter gallons of
bitumen for 3-inch penetration, and  one-third
gallou for the seal econt. In regard to ronds within
the city of Canberra, the earlier you treat them: the
berter: You have established there a garden city.
While you have dusty roads you will not get full value
from your plautations. T saw many trees that aro
dying, partly as a result of the accumulation of dust
on their foliage; they eannot breathe,  These garden
plots must be protected against the action of dust. We
shail ultimately treat the whele of our road, but wo
propose to allow sufficient time for the coarser material
to work up so that when surface treatment is applied
it will be more lasting than it otherwise would be. In
Canberra, tar or bithmen treatment is undoubtedly
justified. for the sake of minimizing the dust, )

113, To Mr. Cumeron—We are using gravel
throughout, and putting dowu the full depth of 9
inches immediately, We antieipate getting a certain
amount of weur from it, and when uecessary we ean
add n 2-in. carpet coat of pre-mixed or penetration
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bitnmen macadam, I am fairly confident that a tar
seal coat will overcome the dust, As Couberra -is not
likely totbe an industrial-eentre, we nced hot anticipate
nnything but fast light: traffic on the roads leading to it
Oute would! not nttempt to penetrdte the-gravel with
bitumen; the penetration would bo in the 2-in: or S-im
cout of metal. Proper penetration cannot. be obtained
with  gravel, but the retrend method can
be adopted: ~ The gravel would ‘be scarified and
ghcn penetrated. It would' then be workdd
into- windrows with n grader until .every stone
beenme: conted.  After being levelled it would be con-
solidated-with a roller, We hnvo just finished .a.scetion
of this type of rond out of Témworth, This construe-
tion_is particularly adapted io.strenm gravel. From
the Yass river bed we could probably get a water-worn
gravel which would enable us to do-some: retréad work.
in that loeality. While gravel contains clay the. dust
nuisanee will not be grest, and when we :have got
rid-of the clay the road is ready for surfacinig, I-do
not think anything could be taken from tar to give it
longer life, but something might:be hddéd*to.it, Where.
metal.-can” bo- obtained and.gravel' eannot, and where
traffic is. not-henvy énough-to justify further frentment,
we shall put down maeadam roads. -Such. places are
few and far between, When yow get beyond the gravel
stage you must jump to & surfaced rond. There is no
intermediate stage; except on a developmental rond
which is cnvrying a great proportion of iron-tired
vehicles, Our standard provides 10-ft. streams for
heavy traflie-and highways. In the motropolitin.iwen
we inerease the rond’ width to' 60 feet between kerbs,
On the trunk voads in the country the width is 18 feet;
and on minor main ronds 18. fect for two-way traffie.
On fast ronds with a highly improved surface a width
of not less thian 20 feet is tecessary. We do not
believe in reducing to 12 feet, because that tends to
cencentrate the traffic and increnses.the cost of mainten-
ance, 1If the last 6 miles of the Federal Iighway is
given o primer of tar or asphaltic oil; and sealed with
bitumen, probably it will require n small dressing,
at the end of twelve months; then it shonld last for
two years, and- after the next treatment it should last
three or four years. Each treatment adds to the rond
mor¢, bitumen and sereenings, The Broken Il Pro-
propictary Company and. the Australian Grslight Com-
pany have spraying plants, aud will tender for the
supply and spraying ‘of tar. ‘The board. also has a
stenm waggon spraying plant, with which the bulk of
its muintenance is done. We fiud it more convenient.
to use our own plant, and we believe that we benefit
by the experience of the men who operate it.

(Taken at Canberra.)
SATURDAY, 15t MARCH, 1930,

Present:
Mr. Lacey, Chairman;

Senator Reid M Curtin
Senator Sampson Mr. Gregory.
Mr. M. Cameron

‘Thomas T1ill, Dircetor-Genernl of Works, reealled and
further examined.

116, To the Chaivman.~When T last appeared
Jefore the committee T recommended bitumen pene-
tration surfacing for the Federal Highway, — The
Federal Capital Commission has since recommended:
mixed-in-place bitumen. At the time that I gave my
evidence previously the research work in.counexion with
suilable paving material had not been comploted. It
appeaved then that the best available material would
be erushed rock from Mount Ainslie.  Iowever,. the

-
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goological .and other researches did ot disclose a. suit-
able bed of metal there. ater T accompanied the
committee to the foot of Black Mouutaiu where there
Jara extensive gravel deposits.  This has been. found 1o
be the best available material to. use. T saw the sug-
gestion. made by Mr. Poits, with whom I have con-
ferred, and wo decided upon the gravel, and to apply
a bitumen surface in due course.  The gravel will b
sprayed, and mixed in position. I have no hesitation
in recommending this procedure, for it will make an
excellent road, emiuently suitable for the nature and
extont of traffic which.can be reasunably expeeted. The
final.surface will be sereened gravel, blade-spread, and
mixed in situ, and then rolled. That is not what is
commonly ealled g, retrend road. T would call 2 ve-
trend road a semi-penctration road, The type of rond
that I propose to put down would be just as durable as
what. is called & retrend: rond, and the construction will
bg simpler. The difference in the expense of con-
struction for the actual surface would be between 2s.
apd 45, a square yard. The naintenance under
traffic would be the same.  Very little retrending, is
done abrond, The majority of the country roads are
treated with what is known as the bitwmen sprayed
surface.  Retreading is practically the recowdisioning
of an old road which has alvendy a good foundation.
The' coustruction of the rond from Goulburn to join
this Jighway is being actively carried out. It is ex-
pected that the final stages will be byoken through
about October. I refer to the last ten miles whielt join
up with the Federal Territory. I do not mean to say
that the surfacing will be completed by that time, but
the earthworks and probably the gravel portion will
be available for traffic, It may take another two years
to complete the surfacing, I am interested by the fol-
lowing paragraph whicl appeared in the Melhourne
I erald on the 13th March:—

The Comitry Roads Board to-tuy made arrangements to lay
down shortly™a portion of the Prinee’s Highway meny Gur-
field, for a distance: of on , with the All-Sustralian bita
minous compound * Nahitco,” & product of loeal oil slnle
This. compound is. the Tesult of Jouz experiments by Mr F
Renow, an Australinn engincer aud' roads expert. e deter.
mined to discover mn cflicient loeal substituto for the natural
asphalt which Australin has been foreed to fmport, at
cost, and at the rate of appronimately 100,000 tous o y
I do not know the particular compound referred to in
that paragraph, but various compounds of that nature
are being experimented’ with. This represents a genuine
effort fo invent. s all-Australian material for road, sur-
facing by distillation from our shales and rocks. At
present our products of that nature are limited to- the
by-products of coke ovens and gas works. We are
using qll the material of this nature that we can obtain,
but the quantity of it is limited. 1 estimate that the
défieieney is, roughly, 50,000 tons a year.  Unless we
can develop some new source: of supply from coal or
distillation, we shall have to continue heavy importa-
tions of this material. Mr. MeCormack is pushing on
with the iden of assisting Australian industry, and he
has an experimental streteli of a wile in length down.
The particular road' where the experiment is being
made is of the sand clay type. The materinl with
which he is experimenting is sprayed on and surfaced
with sereenings. Lt will make practically the same type
of road that Mr. Potts ealls a refreaded surface. The
full, value of that experiment will ot be known for at
least another year, It will need to have tho round of
the sessons upon it, bath winter and summer.  The
gravel road that is being put down on the F_edeml
Highway will need. to be consolidated' before it is sur-
faced. § would prefer at. Jenst six months of con-
solidation. to take Place, including a winter season. It
might be even better in some ecircumstunees if twelve
months” consolidation occurred. A good deal would
depend upon the season. _ Between Canberra and Goul-
burn the maximum grade of the highway is one in

twenty, and the maximum radius of the eurves oue in
300, " That will enable an ovdinary wotor cor to
traved the whole distanee in. top gear without any
teouble, I do nnt antieipate any teouble from heavy
vains, for the rond has been properly culverted.  The
ouly thing that eould, possibly eause serions damage, so
far as I ean see, would be a serious cloud burst or floods,
[t is proposed to use Austraiian tar on this road, with
possibly. some nddition of bitnmen to bring it up to a
certain constitueney, I should say that the. firat spray
coat will contain a very large percentage of Australian
coke oven tar,  The final coat will be of bitumen. The
kind of voad that we propose to put down will cost
in respeet of the surfacing 2s. a yard less than the re-
tread vond, and it will be perfectly satisfactory in the
eircmnstances,

117. 10 Mr. Cameron—1 do not agree with state-
ments that have been made to the effeet that properly
distilled JAustralian tar is not as durable as bitumen.
Iy certain cireumstanees it is better than bitumen. The
first spray cont of Australian tar, under present con-
ditions, may be a bit weak in asphaltic coutent, but if it
is stiffened with the addition of some imported bitu-
men it gives excellent resnlts as a first penetration coat,
The results that we have had from using our tar n
that way have been quite satisfactory.  To use Jus-
tenlian tar for a final coat 1t must be properly distilled..
We are conducting experiments along these lines, and
have been doing so for some time. By using this
material we have been able, by competitive tengers, i
<ome cnses 1o get prices for the Australinn material as
low as half' the cost of the imported articl: We have
laid down areas of metal treated with JAustralinn
material at half the cost of imported bitumen,  Some
of these experimental ronds have been down for twelve
or cighteen months, and, so far as we eau sce, they are
wearing as well as ronds made with wholly imported:
materinl, T make 11 quite clear that these roads have
only been down for twelve or cighteen mouths, and 1
et only speak to thay extent, It is ouly within about
that period that yesearch has been applied to the nsc
of our loeal products. I am speaking of roads con-
strueted under my own supervision and carrying a fair
amount of traffic—in fuet, heavy traffic.  Of course,
anless we ean discover some new sources of supply it
will not be possible for us to produce sufficient of this
Australinn article to meet all our requirements. I
umn speaking now of by-products from coke ovens aud
gas works. Lven when we use all we ean get of this,
1t appears to me that under present conditions we shall
still’ have to import about 50,000 tons of bitumen
amually. We are aiming at getting the same kind of
a surface with this loen]l material as bitumen gives
us; and, up to date, the experiments bave given us
vory favourable results. If we do-not reach the stage
where we can use this Sustrnlian material for the final
coat, we certainly enn use it with very great advantage
in the first penetration cont. A road made with this
nunterial and surfaced with bitumen would have just
as long a life as 2 rond made wholly with imported
bitumen. s & matter of fact, the materials are much
the same. You caunot class all tars in one category.
To. he effegtive for rond work, tar must be properly
distilled. It must be produced necording to a definite
speeification. The tar of whieh I have spoken lias
been prepared to this definite specifieation,

118. To Mr. Curtin—There is practienlly no dif-
ference in chemistry between properly distilled tar and
bitumen.  Ordinary tar as it leaves the gas retort or
the eoke oven confains a lot of parafiin nnd earbolic
oils, If these and otlier deleterions substances are
distilled out of it, and certain other by-products of the:
first. distillation are put baek into it afterwards, you
get a produet practically the same as bitumen,
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119. To Mr. M. Cameron—Bitumen has greater
adhesive properties than ordinary tar, but cven some
bitumens are not suitable for use whero the tempoerature
falls below freezing point,  Their elasticity is low,
and they char aud' powder below freezing point,  The
addition of some tar may improve bitumen in cold
climates, for it inerenses the: elasticity of it. Certain
engineers are now specifying that they will not take
bitumen: for their work from certain portions of' the
United States of America becauso of the practical
absence of clasticity below freezing point.  Extensive
laboratory work is going on now in conmexion with-
all these mafters. I do not anticipate that there will
b any difficulty from sccpages. ou. the Federal High-
way. I would prefer o full winter to be included iw
the consolidating period. ~ We shall probably not. bo
doing any bitwmen surfacing until' November or De-
cember. ~ That would give us about nine months of
consolidation,  Thore are odd spots where scopage
may occur iu the hills five or six miles out from Onn-
berra, but we have a good system of side drains, and.
we do not anticipate any diffieulty at all. Spraying is:
preferable to pouring for the penetration coat, It
gives n more cven distribution of material, and the
mackine makes for more effective work,  With hand
p;)uring you are always likely to got a thick layer in

aces,

? 120. Yo Mr. Gregory—I do not consider that hand-
pouring is equal to machine spraying. We are able to.
et an ample supply of Black Mountain gravel of the
giud you saw at the pit near the entomologieal blook
some little time ago.  We can also get ample and suit-
able material for the top-dressiug. It is proposed to
sereen some of the fines and dust to got it,  That. will
make excellent top-dressing materinl.  We will: not
surfaco the highway uutil nfter it has been properly
congolidated. ~ Actual cases have oceurred. through
tendering, in which wo have got - local product for the
penetration cont at half'the cost of the imported article,
This may have been due to the fact that the gas
companies were anxious to introduce their product in
order to break down u prejudice which exists ngainst
it.  These tars are being properly distilled.  There is
no doubt that although the committes: may have heard
from one or two engineers that they have no prejudice
agafhst the Australian article, a prejudiee does exist
among muny cngincers,  Perhaps it would be truer
to sny that it was a Jack of confidence rather than n
prejudice.  Undoubtedly the tars that. were used. years
ago' were unsuitable. They were taken straight from
the tar pit and' their percentage of moisture and oils

was not considered.  Chey were put on to the roads.

ritw, and of conrse, they could not stand up to the work:
At present the gas companies are distilling their tars
according to a proper formula, and this is. building up
confidence in them, I realize that you get sixteen or
seventeen gallons of tar to the ton from the gas works
and only seven or eight from the coke retorts, That
is why some of the tars have to be refined so mueh.
The parafiins and other oils have to be removed. As
I have said, we are continually nmlductinﬁ experi-
u

ments with the objeet of using our local products for-

a final cont.  We are doing a'lot of work in our own
laboratories, just ss. the New South Wales Country
Ronds Bourd is working in theirs.  We are also defi-
nitely testing out sections of roads under working con-
ditions.  In my opinion we have been able to bring
our tars up to the same formuln as the jmported. hitu-

men, but the tests that we have made so far have been

limited to eighteen mouths at the most. To that ex-
tent they have been satisfactory. The Footsoray Gas
Company in Melbourne is doing a lot of distillation
work, and a good many of the Footscray roads are
being treated with material from those works. A good
deal of this kind of work is being done in England.

By : H. J, Grezw,

Vory lnrgely they are using locally distilied tars thore,
but they are adding a -small percentage of imported
bitumen. So far, most of the work that has been done
in Australin with the local articlo hds been for pri-»
mery cont, but we are mow trying if wo can use it
eqirally well for secondary work. ~ I’ want-the experi-
ments to be continued for some: time lotiger before I
can’ speak definitely on. that: point. The New South
Wiles Ronds Board has hadl cascs where it has had:
to be pareful of the kind of bitumen used. Mexican
bitumens: are proferable where frosts are likely, and
these are _chosen hefore bitumens froni ‘the southern
States, T would not recommend sonéreto for this high=
way. 'The triffic would not justify it. A Black
Mountain gravel Yoad with- o bitumen sprayed surface
mixed, in_situ will be perfectly sotisfactory, One
coating will probably be:put on at the end- of: thiis yéar,
and the second coating in the. following year. By ‘the
time the second conting is put on, any faults or defects.
in the surfaco will have developed.  For the first-apray
we shall uge from gne-third to'half a gallon of material
to the yard. For the second spray we shall use a
quarter of a gallon to the yard.

121, To Senator Reid~-Bitumen has a slight per-
centage of natural oil. Tlhe: amount js détermiried by
wliat' you want the asphaltic: content to' be. If you
want & low-asphaltic content you have'to add more oils
fo bitumen, There is only about 3 per cént. of oils
in bitumen With a kigh asphaltic content, The.
amount of manufacturing’ it needs depends upén the
purpose for which:it is.to'be used. Weo aro doing our’
utmost to use the maximum quantity of Australian
material, The road to which I have referred, which,
is surfaced with. Australian distilled tar, is ot showing,
any weaknesses up-to-date.  But unless we can’obtain
additional supplies by mteans of thie distillation of our
shales. aud coals, T estimate that wo shall still have. to
import about 50 per cent: of oir surfacing material.
The quantify would vary, of course, according, to: the
amonnt of roadwork we put in hand cach year, The
ouly possible, source of supply-of this-material of which
I know anything, is the distillation of it from shale and
coal.  Several companies arc experimenting in this
direction in Tasmania at present, I hope that, it, will
be possible to produce a material at approximately the
same cost as bitumen. This would need fo be got
down to about 9d. per gallon at the distillery. Any
other by-products that might be obtained from tho
distillation conld be sold otherwise, We wounld, only
need the distilled tay. In my opinioi, the reagon why
Mr. Newell was. 50 definite that tar wonld nof stand up
as well as bitumen is that raw tar has been used' at.
some time or anotlier dircet. from the works, with per-,
haps only o slight heating to drive off some of the
excess mojsture.  In England you can biy all varie-
ties of tar. The elasticity of some of the bitumens
from the south. const of {he United States of America
at no-degrees Ceutigrade fsnil, Tt becomes exceedingly
brittle. = When the distilled tar is used fot the top-
dressing instead of bitumen the process is exactly the:
same. ~ The far mixes just ag well, and only an analy-
tical chemist could tell the differonce between tar and
bitumen,  When we come to top-dress this highway we
shall slightly searify the surface to 1 inch or 13 inch,
and then spray and mix it in position with graders
and: bladers and thoroughly roll.” Afterwards the road.
will Be spread with some fine screenings. Wo will
probably use 100 yards of screenings. fo the mile, but
it will need‘to be sercening of excellont wearing, quali-
ties. Tt is advisable to use good sereenings for this,
final' surface even if you have fo pay a little more
to get them. The whole of the gravel is being put
into the road now; but, as I have said, the. top-dressing
will not be done until the road has had' proper time
to consolidate, o

Priater, Canberra.
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