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treated with refined coal t ar, oil .asphalt, and tar asphalt 
eovered with sand or stone chips; coal tar stood best; 
a t end of. twelve months little of others left ; r ecoated 
with coal t ar arid coarse sand half gallon to square yard; 
s tood fQr twelve months at last Report. 

Montgomery County, Maryland -(1912) :

BRIEF SUMMARY OF FU DAMENTAL 
PRIN CIPLES. 

1. Drainage of road bed vital. 
2. Sub-grade compacted and of uniform densit y. 
3. Aggregat es clean, hard and tough. 
4. Fine aggregates (sand) coarse and graded. 
5. Rich cement concrete. 
6. Materials accurately proportioned. 
7. Thorough mixing. 
8. Sloppy concrete not to be used. 
9. Reinforce.ment justifiable. 

10. T~orough and intelligent supervision. 
11. Protect concrete against rapid drying. 
12. Traffic not to be allowed on too soon. 

BRIEF ABSTRACT -SPECI1?ICATIO IS. 

One-course Concrete Highway.-Materials. 
I. Cement :-Complying with requirements of British 

()r American standard cement . 

2. Aggregates:-Fine Aggregate: Natural quartzite, 
~and or crushed sand from hard and durable rock or 
gravel ~ must not contain more than 3 per cent. loam or 
clay ; shall be free from vegetable matter ; shall all pass 
through -1 inch mesh, not more than 25 per cent. hall 
pa s through mesh of 1-50 inch, not more than 5 per cent. 
shall pass through mesh of 1-100 inch; strength mixed 
with cement 1 :3 at 7 days and 2 days to be equal to 
s tandard. 
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Coarse Aggregate: Clean, hard, tough, durabl crushed 
rock or pebbles, free from vegetable or deleteriou mat
t er, soft, fiat, or elongated particles; shall all pas through 
I i inch mesh, and not more than 5 per cent. shall pas 
through t inch mesh. 

3. Mixed Aggregate :-Crusher run stone, or bank run 
gra vel, shall not be used; coarse and fine aggregate to 
he pr vided separately. 

4. Water :-Clean, free f rom oil, aCla, nHrati iI' 'eg~ 

table matter. 
5. Reinforcement :-Free from excessive scale, rust,. 

paint, or other coating which may destroy bond-adhesion 
of mortar. 

6. Joint Filler:-Prepared strips of felt and bitumen ,. 
or similar material of approved quality t inch thick; in 
joints pr otected by metal plates, joint filler shall be maile· 
to confor m to cross section of pavement; where uupro
i ected joints "C.sed, joint fill er shall be at least 1 iuch 
greater in width than thickness of pavement at any point. 

7. Joint Protection Plates :- Of soft steel not less than 
21 in~hes in depths, and not less than t inch a vsrage 
thiC'lmess, and to have rigid anchor plates. 

8. Shoulders :-Shall be protected with approved ma
terial. 

9. Cuts and Fills :-In cuts final grade to be deter
mined after rolling with 5 to 10 ton roller; when fill 
of 1 foot or less is required, vegetable matter to be first 
removed ; embankment to be constructed in layers not 
exceeding 1 foot in thickness full width between wide 
lopes, each layer rolled twice all over with 5 to 10 ton 

roller; no muck, sof~ clay, spongy or sloppy material 
to be u ed ; all layers to be worked to finished contour. 

10. Drainage:-Drainage ditches to be constructed prior 
to preparation of road bed. 
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11. Subgrade :-Construction: .AJI soft , spongy spots 
-of vegetable and perishable material, to be r moved and 
made good with suitable material, subgrade to be rolled 
t o firm surface by 5 to 10 ton roller, self p ropelled; sub
grade to be sprinkled with water before rolling as may 
be required; old macadam of ~ravel road t o be broken 
up, respread over full width, and rolled. 

12. Forms :-Materials: Met al PI' wooden, if latter, to 
be 2 inches thick protected with 2 inch angl~ iron; se
-cured by stakes, and to be clean, free from dirt or mortar. 

13. Pavement Section, Width, Thickness and Crown:
The width, . thickness and-crown shall be as specified, but 
thickness at edges not t o be less than 6 inches and crown 
-or versed sine not to be less than 1-100 o-r more than 
1-50 of width, contour of finished surface to be the arc 
--of cil·cule. 

14._ Joints :~Width and Location: Transverse joints -l 
inch wide, perp endicular to centre line, not more than 
36 feet apart, to · extend through ~jncrete, and to _be 
perpendicular to surface. 

15. Joint Filler:-To be inser t ed during construction. 

16. Protected Joints :-Of steel p lat es, when used, to 
match on either side of joint , and not to vary from sur
face level of conc-rete more than t inch. 

17. Unprotected Joints:-When used, to stand at least 
-i inch above finished surface, and excess width to bc 
trimmed to stand t inch above surface before ,road open
·ed to traffic. 

1 . Measuring Materials :-To be mea ured separately, 
al 0 water; 94lbs. cement to be accepted as 1 cubic foot. 

19. Mixing:-To bc mixed in a batch mixer for at 
least 1 minute; mixer drl),m to revolve at rate of at least 
12 revolutions per minute. 
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- 20. Retempering:-Not permitte~ . 

21. Proportions :-1 part" · Portland cement to 2 parts 
-fine aggregate to 3 parts coarse 'aggregate; quantity of 
fine aggr egate ;never to be less than half volume of 
coarse aggregate; quantity of cement in 1 cubic yard 
of concrete in place not to be less than 6.8 cubic feet. 

22. Consistency:-Such th at mortar will not separate 
from coarse aggregate in handling, and such t hat con
crete will hold its shape when screeded. 

23. Reinforcing:-Pavements 20 feet or more in width 
shall be reinforced; weight not less than 281bs. per 100 
square feet; ratio of amount used each way may vary 
from 1:1 t o 1:4 ; spacing or mesh not to exceed 8 inches ; 
251bs. per, 100 square feet may be used if r einforcing 
wir es integrally secured, not by lashing; placed 2 inches 
or more from surface; to extend to within 2 inches of 
joints; fabric to be lapped at ~east 4 inches transversely 
and 12 inches longitudinally on road ; heavier reinforce
ment for greater widths than 25 feet. 

24. Placing Concrete :-Finish off subgrade to an even 
surface, and thoroughly wet. Spread concrete full width 
without cessation between expansion joints. When re
inforced, top layer of concrete to be placed not later 
than 45 minutes after mixing of 'bottom concrete. 

25. Finishing :-Surface to be screeded off with tem
plate, away from expansion joints, fin ish surface with 
wooden float operated from platform free of concrete; 
side edges to be rounded. 

26. Curing and Protection:- While setting (24 hours 
or longer), cover urface with canva ; after setting keep 
moistened t ill hardened, then cover with 2 inches of 
earth, and keep moistened for at least 10 days; open 
for traffic in 14 days in hot weather, and longer in cool 
weather, but 4 weeks and 6 weeks preferable, respec
tively. 

, 
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27. Cold Weather 'Work:-Operations shall be discon
t inued when temperature below 32 deg. F. 

28. Shoulders, Construction:-When shoulders requir
-ed, to be made on sub grade pr epared as for concrete. 

Two-course Pavement. 

29. Coarse Aggregate:- As for one-course pavement. 

No. 1 Aggregate: For wearing course, same as for 
<coarse aggregate, 'but broken to pass through ! inch 
mesh, and· not more than 10 per cent . to pass through 

t inch mesh. 

30. No. 2 Aggregate :- For wearing course, alternative 
to No.1, and same as above, but broken to all pass 

1.:hrough I inch mesh, and not more th an 5 per cent. to 

p ass through i ·inch m~sh . 

31. Cement Required:- A cubic yard of concrete "Qase 
hall contain at least 5.6 cubic feet of cement; of "N o. 1 

Mix W earing Course," at least 11.88 cubic feet of cement; 
()f " No. 2 Mix Wear ing Course," at least 8.4 cubic feet 
-of cement. 

32. Proportions of Concrete for Base:- Iot less than 
I cubic foot cement to 2! cubic feet fine · aggregate, and 
4 cubic feet coarse a.ggregat e ; volume of fine to coarse 
a ggr egate not to be less than I to 2. 

33. For No. 1 ~earing Course:-At least I cubic foot 
oCement to 1 cubic foot fine aggregate and I i cubic foot 
'No. 1 Aggregate for W earing Cour e"; volume of fine 

to No. I coarse aggregate not t o be less than 1 to 2. 

34. For No.2 Wearing Course:-Not less than 1 cubic 
foot of cement to I i cubic foot of fine aggregate and 21 
cubic foot " IO. 2 Aggr egat e for W earing Course"; 
volume of fine to No. 2 coal' e aggregate to be not less 
than 1 to 2. 

Note.- I O. 1 and No.2 are alternative. 
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REINFORCEMENTS 
Theoretically best near wearing surface to withstand 

effects of temperature and moisture, and to strengthen 
haunches:-

Transverse 
W idth, f~et. Weil!"ht per 100 Reinrorcement 

sq feet. in sq. inF!o per ft . 
longitudiu~lly . 

]6 40 .090 
20 45 .100 
30 fiO .120 
40 60 .150 

Reinfo rcement placed 3in. below surface. 

Lou~itudinal 
Rei ufo roement 

in sq. ius. per ft. 
transversely. 

.030 

.030 

.030 

.030 

Where any d?ubt exists as to sufficiency of sub grade, 
it is always advisable to r einforce; and the above table 
gives weight of reinfo rcement recommended. 

NOTES ON LOCAL CONCRETE ROAD 
CONSTRUCTION. 

To 31st J uly, 1918. 
In July, 1916, the Woollahra Council put down a length 

of 160ft. of reinforced concrete roadway on the New 
South H ead Road, the width varying from 12 to 14 feet. 
This road was put down in two courses, and laid in 
a lternate bays of 400 super f eet each. The first course 
was 6in. thick (1:2 :4 ), and whilst green the r einforce
ment (No. n B.R.C. Fabric) was laid on top, and was 
pinned into the botto.m. course with hooked spikes. The 
reinforcement overlapped at joints. Then the wearing 
course (1 :2) was immediately placed and levelled off. 
The roadway was allowed to cure for four weeks before 
being opened for traffic. Another and much longer sec
t ion was put down on Old South Head Road by the same 
Council a few months later. This section was composed 
of the same aggregate, and laid in two courses as on 
New South Head Road, but without reinforcement. Thi 
also was allowed four weeks to cure. After 12 months ' 
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wear, this latter ect ion was su'rfaced with t ar and blue 
metal. Thi r oadway wa not as successfui as the New 
South Head Road section, ina much as t r ansverse crack
ing ha developed, although t his has not, so far, depre
ciated the wearing power of the road . 

The ew Sout.h H ead Road section wa laid In mid
winter , and the Old South H ead Road in midsummer, 
which may accoun t somew.hat for the transverse cracks 
in the latter work, due t o too r apid drying and setting 
of the c.oncr ete; and consequent lack of key. between the 
two courses. I understand the W oollahra Council is 
about to lay a concrete road on the New South Head 
Road at "Cranbrook," where a start is to be made in 
t he scheme of widening this road t hroughout the whole 
length to 100ft.- an area of about 20,000 square yards 
of all concrete road. 

The Public Works Depar tment laid a concrete r oad
way on the Glebe Island Bridge approaches during Feb
ruary and March, 1917. This was laid in one cour se 6in. 
t hick (1:2 :4) , finishing with a 1:2 topping, one-eighth 
blue metal scr eenings, and was reinforced with No. 9 
B.R.C. Fabr ic, laid t wo inches from the botto.m of con
crete and overlapping at joints. The concrete was put 
down in alternate bays 50ft . in length for a t ot al length 
of approximately 4DOft . on both sides of tramway. This 
was allowed to cure for three weeks. 

The traffic is very heavy on this roadway, and after 15 
months' use the results are very satisfactory. No cracks 
appear anywhere, but in some few places there have 
been pockets, which may have been caused by faults in 
mixing, or through presence of foreign matters, which 
have had to be dug out and replaced with carefully mixed 
concrete, and those spots have given no further trouble. 
These faults occUrred on the north side, and whilst the 
work was in progress sudden squalls came up, and the 
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heavy r ain washed the dirt from the tram way right across 
the green concrete, and formed pools which had to be 

I 

baled out. On the south ide, which was laid a month 
later, no faults have shown. Malthoid was used at 

joint , and at the edges there is a tendency to br eak away, 
but this is not serious, a it i easily filled with a coating 
of asphaltum or tar and sand. Observation has been 
taken as to whether the surface had a tendency to greasi
ne in wet weather, but no sign have been observed; 
in fact, there is no record of a hotse falling on the con
c!'ete ection in wet weather, though they are constantly 
slipping on the adjacent wooden blocks. Teither has 
any skidding or swerving been observed with the motor 
traffic, which is very large . 

. The Sydney City Council has r ecently put down some 
small sections of concrete, both reinforced and unrein
forced, the reinforcement used being plain bars. This 
work has been done, I understand, with a view of test
ing more particularly the wearing qualities of the con
crete surface. 

In Victoria a r einforced concrete road was laid in 
March, 1914, on the St. Kilda Road, South Melbourne, 
The subsoil is clay, subject to soakage from plantations 
alongside. Cinders were laid on the clay and well" r olled. 
Concrete 6in. thick (4:2:1) was put down for a length 
of 33ft., width 24ft ., No. 610 B.R.C. Fabric, l aid 2in. 
from bottom, and a wearing pad iin. thick of 1:1 (sand 
and 'cement) was put on top of the 6ip., concr ete, and 
afterwards tarred and sanded. Hea,vy motor t r affic lead
ing to the city is constantly passing over this road. Re
cently surface cracks are showing owing to the cold 
weather, and the r ichness of the cement mortar used, 
but in the springtime t hese will not be visible when the 
road is given a further coat of tar spray and sand. 
o 
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On St. Kilda Road, St. Kilda, a further length of 
100 feet wa laid in February, 1916, consisting of the 
-arne agO'regate and reinfo rcement. This was surfaced 
with Gilsonite (a bitumen compound ) for 2in.; the traffic 
is also the same as on t he first section laid. 

rfhe South Melbourne Council also put down a further 
section in March, 1916, adjoining the first section. . This 
was r einfor ced with o. 67 B.R.C. Fabric. The concrete 
was the same as the previous section, and a wearing pad 
Df lin. 1:2 (sand and cement) was placed on top, and 
surfaced w ith tar and sand. 

In J anuary, 1918, the South Melbourne CDuncil put 
d own another section of reinforced concr ete roadway at 
Yarra Bank Road. This is alongside the river wharves, 
.and carries the heaviest t raffic to wharves and engineer
j~lg wOl~ks, et c. 

The subsoil is river silt. Five inches of 1:2:4 wer e 
laid, and then 2 inches of 1:3 (toppings and screenings) 
placed on t op. This was r einforced with No. 10 B.l~.C. 

:B'abric, add surfaced with bitumen, but as thi.s was laid 
1n cold weather it peeled off. At present the surface is 
-coated with distilled t ar and sand, and shows no signs 
{)'f wear, although the concrete was exposed for a month 
·01' six weeks. This test section is 50ft. x 50ft. 

The aggl:egate for the concrete which was laid on the 
New South Head RQad, Woollabra, was measured and 
-mixed by hand close to the sit e, and then bar rowed on 
to work. After t amping down, tbis was brought _t o an 
·even surface by using .a template (of wood ) , and then 
trowelled over to fill !.A any voids. The subgrade was 
well watered before work wa begim, and on top of 
finished surface bags were laid and k ept constantly 'wet 
for two to three weeks. The aggregate was composed 
.()f graded bluestone, gravel from overseas, and Portland 
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eement, but I have n o data as to how the pr opor tions 
were arrived at. 

'l'he cross fall of road is 1 in 12 for 2 feet from k erb, 
an d 1 in 60 towards the tramway. '1'0 p:cotect concrete 
a t the junction of macadam and at side near tram, 2 
inch jarrah wood was used, but this is not a succe s. 
Expansion joints wer e placed between the bays, but th e e 
wer e only for experiment, and were not repeated in the 
ame way on the Old South Head Road, which, I under 

s tand, was laid with the same aggregate, but machine 
mixed, the aggregate being barrowed on to work lI.nd the 
machine placed as near as possible,) and moved on as 
work pr ogressed . 

. -At the Glebe Island Bridge abutment the subgrade was 
well watered before startin g with concrete. The aggre
gate was carted and dumped close to machine mixer , 
which was on the site of work, and then barrowed to t he 
various bays. The concr ete falling directly into barrows . 

. The concrete was well tamped down during the pro
-cess of laying, and afterwards a template was passed over, 
and 'the surface trowelled. The aggregate was 1i in. and 
-fin. blue metal mixed, Nepean sand and cement, finishing 
surface with topping of I-Bin. hluestone screenings in pro
port,ion of 1 :2. 

REINFORCED CONCRET:& ROADS AT -MfLI'rARY 

CAMPS IN GREAT BRITAIN. 

In July, 1917, a reinfor~ed concrete road was con
structed at Loch Doon Sch()()l of Aerial Gunnery in Scot 
land, being about 16ft. wide and about 600 yard long. 

The road was built across a peat moss, directly on the 
-grass. The peat was drained, but previou ly it was prac
ticapy a bog, and a man walking on it would sink up 
to hi ·knees. 
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Macadam roads constructed close by, on rather better 
groun d, gave a great deal of t r ouble, and were very ex
pensive, in many cases having to be filled in layer after 
layer to a depth of several feet . 

The road wa constructed by the contr actors, Messr s. 
McAlpine, to a special specification drawn up by The 
British Reinforced Concrete Engineering Co., Ltd., and 
was reinforced with B.R.C. Fabric. It was surfaced with 
tar spray and granite chips, and it was con,sidered at 
the t ime that it would be as severe a test as possible for 
a r einforced concrete r oad. 

In May, 1918, the camp was dismantled, and the Super
intending Engineer wrote to the contractors as follows : 

"You will be pleased t o hear that the reinforced con
crete road across the peat moss at Loch Doon has been 
an unqualified success. Continuous t raffic of Foden steam 
waggons is going on at the present time, in connect ion 
with the dismantling work there, and loads of 10 tons · 
on four wheels are being car ried without the slightest 
detriment to the surface. 1£ you have an official photo
grapher in the district, I should be much l{ratified if you 
.could have a couple of photographs tak~n of this road" 
which is in many r e pects unique." 

At Manston, near Margate, a road was constructed of 
concrete 6 inches thick r einforced with o. 9 B.R.C. 
Fabric. This is at a camp, ·and wa laid directly on the 
field . The authorities coated the surface with tar spray 
and granite chips, and the road has had exceptionally 
hea.vy traffic continually passing over it. 

The authorities requir ed crushed cinders for the manu
facture of concrete -blocks, and crushed cinder s on the 
road with the aid of a steam roller. 

The road ha hown no signs of wear, being as good 
ll.A when first constructed. 
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Similar roads are in use in the United Kingdom, in
,<eluding Chiseldon ,Camp, in Wiltshire (ovp.r It mile laid 
jn July, 1915) , and at numerous Seaplane Stations for 
t he Admiralty, carrying aU st0re , equip~ent, ammp.ni
t iun , and machinery, et c. 

Discussion. 

MR. P OOLE : I am sure we have Ii tened to-night to one of 
t he most admirable addres es that have been delivered be-

o f ore this Association. The lecture, which i very complete 
in dctail, ha been given by a gentleman who is an acknow
Jedged master as a constructor of modern road P!lvements. 

I shall not go into details of the address, but wish to 
-confine my remaFks to one or two points outside of what has 

. been stated. 

We look upon the Roman Road a the forerunner of our 
o :good roads, and it is remarkable that these excellent 
. ·examples of road construction, and their great advantage 
to the State, were ignored through so many centurie in 
Europe. Good roads have been a necessity in the large 
military empires of the past. We now know from records 
that have recently been made available that in the old P er
s ian Empire there was a great system of roads radiating 
from Babylon to all the important Provinces, uch as 
t hrough' A ia Minor, through Syria to Egypt to the country 
which we now call Turkestan, and to the frontier of what 
is now Modern India. 

Coming back to our own State, we are much indebted to 
that great master road builder, Governor Macquarie. 
Am.ong his more important road are the Main Western 
Road over the Blue Mountain, the Bathurst Main Southern 
Road to Goulburn, and that heavy, but almost forgotten 
undertaking, the Main Northern Road through Wi eman's 
Ferry to Maitland. 

-. 




