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Road Improvements in the Western Division. 
RECENT PROGRESS ON BROKEN HILL TO WENTWORTH ROAD, AND 

ON WENTWORTH TO SOUTH AUSTRALIAN BORDER ROAD. 

Rrokeu Hill and \Ventworth, I 7 5  miles apart, have 
now been linked by a continuous road formation, fol- 
lowing on recent work 011 State Highway No. 22 by 
an elevating grader unit of the Departiiient of Main 
lioatls. 

A similar road fortnation has also been extended 
west 011 Trunk Road No. 08 from \\:entworth to Cal 
Lal, 50 t ides west of Wentworth and 1 5  miles from 
the South Australian border. 

The mining city of Broken Hill has a population 
of 27.054 persons, antl is so situated in western New 
Snuth \\.ales (see map) as to rcquire direct connection 
to  South Australia and Victoria. as well as to Sydney 
antl other parts of New South Wales. There are both 
rail antl road links from Broken Hill to Adelaide and 
to Sydney, but connection to Victoria is by road only, 
via State Highway No. 22 to II’entworth, and thence 
to Mildura (Victoria), some 23 miles distant. Broken 
Hill is distant ( hp road j 735 miles from Sydney, 330 
miles from Adclaidc and 560 miles from Melbourne. 

As well as being the largest metalliferous mining 
centre in  New South \\Talcs. Broken Hill is also an 
important centre of the pastoral industry over a wide 
stretch of territory in the western part of New South 
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\Yalcs. together with adjacent parts of South Aus- 
tralia to the west aud Queensland to the north. \Vent- 
worth, situated at the junction of Australia’s two 
greatest rivers. the Murray antl tlie Darling, is also 
a centre for a large area of pastoral country, but, in 
addition, is the principal town serving a series of 
irrigation scttlenients along tlie Darling and Murray 
Rivers, in New South Wales. A little east of IVeut- 
worth, ancl on the southern side of the Murray River, 
are the extensive Victorian irrigation settlenients sur- 
rounding Mildura. Yelta, Victoria. 12 miles from 
Wentworth, is the Victorian railway siding nearest to 
Wentworth and Brolteu Hill. 

BROKEN HILL-WENTWORTH ROAD. 
(State Highway No. 22.) 

Thc road linking Rroken Hill and \\’entworth not 
only serves as  the main connection from Broken Hill 
to the south, but also forms the backbone o f  a local 
road antl track system tliroughout the districts it 
traverses, providing residents with their main means 
of outlet either to the uorth or the south. 

Except for short isolated sections of black soil, the 
Broken Hi l l -~ \~en t~vor th  road traverses red, sandy, 
loam country, mainly gently untlulating or flat. There 
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are sonic lo\\-lying black soil Hats. The construction 
of tlic road forniation ovcr tlie 175 miles iiivolvetl was 
piit iii Iiaiitl prior to the \mr,  antl a total length of 
13.5 iiiiles l i d  lireii conipletetl by 1942. when it 1)ecame 
necessary to divert platit to tlclcnce works. I’rior to 
1941,  new rmtl formation work on this road had bccn 
carried out by I)latle grader, Ixit ill that year ;ti1 elevat- 
ing grader was iiitrotlucetl antl proved Iiiglily success- 
ful .  The unit cniiiprises f row two to three tractors. 
elev;itiiig grader. drawn grader. slicepsioot roller, 
tlozcr and subsitliary itcins. It \vas not until 1046 that 
it w:is Iiussil>le to rrsutiie formation work by elcvatiiig 
grarlcr unit. In spite of delays resulting from plant 
l)reakdo\vii. clue to the age of tractors aiitl other plant 
usctl. atid inability to replace it .  the work over the 
reiiiaiiiin,g 40 miles \vas finished iii  J L I I I C .  19$3, 

The letigtli of elevating grader formation work car- 
ried out on this road since the \\‘ay totals 40 miles. atid 
involvtl the ninvement of 2;o.ocu cul)ic yards 01 soil. 

;\s tlic cliiiiate is arid, rainstorms arc iiilrequcnt 
ant1 watercoiirses are usually dry. For this reason 
cross-tlraiiiage provision is principally in the form of 
causeways. although soiiic culverts were intrnducetl. 
In two cases, stream crossings have Iicen paved with 
concrete, namely. at Fox’s Creek antl I’iiie Creek. 

Locality Map. 

f 

! 

View of section of completed formation constructed by 
Elevating Grader 90 m. south of Broken Hill. 

l’lie completed wirli provitlcs a11 easily t raliicalile 
road at all tiiiies other than (luring iiifrciliieiit licrio(l3 
of heavy rain. Ovcr the lilacli soil secti~in, from I 
miles lo ;,% iiiiles north of IVciitwortIi Kridgc a 
exteiidiiig beyoiitl t’oiiiona Scttlcnieiit turii-off. a h inch 
consolidated thickliess gravel pavement has been laid. 
The establishment of n loriliation throughout will 
facilitate the carrying out of systematic maititeiiance, 
and of further imlirovement as required from time 
to time. The road as built will give greater convenience 
and comfort to road iiscrs. and will reduce costs o f  
upkeep aiitl operatiuii of vehicles. Travelling time for 
light vehicles is i i o \ v  ;il)nut 4% hours iroiii Brolieii 
Ilill to \\.clitworth, I j j  miles. 

The cost of the woi-k carried out since tlie war over 
a length of 40 miles was f~c).Suu. including t i ~ w  r;iisrd 
formation. together with causctvnys antl culverts :is 
i-equircd. 

WENTWORTH-SOUTH AUSTRALIAN BORDER ROAD. 
(Trunk Road No. 68.) 

This road at presetit sei-vcs Iiriiilarily to give :~ccess  
from properties in tlic sontli-western coriier of New 
South \\’ales to \Ventworth ant1 other towns. Tt also 

. ~. 

i 
1 
, - 

Section 13 m. west of Wentworth prior to construction of 
formation. 
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serves to provide iiccess to tlie Lake Victoria storagc, 
al)out 40 miles west of \\‘entworth. In atltlition, Trunk 
Rtrad No. 68 links \\.entworth to the South Australian 
border 6s miles west of Wentworth. from which point 
a road leads on to the important town o f  Retimark, 
South Australia& miles distant from the border. 

Of the length of 50 miles from \\leiitworth tu Cal 
Lal, sections totalling aliout 1 j iiiiles had been p o -  
vitletl with a road formation in carlicr years. The work 
receiitlp conipleted included z j  miles of new raised 
formation constructed by elevating grader. and IO 
miles of light foriiiation constructed by motor grader, 
thus providing a continuous furmation over a total 

The cnutitry travcrsetl is untlulating to flat, having 

I 

lengtli of j o  miles. Tractor-drawn Elevating Grader constructing raised 
formation. 

priiicipally red. sandy, loam soil. T h e  are isolated 
g r e ~  soil flats,  allcl Sollle areaS of ~in ,es tone  gravel, 
r f l l e  ;,rea is sul)ject to ~ , ~ ~ l ,  aIlcl water erosion, 
Sonic parts are liable to slight inundation i n  time of 

water iron1 the Murray River into tlie lake. The for- 
mation was gravelled in  this vicinity. but otherwise 
i t  is ulisurfacctl. 

heavy rain. 
Certain areas in  the vicinity of I d e  Victoria storage 

works arc suhject to perinanent wettiess and softening 
due tu seepage, particularly from a channel carrying 

The total cost of the construction of the 25 miles 
of raised formation by elevating grader. the 1 j miles 
of light forniation by motor grader. and gravelling 
over a length of 5% milcs, was f l l , O O O .  

Motor Grader spreading gravel approachins Lake Victoria. 

SYDNEY HARBOUR BRIDGE ACCOUNT. 

Income and Expenditure for Period 1st July, 1948, to 31st March, 1949. 

Iiicoiire. E 
Road Tolls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~83,018 

Railway Passenger. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I6,oy3 

Omnibus Passengers . . . . . . . . . . . . . . . . . . . . . . . . . . .  H,@I 
Rent f rom Propertie; . . . . . . . . . . . . . . . . . . . . . . . . . . .  <),470 

Coiitriliutions- 

Tramway Passengerc . . . . . . . . . . . . . . . . . . . . . . . . . . .  14,745 

Expciidit i i  r ( .  

Cost of collecting road tulls . . . . . . . . . .  
Mairitcnaiice and minor improvements 
Alterations to archw;iys . . . . . . . . . . . . . .  
Administriitive Ilxpenscs . . . . . . . . . . . . . .  
I.oan Charces- 

- 

. . . .  

E 
. . . . . . . . .  18,207 

8,167 
. . . . . . . . .  4 . 3 4 1  

1,325 
. . . . . . . . .  
. . . . . . . . .  

E 
Interest . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ipd,olm 
Excliangc . . . . . . . . . . . . . . . . . . . . . . . . . . .  Z O , Z ~ O  
Siiiliing I’uri~l . . . . . . . . . . . . . . . . . . . . . . . .  50,250 

750 Managcmcnt I C s p e n x h  . . . . . . . . . . . . . . . .  
__ 237,250 

1,775 . . . . . . . . . . . . . . . . . . . . . . . . .  Rlizccllanrous 

i 3 2 9 , 6 5  
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Bituminous Surfacing Extends. 
PROGRESS ON MAIN ROADS IN MURRUMBIDGEE IRRIGATION AREA 

AND BERRIQUllN IRRIGATION DISTRICT. 

MURRUMBIDGEE IRRIGATION AREA. 
I l i c  priiicipd r~i:t i t i  road in  the hlurrunilitlgee Irriga- 

tion area is T runk  Iioatl No. So. ivliicli co~ i i~~ ie~ iccs  at 
tlie Newell I ligliwciy (State I ligliway No. 17) ticar 

(;riHith. thus traversing the full extent of the area. 
I k ~ o i i t l  tlie irrigation a r m  thc trunk road c~iitiiiiies to 
1 lillstoii aiitl Mossgiel. but with a ~nuch  reducetl 
volunic of traffic. 

The  Murrun~l~i~lgee Irrigatic~n ,\rea is in two niaiii 
parts centred larjiely around the tomis of  Jmtoi i  and 
Griftitli, which are 3 j2,~l tiiiles apart I J ~  road. Leeto:i 
i h  19 milcs from Narrzntlern, by r i d .  ( S e c  locality 
sketch. ) TraHic varies t hrcrugliout tlie length of the 
road, reacliitig over 2.000 \~eliicles a (lay I)ctwecn 
Lretoii antl the smaller towti o f  Yanco lying four 
miles to tlie south. 

x. 'irr~iiidera, , aiitl passes tlrrough Sanco. Leeton antl 

Locality Map. 

In 11)36-3S. the Ilepartnient of RIain Itoatls, iiiaitily 
with s1irci:iI funds 1)rovitletl for the I)urposr. carried (nit 
L l i K  crmstructioii of miles nf Trunl.: liosd No. So 
Iwtwcen Narran(lrra antl Lriltith. The work iticlucled 
tlraitiagr structnres ant1 gravel paveiiiellt antl tlir bitu- 
iiiiiious surfacing o f  the iiiore heavily traHicketl sections 
in approach to the towns of Griftitli. Leeton antl Yanco. 
I lie Iiit~it~iinous surfacing comprised 13 n d e s  in 
I.ceton (then \\'illiiiil)oiig) Shire in tlie vicinity of 
Yaiico-I,eeton, atid 0.gS miles in \Vade Shire between 
Yenda-( ;rillitli ( i i o w  maiiily forming part of Main 
lioatl No. 254). 

\\'it11 tlie subsequent gron-th of traffic, I)itumen sur- 
facing throughorit the ciitire length of the road has lie- 
collie ilesiralile. Sincc the \ m i - ,  the Councils of the 

r .  

Main Irrisation Channel Griflith. 
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New bituminous surface 12 m. east of Griffith. 

The I)ituminous work carried out during last suiiiiiier 
comprisctl two leiigtlis-[o) between j .7 miles and 1 2 . 1  
miles from Narrandcra. in the Shire of Leeton, aut1 
( 0 )  between 42.3 miles and j2.3 miles from Narran- 
dera, in the Shire of \\:a&. The total cost for tlie two 
sections was approximately .f23,500, of which 75 per 
cent. was cotitril)uted by the Dcpartnient of Main 
Roads. 

The country traversed is genernlly flat, tlie sul)soil 
varying from sandy loam to loams c;irryiug- a high per- 
centage of clay. Good gravels suitable for a bitumen 
surfaced pavement are not plentiful and hauls 1111 to  
I O  miles in length are ncccssary to olmin material of 
satisfactory quality. 

In both Shires, the reconstruction comprised shoul- 
dering and reshaping crf pavcmciit, whicli was carried 
ant 1)y clay-labour using motor graders. and gravel re- 
sheeting to provide the required pavement thickness. 
The gravel reslicetirig was done by contract in Leeton 
Shire antl by day-labour in  the Shire of \I’atle. Bitumen 
spraying. ancl the supply of aggregate were done by 
contract in each case. 

The Leeton Shire Council is now preparing for the 
bitcnninous surfacing of a further length of S.S miles, 
extending from 2 j.0 niilcs to 33.8 miles west o f  Narran- 
dera. On the completion of this further extension there 
will lie only ahout 8% miles of gravel road remaining to 
be sealed. in  ni-dei- to liiik with a bituiiien surface the 
two principal tti\\ns of Leeton aiid (kitfitli. 

By progrcssivc work over a pcriorl o f  yrars. a main 
traftic artery is thus gradually being improved by the 

I 

I 

Rice being transported over bituminous section east of 
Griffith. 

Councils concerned. aided by the Department of Main 
Roads. to a standard appropriate to the importance of 
the districts it serves, and to the increasing volume of 
traftic it carries. 

THE BERRIQUIN 1RRlCATlON DISTRICT. 
The I3crriquin Irrigation District is practically 

bisected by the Berrigati-Finley~Delliliqclin Main 
Road (No.  331). Of its total length of 49% miles. 
Berrigan to Deniliquin, z o ~  miles are in the Shire of 
Berrigan. 24 miles in the Shire of Conargo. and 4% 
miles in the Municipality of Deniliquin. 

The Councils of the Shires of Berrigan and Conargo 
have undertaken a progressive progranitne for the re- 
construction of that part of Main Road KO. 331 which 
lies within their areas between Finley and Deniliquin. 
’1s well as being a nrain district traffic artery, the road 
serves also to link 1)eiiiliquin with the railway at Finley. 

The total length between State Highway Nn. 17 at 
Finley antl State Highway- No. 21 at I>eriiliquin is 35% 
miles, ant1 the two Shire Councils have undertaken as 
a first step. the reconsti-uction antl liitiiminous surfacing 
of 17% i d e s ,  colriprising il 12’4 mile length extend- 

..- 

I 
I I 

L 

Portion of M.R. 331 west of Finley immediately Drier to 
sealing. 

ing west from Finley (in thc Shires of Rerrigan atid 
Conargo). antl a five mile leiigth extending east from 
the Dcnilic~uiii Municipal l~ounrlary (in the Shire of 
Conargo). 

The ( i ld road had origiiially heen formed throughout 
and isolated sectioiis dressed witli loam. but the bene- 
fits of the earlier work had been largely lost as a result 
of traffic ant1 weather. Further. some sections of the 
road were lial)lc to inuiidatiuii in timc ol  rain. 

The country is generally flat throughout the length 
of the road. h i t  apart frutii low-lying sections. presents 
no special drainage problems. 

The district is devoid of supplics of gravel. but cow 
tains various deposits of material generally known as 
“ ~ a n d y  loam”. Experience on the Deniliquin-Moama 
Road (State Highway No. 2 1 )  and elsewhere has 
shown that i f  sandy lomi caii lie vbtained of a suitable 
quality. it can successfully support a bituminous seal 
coat. 
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Locality Map. 

It so Iiapl)eiietl that a soils survey of the district had 
I I C C I I  carried t i n t  l)y the C'ouncil for Scirntific atid Tntlus- 
tr ial  Research. Usiiig t1ii.i as ;L guide. likely areas were 
I)rosl)rrtc(l l)y l ) i i i - i i ix  111) to :L iiiasinium tlrptli ( i f  1 2  
fcet. x i i d  tleposits o f  froiii tI1rc.e feet to I 2 fret tleph. 
of suitahle qmlity. \\- 

In practically all c-asci i t  \vas totillcl tliat the material 
in the tlel)osits was horizontally str:itiiiecl. aiid blend- 
ing from top to bottoiii of cadi Ilepsiit WRX iiecessary 
iii  order to  olitaiii uiiiiiirmity in (luality fi-oni each pit. 
'l'his was ctiiistmtly cliecl;etl 1)y sieve tcsts tliroughout 

The results oljtaitietl in the 
- .--  , -  . _. a r -  

View of Mulwala Cnnal near Deniliquin with M.R. 331 alongside, 
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Scene on M.R. 331 9 m. west of Finley. 

construction of the pavetnent have fully justified thc 
cars taken i n  the selection and test of the materials 
used. 

The work carrictl out ciimprises a 20 feet wide loam 
Imvciiicnt. 26 feet foriliation width. iVitl t l l  of seal coat 
is 18 feet. Formation aiitl l)aven~ent have been coni- 

Sheep Transport east of Deniliquin. 

pletetl over a total Icngth of r7,’4 miles. and the sealing 
of a 1 2 %  mile section has Iwen arranged. It is antici- 
pated that the Iialanre of the constructerl length will 
be sealctl iiext summer. The estimated cost of the com- 
plete reconstruction and sealing of the 17% miles in- 
volved is ahuut  f46,jm. of which tivo-thiFcls is Ixing 
pruvitled by the Department IJf Main Roads. 

PAYMENTS FROM THE ROAD FUNDS FOR PERIOD 1st JULY, 1948, TO 31st MARCH, 1949. 

.Arirf .  Poid 
f 

C O v S T Y  OF CUAlIII:RI.AXU > r . \ I N  Rams F v S b  
Construction oi Roads and Hridges 
.Acquisition r r i  Land and Buildinas for Road Wid 
M:iintrnancc of Roads aiid Liridycs . . . . . . . . . . . . . .  
Iritrrt,at. I<xcli:in:.e md Hepayment of 
Othcr Expenditure . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  fXHI . sq~  
~ 

COL-NTHS K\is I<ii\iis FL NI& 

Constructiriii ( i f  Roads an 7;;.v67 
.4cquisitiriii of L a i d  iiiiil  I .<.6RX 
Alaintciiatice of Roads aiid 1,4l.IAl2.5 
Iiitcrrat. l<xrh:iiigy ancl Re . . . . . .  141,XiX 

Other lixpenditurc 1.3444 1 

I’urchasc and Repiir  of  PI . . . . . .  16?..;4r 
. . . . . . . . . . . . . . . . . . . .  

‘rota1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f2.63X.040 

~ ) ~ ~ e L o i ~ u I ~ N T . \ I .  f<iB.\lih FuXli-- 
Construction of l<mds i i i id  Britlxes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50,840 
Other l;,xpeiiditurc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I,ICI) 

Tot:il . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  € 6 ~ 1 4 o  

SUUII . \WY AIL FLINI)X-- 
Coti~:triirtinti of Rnarls and  Bridges . . . . . . . . . . . . . . . . . . . .  1.~8~3.61 I 
A c q u i s i t i m  ( i f  I ~ i i r l  and Lluildings . . . . . . . .  1z.9ai) 
Mainteii;ince of lima& atid Iiri . . . . . . . .  1.7.53.726 

Purchase :ind Repair of Plant and Motor Vehicles . . . . . . . . . . . . . . . . . .  16.i..i41 
Otlicr Ex~iziiditiirc . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  204.078 

Total . . . . . .  , . . . . . . . . . . . .  €3.58II.S31 

Intrre\t.  Iixchaiigu and Rcliiiyi~ . . . . . . . .  Ihl.t@J 
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New Bridge Design Loading. 
UNITED STATES PRACTICE FOLLOWED. 

As a result of increasing \veiglits of vehicles. both 
civil aiitl inilitary. either iii iiw or likely to be usrd. 
tlie Itoatls :\uthoritie of the various States agreed 
oil the need for :L rev etl stantlard tlcsign loading for 
Iiritlges nii important roads. :\iter tletailetl study of 
the iiiatter. it \vas  tlecitletl to :idrip? tlie staiirlartl load- 
ing of the ;\niericaii Society oi State Highway 
( )tlici;ils~ l inowi ;is loading " I  l-.ctSri++." \vhich 
is t l ir  genei-;il 1iigIiiva~- liridge tlesigii loading in use 
ii i  tlic United States. 

T h e  ,\..\.S. Ii .( ). loxling provides for the followiiig 
alternative loadings :- 

I .  i\ conventional vehicle coiiilrisiiig an axle load 
of S.ooo 11). ftrlliiwetl Iiy t w r i  asle luads of 
32.uoo II) . .  the first at :I lixetl distance of 14 
lcet I)cIiiii(l thc S.otxi I l l .  ;isle antl the second 
at ;I varialilc distance cif  anywhere between 
1 4  feet : i t id 310 fcr t  1)eliintl the first 32,000 11). 
axle. 

2 .  .\ cciiivetitioiisl latic loatliiig coniprising n coli- 
ceiitraterl I(intl (qircail iiiiiforiiily over the 
lane witlth ) .  talieii as rS.ooo 111. for coniputa- 
tiiiii o f  nioiiirnts, ;iiirl 2h.ooo 1 1 ) .  for computa- 
tions of shears. co-existing with n uniform 
lo;itl o i  640 11). 1ier liiicar foot of lane. 

I:ull tlet;iils of the Ioxliiig ;t i id its method of appli- 
catiiiii ;ire giveii iii the .\..\.S.I I . (  ) ,  St:tiitlsrtl Specifi- 
cation for I ligliway 13rkIgcs. 

The 1)eIi:irtiiieiit's iie\v "St:uitl;ii-tl I.natliiig Type .2 
- I I)@'' slimvii i i i  the appeiidetl tliagraiiis anrl notes 
(Rlain Roxls Staiitlartl KO. .\.4,) i s  sul)staiitially the 

~ \ , . \ , ~ . l l . 0 ,  I l A - ~ ~ S l h -  44 l l l a ~ l l l l ~ .  

111 applying the 1120-Si(i-44 
Soutli \\'ales iiiaiii ro;i(l lrri(lgcs, l i i r u  

tleli:irturcs froiii tlic Liiitetl States stantlard have been 
iiia(lc. This Iias Iieen done to  give :i clcarer intcrprcta- 
t i i i i i  of the a1iIilic:itiiiii r i i  the Iiixliiig in s(iiiie respects. 
to  crtciiil slightly the scolic of the lontling and to 
sinililify c;ilctilatioiis in  certain c:ises. 

111 the Ikliartiiient's new stantkirtl loading there arc 
iiicliirlr(l licsiilcs the vcrtic:il l ivc loailing mi tlie car- 
riageway. vertical live loatliiig oii foot\va!-s. and loatl- 
iiigs 10 I B C  t d m i  on lierl~s aiitl h:iiitl-i-ailiiigs. Tlir latter 
;ire generally nnt  vertical. the hrrrizimtal direction 
usually giviiig the worst case. :ilthocigh these loads 
 nay lie assutiictl i t i  :in? tlirectioii. I Tan(l-railing loads 
iliffcr Tiniiii the . \ . . \ . $ . I  1 . 1  ) .  slieciliration. Init kerl) loads 
agree closely. 

EFFECT OF NEW LOADING ON DESIGN. 
-. I lie effect c i f  the use u t  tlie iiew loading upon tlie 

laesigii o f  Iiritlges will  not lie great. Moiiients and 
shears ii i  siiiip1)- suliportctl Iicams are itiercaserl over 
and a l r u ~ e  those previously used. The increase is most 

proiiouiiced (111 spans bet\veen -+o feet and I o j  icet  
in lengtli. 

l k c k  slali tliiclmesses will lie slightly increased. 
Stringers ;ind cross girders will I)e sliqhtlp heavier. 
Xlaiii trusscs oicr : h u t  l o j  fect span will lie desiynerl 
for a slightly siiiriller live load. Stresses will he slightly 
greater than iii  the past. due to increased [lead load of 
deck and stringers. etc.. antl the [act that. with 10 feet 
\vide lniies and 22 feet and 14 feet Ivitlc britlges. lanes 
can lie ~iiisymiiietrically disposed oil the deck. The  total 
effect is siiiall. Uiisyiiimetrical loadiiig of friotways is 
now also taken into accouiit (this \vas i i o t  foriiierly 
done ) ;ind results i n  further slight increase in streses.  
Tlie ultiiii;itr eflect uii trusses. say 120 fcet aiicl 140 
fcet spans. will Ire an appi-oximate incrcwe in weight 

cciit. ( h i  p1:itc fiirdt,rs, genc.r:illy of alrout j o  feet to  
90 fcrt slims, the cost incresse may lie I O  per cent. t o  
I2 per cent. 

forinerly 40 feet atid 35 feet Iring for the t w i  largest 
sizes of joists niatle i n  .\ustralia. iiaiiicly. i\.S. 13,'s 
2-1'' x 7%" antl 22'' s 7". These spans  nus st lie reduced 
to 31) feet atid 33 feet for the s:tiiic tlcsign stresses. 
with a resulting extra cost of aliout 5 I)er cent. to 
(possilily io per cent.. t lepetdng on the extent to 
which extra spans may lie necessary. 

\\''it11 regard t o  concrete liridges, ( i f  the simple or 
frainrtl licaiii sli:~ii tylies, generally these a r c  of  shorter 
ppaii leiiqth th;iii $tee1 Iiriclgeb (otlicr than 1t.S.J. 
y i m s  ) ani1 the effect o f  live Imal iiiomciits :iiitl shears 
u p  to 30 per cent. pi-eater 11i:iii previously \vi11 be 
reflcctctl ii i  the design antl ecollomy of such liritlgcs. 
Jiivcstigations have shown. Irrr\vcvcr. that the expected 
iiicreasc i n  cost oi such Iiridges will p i e ra l ly  lie less 
thaii fi per cent.. cscclit f n r  slioi-t span decked cul- 
vel-ts \vIio.Ge cost will lie increased Iiy til) t o  I O  per criit. 
Culverts uiitlcr tills 5 feet tleeli or more are practically 
unaffected. 

PREVIOUS STANDARD BRIDGE LOADINGS USED IN 
NEW SOUTH WALES. 

I'rilir t i i  the rst;ililislimvnt o f  the Lf;iiii Riracls lkxtrtl 
iii I 925. the rlesigii loading geiierally used i i t l  Iirilicipal 
Iirklges ii i  Yen. South \\ ales coinl,risc(l iitlicr a coli- 
\-entima1 \-ehiclr with tnvi ;ixIe.s I O  feet .+ inchcs ap:irt, 
antl tiital weight i ( i  toils. c i f  ivliicli I ) ]  :, tons \vas on 
tlic rear axle. or  altertiativcly :I (lis!i-ilnlte(l I t i d  of 
S4 111. per squat-e ioot of Iiritl Ilet.1;. rc~lt ice~l  t o  70 1 1 ) .  
per square foot mi loti: truss .\ greater Ioxliiig was 
atlnptctl Cor siiiiie special l,ritlpx. 

I n  I I ~ I ~ .  the staiitlartl 1ir;irIilig \\-as iiicreasetl f o r  
steel aiicl concrete liridges to ;I convent iritial truck 24 
fect h i i i f i  having axle Iiiatls ( i f  10 tims : u ~ d  8 tmis 12 
feet apart, preceded and followed liy a unifornlly dis- 

of steel. etc.. at1d consecluently ( i f  CI,St l i f  allllrlt 5 ller 

ltolletl steel Iieam spans wit11 concrete 11 
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CONCENTRA~ED LOAD- 
18000 Ib. 

tril)utetl loatl o f  IOO 11). per square foot. This loading 
\ws used f o r  a few years oiily, \vhen the previous loatl 
was reverted to. cscept that 100 lb. per square foot 
\vas still used as the distributed loading on the decks 
of steel bridges. 

A special loading wan adopted for the Sydney Har- 
hour Hridge. 

12'ith tlie establishment of the Main Roads Board 
a standard design loading lor main road bridges was 
adopted in 1927. following a study of loadings used 
abroad antl that used 011 the Sydney IIarbour Bridge. 
I n  the interim. a loading consisting of a 15-ton trac- 
t i c m  engine towirig a Io-ton trailer liatl I)eeri tentatively 
:irlolitetl. The 1927 loading coniprisetl a four whccled 
vehicle with asles 12 feet apart. having 10.000 Ib. on 
the front axle and 30.000 11). on the rear axle. tlie 
vehicle being preceded antl followed by a unifortiily 
tlistriliutetl loading. Thc distributed loatling varied 
with span lcngtli. being roo Ib. per sqiiare foot for 
spans up to IDO feet. 00 111. per square foot for  spans 
froin 100 feet to 2ou feet. and SO lb. per sqnare foot 

- 640 Ib p e r  h e a r  foot of  
laqe (bofh  in front of 
6 behmd WM LOAD) 

for  spaiis over 2w feet, Details of this stantlard loatl- 
ing appear in "Main Roatls." \.ol. 2 .  Yo. j. 

This loading cuntinuetl in use until 1937. when a 
IICW loading, similar in principle. was adopted in agree- 
ment with road authorities in other States. (Fo r  de- 
tails. sec "Main Roads," Vol. 9. No. 3 . )  The 1937 
niodifications did not result in any sulistaiitial varia- 
tion in the strength o f  bridges as designed. in coni- 
parison with those tlesignctl using tlie 1y27 loading. 
1 his loading, \vitli minor moditications, c o n h u e d  in 
use until 1948. 

CONCLUSION. 
The adoption of the new standard loading will give 

an irnprovetl strcngtl~ to I~ridges to be designed and 
built in the future by the 1)epartiiicnt at small extra 
cost. I t  will l)riiig road practice in New South \Vales 
more closely into line with practice in  other parts of 
the world. and will provide a niargin of strength 
greater than allowetl f o r  previously for tlie relatively 
infrequent extraordinary trafic. r.g., large industrial 
or military loads. thus reducing the possibility of high 
overstress due to such Ioatls. 

, .  

STANDARD LOADING. 
CONVENTIONAL VEH I C E  
Front Intermediate Ade 
A d e  PSerond Az/e Third A d e  

32000 lb 37000 lb 
0 8 W  0 8 W  

PLAN 
W -  Tofol weight of Truck it? on f i d  and second o d e s  

wfh or w, fhout Semj - truth= - 40 OOOlb 

CONVENTIONAL LANE LOADING 
Case I , )  I 7 U N l F O R M  LOAD 

UNIFORM WAD 

lane Grther m fianf &or 
CONCENTRATED LOAD -640lbper lineor foof of 

behind i 3 N &  LOAD. bot nof both 1 
//Y z5.z .</ I'/;//27///////c 

CONCENTRATED LOAD ELEVATIONS 
Onread urrrforrnlu 

' 2  
PLAN-both Case (0 f COS9 ai) 

13BM-2 

1. Lanes, Lane-widths, etc. 
To determine traHic loatlings on cnlverts, bridges 

and other highway strrictirres, traffic is to l ~ e  assun?ed 
to occupy parallel lanes ten ( I O )  feet wide, having 
parallel edges.  norn~ally straight. On curves. lanes 
may be curved. however. in  accortlance with the road 
curvature. 

2. Number of Lanes. 
As many cciiiiplete lane witltlls as can be acconimo- 

datcd oil tlie carriageway s l~a l l  l ~ c  coiisidered ; that is, 
fractioaal lane \vi(lths or wheel loads sliall uot be 
coiisideretl. Lanes shall not overlap each other or the 
kerb, medial strips. etc. 

3. Position of Lanes and Wheel Loads. 
One or more lanes may occupy any lateral position 

on the carriageway, but wheel loads shall not be moved 
relative to their lane (except as provitled below. para- 
graph 7 j .  In curved lanes. dieels  shall be considered 
as maintaining their synimetrical positions within the 
lanes as far as possil)le. 

4. l ive loads from Roadway Traffic. 
Each trafhc lane may be occupied by a conventional 

vehicle or by a corivetitional lane loading (either case 
( i )  or case ( i i ) ) .  The latter is intended to represent 
a stanciartl loa.detl truck  irec ceded and/or followed by 
a train of less heavily loaded trucks. 

5. Type and Arrangement of loading. 
The type antl arrangement of loading, etc., for any 

particular stress unrler consideration shall in all cases 
be such as to make such stress a maxin~um. 



106 MAIN ROADS. Vol. XIV, No. 4. 

7. Special Loading Cases. 

( U )  I'or the rlcsixn of lrritljie tlccks only. a sinsle 
large st;iiitlartl truck tvheel inay lie placed at any point 
of tlie carri:igcway. 

(b'i Tlic type and iirraiigetiient of loading r r i i  Iiridges 
having s lms  ~ w e r  230 ft. long. or carrying tiinre t ha~ i  
four ( 4 ) lanes of trat'fc or carr>.iug tram\vays. or 
Iiaviiig iiictlial strips. shall getlcr:illy lie dealt \vith as 
special cascs. 

8. Impact Allowances on Carriageway Loading. 

.illow:tnc\*s, "I." a h  i d h v s  :- 
Tivc 1o:itl stresses $ i a I l  Ire iiicrcasetl Iry iiii1i;ict 

( 11 .S~r~c.~s/r . r r r~/r i~.~~ -iiiclutliirg rriluiiins. towers. 
trestles and lcgs of frames. etc.. allove grountl 
liiie rigidly coniiectetl to  tlic strrictiire a l m ~ e  
(as iii rigid framc cir co~itiiiiii~iis structures)- 

with a iiiaximuiii o f  .30f;;.. 
nntl a i i i i i i i i i i i i i i i  c i f  io:;. 

wliei-e 1- is tlie total liorizoiital length. in feet. 
( ~ f  tlie influence linea ior tlie stress in the 
tiieinlier o r  portioii oE tlic structure conrertlrtl. 
l iut .  i i i  ctiiitiiiuous slmi structu~-cs. not g r a t e r  
t l i m  the leiigth rri any q r ; i i i  carrying ;I con- 
centrated load. 

( 1 1  .Siih.~f~rrc/rct.~~-inclulli~~~ structures. etc.. 
aliovc grrimitl iiot Inrt  c i f  tlic, srq)erstructiire 
( :is tlctinetl in ( ( 1  ) a l ~ r v e ) .  

I = 1 0 5 .  

( c )  l~'rrrriido/ioirs--,?ll structure's I i ~ l o ~  groontl. 
I = ii i l .  

~ .- 

I d ) .S!rrrl./iircs iriidcr fill : I sliall lie retlucctl I)? 
thc factor "1." giww Iiy-- 

f l  3 €1 
3 '  

~vllere  I I is tlic height. ii i  feet. of till over the 
structui-e up  to a tlcpth of fill ~i thi-rc (3,) .  
feet -no inqiact allowaiice is to I)c tiiatle i t  
I I is greater tliati 3 feet. 

9. Live Loads on Footway, Safety Kerbs, Cycleways, etc. 
1;trot \v;iys : i i i [ l  iiietli:il strips (excelit where sulJse- 

(pieiit c~riiversioii 11) cai-riagc\vny is possil)le 1 .  safety 
kei-liq I ~ I I  I 2 I feet \vide or  niorr. :ind cycIc\v:iys shall 
lie consitlrretl as loarlctl wi th  :I unifrirml! tlistriliutetl 
I r i u l .  1:. giwn l ~ y  

T, 
2.5 F = 100 - lb. per squaw foot; 

with :i ~ i~: ixi~i iu~i i  of So 11,. pet- sq. it., 
:uitl ii iiiiiiiirimii of 60 11,. per s(j. it., 

\vhei-e 1- is calculated as for iiiiliact :iIl~i~v;iiice 

F'ootlvay. etc.. livc loacling h d l  he coiisicleretl in the 
tlesigii uf all meiiil)ers or p~ii-ti~~tis [ I C  the structure, 
hut !io impact s h l l  hc incliidetl o i i  such kdiiig.  The 
effect o t  utisy~i~iiietrical loading 0 1 1  one frlotivay. etc., 
where structtires carry caiitilewr iuot\v:iy( S , I ,  etc., 
shall also lie coiisitleretl. 

10. Lateral Forces on Kerbs. 
Kc.1-bs :incl tlieir connections to  the reiii;iiii~Ier of tlie 

structure shall be designed tu rcsiat I;rt cral ftirces 
(gciierally horizontally outward frmi tlii. real cciitre- 
liiie j of 500 11). per linear Coot uf kerl, alrplietl inches 
al)ove tlic tlcck. Sucli forces generally n c w l  m t  be 
tal\en as coexistelit with live loads f r o m  ti.aI7ic. 

11. Railing Loads. 

r < d i  mil of :I ro:ithvay railin:,. or t i i  n icrut\\~ay 
li:iiidr:iiliiig hal l  Ire tlcsijincd for a force of 150 111. 
pvi- liiicar fwit :qqilied in any tlirrction (Init in one 
direction only ;it one t imc) .  l'osts anti tlicir coiiiiec- 
tions to the rmiaintler C I ~  the structure. sliall lie de- 
sigiicrl [or tlie siiiii of :ill the loads wliicli they are 
calietl 1q)on to c;irry as the result cif loatling any one 
rail at 011c time only. 

Sulitl p;ii-:iI)ets. !xitielling or grilll. tylx r:iiliiigs, etc., 
:ind tlieir c<iiiiircti~rn to  tlic re~i~aiiitlei- of tlic structure 
shall I J C  [lcsigiicil f i w  a force of 150 IIJ .  ]>er liiiear f t .  
a ~ ) ~ i l i e d  in  any tlirectioii h;ilfivay lictu 
the f(rotwi!- slali 01- roadway kerli. etc.. n n c l  the top 
of thc i-:iiIiiiji. The tut:i1 force for ;I ~ i x i c l  s11;iIl l ~ e  
tlivitletl. ;is far as possilile. ])rol"~rtir)n:~lely ;iiiirmgst 
the total ~ i i~ i i i l i e r  Oi iiitlivitlual units tra~isiiiitting thc 
force tri the tlecli. etc. 

The ellert of railing loads i ipon tllc sulqlorting 
structure shall a!su lie consitlcretl i n  a l l  cascs. h i t  such 
lriatls geiicrally nertl not I)e talieii as coexistent with 
live lo;i(ls froi.11 traffic. 
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Land Use in Newcastle Region and its 
Phvsical Basis. 

J 

SURVEY LEADING 
The Ikpartment of Main Roads has undcr detailed 

review the question of the proclamation of atlditional 
main roads and the rcclassitication ol  existing main 
rozitls. follo\viiig on individual antl joint requests sub- 
mitted by various couiicils tlirougliout the State. The 
1)ositioti is being esatiiinctl oii a regional basis. and 
the likely future develo~~ments i l l  cadi region arc 
Ircing studied, in order that any additions or altera- 
tions matle to the Main Roads system will best mcct 
iuturc needs. 

Tlic Newcastle Region comprises an area of 1.736 
square iniles on the central coast of New South \\'ales, 
ant1 is made up of the Shires of Lower Hunter. I'ort 
Stelilicns. Kearsley and T.akc Macquarie, the Munici- 
pality of Cessnocli and the Cities of Newcastle and 
Maitland. As  tlic Newcastle Region includes 1)otIi 
extensive mining and nianufacturing industries, as 
well as areas of intensive agricultural rise. it was 
decided. in this Kegion. to carry out first a detailed 
survey uf tlw resourccs and of likely trends of develop- 
ment. as being the first step in  the estiniation of future 
volumes arid directinns of traffic throughout the 
Region. 

The survey. inclutling tlie preparation of a land 
usc map and of other maps, was carried out by one 
of tlie 1~)epartment's ollicers, Mr. J .  Brunt, R.Sc.. dur- 
ing 19$3. 

One of the pri~icipal iiicaiis of studying trends of 
ds~elopment is the study of existing land use and of 
the physical factors which largely shape land use. 
For this reason a generalised land use iiiap of thc 
region was prepared. antl this imp ,  with notes on the 

TO ROAD PLAN, 
physical resources of tlie regioii. is reprotliicetl on 
])ages I I L  and 113. 

I n  view of the establishment of the ~orthumberlant l  
County Cociiicil in the latter part of 1948 as a town 
antl country planning authority for the Newcastle 
Region. a copy of tlic f u l l  series of imps prepared in 
tlie survey has heen supplied to tlie Council. Further 
cnnsitleration will 1)e given to (lie Main Roads tiertls 
of  the Region when tlie work of the Northumberland 
C'ouiity Council has reachet1 a11 appropriate stage. 

PHYSICAL RESOURCES. 
A. Climate. 

The general cliiiiatic environiiient of the Newcastle 
Region is characterised Iiy annual precipitations of 
between 30 and 50 inches. by equable temperatures and 
liigli relative liumitlities. 

Total annual raiiiiall decreases uniforti~ly from 50 
inches in the north-east near I'ort Stephens to below 
33 inches in the extreme west  atid south-west of the 
Region. A similar trend is apparent in rainiall relia- 
bility, tlie coastal districts enjoying 40 per cent. relia- 
bility with a decrease to less (hail 3s per cent. iri the 
far south-west. rainfall reliability being defined as the 
percentage dcviatio~i from the mean aiinual rainfall 
over a period of years. 

T'recipitation is distributed uniformly throughout 
the year, with slight autuiiin atid early winter maxima. 

Frosts are completely al).;ciit in tlic coastal zone. 
but in the vicinity of Cessnock and to tlie soutli-\vest 
along the valley floor of \Vollombi Brook. their occur- 
reiice is sufliciently frequent I)etwccn May antl 

DIAGRAM SHOWING THE SEQUENCE OF INVESTIGATIONS TOWARDS THE 
PLANNING OF MAIN ROADS ON A REGIONAL BASIS 

PHYSICAL RESOURCES 
CLIMATE * TOPOGRAPHY 0 GEOLOGY E 0 SOILS E SOIL - WATER 0 FORESTS & NATURAL 0 FISHERIES 

EDRAINAGE MINERALS EROSION SUPPLY VEGETATION 

FORESTRY e GRAZING AGRICULTURE MINING-INDUSTRY 0 COMMERCE * RESIDENTIAL - T O U R I S T  
I 

ECONOMIC E SOCIAL RESOURCES E THEIR DEVELOPMENT 
1 

HUMAN RESOURCES * POPULATION DISTRIBUTION G TRENDS 

T R A N S ~ R T  c THE GENERAL MAIN ROADS INDIVIDUAL ROADS 
COMMUNICATIONS PAT T E R N  TRAFFIC DENSITIES - 

THE MAIN ROADS PLAN 
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PRIMARY INDUSTRIES IN THE NEWCASTLE REGiON. 

1 .  Cattle grazing on cleared pasture land near Mavfield. 

2. Intensive Fodder cultivation. River flats near Maitland. 

3. Vineyard adjoining Develoamental Road 1 1  24 near Pokolbin. 

4. Market Gardens. City of Maitland in backsround. 

5. Ve~etab le  prowing in the vicinity of Mt. View near Cessnock. 

6. State Forest near Limeburner's Creek. 
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capahlc. o f  iiiuch agricultural or  pastoral tleidopiiieiit. 
From the potential protluctiviry aspect. the most 
favouretl soils o f  this class appear to be those in the 
C'essnocl;- I'olioll~in-T.ocliiiivar district, and on the lower 
sl(qies of the I'atersou antl Williatiis \:alleys. 

Clzss ( ii) sriils. occupyiiig an area between I<ayniontl 
1 err:ice and the soutlierii shores of Port Stepheiis. ancl 
iilsn a ro;istal strip Irctween Swansea antl Redhead. are 
in 110 way suited for ngricultural tlevclol)nietit. liecause 
of the testur;il predominance of sand. cultivation is 
genet-r:lly out of the question. a i i t l  tlie sparsity u l  grass 
cover on these soils Iieriiiits little in the way of grazing 
possiliilitics. 

I lie :illiivials t i c  the I.on.cr 1 lunter. I'atersoii atid 
\L'illi:iiiis l+'lats are I)y far the most fertile soils of the 
Newcastle 12cgioii. The!- are tlec.1). \yell drained grey 
:trgillaceons silts aiitl s;uitly silts. which ;ire ciiiitinuall~ 
Iicitig re~ilenislictl Iiy rich alluvial nf basaltic origin after 
Iirriotlic heavy rains on the H iinter, \\'illiaiiis am:l 
I'atersoii catchmeiits. 

Their overall fertility suggests their use for intensive 
agriculture. i ~ r e a l  soil tlili'crenees. particularly of trs-  
trire. largely tleterinine the exact type of utilisatio>i. 
h1;irlic.t gartlciiing is favorirctl oii tlic sandier ,soil<. 
eoinmerci:tl fodder cultivation on the finer silts. ;ind 
intense dairy c;ittlc gmzing i ) i i  the s\vanipy clays. 

1 he soils factor is of fuiii1;imriital imlrortaiice in 
ilctcrniitiiiig lrot l i  !lie Iireseiit a t i d  future uses of tlie 
lantl in the Newcastle region. Unfavoural)le soils 
ctitlowmrnt t1r;istic;illy limits tlic sc(ipe of man'> activi- 
tics in the south ant1 south-west. for even where slopes 
?re gentle. soil infertility usiially out\veigIis topograp1ii:- 
rlllvalltagr. 

On tlic other liantl. the alluvials of the Hunter. 
I'atersoii antl \\~illiams Flats atid the soils to the north 

m t l  to the west. because o i  their inheretit fertility. offer 
a \vi& choice of lanil ~ises. \\.ithiti these areas. tliere- 
fore. not onl!. caii the grriitcst iiiteiisity of agricultural 
use lie cxl)ectetl. Iiut 31-o the greatest scope for future 
tlevelol)ment in agriculture. 

E. Water Supply. 
I Iv region lias criiisideral)lc water resoilrces suitalile 

for  t o w 1  suplily a n t l  other purposes. The iiiost acces- 
silile water resoiirces are Irriiicipally those comprised 
in the 11p1)rr cowscs cif  the ll'illiaiiis River iiii:l iti 
1riI)iitaries. anti i n  satid beds near Sewcastle a n t l  Mait- 
i ~ l l l d .  

1 lie \\'illiams River is situatetl in an al-ea of evenl!- 
distrilnitetl a i i t l  relialile i-:tiiifall, givinx as>t~retl high 
volumes of strerm tlo\v tliroughout the year. 

Saiiil lrctls supplies oceiir untlergroutid beneath the 
w i i i d - I ~ l ~ i \ v i i  s:intls of the district to the north atid tmrtli- 
cast of 'Tomago. aiitl tlie alluvials of the Hunter Kiver 
H:its near Maitland. 

F. Forests and Natural Vegetation. 
111 its nrigiiial state I)ractically the wliole of the 

Ke\rcastlc licgion \vas  covered Iiv ;in extensive olietl 
forest of  hnrtlwootl euca1yl)ts. giving \ \ay  to T q t o -  
slieriiiuiii- I3atilisia thicket ( /~cpfos ,ucrr~ t / im  lu<,:,i!prtjoff, 
Bilriksicr ;i / icyrifu/i( i  ) and stunted Baillisia wootllantl 

~. 

I .  

I .  

r .  

r _  

POPULATION TRENDS 

( B~iirf:si~i sc'rrcifti and 73ufih.h o ~ - i i i i ( l ~ i )  011 tlie sand 
dunes of tlie coastal I d t .  and being replaced in parts 
of the river vallcys Iry brushwood rain io]-est vegetation. 

Large tracts of the liartl\vootl forest and practically 
;dl [lie softwood Irrusli have been c1c:ircrl during the 
course of agricu1tur:il antl pastoral tlevelolinieiit. i i i i ( l  
iiiost of tlic Ijettcr class tiiiilxr ha; Iieeii elitiiiiintctl from 
the more accesiilile areas for comiiierci:il mid iiiiiiiiig 

I lowe\w, Imrticularly in the rugged soiitli-west. there 
rctiiain coiisidcrable stands oi gciotl tinilxr coiisistiiig 
mainly of Ironbark ( /it/c.ol!ptjt.i poiiiriilirto ) ,  Spotted 
(;urn (/lim/ypttc.r r ~ i ( i c ~ d ~ ~ t n  1 ,  SydticJ. Hhtc (;m 

i/iirrororJ.q), ;ind t n  a lesser exteiit of I~lacliliritt 
( I i i iCdypt trs  pilitltrris) antl Turlientine (.S~lrictrrpitr 
ltriirifolici). 

use. 

( IJ '/lCn/~ptfl.i  .Ui/i(/lfO) ;llltl I h l l < I \ V  \\rOOtl ( / < l l U I ~ y ~ f l L Y  

LAND USE MAP. 
Land u w  is i i i i  expression o f  the  extent to which 

iiiaii has turiietl his natural eiiviroiiinent to account 
Thus a study of lantl LISP is the Ingical sequence t r ~  a 
.itrldy of physical resc.rtlrces in regional investig:ititin. 

The various classcs of lanil use represeetitctl in t lw 
land use m a p  of the Xewcastle Rcgilrn rqiroducctl 
herewith arc as follows :- 

A. Undeveloped Land. 
Two classes of undeveloped Iantl arc repi-esetitetl in 

the Newcastle Region. These are : ( i  ) ".Soiiti/tills. 
Snrldy Nccrchcs ciiid  hi^ Srricli," aiid \ i i  ) "Moii~/r-or,r 
Swn i i tp s  iriid 7idol  Arccis." 

The former exist i n  their nati~ral state ;is Iiare saiiily 
Iicachcs and sand dunes. or as santlhilli vegetated by 
stunted Uanksia wootllnncl. 
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MINING AND MANUFACTURING IN THE NEWCASTLE REGION. 

1. Hunter Valley Co-op. Dairy Co. Ltd. Butter Factory, Hexham. 

2. Part of B.H.P. Ca. Ltd. Steelworks, Newcastle, 

3. Open cut Coalmine south of Branxton. 

4. Avrefield No. 3. Colliery near North Rothbury. 

5. Masonite Corporation (Australia) Ltd. Factory south of Raymond Terrace. 

6. State Dockyard, Walsh Island, Newcastle. 



~~ 
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L E G E N D  

Urban Land 

Cultivated Land 
Market  Gardening 
Fodder Cultivation & Dairying 
Orchards E Vlncjyards 

Grazing Land 
‘Cleared or Partlv Clsarsd P a s t u r e  

r 
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The !attrr arc characterisetl by mud flats. mangrove 
swanilrs and reedy marslles sulrject to rcpilar salt water 
inuntlation. 

B. land Developed for Forestry and Sparse Pasturage. 
( i ) .Stu/c I;orc..sfs i irid Forcsf Rcsrwrs.-TIie State 

Fotests antl Forests IZrscr o f  [lie Newcnstle I<egi[jn 
are tinilxi-ctl ;ti-c;is totalling alrproximately SO,OOO acre... 
mainly of niisetl liartl\v~.otl i u i  cst. wliich have been 
set asitle st~lely fur forestry purpcises under the adminis- 
tration o f  tlie New South \\’ales Forestry Coniiiiission. 

( i i  ) Trr.t,.d I.o~i(i- Tii i ihr Ge/tiiig orid Sptrrn~ Graz- 
iri,q--“Trred land” refers to areas iither than “State 
Forests and Forest lieserveh” in whicli a nat~iral tree 
cover cloniiiiatr~ the alq~e:irance of tlie landscape. I ’ar- 
t ial  clearing o f  trees liah taken place in many o f  these 
areas. Irut no substantial grass cover Iiecunie estab- 
lislietl. 

C. Land Developed for Grazing Purposes. 
( i ) C‘Ii*circd or PcirtI! ( ~ ! m r c d  I’mfiir.c..--l’he cleared 

ancl Iiartly c1e;tretl Iiastures o f  the Newcastle liegion 
are  represented Iry arcas. previously tree covered. which 
I ~ a v c  I J C C I I  ful ly  or partially clrarctl in  the course of 
Iiwtoral tlevelolinient and are now tiset1 primarily fur 
the gr:izing of dairy cattle. 

. S w i i m i i i p j ~  I’cistiiii,.-.\lolig the lower courses of 
tlw I I uiiter River and its trilicitaries, usnally foriiiing 
tlic outer liniit of the alluvial flrrud plain. antl in the low 
lying areas of the l’riniago-( ;rahn~iistown district art. 
griiups of fresh w;iter ;uid 1)rackish s\vamps d i i c h  
sulrpiirt sufiicietit p a s s  w v e r  to be classed ;IS pastures. 
I liesc Iiave lieen classified as “Swampy Pastures” aiid 

arc used for the siiiiitiicr firaxin:,. of dairy cattle antl 
horses. 

D. Cultivated land. 
( i ‘) Miirfict Giirdcniii!/.-i\ ireas devoted to the in- 

tensive cultivati~m of vegetal)le crops crccu1)y approxi- 
mately 2,400 acres of the mis t  i c~ t i l e  Iiortions of grey 
alliivial sandy silts in the Ylait land district. and are 

( i i  

,. 

characterisctl by siiiall area iarms ( I 0-30 acrch) grow- 
ing a variety of crops. 

( ii) I ~ n d i i w  ~ ~ i i i t i i ~ ~ i t i u i i  ciiiil I ) t r i i j~i , i~/ .~~Fotl~ler  
cultivation. carried mi in  c~rn ju~ic i i~rn  Lvitll thc  &irying 
intliistry, is the niost inil)ortant agricu1tur:ll activity 
of the Sewcastle I<egion. rcturns for I y 3 0 - p  shoiiriiig 
23.7 I r aercs uiitler ciiltivation for iotltlci-s. 

l+>ariiis of 20-ju acrrs 011 the ricli alluvial flats atl- 
joiiling tlic Hunter River devote 90 per cent. of their 
area to lucerne, the remaining I O  per cent. lieilig taken 

11y maize. oats. sorKlium. niillct and v?getables. 

( i i i )  Orciitrrtis t r i id  I 7iu(~yurd.s.-l I~~r t icu l iure  antl 
viticulture arc Imctisctl i l l  scattered arws througliout 
tlie west ;incl south-east o f  tlic Nc\vca.;tle 12cgion. the 
major pro(lucin:,. iii-eas bcillg i l l  the 1’olwIl)in tlistrict 
for viiics ;inti along the shores of IAir Maciliiai-it. for 
citrus end stone fruits. The total area under orchartls 
airtl vineyards for the year 193!)-4u w i t s  2.36s acrcs. 
of wliicli 1.30s acres ivere ii i  vines, an<l 1,oOo acres 
in iircliartl fruits. 

E. land Developed for Mining. 
Coal mining is oiic rif Ilic most iiiiliort:int iiitlastries 

rrl the Newcastle l<egion. annu:il production Ircing two- 
thirds of thi. Statr’s total. C‘ollicries are located in  
three ticltls : tlie Sewcastle. I’ast Maitland :inti Mait- 
lantl-Cessnock fields. which rorrrsliontl to tlie Cpper 
Coal Ilcasures. Se\vcastle Stage. tlic Clilier Coiil 
Measures. Toniagri 5ta antl t h r  Iriwei. or (;rcta 
(.mil Alcasures. rcspecti 

Neivcastle Tiegiciii is iiitlicatetl in the land use map. 

F. Urban Land. 
Thc cities and towns of the Ncivcastlc Rc~girrn func- 

tion a.;  OCA Iiiiints n l  industri;tl. coiiinicrcial antl 
:itlministrative activity. The most si:.nific;uit feature 
of urlraii lantl 115es iii tlic Newastle liryion is the high 
degree of intlustri:il tlc.velolmeni i n  the (‘it)- of N e w  
castle. 

The locatioii of individiial collier! I r i t  hc;iili i i i  tlie 

Tenders Accepted. 



June, 1949 MAIN ROADS. 115 -- 

Cost Estimating for Road Construction 

Cost cstimating is the process of computing costs of 
work before the iiionep is spent. A systematic approach 
is csscntinl i f  tlic estimate is to be siifticirntly accurate 
to fultil its proper, functicrns. Strict accuracy is 1101 

practica1)le. Init tlie iiiore accurate the details on which 
the estimate is basecl, the iiiure accurate will lie the 
total estitiiat~tl cost. 

A somic~ c4imate slioultl represent the Iiiwest pos- 
sil)lr coht oE coiiipletiiig tlir particular project under 
tlie ccmtlitioiis likely to prevail on the work wlirn 
iisiii: t l ic ccliiipiiic‘iit ; ~ n t l  persotinel available to the 
c!instruction authority. I f .  Iiowever. the equipment 
avail;il)le is not the m i s t  suita1)le. then it is essential 
to ascertain by preparation of a 5ecuIitl estimatc, the 
expected cost when using the most suitable equipment. 
\\-hether it is more ecunrrtiiical to purchase estra eqnip- 
nieiit or more suitalde equipment for the project will 

( ( 1 )  The estimated resultant savings for the par- 
ticular prcrject concerned. 

( / I )  l’hc tluratinn r r f  thc projert and/or future 
projects for which the equilxiient can be 
effectively used as cmiparerl with its expected 
life. 

delietitl priiicip a l l - .  \ 011 :- 

Functions of Estimates of Cost. 
An estiinate of cost has several purlmses I)eyond tlir 

actual I)retlcteriiiitiatilrii u t  the cost. It is a funda- 
nient:il part of any iiiaii;igement and efticiency contro! 
systeni. 

The iimiii purposes trf  es.’ timates are :- 
( a )  U w l y c f [ r r y  f’iri.posrs.-~utlgetiiig for erpec- 

tliture is iiiakiiig a planiied forcust  of the 
funds rrquiretl for ~irojectetl works during 
a specific period. r.g.. a financial year. Sound 
estiiiiates arc a ~)rrreqnisitc for  priilicr lrudgct- 
iiig for expetitlittire and for the control of 
exl)eiiditiire of avzi1al)le i-eveiiiic* to best 

Unrelial~le estimating must result in an 
unrc.li;il)le butlgrt. ~~(rssibly of little use. Over- 
estitiiation on a large programme of work!: 
tics nli tuiitls unnecessarily. antl wliere funds 
available are liniitetl. delays coinmencement of 
iiem essetitial projects. 

I’stimates for butlgetary purposes are often 
prepared mi ail approximate Irasis, if full 
information is not available at the time. I11 
such instances tlie final budget is crimpiled as 
sonn as tlir clrtailetl estimates are ccrmpletrd. 

( b )  E&i~iicy ( - ( J l l f i . O i  Propo~~rs.--.\ sound esti- 
mate establishes a Iiieamre o f  c~llitrCJ~ prior 
to expenditure c~~niiiieiicing. It enaliles atten- 
tion to be focused on high-cost itriiis of tlie 

at1v;lntage. 

project antl often results iii substantial savings 
by discovery of ways and iiieaiis uf reducing 
costs Iiefore work co~ii~iic~ices. I t  may intli- 
catc the iicetl for time antl method studies 
with a view to reducing costs. I t  serves as 
a iiieaiis to judge the efticicncy of operatirnis 
(luring progress antl on completion of a 
pi-ojcct. Viewed in this light the estimate is 
one of several effective instruments of cost 
coiitrol. 

,\ sound estiniatc is also tieeessary for 
proper tleteniiination of the economy of c m -  
tract compared with execution of a work by 
(lay-IalJour. An  unsound estiinate may result 
in an unsound decision i n  favour of one or 
either metliotls of execution. 

To lie sound. ail estimate must be Inser1 
on reliable output crr Iirucluctioii standards 
and costs ior ccrnstructioii equipiiieiit and 
labour gi-oups. UT ciii previous unit cmtu of 
similar work carried out at satisfactory uutput 
stantlartls. 

Estimating Standards and Average Unit Costs. 
Unit cust stantlartls.  hit a i i t l  iiiatiual lal)our group 

output stantlai-(1s. and average unit costs are necessary 
~rrererluisites for use in prepai-ing tliffcrciit types of 
estimates. tlepentleiit on tlie ptirpose for which the 
estimate is tn I)c rised. 

( 0 )  Esfiiiiofiri!g Sfaiidtrrds.-“Staiitlard” according 
to LVelister’s Collegiate Dictionary is that which is set 
tip and estalrlishetl by autliority as a rule for the 
iiieasiire of quantity. . . , value of.  . . . 

For an estimate to provide a nieasure of control 
pi-ior to bvvot-k com~i~e~icii ig.  it iiccrls to I)c based 011 
soundly establislietl pruductioti atid unit cost stantlartls. 
The control can only be as effective as the stantlards 
used i t 1  estitnating. Tlic miit cost standards atid the 
output stantlartls inay lie describetl as the unit cost 
rates antl outputs estal)lislietl Iiy tlie construction 
anthority for the Imrpose of cstimating the cost of 
completing a particular project at the lowest possible 
cost. Unit cost standarrls to he satisfactory iiiust be 
Irasetl 011 most cllicient per firrimlice of plant atid 
~iir;tiual laliour groups antl. therefore. this type nf 
standard is the rspression of efficient protluctioti in  
a monetary form. 

Cost estimating standards caii lie trf different types. 
They may be I~asctl uii the ~iiaxiniurn performance 
possible of attainnieiit when morliing under ideal con- 
tlititrns. ( )wing tu the varying conditions aswciatetl 
with road constriiction works the road coiistruction 
nutliorit!-. when establishing surh standards for ~ f i -  
ciency yardstick Iiurptrses. shrrultl Iiase the staiitlards 
on the highest degree of eficiency practicable of accom- 
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plislimeiit \vIieti working utider w r n y c  contlitiotis with 
the plant and laliour awiIa1)le fcir the project. How- 
ever. iuitler ~iost-w\‘ar contlitiotis of \rorking. \vIieii 
tlclays alrnve titrrtiial are often .q)ei-iencetl in repairing 
~ilant. due to shortages ( i f  skillet1 laliour, slicrrtajie of 
spare parts. etc.. the prol);ilrle expenditure 0 1 1  tlie project 
inay Ire greatt‘r tlian the total of the estimate prepared 
for  elticieticy control ~)iirposcs. and where this is 
ex1iectetl. adrlitioiial [iintls prnvisinti should he tiiatle 
in tlie budget to cover the anticipated extra cost. 

Output and average uni t  cost standards are deter- 
mined from field studies and records of projects 
lrre\+msly rnntplcted, r.g. :- 

(i ) Time and inethot1 sttitlies of  tlie Iierforiiiaiice 
( i f  plaiit units and maiiual labour groitps. 

( i i  ) .\nalyseh of road platit retiiriis covering 
olieraticiiis of Iiulltlozers. tractors aud scorrps. 
graders. sprayers. quarry atid stoiie-rr~~sli i i i~ 
plants. Iiituniinous hot mix plants, rock drill- 
ing eqttipiiicnt. etc. 

(iii) Job cost statrinents. 
111 estnlrlishiiig staiitlartls for prticularly tlie nmin 

item of \vork. eartIi\vorkq, :i iiuiiilier c l i  differeiit 
stantlartls of the ’ratlie type (unit  costs antl outputs) 
are necessary to ~irovide fclr ( 1 1 )  various types of carth- 
work materials. cg . .  earth. shale. granite. antl ( b ) ior 
the different mcthods o f  rsecution employed in carrying 
out  the iqicrations of ~)relitiiinary loosening. excavating. 
tr;insport of  these materials to the tluiiiliiiig  xii it its 
and cc:ns~~litlntioii c i f  emli;inktiicnts. For csa~nple. the 
follcwiiig schetlule cif  rarth\rork operations s h o w  some 
of the different iiirtliotls antl tylrcs of iiizterials for 
which srlraratcs statitlarrls need to be esta1rlislietl:- 

~~~ 

~i~issilile costs when using most erlicient ecl~~i~iii ie~it  atid 
perioiinel availalile t o  tlie r~instrurtion aiithority they 
Iiecome “statidartls” for all practical 1rtirposcs. Hou-  
cver. dangcr lies i n  the fact that average titiit costs. 
\vliich are not the Itrwest ~ ) m s i l ~ l c  cost, may \vIicii cisctl 
in  l)rrparing estim;itrs for etticie~icy control 1riirpo. 
Iirovide ii i : k  picture wit11 all its 111i~1esir;iIilc feature.i. 

Variables in Civil Engineering Works. 
In coiiiiiioii with niost clxses of civil engineering 

ivurks ntany variables arc present in rmt l  coiistruction 
, atid on this account i t  is not practicable in a11 

article of this size to Iirovitlc estimating data that would 
eiirompass all cotitlition.;. For esarn~rlr. t) pe a ~ ~ d  quail- 
tity of tiiatcrial atid Irngth o f  haul arc Ii;isic variables 
met with in  e:irtli\vorl<s. atid ~~rii ici~ially for this reason 
uiiit rate.: :ire o i i i i t t r t l  in . \ l~pcii~Iis Xo.  2 where the 
process of Iriiil(1i11g L I )  ;i11 cstim;itc is dc~tailctl. These 
\-ariables affect the selection o f  ec~ui~riiicnt for  the 
1~articul:ir tasks ; l i d  crinscclucntly the estimatr of coqt. 

Selection of Headings for Estimating and Costing 
Purposes. 

LJniformity in  sclrction of estiulate lieatlings f o l -  

tliffereiit cl:isscs cif work invrilvctl i t 1  construction o f  a 
road is essential f o r  internal regul:itioii of ehtiniatin:‘ 
:ind costinp p r ~ i ~ e ~ l u r e s .  L~nif~it-~nity iiicrmses the 
vcilume of tlepentl:ilile statistics for iiian:iyri:d iiseh. 

Uiiiforniity in licatlitijis is alsu tiececsai-1 fcir the 
piirposc o f  enal)liiig rearly coniparisoiis to  Ire ma,lr 
lxtween estimated ; i t id  actual quautitics ( volu~i ir)  ant1 
costs. on what is called the “priticilile of exceptions.” 
Yntler this pri~iriplc. mall:lfivrial attciiticiii ;is to tlic 
caiise an:l controllaliility of the \r;iri:itioti C I - O I I I  111c 
estimate is ccntretl o n  tliow cilie~~itions o r  itclits cif wol-li 

~~ ~~ 

( ( I )  I’reliminary loosening prior to excava- By .............. . . . . . .  (i)  liartli and sr,ft shale. 

. . . . . .  ( i i )  Medium harrl shalc. I 

1 carhirle tipped drills for i;rilling ant1 blasting ), (iv) Hard granitr. 

tion and removal. 

Hy t w o  jackhaininer comprpssor aml tungstoii ~ ( i i i )  Hard ha le .  

(I?) ~ s c a v a t i o n  . . . . . . . . . . . .  By ................... c 11. yd. power shovel . . . . . . . . .  ( i )  Hard shalc. 

(c) ’rraiislxrt r r f  excavatecl material t u .  y l .  motor I ~ r i e h  I.eac1 r , p > ‘  ( i )  Hard shale anti  granitc. 
. . . . . . . . .  (ii) Hard granite. 

shovel to  dumping point 

point. 
. . .  ( d )  I:xcavati(in and removal t o  dumpin; By 

By .................. tractor aiirl . . . . . . . . . . . . .  C I I .  y‘1. rarry- 

1 

... bulldozer lcatl 1o0-100 lin. i t , , . ,  ( i)  Hard slrale aiitl granite. 

all scoop 300‘ 500’ I .  I t .  
ym--inn’ I .  f t .  

}I (i, IiartIi, suit a i r 1  merlium sl1alc. 

For tlie earthwork operatioti o f  prclimiiiary loosen- 
iiig sliowii i n  the scliedule. there would need to be 
scpat-ate unit cost staiidartls (cJ/ . ,  pence per ruliic >ird 1 
ant1 outlint standards ( culric yards per hour) for loosen- 
ing in ( i  ) cartli antl soft sh:ile. ( i i )  mctliuiii h i - t l  
shale. (iii I hard shale. (iv ) hard granite. 

( h ) :Iwriqc~ b‘riit (’ost.s.-.\verape actual nnit costa 
\I o u l r l  Ire representative ( r f  tlie costs of a li;irticular item 
of wtirk t r f  one or more operatiolls cotinectetl with tlie 
carrying out of ii particular item o f  worl< of similar 
nature. \\’here average costs rqrresent tlie lowest 
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’l‘lie Ikpartiiieiit of hlain IZoatls has a staiirlai-tl set 
of iimiii estimate lieatlings for use in estimating antl 
costing o f  r m r l  constrnction as well as for other classes 
of works. such as bridge constructiun. Iiitumiiious sur- 
facing, etc. Aplxmlix No. I gives tlie estimate headings 
used for road construction ivorks. .As many suli-lieatl- 

sary can be used in l~iiilding up the unit 
or item of work. such as Item 18, Earth.. 

works : Item 26, Base Course : antl Item 27, Surface 
Course. Iktails of sub-lieatlings iieetl to lie set out 
on a mlisidiary st;itemeiit attached to tlie ISstiniate of 
Costs. (For  tlctails o f  sul)-headings. see Appendix 2 . )  

The itcnis which cunstitute the total cost of a proj,ect 
may convcniently he divided into two gruups in f r am~ng  
estiiiiates of cost. viz. :- 

( i i  ) I)it-ect woi-I.; items. comlirising the various 
types of ivork involved in actual construction 

ad. such as clearing antl grulhing. earth- 
. drainage strrictiii-es. pavement, fenc- 

ing, etc. 
( I ) )  Items o f  expense incidcntal to the work, 

r g . ,  transfcr of construction organisation to 
site of work. establishtiient of rainp and 
rlismantlitig on completion. establishment of 
deput antl tlisinantling on completion. camp 
and depot niainteiiance. workers’ coiiilxnsation 
insurance. payi-oll tax, engineering and cleri- 
cal supervision expenses. etc. Sur11 items are 
classed as Indirect Expense. or sometinics 
“Job ( hi-Cost.” 

Different Types of Estimates. 
Estimates may be divided into the follow in^ three 

types : ( a )  Preliminary estimates. ( b )  tlrtailetl esti- 
mates. antl ( c )  estimates of the probable tinal cost. 

( 0 )  I‘vclitriiritrty Estimatcs.-~stilnatcs of this 
type are usually rcquired for the p r p o s e  of 
considering the approxitilate financial require- 
nients of a prolmsecd programnie of coiistruc- 
tion works. ant1 for the purpose of  making 
a ~m~visiotial allocation of funds for the worlis 
selected. I’rcliniinary estimates are not I r e -  
Inred in the saiiie detail as fiiial detailed esti- 
niatcs, for at the time of their preliaratintl. 
tlrawings for the purpose of ascertaining 
quantities of work items may not lie available. 

in  .\pliendis No. I is suitalde for use in 
preparing Iireliminary estimates. In this case 
the su1)hitliary details sheet (Appendix No. 2 )  
is not used. 

( 6 )  I l ~ / n i l r d  Estiii~trtcs.--:\s the title implies this 
type c i f  estimate is prepared in considerable 
tlctail for all  except small works. 

l’he tletailetl estimate is prepared after coni- 
pletion of tlie drawings and shoultl. as pre- 
viously inentiuned. represent the lowest pos- 
sible cost of conipleting a project under the 
conditicins likcly to prevail on the work when 
using the most ef3icient types of equipment 
and personnel available to the construction 
authority. This estimate is a yardstick for 
comparison with actual costs and is shown 
on tlie periodical cost statements for that pur- 
pose. Detailed estimates may be required at 
two stages for tlie larg-cr construction projects 
-1irst. lrefore tlie project is commenccd. at 
which stage plant ant1 equipment to be used 
liave not been Iinally determined, antl. second. 
when plant. equilmient and labour have been 
assen~liletl and work actually commenced. 

The estimate of cost form given in Appen- 
dix KO. I ,  supliurtetl by the s u l d i a r y  details 
sheet (Appendix KO. 2 )  is used in the pre- 
paration of final detailed estimates. 

( c )  f7.rtiiirnfr.s o /  tlic Probnhle Fiiinl Cost.--Esti- 
mates of this type are used to provide a close 
prediction of the amount of the final cost of 
a project. An estimate of tlie prohahle final 
cost is prepared when work oii a project has 
advanced to such a stage that unit costs of 
the completed work are sufticiently represen- 
tative of tlie prol)alrle final nitit costs to enahle 
the estimate to be satisfactorily prepared. This 
1s usually when a project is 75-50 per cent. 
completed. An estimate of this type is used 
mainly for tlie purpose of reviewing the funds 
rcqtiircmeiits of a project. increasing or de- 
creasing the amount already allocated as con- 
sidered necessary. 

A statement arranged on the following lines 
provides in forniatioii as to probable final cost 
iii a form that can I)c more readily chcckecl. 

- 
Actual Cud,  11, 1 Bs1m>aled Cost 

t u  Complrlr. B & 

work. 
In atlditicin. unit cost must be lmed  on 

satisfactory unit costs of similar work carried 
out elsewhere under similar conditions. Kcfer- 
ence slioultl be made in the report accompany- 
ing the estimate as to the project or projects 
used as the basis for deternlining tlie estimated 
unit rates. This refercnce is csseiitial, par- 
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Prerequisites for Sound Cost Estimating. 
The inain necessary prerequisites of sound cost esti- 

[ I ) C'iitiiplete drawings. spccilirations ant1 accurate 
c111;intities of tlic various classes of work to 
Irc untlcrt;ikcn i n  the crrnstruction (pi a road. 
c 2 . q . .  acres of clearing antl  gr~ililiiiig, culric 
yards of eat-th\v~irks, etc. 

( 2 )  11if~irm;ition as to types atid quantities of  
iiinteri;il expected to Ire eiictruiitcred in eartli- 
\vorl.;s. Types of earthworli~ are ol)tainable 
11); ~rricLings. Ii(rriiigs atid test pits. This i t i -  
f(irmation, cciuliletl with particulars cif  qiian- 
tities to be exmvatetl antl iiiovetl to tills. is 
esscntial also for arriving at the ~iitrat suitable 
plant ant1 I~ili(i~ir groups for  carrying (itit the 
\YOrl<. 

( 3 )  l'r~rposcd sources of materials for use i n  cow 
struction of liase course antl surface coursc 
of the pavement. Sources ( i f  s~ipply  fcir other 
iiiatcrials, m c l i  as fenciiig posts. steel rein- 
forceiiient. cement. reinforcrd concrete pipes. 
liitriiiii~ious 1)iiitlcrs. etc. 

(4)  I'articulars of the type of plant aiitl equipment 
antl the labour groups required and available 
to carry out the work efficiently. 

( 5 )  Conversion factors for rock and earth of 

iii;itiiig may Ire eslir et1 ;is fo1l~rwS:- 

varioiib typcs in  pi t ,  wlicti loosc. atid whet1 
coiisolidatetl in Imik.  
I)et;iils of pro1ioseell Iticati(rn or locations atid 
ncimlier of camps and local depots to be 
est;ililishetl. 1i1111i1rcr of tctits. particulars o f  
ant1 size of camp antl  depot buildings. 
Iktails :is t~ ~irop(iseetl arrangeiiieiits for sup- 
!)lying camp a i d  depot with prnvisions a n d  
water. 
l'articulars ( i f  engineering and clerical staff 
required and availalile for tlie work. 

(9) ('1:issc.s of works for whicli minor contracts 
are propnsetl to be let. 

(, I 0 )  :\nticiliatetl time required to complete the 
project. 

( I I ) '\ p o d  costing systeni t o  record atid ~irovitle 
unit costs. plant q~e ra t ing  costs atid outlriit 
recot-(Is of previous works for use in preparing 
estimates for new works and for other pur- 
~ioses. Unit costs of cotiipletetl works should 
lie rccortled t ( r  show separately the cost o f  
l:iI~iiir. materials. plant. haulage ant1 total. 
('orrective ~icrceiitages m i y  be readily applied 
to c ; d i  of these eleiiients whcn necessary, so 
that costs of past works c:ui lie revised tip to 
any desired date for \~+riati(ins iii wages rates. 
materials prices amtl plant and haulage rates. 
that may have taken place sitice the works 
were carried out. 

( I 2 )  Sri~mtl estimatiiig stantlards covering outpits 
ant1 costs for the vat-ioiis items of Iilaiit and 
1n:inu;il Iali~iiir proups used oii road construc- 
tion lirojects. 'These stan(lartls arc estalili~herl 

~ ~~ ~ ~~ ~~ ~~~~~~ 

l i s  aiialysiiig the outpiits antl copts of q)er:i- 
lions iiivolvctl i t i  cai-ryiiig [iut ~ i w v i o ~ i s  pro- 
jects. 

[ 1.3 ) Copies of awartls. :iward variations. plant hire 
anrl Iiauhgc rate scliediilcs. I<ecm-tls of prices 
of the priiicipd materials and stores used i i i  

crrnstructiiin ( i f  imidsq such a h  coarse aggrc- 
Sates. tar. I)i tuinen. ccnietit. h t w l  rcinft)rce- 
iiiciit. 1ieti-01. tliesel furl oil. etc. XI1  records 
t i i  be tiled so that  i-:itcs or priccs for- any 
~r:irticulat itcin at any p;irticular time can lie 
i-ea(lily ;ixwt;iiiiecl, Tlwse rccrirtls. as wcll 
:is pi-~ivitling tl:its icir cstiiiiatiiig purposes. 
;ire alsn i - c ~ q i i i i w l  for the p ~ i r p ( i h ( ,  of arriving 
at the corrective percrnt;iges rcfei-rctl to ciiiiler 
paragraph No. I I .  

Procedure Followed in Preparing Estimates of Cost for 
the Main Items. 

Three clifferetit niethrids of cstimatitig the cost of 
the iiiaiii items of work i i i v o l \ w l  iii consti-urtion rrf a 
road inay be used. viz. : ( n )  tlic overall :iver;ige w i t  
cost metlititl coveriiig a series o f  (rpei-ati~)iis. ( / I )  tllc 
~ i ~ i e r a t i o n ~ ~ s t ~ i i i c l a r t l  unit cost metliotl. ;ind [ c )  the 
pi-otluctiuti tiietliotl. 

(111 I'rrif Cosf Mc//rod.-l'his iiiet1io:l is 
used in ~ i r e ~ u r i n g  1ireliiiiiiiary estimates f o r  
projects of all sizes and also. in general. for 
final estimates for mitirrr works. LJiirler this 
tiiethotl. the whole series of nper:iiioiis. for ex- 
ample, lmscning. excavating. etc., involved in 
carrying out eartli\voi-lis \ v u ~ i l i l  lie cstim:itc~l AI 
. . . . . . . . . . . cubic xartls 6 
culiic yard  ~~ f .  . . . . . . . . . ,  
.sim of tlie estiiiiatetl cost into oliei-;ttiotis m : l  
inethods ( i f  excclitioti. C I C . .  as is tlotie when 
estimating the cost by methotls ( h ) and ((. ) .  

In nrder that the overall rate C:LII I)e checked. 
it shoultl lie snlil~ortetl Iiy all pr~ssilrle infcirina- 
tion 1)eariiig on the cost. antl which sl~ould 
lie coiisiderc(1 in arriviiig at tlie estiiiiatetl 
rate. e.g. :-.- 

( i  ) I~tr,.t/i~l.o,-ks.-'l'lie nature o f  iii:iterials c s -  
pected to lie inet with in excavation. whether 
lxeliiiiiiiai-y l ~ r ~ r s e ~ i i ~ ~ g  is espce~crl t o  lie re- 
quired. espected aplir~irimati' quantities 
an(I awl-age Iratlh fr(iiii escavaticin t o  dumlr- 
ing poiiit, plan[. etc.. assumetl in  arriving 
at overall average unit rate for this item. 

[ i i )  Pm~crr i r i t f  [ Grn;'(,/) .-S;ource of gr:ivel SUI'- 
lily, average length [ i f  haul from gravel ~ i i t  
to roxlway. metliotl .of loading at  gravel l i t ,  
etc., ;issuiiietl in estimating the cust [)i this 
item of \wirk. 

( h  ) O ~ c r o f i o ~ r s ~ ~ S r o r r i ~ ~ ~ ~ . ~ ~  L ' j l i f  (-o.if . l f i y f / r o d  o f  
~ ~ ~ ; i ~ r ( i ~ i j i ~ / , - T l i i s  nietliotl is usc(1 i n  prqi:ii-- 
ing det:iiletl estimates for all W ~ I  
tri lie cat-rierl out Iry either (lay Ial)tiur or  
contract ~ Y I I - I < ~ I I ~ ,  except tniiiiir ctiti.tructioii 
lirrijects. 

Tn the case of 11i;ijiir day kilioiir pr(ijects 
tliis method i s ,  in general, o n l y  used wlien 
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preliariiig detailed estiniatcs in advance of 
c ~ ~ ~ i i ~ i ~ e ~ ~ c e i ~ ~ e ~ ~ t  of construction at  a tinic wlicii 
particulars of plant a i d  niatiual labour group.; 

as possible after cotiin~ei~ceiiieiit of a major 
da!~ labour project tlie estimate Iireparetl 
earlier on the operatioiis~staiitlartl uiiit cost 
methotl-shoultl be supcrscrletl by a filial 
detailed estimate prepared on the Irrotluction 
method of estimating. Irased 011 plant and nieii 
actually supplied or available for the project, 
as outlined under ( c ) .  

Under this nicthod of cost estimating the 
tiiaiii itrrns of work involved in carrying out 
a project are estimated 114. separate operations 
using tlie unit cost staiitlard ratc cstalilislictl 
for the I)articular nicthod expected to lie 
employed for tlie operation. For example. 
earthworks 

to bC CllllJlCJycd are llot fUlly ~ I I ~ W I I .  .AS soot1 

2\11 outline of the procedure for estiiiiatiiig the cost 
of all operatioiis coiinected with earthworks execution 
Iiy the unit cost method is shown untler Itern No. IS, 
Appendix No. 2.  

\\:here materials form a consitleralile part of the tntal 
cost ( c . < q . ~  concrete pipe culverts. coticrctc box culverts) 
of an item of cvork, the approach to estimating the 
direct cost slioultl ire ou the basis of separating niaterials 
crihts from operations costs, C.Y. :- 

( 0 )  Materials Iantletl on site 
(tletailed as necessary) f 

( b )  ( )perations cost covering 1al)our and equili- 
iiient involver1 i n  putting ( U )  into place 

((letailed as necessary) L 
As materials: costs on site can usually be closely 

cstiniatetl, the sel~;iration inakrs for a closer coni1)iiictl 
estimated cost for ( U )  antl ( b )  than is usually possible 
when estimating on a flat overall unit cost basis cover- 
ing materials and owrations costs. 

The operatioiis-stantlard unit cost method of esti- 
mating is reasonably satisfactory 1)rovidetl the unit 
rates used are I>ased on representative costs (suitabli 
corrected i f  necessary) of similar work carried out 
cficiently with suitalile plant units and nianual lahour 
groups. 

.4ppendix No. 2 gives an outline of an estimate 
prepared on  the opcrations, stantlard unit coht method 
of estimating. 

( c )  I'rodtictiuii Sfo i idard .~  Mrthod of Estiiiiatiiiy. 
--Under this inetliotl, estimating the cost is 
by tiperatioiis, using output stantlards (culic 
yards per plaiit hour, per iiian hour, etc.) and 
st:untlartl operating costs per hour cstal~lisherl 
for the plant units antl inanual labour groups 
expectetl to lie usrtl in carrying out tlicsc 
opentions. 1 lie cost per lioiir of operating 
plant is largely tixctl for any given set o f  
coiiditioiis and output atid unit cost is in 
corisequence tlepcn(leiit directly on rate of 
output. .4ppendix No. 3 .iliows a type of 
sclietlde suitable for use in preparing esti- 
inates for earthworks under this tiiethod. 
The production staiidards mrtllotl is used i n  
preparing filial cletailed estimates f n r  the 
larger road construction works being carried 
out with (lay labour forces. 'flie estimate is 
prepared as early 3s  possible after coninieiice- 
ment [if work 011 a pi-oject at a time when it 
is practicable to analyse the orgaiiisatiori iu 
detail in  the light of men and plant actually 
engaged or availalrlc. T l ~ e  estimate call thus 
be based 011 the actual organisation establislietl. 

The ulethotl of estimating on production 
has tlie merit that when based on sountl pro- 
duction stantlartls. tlie estimated cost is repre- 
sentative of the per[ortiiance of a proper 
degree ( i f  cfficiericy in carrying out operations. 
Jt provides greater managerial and costing 
control than is possilile under ( n )  and ( h  ) 
liases of cstituating due to the fact that the 
estimate of cost is based oil proper production 
staiitlartls for tlie plant and manual laliour 
groilps actually in  use o i i  the work. Tlie 
output actually acliirvrtl per plant unit and 
manual lalmur group and their costs can 
therefore be compared directly with the output 
aiitl costs adopted for czch particular plant 
and manual labour group in preparing the 
estimate. 

In  pi-eparing an cstiinatc on the production 
basis. it is iiccessary first to determine tlie 
various tasks to be carried nut. and then to 
fit the most suitalilc available types of plant, 
nianual lalmur groups. etc.. to these tasks. 
This determination can be undertaken by pre- 
paration of diagram antl organisation schedule 
to sliow in respect of each major item of work 
(earthworks. pavement. etc.) ,  tlie quantities 
and types of work involved and the plant 
units and manual labour groups proposed to 
he used for the various o~rcrations. Tlie mass 
diagram on the road drawings and longitudinal 
section sheet of road drawings can be used for 
this purpose, on somewhat similar lines to tlie 
analysis for grading operations given in Fig. 
63 of American Highway Practice, Vol. I .  by 
TA. I. Hewes. 

_ _  
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Preliniinarv 7 APPENDIX No. 1. 

) ESTIMATE OF COST Final Detdled 
Probable Final Cost 

Council 
Road No. Classification Name Section .... 
Pavement Width Description of Work 

I I I 

l'rrwision frw traffic . . . . . . . . . . . . . . .  
('learing and grubbing . . . . . . . . . . . .  . . . I  I3ouiidary fencing, p s t  and wire . . . . . . . . .  

(rabbit-proof) . . . i  .. rail . . . . . . . . .  
rrrncival and re-ercction . . . . . .  I 

Gates . . . . . . . . . . . . . . . . . .  . . . I  
Concrete pipe culvcrts (including excavation and 

back-filliri#) . . . . . . . . . . . . . . . . .  . )  
Cinicrete headwalls and inlet sunips for pipe culverts. r) 

inclorling reinforcement . . . . . . . . . . . .  , 
cavation, ctc., for brix culverts 

inforcement in hox culverts . . . . . . . . .  
\\Paring surface cm hox culvert deck ... _ . . i  
l'ipc haii&railing, complete . . . . . . . . .  

Rubble retaining walls . . . . . . . . . . . .  

. . . . . . . . .  
mcrete in bux culverts . . . . . . . . .  . . . ~  

. . . . . . . . . . . . . . .  
Catch drain pitching . . . . . . . . . . . . . . .  
Catch drains : : : i  

arthwnrks (excavation aiid borrow) .. .  _ _ . ~  
rimming and consolidating subgrade and shoulders 

Earth formation type . . . . . . . . . . . . . . . . .  

Scarifying, re-forming arid rolling . . . . . . . . .  
Tablc drain pitching . . . . . . . . . . . . . . .  
Sub-soil drains . . . . . . . . . . . . . . . . . .  
Shoulder drains . . . . . . . . . . . . . . .  

. . . . . . . . . .  ..ins. thick . . . . .  
Ilnit cost for complete 
Surface course type ............................ ins. thick . . . . .  
ITnit cust Irir complcte 
Gravel for maintenance . . . . . . . . . . . .  

' ' . I  llroken stone for maintenance 
Screenings fur maintenance . . . . . . . . . . . .  
Fender pwts at culverts . . . . . . . . . . . . .  
I'nitectinn fencing (chain wire) 
I'nitectioii Iencing (rrrrlnance type) 
Maintenance of works . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

Base coursc type ............... 

. . . . . .  

. . . . . .  - . i  . . . . . .  " ' I  

Unit 

item 
acre 

loo lin. ft. 

each 

lin. ft.  

cub. yd .  

cwt. 

lin. It. 
IOO lin. It. 

cub. yd. 

100 lin. f t .  

sq. yd. 

VdCh 

I ~ 

. . . . . . . . . . . . . . . . . . . . . . . .  
.......................................... 
............................... 

. . . . . . . . . . . . . .  i.. '.' .'. ' - i - ................................ 

. . . . . . . . . . . . . . .  

. . . . . . .  
..................... 

. . . . . . . . . . . . . . . . . .  
. . . . . . . . . . .  

......................... . . . .  I . . . . . . . .  ~ ........................ 
......................................... q 4'1 

sq yd 
I 

cub yd 1 
each 

loo Iin ft 

item 1 l 
I 

J'ublic Ctility Adjustments (Itemise) . . . . . . . . . . . . . . . . . . . . . . . . .  
I'roperty I<esumptioiis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

GRAND TOT,\I. ESTIJIATIII) COST . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . .  
. . .  ............................. 

. . . . . . .  ~ . . . . . . .  1 

i 
........ 

...................... 

............................. 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . .  ............................ 
1 ......... 1 .................. ............. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . .  ........................... 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  1 . . . . .  
. . . . . . . . . . . . . . . . . . . .  . . . .  

. .  . . . . . . . . . . .  
. . . . .  . . . . . . . . . . . . . . . . . . . . .  

................. 
. . .  , ...................... 

................................. I . . .  . . . .  

............................ 
. . .  ~... :... .:,:.. ~::. .::::. ':: .. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- .  



lune. 1949 MAIN ROADS. 121 

APPENDIX No. 2. 

DETAILS SHEET. TO accompany Estimate of Cost. 
. .  Work : Road KO. . . . . . . . . . . . . . . . .  Kame ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5ection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Estimated duration of work from start to finish . . . . . . . . . . . . . . . . . .  .weeks. 
Estimate based on commencement between 19 ........... and. . . . . . . . . . . . . . . . . . . . . . . . . .  19 

- .~ 

Item No. 
I Pmoisio~z f o r  tru$L.-Thc nature u l  work required to be carried out varies considerably according to location of work 

requirements of traffic, etc., and each case needs to be dealt with on its merits. 
, f  

per week . . . . . . . . . . . .  ,.... . . . . . . . . .  Watchmen for lamp lighting, etc., 
I’ro\,isiuri ul  traffic barriers, lamps, lighting and fuel . . . . . . . . . . . . . . . . . .  

........ man wccks @ f _ ...... 
Bulk sum .................................. 

Total . . .  . . . . . . . . . . . .  

Brush and second growth 509.” of total area 
Trees 6”-12” dia. at but t  35 trees Fer acre 

. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  I ,  I ,  To I ,  * *  
Tj”-20” 

The method to be adopted on any particular job for these operations is dependent chiefly upon the size and density 
of the treps and the plant availahle to carry nut the work. The principal methods used arc by ’dozer, by  tractors and ropes, 
by block arid tackle or monkcy grubber. by explosives or by a conibination of one or more of the above methods. 

\!‘here extensive clearing is involved, a detailed examination of the country t n  be cleared should be made. The 
nature, size and density of the trees shonld he ascertained as the hasis for determination ul the method of clearing to b? 
adopted arid the plan1 to be used. 

Where the unit cost basis of estimating is used, it is essential that  actual unit cost5 are availahle for similar clearing 
and grubbing carried out fficiently by methods similar to those proposed for the work now to  be undcrtaken. For this 
hasis nf estimating prcvious suitable unit costs art: brought up to date by thc u5c ol corrective percentages applied to  the 
various cost elements, as follows :- __ 

Per here. 

h b r m r .  1 Mtk.  1 Plant. 1 Haulage. I Total. 

& 6 . d .  L S. d. & 5.  d . l L  s. d . l f :  s. d. 
. . . .  

............. ...................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 

Actual unit coLt for acres of similar clearing and grubbing carried 
out on M.K. No. .........., Section , between February and 
May, rg46 

A d d  fnr calculated percentage increases in Labour ( .. yo), Materials 
[.............“A), Plant (........... yh), Haulage (..... ......:(,I, which have taken place 
since February May, 1946 . . . . . . . . . . . . . . . . . .  . . . ;  .......... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total, being previous cos1 per acre brought np  to  present-day lcvcls fur use 
as a basis for estimating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total estimated cost for ................... acres = . . . . . . . .  acres x . . . . . . . . .  per ac.rP . . . . . . . . . . . .  f ........................................ 

3 Boimdary fcncing ,  post and wire-quantity .......................... linear luct :- 
( U )  Materials on Tite- 

Supply lcriciiig posts, ctc., F.O. Kail a t  ........................ 

Rail freight to . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Supply . . . . . . .  gauge wire ....................... tons F.O.R. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  
No. .............. .posts (ii ........................ each . . . . . . . . . . . . . . . . . . . . .  

Haulage Ironi railsidc t u  sitc ( i f  work .......................... average haul . ... milcs . . . . . .  
Rail freight t o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Road haulage from railside tu sitc of work . . . . . . . . . . . . . . . . . .  

lin. ft. ....... per loo lin. f t .  . . . . . . . . . . . . . . . . . .  

. . .  

( h )  T.abour-Iligging holes, erecting posts and attaching wires : 

(6)  Lorry haulage 2-ton lorry hired a t  hourly plus mileage rates in connection with erection 
................ hours (+ . . . .  per hour . . . . . . . . . . . . . . . . . .  ... 

miles @; ... per mile . . . . . . . . . . . . . . . . . . . . .  
Total 

Unit cost per 100 lin. ft 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
work 

. . . . . .  

. . . . . .  

I .  

l r  .................... ---__ 
.................................. 

~ ~ . 1 . .  . . . .  

... 
. . . . . .  
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Item No. 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  On similar lines .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. . . . . . . . . . . . . . . . . . . . . . . . .  Item Sn 3. 

4 Boundary .fencing (rabbit proof) 
5 post and rail 
b removal and re-erection 
8 Concrefe pipe rt<lvcrfs, iiiclurli~tg excavation and hacktilling '- 

(a)  hlaterials : Cost F.O.II. ........................ per lin. f t .  . . . . . .  
Road haul from rail to job. ................. miles. per hi. f t  .... 

(b )  Excavation. laying. jointing aud backfilling. per lin. ft. ... 

Total quantity each size, hi. It .... 

Hail freight per lin. ft. . . . . . . . . . . . . . . .  

Total cost on roadside per l in.  ft. 

Total cost for ( a )  and (61, per lin. f t .  

Total estimated cost each size _ . .  

................ . . .  
. . . . . . . . . . . . .  . .  

.. , . . . . . . . . . . . .  . . . . . . . .  

..................... 

. . . . . .  
I _ _  _-___ 

... , ................................... . . . . . . . . . . . . . .  
~ ~ ~~ . 

... . . . . . . . . . . . . . .  

Operations connected with installatinn of concrete pipe culverts vary c.ansiilerably and it i i  essential fnr estimatiii:. 
piirpo%s to establish a table of typical actual costs covering total costs of (a)  and ( h )  and man-hour oiitputs per linear f i x i t  

covering nperations ( h ) .  The man-hour outputs per linear luot for the various sizes are the most satislactory tigiires to use, 
as wage rates expected at the time work is carried out can easily be applied to outpnts t o  obtain up-to-date i,slimatcd costs. 
Actual cnsts, on the other liaiid, require the use of a corrective percentage to bring costs u p  to  date. and thus is a inore 
involved procedure. There should be 011 hand a record of approximate weights (Ib. per hi. ft.) and approximate number 
of linear fcet per ton for each size pipe in order that  freight and haulage costs can he readily estimated. 

11 Concrt'lr in box ciiQ~eris.--\?'here the estimated cost does not exceed, say, LI.ooo. a flat rate per cubic yard, based on costs 
of previvus structures built under similar circumstances. corrected for subsequent variations in wage rates, malerials prices, 
etc., will sutfice. For example :- 

1 I'or CII.  yd. 
?, b. r l .  

Average costs of concrete in box culverts carried nut on Main Road So. ......................... between >lay and 

.4dd calculatcd cost rises since then 
November, 194.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , .  .~ .......... 

Total per cubic yard . _ _  . , .  . _ _  . . . . . . . . . . . .  
,-  -~ 

Total estimated cost ........................ cu.  yds. = f . . . . .  per cu. yd. (?? t... ................ 
(For larger structures. estimates i n  grealer detail are necessary, dividing the estimate inlo (a) Materials on site (timber. 

ceinenl, coarse aggregate tine aggregates, steel reinfrrrceinent, ctc.) and ( l i )  O]~eratii~iis costs, under such headings a\ 
IJalsewurk. l:urmwork, >I and I'lace Concrete, place Steel lieinlrrrcement, etc.) 

i I 'cr ton I ! s. d .  
I L Riin/orrr,iirnl in I'on cir1i~erts. Quantity .................... tons (or cwts.)- 

( U )  .\laterials nii site. llstimaterl cast b . 0 . K .  a t  ....................... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rail freight Lo ................ _ . . . . . . . . . . . . . . . . . . . .  ~ .~ ... .. ~. .. .., ........... niilcs . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IIna(l haul tn job . . . . . . . . . . .  iiii:e; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ... 

Total unit cri.;t for (a) . . . . . . . . . . . .  . . . .  

. ~~ 

~~~ ~~ 

(b) Hending (if any) on job . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( c )  I'lacing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

'l'ntal estimated unit cost ( a ) ,  ( I , )  and (c) . . . . . . . . . . . . . . . . . . . . .  

Total estimated cc~st ( a ) ,  (b)  and (c) fnr . . .  

~ . 

tnns (or Lwts.) I-' . . 

1 5  Catch dmins.--.4 previous actual c w t  corrected for rises in wage rates and plant rates will genprally bc fcouiid suitable lor 
estiriialirig this item, separating earth and rock material wlicre the latter IS extensive, e . g .  :- 

[ s .  (1. 
( a )  5,wo liii. ft. hard sandstone rock (ir' ...... ..... pcr i on  Iin. f t .  . . . . . . . . . . . . . . . . . .  . . . . . . .  
( b )  in ,ono lin. ft. i n  earth 111 .... per inn lin. ft. . . . . . . . . . . . . . . . . . . . . . . . . . . .  __ ~ ~ 

I 5,ovu . . . . .  
-~ . ~~ 

The methods uf execution allowed fur in estimates for both clilssgs of materials showld be stated, 
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APPENDIX No. h o n t i n u e d .  Cu. yds. 1 Solid 

. . . . . .  Totals ( a )  and (h)  1 ................................. : 
(a)  Eurth- L 

( I )  Loosening by  ......... ......... tractor axid ripper ............ cu. yds. 6; per cu. yd. . . . . . . . . .  ................................... 
(........ ........... .- cu.  yds. estimated not to require loosening.) 

(i) Ry ................... tractor and 'duzer. Lead up to 300 ft., ......................... cu. yds. @. ............ -. . . . . . .  per cu. yd. 
( 2 )  Excavating and removal to embankments- 

..................................... 
(ii) By two ............... tractors and 8 cu. yd. carryall scoops- 

Lead 300'- joo ' ,  . . . . . . . . . . .  cu. yds. @ p e r c u . y d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
jO0'- 800' .................... cu. yds. Cl' ....... per cu. yd. . . . . . . . . . . . . . . .  ..................................... 

per cu. yd. . . . . . . . . . . . . . . .  ................................. 
. . . . . . .  ........................ lin. f t .  of cuttings @; per 

IOO lin. ft .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total estimated cost for Earth ( I ) ,  ( 2 )  and (3)  

Total estimated unit cost for Earth ( I ) ,  ( 2 )  arid ( 3 )  pcr cu. yd. solid measurement 

. . . . . . . . .  

... 
(b)  Ruck- 

( 1 )  Loosening by . . . . . . . . .  tractor and rippcr- 
Material. e.g., solt shale .......................... cu. yds. ((1 ................... per cu. yd. 
Loosening by drilling and.blasting . . . . . . .  compressor, L jackhammers, drills, tungsten carbide 

. . .  ,, ia'-15' ............... cu. yds. @,.-...... .... per cu. yd. ... ., . . . . . . .  

iii Rv ....................... tractor and cu. yd. scoot>. Lead 300'-600' CU.  yds. 

. . . . . . . . . . . . . . .  

tipped. Material, e.g. .  hard granite- 
Tlepth 01 cuts =,-io' per cu. yd. . . . . . . . . . . . .  

3 , .  

(2 )  Escavation and remnval t o  fil l-  
. .......... 

. I  

(ii) 

(iii) 

1 ...................................... 

I -  

@. .................... per cu. yd. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Material. e.g., soft shale. 
Hy ................ tractor and 'dozer. Lead 10o'-600' cu. yds. @ -. ............ pcr cu. yd. 
Matcrial, e.g., hard granite. 
By .... . . . . . . . . .  cu. yd. power shov 
Haulage and tip by .+-ton lorries 
average lead ............... liu. f t .  . . .  . . . . . . . . . . . . . . .  
Spread by 'dozer, . . . . . . . .  cii. y U. yd. . . . . . . . . . . . . . . .  

............. per cu. yd. .............. 
. . . . . . . . .  

.\laterial, P . R  .. hard granitc. 
(3)  Labour-~liscellaneous labour engaged nn battering .rough sides of rock cuttings that cannot be 

handled by plant. Four men fnr .. . . . . . . . . . . . . .  weeks . . . . . .  man weeks t? ........................... p er week ... 
- 

Total cstimatetl cost for Rock (Total of ( I ) .  ( 2 )  and (3)) 
Total estimated unit cost for Kock ( I ) ,  ( 2 )  and (3) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  
ihic yard solid mcasurenrent ... . . . . . . . . . . . . . . . . . .  

( c )  Compaction where carried out as a separate operation by ......... tractor and sheepsloot roller 
hours I"' ..................... per hour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~~ ~~ ~ 

Grand total estimated cost earlhworks ( a ) ,  ( 1 , )  and (c )  

Average unit cost all earthwork (rock and earth) per cu. yd. solid measulement 

. . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  
~ . 

. . . . . . . .  . .  

........... 
. . . . . . . . . . . .  ................... 

. . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' Z G  IJase cuiirse, e.g., ararcl inches consolidated thicknes.;. Sources of supply for material- - 
( a )  New pit to he established a t  , estimated quantity lnnse measnrcment. Iroru this pit 

cu.yds.  
Average haul to roadway ................... lin. ft. 

cu.yds.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .................... 
..... lin. ft. 

(h)  K e a  pit to be established at 

Average haul to roadway 

. . . . .  estimated quantity loosc measurement. from this pi1 .. . . . . . . . . . . . . . .  

I--_ 
Total qualtity sq. yds. estimated equivalent pit measorement ........ cu.  yds 

Method and Equipm 
Clearing site by 'dozer. 
Loosening material bv . . . . . . . . . . .  tractor with power ripper. 
Excavation and loading material, e.g., over loading platlorm (" Chinaman ") by . . . . . . . . . . . .  cu. yd. 

carryall scoop into motor lorries. 
with payment a t  piecework haulage rates. 

Haulage from pits t o  roadway b.y,  t'g.. .+-ton motor lorries 

Estimatc- ,i 
Clearing site '' A , "  surlace a rea .  
Clearing site '' €3"  , , . . . . . . . . . . . . .  ............... 

at pits '' A," and '' U " 

. . .  acres, light timber and brush 91 /. ................ per acre ............................... 

Establishment and disrnautling " Chinaman " a t  pit-" A " . . . . . .  5 ........... . . . .  
,, " B "  . . . . . .  L . . . . .  

. . . . . . . . . . . . . . . . . . .  
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Item No. 

26 

27 

35 

listimate for Rase cour.w-coizlinued. 

\Vinning aud loading a t  both pits, . . . . . . . . . . . . . . .  CII. yds. loose (e pcr cu. yd. loose ... 

per cu. yd. loose . . . . . . . . . . . . . . .  

\\'atering . . . . . .  galls. @ . ... pcr gall. . . . . . . . . . . . . . . . . . .  

Haulage. tipping and spreading- 
-.. . . . . . . . . . . . .  cu. yds. pit " A " per cu. yd. loose . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

Total estimated cost ... 

................. cu. yds. pit " B .. (I 

Rdl ing  and grading . . . . . .  

Itoyalty . . . . . . . . . . . . . . .  cu. yds. gravel 4 .................... per cu. yd. 

sq, yds. (n ...................... per sq. yd. 

,., 

Unit cost fur base course, complete, ............... per sq. yd, 

Surface coirrse.-As for Item 26. Base course, 

C,'nnrl, cstnhitshr,?ml and dtoiinntlznp on coiiipleliun. 
(Icach camp tu bc established slrould be estimatecl separately.) 
First camp tu be established a t  . . . . . . . . . . . . .  estimated duration ..................... wccks. 
Nu.  tents to be provided .................. 

t 

. . . . . . . . . . .  

. . . . . . . . . .  

. . . . .  
- 

' i  

Materials per t e n -  

' lent size . . . . . . . .  new . . . . . . . . . . . . . . . . . . . . .  
I:ly size ..................... new . . . . . . . . . . . . . . . . . . . . .  
Timber (hoarded iloim and frames) . . . . . . . . . . . . . . .  
St re tc her . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Filling for mattress, etc. . . . . . . . . . . . . . . . . . . . . .  

Total for materials p r  tcnt . . .  
Irectiun and dismantling per tent 

. .  . . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . .  

................ ........... .................................... 
......................... I.. .  . . . .  . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  

. . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

Estimated total cost per tent erected . . . . . . . . . . . .  . . . . . .  
. 

Estimated total cnst for ...................... tents. 
* \\IICIC used lcuts arc being partly used these would need to  be dealt with separately frwn uew tcl t r .  
NOTE.-.\ flat rate of A.... ............ per lent is sometimes adopted for erection. dismantling. inc~udilli: sul~ply 

of tent, Ily a n d  fittings. where conditions are-such that  this method of estimating can be relied u p o n  

~~~ __- ( 6 )  Co,r,p liiiildinps. ~~ 

1 1KErlll lrlt( .t l  

...... galleys. erection and dismantling nn completion . . . . . . . . .  
Messroom, erection. includinK lighting and fillings. Size ........ x .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1,atrines. NO. ............... ......., orectiuu aixl clismantliug ou completion 

(I<stimate 011 cost per s q )  
Messrrmm. dismantling o n  completinn of jnh . . . . . . . . . . . .  . . _ ~  . . . .  1 ..... ..! . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  I:.. ::. .... . . . . . . .  

~~ 

And so on. 

. . . . . . . . . . . . .  Total estimated cost ( a ) .  (b ) ,  and ( c )  . . . . . . . . . . . .  __ 
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36 C u m p  water siipply. 

(a) Establishnien- 
Set up of . . . . . . . . . . .  inch pump plant a t  . . . . .  
Erection of ........ x .................... gall. tanks at camp . . . . . . . . . . . . . . . . . . . . .  

Creek . . . . . . . . . . . .  miles from camp and depot site ... 

(i) Supply of tanks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(ii) Erection of stands, including materials . . . . . . . . . . . . . . . . . . . . . . . .  

(i) Supply of tanks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Erection of ~. .............. x . . . . . . . . . . .  gall. tank at depot . . . . . . . . . . . . . . . . . . . . .  

(ii) Erection of stands, including material . . .  . . . . . . . . . . . . . . . . . . . . .  
* Estimate provides for new tanks with . . . . .  

Hire of inch pumping plant and engine for weeks $ 1  L per week . . . . . .  
Lorry hire hauling water ( .............. trips per week). I x . . . . . .  .ion hired lorry on hourly plus mileage 

oh allowance for residual value a t  end of job. 
(b) Running costs- 

...................... 

basis :- 

I25 

.......... 
. . . . . . . . . .  ._ I ............................... 

i *  - . . . . . . . .  
............................... 

. . . . . . . . . . . . . . . . . . . .  
1 ...................... 

.............................. 

I 1 ,i s. d. 
l'er week . . . . . . . . . . . . .  hours cii ....................... per hour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. .  hours ; r i  . . . . . . . . . . . . . .  per mile . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  

Total per week . . . . . . . . . . . . . . . .  

Total for Iiirry hire for duration of job ................. weeks (ii: .................... per week 
Hire of water tank for use on lurry ........................ weeks (1i' .................. per week 

. . . . . .  ~ 

. . . . . . . . . . . .  , .................................... 

I ~ ~~~ ~ - Total estimated cost . . . . . . . . .  f . .~ . 
I__--_ 

f 
3 7  Dvpol eslabiishiiienf nnd disnrnnflinfi. pot t o  be establi.;hed to he estimated and costed separately. 

Depot to be establislieil at chainagc 
Estimated duration required ................. 

Clearing depnt site hy 'dozer (light brush) ............... ..acres i f. . . . .  per acre . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Construction access and internal roads lin. f t .  @ .......................... per IOO lin. f t .  . . . . . . . . .  . 
Construction depot drainare. Bulk sum ... .. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Erection and dismantling depot buildings, etc.- I 

Engineering and clerical office building. 
Main store building. Size . . . . . .  
Inflammable liquids store. Siie . . . . . .  x . . . . . . . . . . . . . . . . . . . .  
Workshop. Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Blacksmith shop. Size .. ........... x . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Kitchen and staff mess. 
And so on. 

Size .. . . . . . . . . . . . . . . .  x . . . . . . . . .  

Sec.ond-hand store building. ........................................ ... 

. . . . . . . . . .  x . . . . . . . . . . . . . . . . . . . . . . . .  

Estimated Estimated 

mst .  v a l w  OIL rhnrpeahle 
Estimated residttai r"st 

rornpletiua. ln juh. 

I L G 
! 

L 

Total estimated cost . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Uuililings to  be estimated on basis o l  per sq. ft. of floor area. 
38 *Uppol and camp inainlenancc for No. I camp established at Estimated duration of maintenance ........................ weeks. 

Estimated 

per week. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 S .  d. 

Camp steward per week 
Depot man per week . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . .  
Watchman. casual, at week ends only ... hours) . . . . . . . . . . . .  ' ................................. 

................... hours and . miles per trip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , I Provisions for camp- 
I x ton hired truck and driver .................... trips per week to ............ .........., average 

........ miles pcr 
~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . I  ton truck and ....................... men for hours and _ Firewood for camp- 

Sundry labour cutting up firewood 

Camp lighting. lighting set hire, and operation costs 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Saw bench and engine cutting up firewood 

Sundries, garbage removal. repairs to camps and buildings, etc. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  . . .  , . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  I 
. . . . .  

Total estimated cost per wee]< . . . . . . . . .  ..................... 

I _ _ - -  
Total estimated cost for . . . . . . . . . . . .  weeks . . . . . . . . . . . .  ................... 

1- 
*NoTa.--U'here more than one camp is t o  be established the maintenance cost for each camp should be estimated and 

costed separately. 
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Item NI, .  

3'1 Lawiping ullotoanccs undlares. provided far under Awards. 
...................... men canlping a t  rate o f .  ......... shillings per man week. 

Total for.. .............. 
I t  

werh, 
I 

.................. nicn, living at  humc and travelling to and from work a t  average faro ............... shillings per nlan w w k  

.................. 'l'otal fares for r n w l < i  , ~. 

'[<,tal . . . . . .  ! . . . . . . . . . . . . . . . . . . . .  

. .  

. . r q  . an4 . . . . . . . . . . .  I C ) . .  1o Holidaj's and Imw during estimated duration of work between 
Holiilays and leave can be estimated on the following lines :- 

I k y s  
per >Ian. ~ 

Statutriry holidays. S o .  days for duration of pcriod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sick leave. 
Annual hnliclays. I'niportionate No. days for duration of periml I . . . . . . . . . . . . . . . . . . . . .  

Estimated No. days for duratinn of period . . . . . . . . . . . . . . .  1 . . . .  .:..~ 
Slrtxt ani1 long service leavcs-t'ropurtionatc NU. days lor iluratiou of peri(ic~ . . .  . . . I  . . . . . . . . . . . . . . . . . . . . . . .  

~- 
Total . . . . . . . . .  . ....I 

i 
~ ~ 

13stimatetl tntal cnst for duration of work, for ....................... men for  . . .  days. calculated a t  esti1natc.l 

.. ~- average wages of i... . . . . . . . . . . . .  per week . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

f 

I 4 7  Ti'orhrrs' Conipensalion Insurance 
4 2  Pay Roll Tax. 

Calculate estimated u)s t  of these items on estimated gross wages cxpcirditure fnr thc prnject, using thf: i 
flat insurance rate for Item 41 and the Statutory rate (at present 2 
M'orkers' Compensation Insurance t 6 .  . . . . . . . .  .yo on estimated gr . . . . . . . . . . . . . .  

1'ay 1<oll Tax ((1 ......................... 9; on estimated gross wages of f .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . .  ..................... I 
t 

43  .I.liscrllaneous churgPs.--lncluiles such items of expenditure as " General " freights arid haulage, and blaclc- 
smitlis' and tool-sharpeners' wages wlicre it is nut practicable to appurtion such costs to direct work items . . .  

1 
1 

Iktimated cost .yo* on estimated gross wages o f f .  . . . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* Itate can he based on cost records for similar classes of works. 

44 Iinginerring and clrrical suprrai.cion.-lncludes resident engineers', foremen's, cost clerks'. timekeepers' salaries, including 
statutory hdidays. leave, etc., motor transport used for supervision and timekeeping, cifficers' travellii1.g expenses and 
allowances, office rent. telephone and lighting charges. The number and classiticatians of officers required varies with 
the size and composition nf the works organisation and with the nature. dnration and locatiun cif the prc)ject those 
reasuns it is generally mure satisfactory to  estimate expenditure under this heading 011 an item hy item hasis, l ' .R .  :- 

( a )  Engineer Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : : :  
(c) Icoreman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( d )  Cost Clerk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( 1 1 )  Assistaut Eugineer . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( 6 , )  Time and Storekeeper . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  Total per week . . . .  

Total ( U )  to ( r )  for estimated duration uf ...................... weeks i.. 
Utility truck . . . . . . . . . . . .  cwt. Alliwing average weekly mileage n f .  ... t h e  total milea-c fur dura t i in  

I.ighting ................... per week far . wrrks . . . . . . . . . . . . . . . . . . . . . . .  

- ~ ~ 

t 
............. x . . . . . . . . . .  weeks . . . . . . . . .  1 .  ............ . . . . . . .  

................. weeks is ....................... (ft ...................... per mile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
'Telephone, including rental. Bulk s u m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  
~~ 

'l'otal . . . . . . . . . . . . . . . . . . . .  

~ 

NOTE.-Where mi re  than one camp is t o  be established the maintenance cost for each camp s l ~ ~ ~ u l d  l x  c?(illlated and 
costed separately. 
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APPENDIX No. 3. 
Production Method of Estimating. 

Outline of form of Schedule suitable for use in compiling estimated cost of earthworks. 

Tenders Accepted. 
The following Tenders (exceeding LI,non) were accepted by the respective Councils during the months of 

January, February and March, 1948, __-___ ~~ ~~~~ ~~~~~ 

I I 

Abercrombie S. ...I 541 

Berrigan S. ... 331 

Bland S .  . . . . . .  5 
. . . . . . . .  7 
. . . . . . . .  6 

, . .  h 
L3laxiand S,' , . . 55 

Byron S. . . . . . .  I O  

ConargnS. . . . I  331 

Condobolin If. ... 

\Vork. 

Resurfacing . . . . . . . . . . . . . . . . . . . . .  B.H.P. Ry-Products 

Supply and delivery to stockpiles of 1,777 cu.  yds. of Chesterfield & Jenkins' 

Surfacing . . . . . . . . . . . . . . . . . . . . .  B.H.P. Hy-Products1 

Heating and spraying binder, loading a n d  spreading Chestcrfield & Jenkins 

Pty. Ltd. 

aggregate for bituminous seals. (Qld.) I'ty. 1.td. 

Pty. Ltd. 

aggregate, sweeping and rolling. (Qld.) Pty.  Ltd. 
Resurfacing . . . . . . . . . . . . . . . . . . . . .  G. Rroad . . . . . .  

l(egravelling . . . . . . . . . . . . . . . . . . . . .  I .  N.  Miller . . . . . .  
Supply and delivery of gra+ei . . . . . . . . . . . .  ... . . . I  
Gravel, resheetinp and scarifying . . . . . . . . .  . . , I  .... . . . . . .  
I'rime and seal 735,279 sq.  yds. between I.idsdale and B.H.P. By-l:rorliicts 

Ben Bullen. P ty .  Ltd. 
liartliworks, basecourse, etc., .4pproaches to  subway south B. Murray . . . . . .  

of Crabbes Creek. 

2 5  111. t o  30 m. 

existing timber culverts. 

Hituminons surfacing j m. 3.472 f t .  to  IO m. 3,472 f t .  and Chesterfield & Jenkius 

Construction of 6 R.C. hox culverts and removal of three 
(Qld.) Pty. Ltd. 

. . . . .  
Supply, delivery and spreading 10,216 cu. yds. gravel . . .  Staincs and Grundy ... 

"uriou n t 

5.324 1') I 

1 ,342  I O  o 

1 , 0 4 i ~  o o 
1,060 O U 

1,641 X 4 
Z3.zbs Y 4 
(1.669 I I I  

2,330 9 2 

2,ooo 0 o 

1,050 14 0 

2 , 2 1 6  9 4 
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I<,,a,l 
KO. 

Cormabarabran S .  ... 

Council. 
-~ . 

. . . . . .  

L)umaresqS. ... 9 

Cuidurimha S .  . . . I  (p.7 

IIuine S. and 2 0  

Jemalong S .  ... 5 0  
.\lbury C ’ .  

1,eeton S . . . . . . .  R o  

l.ismr,re M .  ... 306 
Lockhart S .  ... 577, 

Lower Hunter S .  . . .  
Maitlaiirl C. ... o 

,:s J 

Marthaguy S .  ... 

Patrick I’lains S. 503 
2 2 0  
1x1 j 

Port Stephens S.... .=,IS 
... I O  
... I O  

Wade S .  ’:.. . . . I  80 

I 

. . . . . . . . . . . .  Bitume~i & Oil Nefincr- 

Supply of r,q(lo CII. y ~ l s .  aggregate . . . . . . . . . . . .  H.H.P. By-Products’ 

Supply of ‘10.4 ions of bitumen 
Pty. I.td 

ies. Aust., Ltd. 

nf materials. IQld) I’ty. l.til. 
I’lush seal.;, rnsPals ani1 road inis reseals, esclo<lmC supply, Chcslerfield & Jenkins 

Surlaciiig . . . . . . . . . . . . . . . . . . . . .  15.H.I’. 13y-l’ru(lucts 
I’ty. Ltd. 

((yd.) I’ly. Ltrl. 
Surfacing 1.q5 m. X . g i  m. west of Albury . . . . . .  Chesterfiel(l & Jciikins 

Supply, delivery and spreading 5,:h+ cu. yds. maintenancc . . . . . .  J .  R .  Brrnvn 
firawl Lctweeu Forbes and Grenfell. 

Supply of aggregate . . . . . . . . . . . . . . . . . .  l\lurrunibidjiee Sard (G 

\Viiining and loading gravel . . . . . . . . . . . . . . .  I C .  W. Hall . . . . . .  

Gravel Vo. 
Ilealignmcut and reconstruction T m. 35 ch.--? m .  14 ch .... I:. E. Uown . . . . . .  

Construction of three span timber beam bridge and Gen. Millcr ... ...I 
I<enheeting with tar premix anrl bitumen flush reseal B.H.1’. Ay-Products 

approaches 

k t w e e n  Victoria I3ridge a n d  1.11ng Bridge. Pty. 1,tll. 
Supply, delivery anrl spreadiug maintenance gravel at G. G. Gillhain . . .  ...I 

various locations. J. C.  neaumont . . .  
Surfacing 1111 roads . . . . . . . . . . . . . . . . . .  B.H.P. By-F’roducts 

Pty.  Ltd 

Supply and delivery 4 . 2 2 0  cii. yds. gravel . . . . . . . . .  W. & 11. ICcnuedy ... 
Supply and delivery 1,080 cu. yds. gravel . . . . . . . . .  Bcavis Bros. . . . . . .  

Surfacing 8 m. 40 ch.-n m. 24 ch. east uf Griffith ... U.H.1’. By-l’roduct! 
Supply arid dclivery 3.000 cu. yds. gravel . . . . . .  . . .  W’. & M. Kennedy .. 

~ P tv  T.td. 
i ’ ~~~ ~- .. 

Wallarobba S. ... I2X I<esurfacing with hituriicn . . . . . . . . . . . . . . .  , ,  .. 

Wingadee S. ... 18 Supply, delivcry and spreading 15,roo cu. yds. of loam 

Supply, delivery and spreading 7,978 cu. yds. of mainten- Mr.Clellan & Dcath . .  ... 1 3$- 
Weddin S .  

ance gravel between 2-57 IU. anrl 273.1 m.  

17 in. 40 ch. t o  18 m.  and 2 3  m. to 32 ni. 
Woodburn S .  ... 145} Surfacing . . . . . . . . . . . . . . . . . . . . .  B.H.P.  .. l l y - ~ ’ r n ( l u ~ ~ !  

I49 Pty. Ltd. 
153 

Supply and application of binder and application of IV. U. Carr Construc Woollahra M. 

Yanko S .  243 Surfacing B.H.P. By-Product! 
tions I’ty. Ltd. 

”’ f;;} aggregate. 
... . . . . . . . . . . . . . . . . . . . . .  

Pty. Ltd. 

-~ ____ - 
Tenders accepted by Department on pagc 114. 

Haulaqe of Cement on t he  Great Western Highway in the 
vicinity of Lett River. 

s2,inp) . Alfred I I ~ ~ ~ ~ ~  rettlfer, ~ ~ \ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t  ,$uer- i n r n  



MAIN ROADS STANDARDS. 
NOTE: Numbers prefixed by U A " are drawings, the remainder are specifications unless otherwise noted, 

Form No. 
EARTHWORKS AND FORMATION. 

7o* Formation. (Revised, July, 1946. 
A I 532* Standard Typical Cross-sections. 
A I 149* Flat Country Cross-section, Type A. (Revised, 1930 ) 
A 115o* Flat Country Cross-section, Type B. 
A I I ~ I *  Flat Country Cross-section, Type DI. (Revised, 1936.) 
A 115z* Flat Country Cross-section Type Dz. (Revised, 1930.) 
A 1476 Flat Country Cross-section, Type EI. (Revised, 1937.) 
A IICI Typisa! Cross-section One-way Feeder Road. (1936.) 
A 1102 Typical Cross-section Two-way Feeder Road. (1931.) 
A 114 Rubble Retaining- Wall. (1941.) 

(Revised, 1936.) 

PAVEMENTS. 
71* Gravel Pavement. (Revised, January, 1939.) 

228* Reconstruction with Gravel of Existing Pavements. 

254 Supply and Delivery of Gravel. (Revised, Auqust, 1939.) 

(Reuised, Jarluary, 
'939.) 

'947.) 
72* Broken Stone Base Conrse. (Reprinted with amendments, August, 

68* Reconstruction with Broken Stone of Existing Pavement to form a Base 
Course. (Revised, October, 1933.) 

296 Tar. (Revised, March, 1939.) 
337 Bitumen. (Revised, February. 1939.) 
305 Bitumen Emulsion. (Revised, Septembrr, 1942.) 
351 Supply and Delivery of Aggregate. (Revised, July, 1941.) 
65* Waterbound Maradani Surface Course. 
301* Supply and Application of Tar and/or Bitumen. 

IZZ* Surfacing with Tar. 
145* Surfacing with Bitumen. 
93* Re-surfacing with Tar. 
94* Re-surfacing with Bitumen. (Revised, January, 1949.) 

(July, 1939.) 
(Revised, December, 

1948.) 
(Revised, January, 1949.) 

(Revised, January, 1949.) 
(Revised, January, 1949.) 

z30* Tar or Bitnmen Penetration Macadam, Surface Course, 2 inches thick. 

66* Tat or Bitumen Penetration Macadam, Surface Course, 3 inches thick. 

125* Cement Concrete Pavement (April. 1939) and Plan and CroSS-SeCtion 

166 Bituminous Flush Seals and Reseals---Fluxing of Binders. (March, 

(Revised, December, 1936.) 

(Revised, September, 1936.) 

A 1147 (March, 1932). 

'947.) 
GENERAL. 

342* Cover Sheet for Sperifications, Council Contract. (Revised, April, 1939.) 
zqa*General Conditions of Contract, Council Contract. (Revised, August 

64* Schedule of Quantities, 
39* Bulk S u m  Tender Form, Counril Contract. 
38* Bulk S u m  Contract Form, Council Contract. 

1948.) 

(Revisrd, August, 1946.) 

IZI* Provision for Traffic (Revised, June, 1947) with general arrangement, 
(Revised, January. A 1323* and details A 1325* of temporary signs. 

1947.) 
A I342* Warning Signs, Details of Construction. 
A 1346 Iron Trestles for Road Barriers. 
A 1341 Timber Trestle and Barrier. 
A 1824 Light Broom Drag. (1941. 
A 1924 Pipe Frame Drag. 
A 178 Mould for Concrete Test Cylinder. 
A 1381-3 A r452-5} ree Guards, Types A, B, C, D, E, F, and G. 

197* Hire of Council's Plant. 
A 478* Specimen Drawings, Rural Road Design, with drawings A478A* and 

A 478c*Sperimen Drawing, Flat Country Road Design. 
A I113* Rural Road Plan and Longitudinal Section Form (tracing cloth). 
A 1114* Rural Road Cross-section Form (tracing cloth). 
A I I I ~ *  Urban Road Plan Forms (tracing cloth). 

(Revised, April, 1937.) 

A 478R*. 

I93 Duties of Superintending Officer (instructions). (Revised, July, 1938.) 
314 Standard Regulations for Running of Ferries. (Revised, January, 1947.) 

355* Instructions for Design of Two-lane Rural Highways (1937). 
A 1645 Stadia Reduction Diagram. (1939.) 

A 1487* Horizontal Curve Transitions (diagrams). 
A 1488*, A 1488~*, A 1488~*, and A 1488c*.-Horizontal Curve Transitions 

A 1614 
369* Instructions for Desiqn of Urban Roads (1939). 
288 
402 

(tables for speeds of 30. 40, 50, and Go miles per hour). 
Widening of Shoulders on Crests. 

Instructions for Design of Intersections (Revised, January, 1948.) 
Instructions tor Design of Rural Intersections (acceleration and decplera- 
tion lanes). (1941.) 

Form No. 
KERBS, GUTTERS, AND GULLY PITS. 

243 

24j 

Integral Concrete Kerb and Gutter and Vehicle and Dish Crossinm 
(Revised, July, 1939) and Drawing. 

Gullv Pit (Revised, May, 1939) and Drawings (a) with ::rating (A 1042); 
(b) Kerb inlet onlv (A 1043l' (c) with Kratiue and extwded kerb inlet 
(A 1352); (4 extended Ice& inlet (.A 1353). 

(.4 134A.) 

A 190 Gully Grating. (1933.) 
A 1418 Concrete Converter. (1936.) 

FENCING. 
142 
I.+'* Post and Wire Fencing (Revised, December, 1947) and llrawings (ai 

143 Ordnance Fencing (Revised, February 1934) and Drawirlg A 7 

144 
246 Location of Protertion Fencing (instruction) (Revised, May, 1940.) 

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

Plain (A 494); (b) Kabbit-proof (A 498); (c) Plood gate (A 316). 

(Kevised, Xovember, 1939.) 
Chain Wire Protection Fencing and Drawing (A 140). 

A 1301 Motor Traffic Bypass 9 feet wide. (1936.) 
A 1875 Motor Traffic By-pass zo fret wide. (1942.) 

BRIDGES AND CULVERTS. 
A 4 Standard Bridge Loading (general instruc?io.iJ. (1948.) 
A 4~ Standard Bridge Loading (instruction for dead-end Developmental 

Roads.) (Revised, 1938.) 
r8* Data for Bridge Design. (Revised. November, 1948.) 
84* Data accompanying Bridgc: or Culvert Designs. 

A 26 Waterway Diagram. (Revised, 1943 ) 
371 Waterway Calculations. (1939.) 

A 421 Boring Gear. 2 inches. (1930.) 
A 44 Boring Gear, 3& inches. (1926.1 
A 2847 Iiorl Sounding Apparatus. (1945.) 
A 2 ~ 4 5  Rod Sounding Apparatus, with tripod (1947). 

Z5* Pipe Culverts and Headwalls (Revised, December, 1930) ; ~ n d  dfawings, 
Single Rows of Pipes 15 in. to 21 in. dia. (A 143*), 2-3 ft dia. (A 139*). 
3 ft. 6 in. dia. (A 17;*) 4 ft. dia. (A 173*), 4 ft. 6 in. dia (A 174) 5 ft. 
dia. (A 175) 6 ft. dia. [A 177); Double Rows of Piprs, 15 ill. to ;I in. 
dia. (A 211;) 2-3 ft. dia. (4 ZO~'), 3 ft. 6 in. dia. (A Z I ~ ) ,  4 ft. d.a. 
(A 208). 4 ft. 6 in. din. (-4 zof), 5 ft. dia. (A zo6), 6 ft. dia. (A 213); 
'Treble'liows of Pipes, 15 111. to zrin. dia. (A ZIO), 2-3 ft dia. (A 21b), 
and Straight Headwalls for Pipe Cnlverts, 15-24 in. dia (A 1153*). 

A I" Joint for Conrret;! Piprs. (Revised, August, 1933.) 
A 142* Inlet S~imp Pipe Culverts for 3 ft. diii. or less. (Revised, December, 1947.) 

138* Pre-Cast Concrete Box Ciilvert (Revised, February, 1948) nncl ilrawii~qs 
q in. high [A 485*), 12 in. (A 44G*), I ft. 6 in. (A 447*), 2 ft. (A 44X*), 
2 ft. 6 in (.4 449). 

A 311 Conrrete Arch Culvert, 5 ft. high. (1931.) 
A 314 Concrete Arch Culvert, 10 ft, high. (1931.) 

206* Reinforced Concrete Culvert (Revised, February, 1948) and instruction 
sheets (A 305, A 359, A 306, A 304). 

A 1x32 Cast-in-Place Concrete Pipe Culverts. (1942.) 
A 3og* Concrete Cnlvert Posts. (Revised, June, 1937.) 

300 Pile Drivers, sppcification for 25 ft., and drawings for 50 ft. (A 209) 40 ft. 

A 1886 Arrangement of Bolting Planks for varions widths of deck. 

A 45 Timber Brirlge, Staudard Details. (Revised, October, 1947.) 
A 1791 Timber Beam Skew Bridge Details. (1941.) 

(A 253), and 25 ft. portable (A 1148). 

(Revised, September, 1948.) 

164 Timber Beam Bridge (Revised April 1947) and instructioii sheets, 
16 ft. (A~I), 15 ft. (A 68), 20 ft.' (A 7oj and 22 ft. (A 1761). (Amended 
August, 1946.) 

L o w  Level Timber Bridges, instruction sheets for 16 fect, and 
I8ft. between kerbs. (1932.) 

Single Span Timber Culverts, instruction sheets for 
16 ft., 18 ft. and 20 ft. betwcen kerbs. (1931.) 

139* Timber Culvert and drawings, I ft. 6 in. high (A 4271, 2 ft (A 428), 3 ft. 
(A 4z9), 4 ft. (A 430), 5 ft. to 8 ft. high, (A 431). 

326 Extermination of Termites in Timber Bridges. (Revised, Ostober, 1940). 
A zzz* Pipe Handrailing Details. (Revised, July, 1947.) 

350 Reinforred Concrete Bridge. (Revised, January, 1946.) 
495 Design of Forms and Falsework for Concrete Bridge Construrtion 

A 1226 and A 1165 

A 1222, A 1166, and A 1223 

(1928.) 

(September, 1947.) 

Standards marked * may be purchased from the Government Printer Sydney. 
Others may be purchased from the Head Ofhce of the Department' of Main Roads, 309 Castlereagh Street, Sydney. single copies being free to Councils. 



State Highway System 
of the 

State of Yew South Wales 

State Highways - 
Divisional OF Fices 0 
Divisional Boundaries ---- 

SCALE 
100 150 200 E4J 0 50  

[..Id 1 

.m NORTHERN 

Area of New South Wales, 309,433 square miles. 
Length of public roads within NSW South Wale;, 126,058 miles. 

MILEAGE OF ROADS CLASSIFIED UNDER THE MAIN ROADS 
ACT, AS AT 1st JULY, 1948. 

State Highways ............. ....................................... 6,431 
...................................................... 3,741 

Main Roads .............................................................. 12,635 
Secondary Roads (County of Cumberland only) 
Developmental Roads ......... 

25.723 

2.309 
UNCLASSIFIED ROADS, in Western part of State, coming 

within the provisions of the Yaiq Roads Act ............ 

TOTAL ... 28,032 - 
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