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the year ; the work is generally in small Iengttis. and 
is spread throughout the State. 

As the bitumen extends out\vards frotii ttrwna year 
by year. gratlually Icngths are joined iqi .  and continuity 
is secured. The  following are important Maiii Roads 
where this process was brought to cotnpletiiin oil 
certain lengths during the past suiiiiiier. giving cow 
tinuous bitumen surfaces Ixtwreti the fnllowing 
towns :- 

State Highwa>- No. ~0-Fiiiley-I>enilitluin. 
State flighway Xo. zr-I)etiiliclrliii-h~Ioa~iia. 
State Highway No. ~ i ~ l ~ a l l i i i a - T n l ~ u l a i i i .  
State Higlitvay KO. 
State Highway Yo. I r-\loree-( ;lei1 Itiiies. 

Trunk Roads Nos. 57 and ~ ~ ~ , ~ l l r ~ i r y - ~ l i ~ i i ~ ~ ~  (via 

State Highway No. 7-Trangie-Kyngcili 
State Highway Nu. r+Taree-Kempsey. 
Stat? Highway Piu.  ro-Ralei:li-(;raftotl. 
State 1 Iighway Nn. 1 - ~ ~ o r u y a - ~ ~ r t l a l l a .  
State Highway No. I--Hefia-I'aml)ula. 

()-( ;le11 Iniies-'l't.iitrrf;eld. 

\\~agga Lf-agga and Juiier ) .  
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View of recently completed work on State Highway No. 21 in the Shire ol Murray. 

5t;itc f I iglixvay No. 
llaiii lioall So.  1 I i-\\.:igK:i \\~ag~n-ll:iI1g(i1,lah. 
liaiii Road NII .  ISI ~~~ \ \ ' i~ i t I s (~ r - \ \ . i s en in~~ ' s  Ferry. 
M;iii i  Roatl No. ~~/'-\\ 'allgrove-Hichiiinii~I, 
l[;iiii lioatl Xiis. ant1 ~if~--I \nrrnjol i~-T~itI i -  

I lie ciiiiipletioti of tht= Ijitmueli surface I r r t n w l i  Glen 
Tiiiics ;uid Teiitcrtieltl folloivs the carrying  nit tlnring 
r c w i t  !.cars of estensivc heavy iiiiprovciiieiit works 
OII this length ; as ;I result. ii(rw. for the tirst time. a 
ciiiitiiiu(rus Iiituiiieii surface has Ireen In-ovitletl Iret\z.een 
Syilney ;wtl  13risliane. 

1 1 1  slritr of the progress Iieing iiiadr, thc I)elrartment 
I n s  lieen tiiialilc to assist all Ciituicils to the esteiit nf 
thcir desires to c;irry litit I)ituiiieii s t i r far i~~g work, The 
first cli:irjics o i i  the 1 )eparttiient's fuiitls are niaintenancc 
t i c  csistiny roads ani1 Iiritlges a t i t l  the replaceiiient of 
t i l t 1  lrri<ljirs. Sc\v I)ritlges are also required to replace 
thrisc which are tcm narrow or lmily sited fro111 the 
aspect (if traftic d e t ) . .  Britlgrs are reqniretl also to 
repI;icc rerries wliere thrsr ate  resiilting. in c~ingrstion 
of traliic. l l m v i l y  trallicketl rcntls must be witleiled 
mi t l  strcngthenetl to adapt thc~ii t o  m~itlern trafiic c011- 

~-~l ' iumut-.~tlel~~ny. 

go\\'. 
I .  

tlitirrns. especially tlw routcs c;irrying tlic Iiulk ( i f  Iiiter- 
state liaulajie. i.e. Sytlt~e? t i l  .\ll)ury. and Sydney t(1 

\\'allang:arra. I t  is necessary that the availalJle iuntls 
be spent iii such a way as to eiisure a balancr~l p ~ o -  
grainiiie. atid s i  that ticit onls  are all parts of the Main 
licr:itls system given due attentiriii. Irut also that all the 
tliffcrrnt types of i v ~ i r k  tlcscril)etl are ~irtwitletl for t(r 
tlie estctit that :tv:dal)le fuiitls will perniit. Sulijcct tir 
reasirii:ible prirvi>iiiii liein:,. matlc for work of dl tvpes. 
it is tlie Departnictit's objective to assist Coullcils to 
the uttiiost ttr esii:iiid tlie mileage o f  1)ituliien siirfacing 
on the Main I<iratls system. l l ir  need fcrr this nwrk to 
proceed at a iiiiicli accelerated rate arises from the 
great ]J(l5t-\V:lr espuis im of tr:ilfir using the Maiii 
lioatls. and t ~ r  the 1)epartiiietit's itialiilitv hitherto 
diiriti,rr post-war years to pimvi(le for the estciisititi oF 
liitimieii suriaciiig at  it siilticient ratr to keep 111) wit11 
traftic growth. while at the h;iiiie time o w r u  ~ i i i i i i ~  

arrears of ~vcirk resultin: froni thr w:ir m t l  other 
pressing needs. The 1)ep;irtiiiriit'~ iii:iliilitv t t r  [lo this 
has arisen alniost eiitirely as a result i l l  the loss i n  
valile o i  1111rney sitice the \ n r .  I f  the preseiit stalrility 
i i i  iiiiitiey value!: ;11id ecotiiiiiiic cotitlition~ crrntinues. i t  
may be pnssilrle irlrther to iiicrexsr the rate cif l)rogress 
nf Iritumeri surfaciii:. (111 hlaiti Ri i~ ids .  
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Waterloo Bridge over the River Thames, London, England. 

Bridge Design, Construction and Maintenance 
Overseas Practice and Developments 

R.rlror!s ,froii, n rrporf hy A .  .J. Pl inch.  M . A . ,  B.C.E., H . S I : . .  A ..W. I .  E./l?~.s/ . ,  Brirlge R q i n r e r ,  
Jollnic.iiig IZ , . i s ; /  to Europe nlrd t lh Gni fd  S/rrfrs iti. 1!/5$. 

(Continued from "Mitin Roa(ls"; Mnrcli l W ~ ) . )  

( E )  Reinforced Concrete Bridges. 
( a )  Ott/ioc~o.r rr*iirfor-cc.d typ,-\\'Iiile in general 

reiiiforcetl ccincrete Iiridge tlesigii and practice has not 
altered niucli f o r  man)- years. sur11 alteratirlns bein: 
niainlv due to better coiicrete, better steel, and par- 
ticularly the atloption oversens of deformed bars, certain 
countries have csliloited and improved particular 
types of 1)ritlges. 

Sa , rd r r i .~Swet l en  has developed the reinforced con- 
crete arch type to a high degree of perfection. Three 
notal)le 1i.C. arch Iiritlges i i i  .Cwetleti are the Traneberg 
Hridgr ( 19,~q)  j i i  Stockhrllni. tlie main span cotisist- 
iiig of t w u  rectangular box section arch rills of 181 
metres sp:~n : the Sviiicsciiitl Bridge in northern 
Sweden connecting with Norway. span 755 metres ; antl 
the Sando Bridge. which has a main span r i i  360 
metres. h t h  the latter 1)ritlges havr a single rect- 
atigular I)os-section fixed arch T i l ) .  and \Vere con-  
pletetl in  aliout 1043. 

Eitgloitd.-Nu works were seen iiitler coiistt'uction 
in England but an inspection was made o f  one o f  the 
more notal)le reinforced concrete I)rirlges in that 
country. namely the new 13:aterloo I%ritlqe over the 
River Thames in London. T o  still further imprcn~e 
the very fine appearance of this bridge an ornamental 
I)antl of granite aggregate concrete about IS inches 
wide has heen cast in the outside fares .of the 1)ritlge 

along thc softitts of the arches. This has been wire 
I)rushed to roughen the tcsture and gives a pleasing 
6nish atid relief to an otherwise plain white face. 

Grrurmy.--Xn ititeresting restoration work seen 
was a 3-liingc reinforced concrete arch over the River 
Inn near the Austrian Rorder I)etween Muilicl-1 ant1 
Salz1)tn-g. The central pnrtion of this 1)ridg.e was hlown 
up by the Geriiian Army to\vartls the end cif the war 
antl the two sides fell iiirvarrls into the river. The two 
sides were jacked u p  011 their original alintment hinges. 
cut back to soutitl strcl and concrete. and the central 
portion rebuilt. The new work is so well matched 
that the junctio~is l)et\veen the old and the new work 
are scarcely tliscernililc. 

Aiizcric.n.--Iti Xmerica normal continuous girder 
construction is ii) coii~iiion use as an alternative tcl 

rolled steel girders in  tlie East antl Mid-Wcsl, while 
continuous box girders are favoured on the I'acik 
Coast. \\:here normal continuous xirrler spans are 
used i n  nntlerpass structures over expressways they 
normally iiiror1:oratetl fraiiied abutments. C'urvctl 
soffitts are coniiiiun. giving a continuous arch appear- 
ance. Rox girder structures are of constant cieptli. 
lieing also framed at t!ie abutments. In  Oreeon Stat? 
constant depth T-l)eain coiitinuous girclcr bridges have 
been used in  many instances, thc girders 11eing witlmetl 
over piers to eriable the principal step1 to be spaced 
more widely. 
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Traneberg Bridge, Stockholm, Sweden. Side view of main span. 181  m. 

‘I‘wI very interesting I)ritlges in reinforced concrete 
were tlie Floating Eridge over Lakc \\’ashington at 
Seattle. \Vashington. a id  a new pre-cast Iwitlgc at 
Smtl I’oint over Lake I’entl Oreiile in Idaho State. 
I’articnlars of the former have been published i n  tech- 
nical papers. and it is sutticieiit to state that no side 
niiivement o f  the l)ridge can I)c detected even in  the 
heaviest gales. 

The Sand I’oint Bridge consists of 168 siniplr spans. 
c i f  wliicli 142 are 3,; feet long. 2.j are 17 feet long towcl- 
spans. antl the othcr is a 77 feet long plate girder 
span. to  lie converted to a vertical lift span if naviga- 
tion requirements later iustify such action. The Con- 
tractor pre-casts all tlie reinforced concrete spans antl 
transports them to tlie piers by pontoon lifting gear. 
1 le is using steel fo rm.  pre-assemhling his reinforce- 
inent. and steam curing the concrete. 4 s  a resnlt he 
can move a coniplete span from liis casting jetty every 
seven (lays. 

(F)  Pre-Stressed. 

( i  ) I’rrtcrisi~~rrcd.-~This p i u p  depends on the Imurl 
I)etween steel antl concrete. The first system of con- 
strriction to use this principle was the t loyrr systein 
iii which the stccl reinforcement consists of separate 
small diameter wires. It is particularly suitahle Tor 
factory production of precast sections snch as railway 
sleepers. lintels. floor I)eams antl lwidge girders. 

Bridge on Sagan via Ostanbro n e w  Enkoping, Sweden. 
5 span continuous girder R.C. Bridge using high tensile 

reinforcing bars. 

/ / u / /~ i r id - -Twi  I d g c s  of s p i s  I O  metres and I.?.,; 
metres were seen in  the vicinity of Ruttertlani I)eing 
constructed oii the Hoyer principle. I n  situ concrete 
will Iw poured over and 1)etween the girders to form the 
tlccli. I n  casting the girders for 1)oth Iiritlges checkel- 
plate steel forms have been used, giviiig an intlentrtl 
srirface for the in  sitn concrete to l)ontl  with. 

I < u & ~ i d . ~  -The only Iirriensiiineil \ v i r I i  seen i n  I<iig- 
laiitl \vas Niirtham Bridge over the River Itchen at 
Southanipton. being liriill by the firin of Cliristianin- 
Nielson for the Soutlinniptoii 1k)rongIi Council. T h i h  
is ;I five-spcin Ilritlge of spans Sg feet + 10.; feet + 
~ o j  fcrt + 105 feet -1- Sg feet with tlic girders tied 
together over the piers tu ftrrm a continuous girtlrl- 
structure. The design provitles tliat the main girders 
carry all tlead load as simply supported girders ant1 
that the continnity gives the atltletl strength i(lr l i v r  
Irmtl .  

2 4 ? ~ z ~ ~ ~ i ~ ( ~ . - I ’ ~ v o  fal)ricating yards making pre-tcw 
.et1 coiicrete mein1)ers were vihitc(1. one 
a at Pottstown near I’hiladelphia. tlw 

other at Tacoma in  LV-:isliington State. 
The former factory is operatrtl I)y Concrete I ’ m  

ducts of America. which has a secolitl factory on the  
( )hio River near I’ittsl,urgli. The Coiiipany makcs a 
full range of precast reinfnrcetl concrete sections. in-  
cluding rrinfnrcetl concrete pipes iising the \ w x n -  

Typical underpass structure over Amsterdam-Utrecht Er- ’ 
pressway, Holland. Note column piers continuous con- 

struction. 

01 

1 
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concrete process for securing quick setting and there- 
fore a qnick turnover of foriiis, and has applied the 
same quick curing principle to its pre-stressed girders. 
T h r  girders nianufacturetl Iiy this Company are of 
sqiiarc or rectangular section with a cylintlrical Iiollow 
r-iinnirig froin end to eiitl to reduce weight. I n  h g e r  
girtlers t w o  Iioles or a single elliptical shapctl hole 
arc usctl. Indentations cast in the sides of the girders 
arr Ixickctl with mortar to form a bond between 
adjacent girders i n  a span and steel rods threaded at 
the ends and passing through holes in  the girders clamp 
the girders together. this being similar to one Iloyer 
system bridge seen in Holland. The steel used for y e -  
tensioning. unlike the Hnyer methotl. consists ( i f  7-\vlrt. 
twisted cal)les, antl not of plain wires. The Company 
ronsitlrrs that the twisted cable gives better I)ond. niorc 
th;ni ~ o n i ~ ~ e n s a t i n g  for the slight reduction in  allowal)le 
stress in  the steel due to the twist. 

The factory at Tacoina is operated by the Concrete 
I<ngineering Company (A%ndersoii Brotllers) . This 
Coinpany a h  nialies a fu l l  range nf pre-cast reiniorcetl 
concrete sections. They make both pretensiotirtl antl 
po~ t - t en~ i~ ined  girders. Like the Pottstown Compatly. 
this Company uses a twisted cable. The girders are 
( ~ f  conventional T or I types. not square or rectangular 
-in this respect following the original Hoyer practice. 
Vacuo-concrete is tint used. hut using a dry mix antl 
1 ~ 1 t h  internal and external vibration on steel forms. 

5,000 Ibs. per square inch concrete has been obtained 
i n  24 hours. 

(ii j Posl-fcmiottcd, tising rablc consisting ccich uf 
ti rir~rrrbcv of sinall nvirrs-This group can he further 
subdivitled into those systems which use a number of 
separate cables each extending from one end (if the 
prestressing length to the other and tensioned intlivi- 
dually before anclwring and those in which a cotitinu- 
ous cable ( o r  group of cables) is wrapped round the 
length to be prestressed and then tensioned i n  one 
operation. 

The former type include the systenis of Freyssinet 
(France),  Magnel (Belgium) ~ Gifford-Udal (England 
antl Sweden 1 ,  Kinaltli ( I ta ly) .  Koelding ( U S A . ) ,  
I’rcstrcssrtl (G.S.A. ) , Franki-Snwt (Belgium 1 .  :\ndrr- 
son (U.S.A.), They differ mainly in number and 
arrangeiiient of wires, methods of jacking and type of 
anchorage. 

The latter type includes the Stern and 1.eoiihardt 
systems of Gertnany. 

The post-tensioned system does not depend up011 
bond between steel and concrete bur on the thrust 
against anchorages occasioned by the tensioning. The 
ducts through which the steel passes, are normally 
tilled with grout after tensioning. This serves to pre- 
serve the cables against corrosion and incidentally gives 
added strenpth from the 1)ontl thus iirovided. 

Two-hinged R.C. arch bridge over River Inn near Austrian border between Munich and Salzburg, Germany. Restored 
by jacking up the ends and re-concreting the centre. 
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High Bridge Interchange Ramp, leading to cross city 
expressway, New York, U.S.A. Note single column piers. 

.S7,vdcr/.--The Freyssinet system has been used for 
:I iiiuiilier [if  Iridges in Sweden. ( )ne  such I)ritlgr 
sceii \vas a three-span coi i t i~~ur~us slab I)ritljie over 
:I r;iilway line tiear Storvik. 

1 his sti-iictiire is very Ii~lit-looking i i i  appcar;lnce 
lieiiig o111y alxiiit 50 C I I I .  thick. The angle of skew is 
20 tlrgrccs aiitl the 1)iers are cadi three circular c o l u t i ~ ~ ~  
struts. with slhericnl ends I)eariiig against the  under- 
sitlc of  the shli at tlie top antl Iiinpetl at  tlic Ii~ittc)rn. 
thus aiviiip vertiwl snlilxirt c~nl!-. The slali is fisctl 
:it one alnitiiieiit :ind espaiids a t  tlie other. The slal) 
is icmsioncrl l io t l i  l~ii igit i i( l idly awl tr;unsversely. 

r .  

Four level interchange, HoKywood Freeway. Lor Angeles. California, U.S.A. 

I 
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Sand P o i n ~  Rrldee, Lake Pend, Oreille, Idaho, U.S.A. 
Section of work showing precast spans in place. 

to the \vhole structure. Underwater fountlatioils arc 
driven piles. on which the piers and abutments are 
huilt up. 

/td~.--hIost of the prestressed concrete bridges in 
that part c r f  Italy visitetl-the Bologna-Parma area-are 
on the liinaltli system. Bridges seen were the Fiutne 
Santarno Bridge near Fontantalice, a four-span bridge 
of 26 111. each span. uii four-column braced piers 2.i 
metres high. all in prestressed concrete ; a four-span 
( 2 1  111. each) bridge at Corti. 62 Km. south of 
Hiilogna ; atid the Fiume ltlice Rridgc on the Bologna- 
Ravenna Road. 

I:c3!r/irtrrr.-AIost i d  the prestres,setl concrete Iiridpes 
cimstrrictctl in  Belgium are of the Magtiel twie, hut 
Frcysiiiirt ;uid other types have also lieen used. 

I he Iirst large ~irestrcssetl cuiicretc bridge Imilt in  
I:rlgiuni liy the 1Iagiicl system ( the hritlgc over the 
I<ivcr hlensc at Sclayii. Imilt in r949) had iiicorporatetl 
in  it a priip(irtio1i Oi accesc;il)le wires. on \\-hick iiieasure- 
metits could he taken as to creep, slip, temperature 
extension. etc. This Irridge consists of t\vo spans of 
62. j metres each cantilevered from a central pier. and 
a simply supportrtl span of 60 metres. Thc main spans 
are a three-cell hirllow Iiox girder with the test cahles 
riuiniiig throngh the cells. T h r  test nieasurenients 
iiitlicatc no slip, hut creep caused a dr(rp i i i  ralile ten- 
sion from X j  to 78 kilogranis per sq, cm. practically all 
of which occurred in the first six months. 

Tn.o citlier Magnel type 1)ridges seen were respec- 
tively 26 + j z  + 26 metre ccintinuous spaiis antl 
zS:  + sf,+ + zS+ metre cnntinuous spans. Cable 
tlucts in these Iiridges are external antl were later con- 
creted in.  The ducts outsitle the girder striiis do not 
enhance the Iieauty of a 1)ritlg.e. although they are only 
seen from Iielinv. I n  otlirr rcspects these two Ring 
Canal l)titlges are very attractive structures. The ahut- 
nrents ;ire faced with texture l)rick\vork. pre-cast 
paiielliug supported Iiy lirtrnze hdts cast into the deck 
shlr hirlrs the outer girders. and the piers and linttom 
girders are painted with white paint. Tile piers are 
sleiitler dialrhragis hinyetl at the I~ottirnis. with a tixed 
end at one :ilriitiiiriit and cxi~aiisiii~i at the crther 111 
foiintlations are on piles. The deck is poured in situ 
twer the girdcrs as an ordinary reinforced crinci-etc 

I .  

s ~ a ~ ,  and the britlge is only Ire-stresscc1 transversely in  
the abutments tlieinselvcs to closc up any cracking. tlie 
ordinary tleck reinforceiiient IJeiiig regarded as siifficient 
otherwise. 

l;rtrrrrc..--llost (11 thc III-cstrcssetl coiici-ctc Iit-iilgw 
i i i  1’1-once iirc i l l  the I’reyhsiiiet systeni. altliougli iitlicr 

havc alsl) I1ccn rlsctl. In Illest ( I f  thc latr,t 
ni>t tlcsigiis 7 I I I I I I .  \vires arc IiPitig usetl i n  t l ~ c  

c;hles instearl of the 5 n1 i i i .  wires f~rrmerlv emliloyrtl. 
ani1 the al)propriate larger jacks arc 1 1 0 w  availalrlc. 
These incorp(rrate a (levice for removin: the \vetlqes 
after the cal)le is anchored. The iise ( i f  thin sheet iiwtal 
tulles instead of  rulil)c.r tluctuhes or coiled metal sheaths 
is 11o\v nlniost universal. ant1 it is the general practice ti1 
Iirrcast the ends ( i f  gir(Irrs, inclutling the ic.niale cirncs, 
liefirre casting the reliiaintler of the girders. ICxteriiaI 
vil)raticrn of the Iiottrrciis of the girder fornis. where it 
is rlificdt to insert an iiiterllal vihrator. is conillloll 
practice. 

, /rucrim-Tii Anierica several ex:inipIc~s of Fi-eys- 
sinet Irric!ges have lieen. or  are being I,uilt. One C I ~  

these was the \\‘illo\v Creek Bridge or the C~il~iiiilria 
River 1Iighiz:ay in ( )regon State. consisting [ i f  three 
spans each <JS fwt  Iring \vith the spans simlrly SUI)-  

liiirtetl. Each gii-der is 5 fret 4 inches dccp and 4 fee1 
wide at top. there Iieing cl gir(lcrs at j feet 3 iiicli 
centres per qmi. This 111-itlge is stressed Iiingitntlinally. 
aiitl transvrrhrly thriiugl) cross diaphragms. The t l ia-  
phragiiis, ant1 the gaps in  the tlecli lietween the t o l ~  
flanges of the girders. \rere cast in  situ. 

One .American systelti seen \vas that ( 
.‘\ntlersoii lirtitlicrs i i i  Tacoma. \\‘ashi 
siniilar i n  principle to tlir Freyssinet . 
the twisted cablc instrad o f  the straight \\.ire cal)le of 
the latter. Female coiics are niatle ( i f  steel ant1 malc 
cones of soft tiirtal. The slrcssing jacks aye tl(r~dilc 
acting jacks of the saiiic general type as the Freyssinet 
jacks, but atlaptrtl to take twistctl caliles. ;\t the time 
I I ~  the visit to the factory some r)o fcet girders were 
being matiufactured. ‘l’hese were not tlexigllerl by the 
crimpany, althougli the :\ntierson system \vas bcinl: 
used. ‘I’he stems of the girtlers werc t o r r  thin to a l l ~ r n ~  
internal vilirat~rrs past the c;ililes, so  that c a t e r d  
vil,ration only cunltl lie used. 
Lake Pend, Oreille, Idaho, U.S.A. Removing test load on 

pile of pier of Sand Point Bridge. 
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Tilc only systrnis kno\vii to lie using grciulis ( i f  cal)les 
for Iircstrcssing arc. tlic 1.eoiiIiarrlt ant1 Stern svstenis 
Oi (~crniaiiy, altlirrrigh it is ~)cissil)le that the Fallers 
systeni r i C  1;r:tiice. al)orit \\-liicli i t  \vas not 1~1ssililc to 
grt  ~lctnils. iiiiiy lrclrillq to the s;Liiic gnriili. 

111 tlir Ixvili l iar~lt  sy41c111 ;L coiitiliiioiis c;iIiIc 111 tlcsililc 
t \v i s t r t l  wirv is wtnintl  routitl atid round the lctigtli of 
I i r i t l q  to I)(. 1ir(~htrrssc(l. u t i t i l  snllicirnt stwl is 1wcsclli. 
t l i v  t\vo cIi(ls ciiily ( i f  the calilc Ireiiig lisetl. ;\t e:tch 
ciid of the lciigtli t o  lie Iiiwstressetl are att;iclictl sciiii- 
c i r c th r  rlruiiis to \vliich arr  fisctl vrrtical positioning 
strills jvitli lugs o i i  tlictii to hold each h i p  cif  the cable 
i i i  its correct position. These drums may be a steel 
fraiiiewirk or concrete with rubbing strips of steel cast 
into theiii. and are seli;ir;itetl i r (m the iiiaiii stressing 
length of  Iiritlge. either at one or hit11 ciids. Iry a gal1 
large etiouqh for the iiisertitrn of  the stressing j a c l ~ ~  

I lie ealrle is placed i n  rectangular ducts. which may 111 

soiiie caws Irc external to tlie girders Init are usually 
\I ithiti the girders. The cable is kept in  positioii in 
the ducts h y  similar steel strips ivitli positioning lugs. 
Usu:dly i l l  tliis system the Ixitlges are _.-girder spalis. 
Iiut i f  ;L .<-girder sl im is used tlie cal~le passes d w v n  the 
iiiitltllc girder twice for every once down the outcr 
girtlcr. \\‘heii the cable is in position the concrete is 
pi~ured. :\iter it has acquirctl tile iiecessarv strength 
tlic jacks are ~ilacetl i i i  tlie preparetl cavities ;uid the 
~ i ~ ~ i v e ; i I ~ l c ~  tlriitii ;intl sections jacked a\vav from the main 
. This 
takes tllc slacli orit of the calilrs antl induces :iny 
e(1italisiiig slipping Iiet\vecti them that mav be iieces- 
sary. ‘ I ’ C I I  (l:iyh later the iiiiti;il strcss is illcrcsiisetl I I I  

i’u11 st res>. Strcl \vetlging Iiicces tire itiwrtrtl Iict\vee~~ 
(lie (Iriiiii eii(1s : i i i < l  the 111aiii stresscd i l l  Ictigtli. tlw 
j x k s  ;ire rciiiovc(1, mid the gaps cotwetctl i l l .  I ~ i n ; l l l \ ~  
tlir cluetulles arc groiitetl. 

In  tlie Stern system. of \vliicli only c:iiitilevrr a i i t l  
arch Iiritlgc csatii1iles constructed I I ~  cantileveriiig iroli i  

the :iliutnieiits \vert. heen, gruulis oi c;iI>Ieh ( ~ f  inc;tsriretl 

. .  

t i i i i i  Iiy mi initial stress of about 20 lrer cent. 

Bridge over River Armstel at Amsterdam, Holland. Freyssinet prestress. 3 centre spans continuous. 

c 
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Rinx Canal Bridpe at Ghent, Belgium. Side view of structure. Note thin diaphragm piers which are hinged at 
bottom, all expansion beinq at one abutment, the other being fixed. 

i t  eqii;illy ;is strong at tlie base I, i  tlie t1irc;itls ;is in  
the iiiain h r s .  This facilitates tlie gradual "Imikliiig- 
on" type of construction. 

!{ridge w r r  12i;:rr lihiric, t i /  Co/dor:.- This is :I 

3-span cantilever bridge with spans 101. I 13  antl I O L  
metres. The I'iers carry doulile cantilevers. antl tllc 
alrr~tnients anchored single cantilevers. Joiiis Iietweeii 
atljacent cantilevers are at ceiitres of spans antl consist 
( i f  rockers lielrl in coinpression l r y  vertical tie rods 
ivhicli tie togetlier the overlapping portions of the two 
joining cantilevers. Ties are flesil)le eiiougli to Iwrjiiit 
Ii~ngitutlinal miivemetit Iiet\veen the t\vcr sitles. 

llorclllr ~~uii/iIrz*rr bridge o w r  1)uiiitlir lii 
('/iii.--Tliis is a similar job to the Tiinsta Bridge in 
Swerlen. with a cen span of  7X metres. ant1 is Iieing 
built by the same . em. . \ n  intere.sting feature ( i i  

this lrritlge was tha n lierniit traliic to pass at onc 
end. the anchor span \vas Iiuilt only partly on ialse- 
work. Iieing then estentletl by  catitilc\w-iiig over the 
pier n.hich was I n i l t  up t i l  it from below. hefore ful l  
cantilever construction of the ceirtrr span was resmnetl. 
The support at the piers is by a tliamoiirl-slia~)e~l systeni 
of struts. not unlike the \\:icliert steel 1)ridge arrange- 
tiient ( I f  America. except that the joins ( i f  tlie dialnoncl 
are not hinged. 

1 . c ~  . I f r (  'r i l l  .Sysfrrrr.-The only actual 1.w McCall 
I. : ,I itlge seen \vas in  j\nicrica. \vhere one of the i i i u r  trial 
Irritlgcs Iniilt in  ;\Iassachusetts was i n  this system. In  
this l)ri(lge tlic tulics \\ere not grouted up imnietliately 
ant1 after s~rnie creep had taken ~rlarr the bars Y 
re-stressed, soiiie bars lieing broken during this pr(ic 
'l'his hridge had a furthcr test by tire. The contractcir 
h;id stacked against the centre Iier a coiisitleralile 
quantity oi straw for nirilchinl: the road einlranknicnts. 
and hat1 finished pouring the in situ concrete strill 
aloiig the medial strip 1)etween the two halves of thr 
ljritlge leaving a I inch gap f o r  the fu l l  lengtli. tlle 
pine forms Iieing still in place. During ii  week-end the 
straw antl tlie formivrrrl< canght tire and Iiurnetl fiercely. 

* 0'22c,"--? 

ai(lct1 Iiy tlie drmigllt thrcrugli tlie 1-inch gap. Tlic 
ordinar!. concretr uf tlre pier and the in situ pour i t 1  
the deck flaked I)adly. Init the pre-strebsetl concrete in  
the girders \vas sx rcc ly  affected. this lleing 11rd>al~ly 
clue in the effect of conipression closing ~ 1 )  minute 
pores in  the coiicrctc antl preventing access Iry the 
flames. Suhseq~~ent  loatl tests s lm~ved 1111 retlnctiiin 
in  girder streiigth. 

( G )  Opening Bridges. 
l7saniples were seen ( I T  inodern opening Lritlges such 

as swing spaiih. vertical lift slrans. tlie three types of 
bascule span-Straws. Schrrzer. atid cirtlinary truri- 
iiiori and tlra\vlrridges. In all c;iscs machinery was 
electrically driven. w i t h  ititerl(~cketl controls. .\ stallcl- 
Ijy iiitlrpcntlent priinc mover for usc in case ( i f  at, 
electrical po\ver failnrc \vas sometiines Iirovitlctl. ( k t e s  
were c i f  tlie banner type (as used in many railway level 
r ros s in~s  ) .  the swing type. or vertically lowred  types 
111 one case stout steel pmts  were caused to rise up 
through the deck. In many instances t\vo sets of gates 
were used, a light 1)anncr type advance gate and a hcavy 
sec(int1 gate to stop vehiclei \vIiich may crash throudi 
the advance gate. The normal threr colour traflic 
lights to halt traflic WCI-e used in most cases, solnc- 
times with the addition of a red flashing light and in a 
few instances a Ire11 o r  siren to give a sound warning. 
111 a few cases red lights only were displayed to  Iialt 
traffic. 

Examples seen of the tlifferent types of opening spati 
were :- 
( ( I  j .Swing Sports. 

( i j  New bridge over Lake Malaren at  Hjulsta. 
Sweden. opened in TIecelnl)er, 1!))53. The overall 
length of tlie swing span is 87.62 metres giving twr 
clear openings of 3.j metres each Iretweeii the tlolphins. 
The swing span structure is a steel tl?rouph truss with 
welded tnemliers antl riveted joints. The width be- 
tween kerbs is () metres. allowing three lines of traflic. 
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' l l i c  tlccli is of tinilicr. The Imriiig is of the pivot 
tylic, ivith balaiiciiig wlicrls ruiitiing on a circular track. 
1 1 1  the closed position oiie etid of tlie swiiig span is 
jaclictl up on to I)cariiig beds, this automatically forc- 
ing the other eiitl down on to its lied. During move- 
i i i c i r l  tlie span is tilted slightly tlownivartls towards 
tlie jacltiiig cntl. wliicli is heavier. The sp:in is operated 
i t n i l i 1  ;I ccititrcil c;diin at one end of the Irritlge. 7'1iis 
ciiiitrol rooiii is a consitleralile clistaiice away from tlie 
;ictual opeiiiii~ ant1 extra care has to be taken tci eiisiirc 
that road trathc is actuallj- at a staiitlstill liefore the 
gates arc closed antl the span movetl. 

(ii) Bridge over the James River at Yorktown, 
lYrgiiiia, U.S.A. opened to traftic in Nay, ! c ) j ~  This 
is :i doul~le swing span bridge, each span beiiig 500 feet 
Iiiiig. \VIieii lwth spatis are swung tlir shipping lane 
is 450 feet wide I)ct\veen tlolphins. 'This wide lane 
was reqiiirctl liecause of naval estal)lislitiients up-stream. 
15eh span caii be s~v~i i ig  indepetitlently. but it is more 
usiixl to swing both together. River traffic is not coil- 
sistenl. but the In-idgc is swung every tl;\y to ~iiovc the 
inachinery. even it' INI ships reqtiirc passage. Spatis, as 
iii tlie I Ijulsta I$ridgc. are of tliroiixh truss ctrnstruc- 
lion. all rivctetl. anti turn on pivot 1)caritigs. The tlecli 
is stcel open niesh. 1Txcliiiiery is electrically operated 
f r o m  a control cal)in sitnatetl in the centre of one span. 
T w i i  gates are iiistalletl on c d i  sitle-:iii advance h i -  

tier gate atid a vertical steel drop gate. Nornial traffic 
lights. a flashing light, aiid sound warning are all 
iiistallctl. A t  ends nf the swing spans a section oi 
tlecli is utilocketl and lifted up by a traiisverse shaft to 
give freetloin for the span to swing. The  adjacent end 

the tistacl approach span ( o r  the other swiiix span for 
the centre join ') has a slitliiig section \\~liich provides 
espaiision at the junction. The doii1)Iing ot' lights 
niitl gates on this 1)ridgc was recluirecl 1)ecnusc ol tlie 
f:iilure of motorists to observe signals-in fact an 
incirlcnt has Ireen recorded in \-irgini:i where a motorist 
passed tlirnugli two gate positions niter :L red sigial 
liglit \vas showing ant1 craslictl :ifiiiiirt the Iicavy gat? 

". . 

at thr otlier eiid uf tlie opening ; : i r d  d i e r e  anutlicr 
1111 itorist after driving through a rerl sign:rl light stopped 
his car at the operator's cal)in to inforni l i i i i i  that 1ii.i 
light \\-as slio\vitig red. 

(iii ) Bridge over ' I  Stratii1)oat Slougli" at l<verett, 
iiorth of Seattle it1 \\'ashiiigtoii State. This bridge, 
\vliich was uiitler construction and aliiiost conipletrtl 
at the time !I[ inspection, is of the st;indartl tlirinigli 
triiss type ivith a piviit Ircarilix. 'l'he overall Iriigth oi 
tlie swing slraii is 2SS feet. It is a iicw I)ritlgc t i l  carry 
one-direction traHic oil  ;I tlivirlcrl highway, the other 
direction trattic being carried on an trltter p;irallrl sning 
hridge built in 1926, which at present carries tlie two 
opposing lanes of t r a c k  about 300 feet away. The new 
dirlpliiii jetty Iiet\veeii tlie sea lanrs is being Iniilt as 
an extension ol the old tlolphin so that the ril)er;itors 
caii na lk  freely from oiic IIritljic to tlie other. antl lwtli 
britlges will lie operated simultaneously frotii oiic coii- 
trol cabiii on the oltl hridgc. i\tlvance Iiatiner gate.:, 
and vertical drop gates are I~eing Iirovitletl. 'I'hc t l i - i q i  

@e is not a heavy steel gate Iiut consists of steel wire 
cal~les stretched Iretween frames. \vhich slide up antl 
t l ( iwii  in the pirsts. 'l'lir posts tlieiiiselves are strong 
enough to take a hlnw greater than \vnuld Iireali tlir 
\vir? rnpcs. 'l'he latter will stop ;I light truck going 
at 1.5 iii.p.11. \\ 'ariiitig to rralfic i:, liy ;L flndiiii;: recl 
light :ind the word "SI'( )P" in red ne~)ii  light. 

0 ) 1 .cr.tictr/ /iff speris. 
( i )  Harlem River Tlritlgc nil S e w  Y i d  Celltral 

Ibilroatl system at 155th Street, New YorI< City. 'I'his 
bridge is actually t\vo separate side I iy  side vertical liit  
structurch. set slightly forward of oiir niiotlicr to lit thc 
skew u i  tlie crossing, atid rciitleretl necessary Iry tlw 
fact that rni lnxy tracks on the oltl Irritlge will iieeil to 
lie tlctnolishetl to permit of the coiiipletioii of the w h i i l c  

Imject. The  first Iiriclge was nearing coinpletioii :it 
tlw time o f  tlie visit. following \vIiicli Imrtioii of th? 
rail\ray traliic \vi11 Ire diverted. pcirtitin ( i f  the ol(1 Irritlpc. 
tlisinaiitletl, tlir seeiiiitl Iiritlge I)uilt a d  the titinl tleiiioli- 

New Bridge at Tunsta, Sweden. Dywidag cantilever prestress. View of work in progress. Mixing building at right. 

1 
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tion work carried out. The towers are pairs of rect- 
angular braced steel vertical type, and the lift span 
itself is a steel truss approximately 250 feet long with 
a lift of 100 feet. 

( i i )  Iiridge over the 1 lackensack River in Newark. 
S e w  Jersey. This I)ridge carries thc heavy truck 
tr;insport trat6c ircm the South into New 1'trt-k City 
via the I Iollantl 'I'unnel. antl is a sts-lane bridge 1,420 
feet long. of whicll the lift span is 220 feet long. giving 
:L clear shipping opening Of zoo het .  I leight of lift 
is 100 feet. The towers are iiormal braced steel rivete(l 
constrnction of rectangular shape and the lift span itself 
a riveted truss. The deck is open mesh steel. Mach- 
incry is located on the top floor of each tower, the 
two sets being synchronised. Motors are designed to 
take an out of balance load of 12 tons. There is no 
stand-liy unit in case of power failure. One point 
noted was that a n  overhead crane (hand operated ) was 
iiistalletl in thc machinery room so  that it wnuld I)e 
easy to lift out antl niove any machinery item for 
repairs. Two 
operators are always on duty. one in each tower in  
diagonally opposite lookout rooms. They arc i n  tele- 
phone communication with cadi other. hut the controls 
arc worket1 from one control room only. A model of 
tlie span. showing its position of movement at any 
time is connected with the control board. Gates are in 
pairs, advance banner gates and heavy steel swing 
gates. at each end. Normal three colour traffic lights 
antl a hooter warn traffic that the gates are ahont to 
close. I)ut there is no flickering light. An interestiw 
feature ol this hritlge was that the concrete tlcck of 
the plate girder approach spans was poured I)y the 
\'acun-concretr method, forms being stripped in three 
tl:1ys. 

( i i i  ) 'l'ermiiial Island Bridge. Imng I3each. Cali- 
fornia. This is a 1,ritlge of similar type to the Hacken- 
sack River I>ridgr. with a lift span Iength of 220 feet. 

I he fixed clearance is 50 feet and the lift jo feet to 
give 100 fect clearance. This hritlge is built on piles. 
but the whole area in  the vicinity is very soft and the 
1,ritlge has snnk 4 feet since construction. One of the 
towers tilted antl had to 1)c jacked hack ant1 reinforced. 
Terniinal Island is an artificial island. 

( iv )  The Steel I3ridge over the b'illanlette River 
at Portland. ( )regi)n. This is an vltl Iiridge which was 
designed I)! l'rnfe )r \\'addell. and is included here 
iinly 1)ecause it h two lifts. I t  is a tlouble-decked 
road and raihvay lrridge, with tlie ruatlway on the 
upper and the railway tracks on tlie lower deck. \\'it11 
sinall vessels requiring a11 o1)ening the olxrator can 
raise the lnwer deck {r t i ly .  to the nt 
rnatlway. antl allow the vessels to pa 
vessel requires passage the raised lower deck and tlie 
upper deck ,Po up as one unit til the top of thr towers. 
'flit. lower deck is raised aljout twelve times a day. 
and the comlrined opening made ahout two-three timcs 
a week. 

( 1 . )  Uosctrlc Sparis. 
( i ) Str-nuss typc.--2\n exainple of this type of bridge 

is the new bridge being btlilt over the cntrance to the 
iiew ship lock 1t.atling into the Antwerp Dncks. Rel- 

I\ lift rnns to the top of each tower. 

_ ,  

Hjulsta Bridge, Sweden. View of swing span. 

gium. The  span is 4 j  metres. the liritlge licing the 
largest of this tyl'e in Kclgium and one of the largest 
in the \\-orl(l. The Iiritlge opening. luck gates. road 
antl shipping tr;ilfic will Irc all controlled from onc 
central control room opposite the lock rates, and a 
complete interlockinx bystem of signals and niachinerv 
nioveiiients will be installetl. The bridge itself will 
be operated by electric motors, the time of opening 
Iieitig 3 minutes, and a reserve diesel enginc is to 
be provided in case cif power failure. This will take 
60 minutes. The work was not sufhcicntly advanced 
to see the types of gates antl signals to be used for  
the road traftic. construction having only r-cached the 
stage that the main triiss asseinl)ly was aliout 00 pcr 
cent. complete. 

( i i )  .Tchcr-zr Xollirt(/ Lilt tqpc.--121though quite a 
number of rolling lift I)asculr Ixitlges were seen, the 
only inodern one was the Meritliau Street Rridge over 
portion of the harlmur of  Roston, RIassachusetts. whicll 
was opened to tratfic in  August. IOj4. This is a tlouhle 
1)ascule bridge rrf  steel riveted through truss construc- 
tion. and with an open mesh steel tlrck. The clear 
opening for navigation is I 1 2  feet. Machinery is elec- 
trically operated with normal iiitcrlocks except that 
the navigation grcen light is operated automatically 
I)! the limit switch when thc span is fully open. Gates 
are of swing tj-pe, v i th  no advance gate. 

'l'lie ~teetwork i x  all riveted. 

Dywidsg prestress cantilever bridge over Danube River at 
Ulm, Germany. Note pier design. 
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( i i i  ) Trirrrrriorr I:cr.wirlc type.-( hie exanil)le of this 
type of lrritlge is the tltrul)le Iiasccile bridge at Sunder- 
Ian(1, Ihglantl. i n  which tlie priiicipal interest lies in  
the fact that it was constructed of aluminium alloy 
~rlatrs ant1 :wgles, riveted togcthcr with steel rivets. 
K O  corriisioii tlefcc-ts can lie :ittril)utetl to tlir steel ;ind 
:duniiniuiii 1)eiiig in contact. thc rriily corrosion in 
cvitlcnw Iieiiig :it one of the kerbs, not ;it a rivct. In 
this Irriclye the connter\reight is unrlerslung. 

Aiicrtlier interesting type c~i siniple bascule is to lie 
fount1 in the siiiallcr canal lrritlpes of Holland i t i  wliicli 
thc ciriinterweiglit is carried ovcrlicatl on an extended 
lever ariii, giviiig a resenililance to the ancient Iiucket 
lifts with which water is lifted froni the River Nile 
i n  Irgypt. 

A niotlern trunnion type bascule Irritlge is to be 
foiintl in the pair of tloulile Irascule liritlges lreing con- 
striictetl ovcr the C1iicag:o River on the tic\\' Congress 
Street 1Csl)ressivny in  Chicagu. United States (ri 
.\ineric;i. As in tlie pair of vertical lift Irritlpes beitip 
Iiuilt over the Harlem River in New York. one o f  the 
('hicagri River I)ritlges is placed forward of the other 
to tit the skew of the stream. 1 lie distance I)etweeii 
trunnion Iicarings on the t\vo sides r r f  the river is 
2-14 feet X inches. giving a clear cipening of aplrmxi- 
iiiately 200 feet. ( l f  which 144 feet is required ilir navi- 
yatioii ~inrpirses. C'ounterwrights weigh I .LOO tons 

,. 

each. contain Ilarinm snllrliate antl steel ~rtnieliitigs a h  

aggregate to give weight. antl arc tllitlel-slunp. Ilach 
bridge will carry four lanes of traftic antl one footway. 
The tlcck is of weltletl oi)en nirsli steel antl the floor 
systeni is carried on two riveted steel deck truss girtlers. 
The niacliiiiery is electric:illy operated. tlle t \ v c ~  sets oi 
ni:icliiiiery l)einp intcrloc1,etl to  opeii Irotli I)ritlges 
together. ; i i i t l  is controllrtl from oiie control Iianel. 
There is no st:nitl-liy Irrinie niover for emergency iiw. 
The gates :ire of tlie vertical t l r o ~ r  type \\.it11 atlv;incc 
banner gates. 

I n  another tloulile 1)ascule hritlge in  Chicago--on 
1.akesitle Drive-also a11 untlerslnng counterwei~llt 
trunnion tltriil)le Iiascule 1)ritlge. the heavy traHic I)arrier 
consists of steel posts which rise up tliroupli openings 
in the deck at :ilititit 1 feet spacing. Here again advancc 
banner gates are used. 

Under tlie lieatling of "opening Iiritlxes" slioiiltl also 
Ire included floating tlraw1)ritlges. 

In the ancient type of Iiontoon hidge.  consisting of 
a series of  concrete pontoon boats lieltl against the 
stream current by anchors antl supporting a flexible 
tlrck, as represented I r y  tlie pontoon bridges over thc 
ltiver 1'0 in Italy. the flexible deck is tlisconnectetl 
antl a scctirrn suplrortetl l r v  a few pontcrriiis floated oiit 

New dual vertical lift railway bridge over Harlem River on N.Y.C. Railroad, New York City, U.S.A. 
feet, vertical lift about 100 feet. 

Span about 200 
First bridge nearing completion. One tower of second bridge can be t n n .  
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lry the current to give pa age for navigatioti. This 
is a very slow process ant1 only justitietl Iry the very 
infrequent ol)enings requir 

In the nwdern tloatiug liridge over Lake M’ashington 
the pontoons are of massive cotistructiot~. their u1,per 
surfaces forming the roadway. In this lrririge the 
opening section is drawn 1i;ick into a “tlocli” fornierl 
h y  the side wings or loops which normally ciirry traftic 
I-ountl tlic “tlock”. 

1 1 1  tlic IICW I*;llie \\‘ashingtun Kriclge now 11ei11g 
tlesignetl a portion of tlic deck will be liitctl vertically 
suft;;ciently for the draw section to be tlra\vn into the 
“dock”. which will be underneath the lifted srction. 
This will eliminate the loops of thc older hritlge. These 
loops with their sllurt radius curves have I)roverI 
tlangertins to traffic. 

( H )  Timber Bridges. 
\\:Me tinher is no\v niainly used aliroatl as an 

accessory material in bridge construction. it is still 
used as a permanent material in  soiiie instances. 

I n  Bavaria one all-tinher covered bridge was seen 
still in use. and it is understood that there are stiil 
a few tithers in  Europe antl in America. 

wliere no attacks Iiy teredo and other siniilar p 
feared. I n  Anierica the creosoted softwood 
have a long life, even in tidal waters. and in New Jersey 
it was stated that timber was preferred to concrete or 
steel piles in such circumstances. 1 was infornied of 
erne case of  a tinllrer viaduct thirty- five years d t l  ivhich 
was in  such good order on test that a concrete deck 
was ~rlacetl on it in lieu irf an old tiniljer tlccli. 

In the I’acitic north-west (if  ;\nierica quite :I number 
u r f  new hitlges are bein: h i l t  t i l  tinil~er trestle piers 
with a concrete deck. tlic concrete usually clmsisting of 
precast concrete heatlstocks ;uid girders with an in situ 
poured deck. Someti~nes even the deck consisted of 
pre-cast concrete slabs. I n  this area also the iinprnve- 
ment of technique i t )  tlie prn(1nction of glnetl laminatetl 
heams has lctl to a revival in  timlier truss cc~~istrurtion, 
using laminated sections as main memliers. Thr 

. .  1 inibcr is still extensively nsetl for underwate 
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creosoting is done after the timber is glued togetliei-. 
I lie members are held in place hy bolts passing- tlirough 

steel gusset platcs or thro~igli special washers fittitig 
into machined grooves in tlie timber, the whole of the 
bridge being factory tnatle and tield assembled. Truss 
spans of up to 100 feet in length have Iicen lrnilt. IZing 
connectors. also fitted into machined grooves. are rriily 
used where tlic member carries a light Inatl. as in  sonie 
roof trusses. 

‘fitnher Ianiinatetl decks. ivitli cach (rlaiik nailetl tu 
thc nest. as built exprrini~ntally recentl!. i n  New SirutIi 
l\’;iles, are sometinies used where lightness i n  the deck 
is imlrortant, but concrete decks are more usual. 
J~ni inatet l  decks are laid transversely on stringers or 
longitutlinally on cross girders. the use of thc 
laminated planks as girders in  thcniselves not heing 
practiced. 

(hie advantage of the wftwood timbers c i f  the 
“Oregnii” type over Australian hardwriod is that tlir 
creosote protection extends at least a quarter of ail 
inch into the timlier and that from this depth it is not 
readily dissolved out, thus preserving the timber for 
a very long time. Another atlvantagr. esirecially i f  
tini1)er stringers are L I S C ~ .  is that permanent set clues 
not take place. 

(I)  Aluminium Bridges. 

Tlie only aluminium bridge sccn on the tour was 
the bascule liridge in S;untlerlantl. Ilnglanrl. 

;\I] a lnn~inin~n truss is. however, Ixing usctl. i n  the 
construction of the new Irritlge over the Sacramcntti 
River Ijctwceii IZichmontl antl San lialihael. as a false- 
work on which to I)uiltl the ~reriiianent steel t rms spans 
of that Iiritlge. Its lightness eii:ililctl it to Ire transportetl 
reatlily from span to sl)aii. 

Aluminium is also con~ing into usc for  liantlrails. 
particularly on concrete hritlges. In one britlgc in 
the United States of  America it K I S  learnt that hantl- 
rails of this material subject to wind action vilrratetl 
badly antl after a time broke off, the aluniinium not 
being resistant to fatigue. 

r .  

Highway J Bridge Design Specification 
, N ’ f I I>  recently each Ausrralian State Iioarl .\utlI- 1: ority had its ( w n  ~ I ~ s i g n  specilicatinn for h ig -hay  

hrirlges which dcfitietl among other things, widths. 
clearances. Ii,arls to Ire tlestpncd for. and \vorking 
stresses. These design specilications differed froin one 
another in  some respects; with the growth of long 
distance road traffic it Irecame evident that a standard 
design specification on a Comnionwealtlr-wide basis 
was most desirable. 

The Conlcrence of State Road Authorities of Aiis- 
tralia. which ineets annually. decided in 1049 that uni- 
form standards of design should he prepared. and all 
State Road .\utliorities. as well as the Conmonwealth 

rkpartment of \Vorks. liave been represciitcd CUI ;L 

techniccil coniniittee entrusted with the task. nlricli 
has now been bronght to finality. The new specitica- 
tion is hased by permission 011 a specification prepared 
by the American Association of State Highway 
Oficials (A.A.S.H.O.) with such variations as are 
desirahle for Australian conditions. 

The  speciticaticrn has Ireen printed and will slinrtly be 
issued l y  the various State Road Antliorities. I t  
should provide a valuahle guide to all engineers engaged 
in the design of Australian highway bridges. 

Copies of thc specification may Ire olitained at the nflirrs u i  
the Stat,. Road .hthorit ies in thc viiriuus c: l ]ki l  citit.5 at  a 
cost of 6s. 6d. pcr copy. 

_ _ ~ ~ ~  ~~ 
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Recent Pmproucments on Countrv J Main Roads 
Reconstruction and Bit iinien 

Surfacing Completed on Long Txngths 
* 

;\s statetl elsewhere in this issue, it is the objec- 
tive of the Departtnent oi Main Koatls to provide 
cotitinunus leligths of Iritutiien surfaced roatlways and 
to link up as quickly as possible sections betweeii 
which the pavement has. for one reasmi or another. 
rctiiaiiirtl untreated. 

Some iiiiportarit liiiks recently coiiipleted are tle- 

State Highway No. 9: New England Highway. 
scribed liereutirler. 

'l'lie New England Highway leaves the Pacific High- 
way at  Hexliatii. a little north of Piewcastle. and runs 
over the Ilnnter \.alley anti the New Englaiitl table- 
la i i t l  to tliP Quccrislantl liortler at \\':illaiifitrra : from 
that poitit the road proceeds via \\'arwicli and TIrs\vich 
I ~ I  13risliatic. The Highwav constitutes the principal 
iiilaiitl rolltc. l w t w w l i  S m v  Soiitli \\'alw i i i i i l  (jiieeiis- 
l : 1 1 1 ( 1 .  

I'rior to the war. the Iiigliivay liatl I)eeii 1)ituint.n 
surfaced throughout with the exception of three lengths 
towards its nortlirrl~ t w l .  These coiiil)rised 4; miles 
over tlir IIcii 120i i iont l  liaiigcx : a length of 32 iiiiles e s -  
tending froin a point six miles south of Ileepwater to 
13ungiilla. iticlutlin:. the crossiiig oi tlic 13oli\,ia 1iang.e. 
:i i id S j  miles Iiet\vreii the northerii Imintlary of the 
4Iuuicipality of Tcntertieltl ant1 I\'aIIaiigarra. 

lieconstriictitrli of thc most northerly nf these g;ips 
\viis cniiiiiienced in I cjq7 hy the Tentertieltl Shire 
C'iniiicil. ;It that time the section was classified as 
!vlaiti lioatl No. 374. Irut in  i ~ j o  i t  \vas reclassitietl 
:is a State IIighway. \\:hen rcconstructitrn of tlie road 
\v:is tieritled u p m  its length included fotir railway level 
crossings ; i i i d  a11 ovrrl)ritlxe. the aplm~aclies to wIiicIi 
were liatlly alignetl. The Iilaiis a1,proved for the re- 
roiistructioii provitlerl for three tleyiations (IesignetI to 
eliminate all the level crossings :mtl to itiiprovr t\le 
:qqirriaclies to the over1)ridge. 

The tirst of  the deviations to be untlertaken avoided 
two of the level crossiiigs. included ;I two-spati timl)er 
lieaiii bridge. ant1 prnvitletl a 16 feet ivitlr gravel pave- 
ment which was later increased to a width of LO feet. 
This work \vas completeti in 1946. 

Further work, c(ltiitneucetl ill I<)& eliminateti tlie 
reiii:iiiiing level cr(lssit1fi.s alltl illclutletl tile liro\~isioli of 
:I LO feet wirle xravel paveilwllt. \\-lien this work was 
coiiipletcil. reconstruction of the reiiiaitiing length \\vas 

cniIiIiienced a i d  went forivard continuously until cu~ii- 
pletinii in 1953. On this length a new timber beaiii 
bridge with two 30 feet spans was coiistrrictetl over 
'TarIran Creek. ai1 existing lo\v level bridge over 
Tenterheld Creek was retlecketl ant1 ividenetl. aiitl the 
approaches to the overl)rirlge were reconstructed oii 
iiirl)rovetl digniiient. 1x1 places wherr the origiiid 
alignnie~it of the road \vas retaiiictl tlic pavement \vas 
strengthened to the extent required for present-day 
heavy loading. 

Hituiirrn surfacing of the iull len@h of S i  i d e s  \\as 
unrlertaken iminediately u p c i i i  conipletiori of the recoti- 
striictioti work. The work throughout this length was 
uiitler the control of the Trntertieltl Shire Cocineil. 

\\'ark on the miles section Ironi Iir~iigulla to south 
of 1)eepwater was coiii~i~ciiced 1)y the 1)eparttiient c i f  

L l a i i i  Roads in  104 .~  antl co~iti i i~~ctl  i n  wlisecluetit years. 
'flie length iiivolvctl scctioiis of he:t\ry rartliworks ;i t id 
rock excavation. :itid wts ~lescrilird i t 1  detail in tlir 
Septeiiiber, 1951, iiuml)er of this jouriial. Rituineii 
siirfaeiiix oi the eiitire lengtli Ila5 recently I W I I  c o n -  
pletetl. 

Betu.eeii Guyra a i i t l  ( ;Ien Iiines. tlic Xc\v I l t i s l i ~ ~ i ~ l  
Iiighway crusses the I3e1i Lomond liange. nhere i t  
reaches an elevation of 4 , 6 ~  feet. Tlic .suli-gratlr is 
niaiiily of tlecoiiiposctl Insalt. ant1 heavy streiigtlienitlg 
of the paveinent was necessitated Iiy tlw 1i(ror i(lul1d:i- 
tion ctitiditions. Over approxinlatrlv one-third of thc 
length. tine rrt~sherl rock stalriliwl n.itli loam. \v;is 
used and over the reiiiaiiitler gr:initc, gravel was nsrtl. 

Bitriiiien surfacing of this length l ~ a s  recently beell 
completed by the 1)el)artii:eiit 11i Alain l ioa~ls.  t l w  
completiiig tlie provision of a Iiitiiniiii~ru?; surface irlini 
Sydney to the Queenslaiitl Imtler m t l  011 to 13risIime. 

State Highway No. 12: Gwydir Highway. 
Tlie Gwydir Highway rutis in  a westerlv tlirectioii 

irorn near the coast at South Grafton to Collarenebri 
on the western plains, a distance of 32(1 Iniles. The 
western portion of the Highway links the important 
towns of (ileti Ttines, Iiiverell ancl Moree. ancl passes 
through Delungra. \\'ariahIa. Gravesend and I3iniquy. 
I t  intersects the New h g l a n d  Highway (State Higli- 
way No. 9 )  at Glen liiiirs antl the Newell Highway 
(State I-ligliway KO. 17) tit llorcc. and thus fortlis 
part of :I tietwork o f  arterial roatls servitig a witlc circa 
of priiiiary industry. 
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State Highway No. 20: Riverina Highway. 
The Riverina Highway leaves the Cobb Highway a t  

1)eniliqriin ant1 runs in ai1 easterly direction for approsi- 
inatel!- I 37 miles to the tluciie Reservoir aliiiut tell 
milcs beyond .\llnii-y. Huiining roughly ~iarallel wi th  
the l'ictcirian l)order i t  intersects the Kewell I 1  igllw:ly 
at I;inlep at id  the I lunic Highway at . ' \Ihry. 

New Ensland Highway, S.H. 9, Bolivia Range. Shire of 
Tenterfield. 

Iktiveeii ( ;le11 I t i i i e k  ;mil hlorrc, 1.3~1 iiiilcs. tlicrc 
nwc .  until receiitly. i i~)~irosi~~i :~teIy ;?; nlilcs of iiitcr- 
inittent length.; d Iiitiimi~iiir~s pavrment. .\s oppiir- 
tunity iiffcrcrl diiriiig thr war years. sonic intrrvening 
x-cticiiis trC siili-st:uitlartl :iligiinient \vcrc rrcon~tructetl. 
iititl with tlie entl of tlie war :I progrcssive programme 
of pavement i~npro\~rment \\-as imtlrrtaken by tlie Coun- 
cils coiiceriietl and tias i iuw rrsiiltrtl in the ~irovisiiiii i r C  

ii Ihimeii  surface ovcr the full length lJet\veeil the 
t\vo centres. 

The work was fncilitatetl l)y the availability of (le- 
Insit:. of gravel snitalile for surface trcattiient at loca- 
tions involving comparatively short hauls througl~out 
the entire length of the work. Because of this. gravel 

spread over the ful l  witltli of the fornlatioil. tllns 
Xiving improved shoulder construction :un:l at the same 
time reducing tendeticy to tretting of the edges of 
tlie l,ituiiieii surfaces. 

,. 1 o etislire thoruugh emipiictioii of tlie 1i;ivemeiit 
gave l  tiiricli watering \vas required, antl careful atten- 
tion was given to tlie final preparation of surfares prior 
to Iiriniing. In the later stages of the wurk rnlher 
tyrctl rollers were used v i t h  g(io(I effect. 

Altogether. since the war. some <% miles of inissing 
liiiks on the Gwydir 1 iigliway Iirt\veen the t:il)lelantls 
;ind the wehtcrn Iilaiiis have Iieeti ~irovitlctl  \vitli a Iiitu- 
nicii srirface at a total cost c i f  ap~ir~isitnatrly f ~Ho.ooo. 
lirovitled liy the I)epartment oi 3lain 1Zoatls. 

Iktirreti 1)eniliquin antl P inky  tlic road 1iractic;illy 
hiwcts the Berriquin Irrigation Area antl serves ~ 0 1 1 1 1 -  

try devoted to the raising d fat laml)s. wool growing. 
cereal crop ~iroduction and dairying. It also serves 
to link 1)eniliiliiin a t i d  the intervening country witl i  
the nearest Ncw South \\'ales rail-head at Finley. 

'l'he length I i c t ~ e e n  I)etiilir~uin aiitl Finley is approsi- 
mately jS  lniles. ant1 until 1<].jo was classified as 
;tu iirdiiiary )li t in Kilatl. In  that year tlie road was 
l-ecl, assitietl . : to form part of State JTighway No. 20. 

and the L)epartment assuiiic(t control of the portion 
tliro~igli the Shires i )i Rerrigatl atid Conargo. 

I'rior to reclassilication :IS it State Higliwity the re- 
constriiction and bitru~ien wriaciiig cif various secticins 
of the l ) e i i i l i ~ ~ ~ ~ i i i - l ~ i ~ i l c y  Iciigth had Iieen untlertalten 
by the respective Ciirnicilh. By I !);U. a section extend- 
in:: for I 3$ miles from the Ileniliquin Municipal liciuii- 
clary toimrtls Finley had Iieen treated Ly the Conargo 
and Rerrigaii Shire Councils. Follo\ving this work 
;I length of 43 miles was reconstructed an(l Iritrlnwn 
stirfacecl within the ~ I r i i i i c i ~ i ~ ~ l i t ~ ~  of I k i i i l i q i ~ i n .  I'liis 
w(ir lc  \vas coiiililcte(1 (Ini-iiig [y , jL .  

Gwydir Highway, S.H. 12, 17  miles west of Glen Innes in 
Macintyre Shire. 
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Rirerina Hichway, S.H. 20,  13 miles from Deniliquin in the 
Shire of Conargo. 

-. 1 11c Iiituinen surfacing of these Iciigtlis ieft iticon- 
~ilete only ii secticin cii al)out 12 miles situated approxi- 
in:itely in the centre of tlie length Iiet~rccn I )rniliquin 
;in11 1:iiiIey. l'his has recently lieen coinpletctl. and a 
Iiitumri~ surf:icc is miw arail:il)le ~ivcr  the \rIiule length 
Iictn-ccn tlic two centres. 

,\ltIioiigli the old road h;id lircn frlrlilrtl throiigliorit 
: w l  sonw scctioiis loamrtl. the  value [ i f  the earlier {rork 
h:icl liirgely lieen Inst tlirougli the actirrns of traffic and 
weathrr. Sonie sections \Vere liahle to iiirintlati~~n 
after ewii iiiotlerate falls ( i f  rain. The r n x l  \vas there- 
fore ref~iriiic~l, Ioir sectiotis being Iiuilt up fur lieiglits 
wryiiig froiii f i  iiiclies t ( i  .? feet. atid a iicw Ixtveiiieiit 
~ir~ivitletl. Iiefore sealin: ni th  I)itllnieu nxs i i i ic ler tah.  

Tlicre arc no gravel t1el)osits i n  thr district. but ex- 
tensive investigation resulted ill  the locaticin nf tle- 
Iiosits ( i f  siintl-clay suital)le for iise in  a pavement pro- 
~i(iscctl t o  lie ~ ~ r f a c r t l  with I)itumcn. These dcpisits 
coiiiprisetl Ii0ri~oiit;i1 layers. frlini .? to I 2 fcct in tlepth. 
rri \.aryiiig quality iii;rterials. ant1 I ief~rc use tlie iiiaterial 
in the various h y r s  was I)lentled s(i as to ~ i l i t a i n  a 
uiiiforiii qti:ility. 

I I I C  Iiiiisl~cd \York coinprises :I 26 feet witlc fornia- 
tion witli a 20 iert \vitle parcment an(l a Iiitullien stir- 
facc I S  feet in witlth. 

The total cost of reconstr~icti~ig a ~ ~ t l  su1-f:icillK the OP 
111i1rs cif riiatlway lias ;itiloutitetl ttl f 1or .m.  

-. 

State Highway No. 21: Cobb Highway. 
The ('nlil) I-lighway co~i~~iieiices a t  the \-ictoriall 

1~ ) rde r  :it .\loanin and runs it1 a northerly direction to  
l\.'ilcatinia. 374 miles distant. iti western Ne\r Fout1i 
1~':iIes. I t  intersects the Sturt  I-ligiitvax aiirl ctinnect~ 
with tlie Micl-\Vestern Fligh\r;ry :it Hay. anrl jcliiis 

~ 

the I3arrier tlighway a few iv,ilcs snutli Oi \\'ik;iniii:t. 
The Colh Highway full ow^ generally a11 old mail routc 
(ravelled by the coaches cif c'olili atid c'ci.. and priivitlcs 
a direct link with Victorian iiiarkets and rail-heads for 
the country served by the to\vns o f  I)cniliquiri a11t1 Iiay. 

I lie distance between hloaiiia ancl 1)eiiiliquiii is 46 
iiiiles. ( )f this. 42.6 miles arc withiii tlie Shire (if  Mur- 
ray aiitl 3.4 miles it1 the Miiiiiciplity of 1)ciiiliquiii. 

Iktrly in 1940 the M~iamic M~i~iicip:~Iity. which II:I> 
since lieen absorlietl into the Murray Sliiri~, c ~ i n ~ ~ ~ i r n c c r l  
the reconstruction and I h i i i e n  surfacing of the pave- 
inent. Similar work \vas also undertaken Iiy the Mui i i -  
cipality (if  Ihiiliquin. and Iiy ; \ I d ,  1041. a total leiigtli 
of iS.1 miles liatl Ireen reconstrtictetl and wriacctl with 
Iiitunieii. 

Sliortly after the end of the war the rccoii.struction 
i if severd uiism+icrrl Iciigtlis u ~ i s  cciiiinieiicctl. ant1 1)y 
June. 195 I ,  a I~ituniin(ius pavement cstciirletl frir 17 
iiiiles nort~i  irciiii LIiiaiiia antl fn r  14 miles south froni 
1)eniliquiii. 'l'liis lcft a Iirtali of nr;irIy i 5 iiiiles o f  1111- 

siirfacerl Iiavenieiit Iret\retw (lie two centres. 
\Vor!i OII  the liritlgiiig of this gap \ V A S  ciimmeiicril 

tluritig 1054. and bittiiiien k~rfacing uf tlle entire length 
was recently conipl~tetl. The tinislied work cotnliriscs 
ii 26 feet ioriiiation. aiitl ii 20 feet satitl-cl;iy ~)avement 
with a Iiitniiicn scirf:icr IS  feet wide. 

1 \ 1 1  oi the \rorli \vas carried (iut uii(ler the control 
of tlie Councils cmcernetl ;it a total cost. for the 16 
miles. of  appr~iximately i I r4.3~0. ~ v l i i ~ ~ l i  \viis provided 
I)y the 1)epartiiient of Xlii i i i  liostls. 

*. 

Trunk Road No. 57, Albury to Wagga Wagga. A typical 
length in the Shire of Culcairn. 



Tlirougliout the road the country traversed is tin- 
tlulatiiig to flat, presenting no constructional difficul- 
ties. The aligninent aiitl grades o i  the original road 
were generally satisiactory, atid improvement heiore 
hittimen suriaciiig cunsisted. fnr the most part, of such 
improvetiieiit to line atid grarlc as  could be carried out 
Iry a heavy motor grader. 
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Trunk Road No. 57: Albury to Wagga Wagga. 
The direct route betweeti .\Ihiry antl \\.agga \\'ag:pa. 

l'riink I<oatl No. j7, hraiiclies from the Hume IIigli- 
\ \ay a1)out 5 miles north c i f  Allniry. runs Irarallel with 
the tilain Sytlt ie~-~lrlhorirne railway litir. atid joins 
the Sturt Highway 3 miles from \I'a 
S.; miles from ;\llniry. En route it pa 
Shires r r f  1 Iiuiie, Culcairn, 
tlic to\vns of Culcairn. Iiei 
l{rrcl<, and servcs the surrouiitliiig good pastoral ant1 
;igricultural cotintry. Thc road carries heavy local 
traffir as well as through traftic. 

111 1943. niilcs of road at the nortliern end were 
Iiitumen surfaced to serve a military camp at Kaponka. 
From theti until 1947 no bitutiiinous work was untler- 
taken. but from then on the various Councils. froin time 
to time. carried out annual prog'amtiies of reconstruc- 
ti(in aiitl surfacing, the extent of the wnrlc undertaken 
depeiidiiig priniarily on the availability cif funds. 

~- 

It was necessary to stretigtlirti ;md widen the pave- 
tiieiit to a width of IS fwt,  ciirvrs wcrc properly set 
out a i i d  super-elevated to a 50 m.p.h. stantlard, :itit1 

shoulders provided. 

:\I1 of the work, except the 3 miles hetween \\'agga 
M'agga and the Rapuoka Canip, was carried out by 
the Councils within their respective areas at a total 
cost uf apprcixiniately f g o , m .  Of this amount, 
f673oo was provided 1))- the Department of Main 
Roads . 

PAYMENTS FROM THE ROAD FUNDS 
For period 1st July, 1954 t u  315t Marrh, 1955 

C < l V X r Y  01' ClT>IHERL.\XIt  hI.%.lX l<O. \I lS  1:llND : 
Constrisrtion antl rec(instr1irtion o f  1Liads and IRidgcs 
;\c,iuisiti,in of l a i d  and Hiiildings for Road Widcning 
3laintcnance and minor improvemcnts of  Roads and  1lrid:es 

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

. . . . . .  
Otlwr l<upi'nditiire . . . . . . . . . . . . . . . . . . . . . . . .  

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

COUXTKY nI,\lR RO.%DS FUND : 
Construction and rcconstruction of Roads and Bridges 
.\cri~~isition of Land and Ihildings for Road Widening 

lntcrcst, Exchange and  Repayment of Loans 
J'urcliase and repair 01 I'lant, Motor Vehicles and Other Assets . . . . . .  

. . . . . . . . .  

. . . . . . . . .  
hkintenance and minor improvemcnts of  Roads and Uridgcs . . . . . .  

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

iltlirr Erpmdi t i i r r  . . . . . . . . . . . . . . . . . . . . . . . .  

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

S;rr>lhl.4RY .\1.1. F U N I S  : 
Conslructiun and reconstruction of Roads and 13ridgcs 
Acquisition of Land and Huildings for Road Widening 

rntcrcst. 1:xcliange and Repaymfmt of Loan4 
Purchase and Itrpair of I'lant. Motur Vcliicles and Other Assets 
Otlrer Expcnditurc . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  
Maintenance antl minor irnprovements of Roads and Bridges . _ .  _ . .  

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

'rOtai . . . . . . . . . . . . . . . . . . . . .  

... 2 , 8 ~ ~ . 8 S I  
24. S "5 

. . .  3,3433711 

. . .  "5,733 
. . .  384.947 
. . .  307,863 

. . .  3,8R1,101 

... 77,887 

... 4,053,175 

... 125,733 

... 384,947 

. . .  l9,234,765 

. . _  711,982 
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Stevens Weir. Edward River near Deniliquin. 

Resources Survey J and Invcs tigation of 

N 1951 ; u ~ l  1 9 . j ~  the 1)epartiiiciit of Main Ro;iils I carried out a cciiiipreheiisive inyesitgation to deter- 
iiiiiie the I)cveloptiieiital Roar1 rcqtiirciiieiits of an area 
of allorit 4.22.+.000 acres within the influence of a 1111111- 
I)rr of existing ;incl proposretl irrigatioii works in a 
houtli-western a r m  of  the State. 'l'he area, sliown i i i  

Fixs. I ,  L antl 3. lies lret\veen the Billabong Creek- 
IXwartl l<ivcr-\\~diool River system and thc Murray 
River and exteiitls from the juiictioii of the RIurr:iy 
; i i i d  \ \ ' ; i k ~ i ~ i I  rivers in the \ve,t to hful\vala i i i  the east. 

It iiiclutlcs tlic Municipality of Ikniliquiu. the Shires 
I j i  I<crrigan am1 Xlurray xiiil liortiiiiis o f  the Shires of 
\\';ikcrol. \\'iiidiiur;iii. Jerilderie :end Cotiargo. \\!itliiii 
thr area :ire the Ik-riquiii. 1)riiil)oota. \\'akool ;incl 
1 )eiiiiiieiii 1)irniestic a i d  Stock \\'ater Supply a ~ i d  
Irrigation Ihtr ic ts .  tlie Barralnein 1)onlestic antl Stock 
\\.ater Supply District. tlir Tiillakool Irrigation . \~ -ra  
;iii(I (;ontlnight. Uunguli!ali-F;~~raleigh. Bringan. Glen- 
view aiitl Haiiia Irrigation Trust 1)istricts. 

Ihe investigation t d i  the form of a survey of 
physical, econoi~iic ant1 liiiiiiaii resource; oi tlie district. 
iiiclucliiig tlie tleteriiiiiiatioii of the existing Iaiitl use 
pitterii frlliii licltl iiispectiirii aiitl esaniination cif xi-ial 
~rli~itiigra~ilis. Frtriii the iiiformatioii olrtaiiirtl. it was 

~. 

PHYSICAL RESOURCES. 
(A) Climate. 

'l'lie cliiiiate ( I f  tlic 1)eiiiiicluiii district is c1i;ir;ictvrizril 
Iry ;uniiu;il Irrrcipitatioiis ( i f  Iirt\veen 1 2  :uitl LO inches. 
11y i i i i l t l  to cool winters ; m l  hot smiiiiers. I<ainfall is 
marlietlly seasonal i n  character \\it11 a tlctinitc maxi- 
iiiiiiii i n  the iviiiter nionths. 

The average aiiiiital raiiii;ill Ilecreaws friiiii I I,.;S 
iiiclies :it RIulwala in  the south-east til less t l i m  1 1  
inches at the \\.aliool junctioii ii i  the nortli-\vrst. 

The effective rainfall west of a line Iretwrti ,lei-il- 
tlerie. 1)eiiiliqtiin and (;ann Crossing is generally i i i -  

stificieiit for succesifiil coiiiiiiercial wheat farming ivitli- 
out irrigatioii. antl except for tlir rasterti seetioil r i f  

the district in the vicinity i l i  lk-rigxii atid Aliil\v:il:i, 
:my iurtlier ilcveli~l iineiits ii i  agriculture :ire d q ~ w i d c i i t  
upoii irrigation. 
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(E)  Topography and 'Drainage. 

The I)enilirluiii district is part of a11 old Hood plsiii 
hnilt iqi  by deposits frotii the Murray Itiser system 
a t i d  frtriii past effluetit 5treatiis iii recent a i d  late 
I'leihioceiie times. :ind is typitietl by large expanses oi 
Hat and gently slopilig latitl with a general elevation of 
lietween 200 anrl 400 feet ;il)ove nwan sea level. The 
plain has ii slight fall to the west and. except for 
isolated residual hills i t i  tlie east and mallee rises in  
the west, diilit-s rarely exceed one degree. 

I lie tlr:iiii:ige pattern is t1iiiniti;itctl liy thc 11 iirr:i!- 
River a i i t l  it5 two tiiajor aii:tlir:iiichcs. thc l<tl\\artl a i i t l  
\\.:ikiioI rivers. except in the north-eaht w1im-r l3ill;i- 
Iiong and Y:iiiko creelis Iirovitlc t l ~ e  nisin lines ( 1 1  
tlrninage. The  :ire:i Iietiveen tlie I<tl\vartl River atitl 
the L\':ikool IZiver is tlisswtetl by a cotii~ilcx system 
oi tlistri1)utaries. the largest (bi \vliich is the Nieiiiur 
River. 

111 tlie I ) e i i i l i c ~ u i n - ~ i i i l e y - ~ e r r i ~ ~ i  and Ltathoura- 
I(urinli)o-Moaiiia areas. tliere :ire extensive tracts of 
well tlraitictl coarse srtlinietits not subject tu Hooding, 
ivliilst aliing the 3lurray River Iietwecu Tocutnwal ant1 
h l ( m a  and atljoining tlir I<tlwartl. Niemur a id  \\'akool 
rivrrs west o f  1)t.liiliquin tliere are extensive areas of 
lioorly tlr;iiiietl Ion-lying sctlinrlits iiiclutling largc 
tr. < i c t b  . . 511 . 1 ) j ~ t  . t o  periodic itiuntl:itioii. 

In thc I)eiiiliquin districts. i t  is the (Iraillnge r;ithcr 
t h m  thc slope factor \rhich tlrtcriiiiiies the tol)ograI)lii- 
cnl limit5 to a!gricultural development. The sril)cri(ir 
tlraiii?ge conditions of the areas east and miitli nf 
1 )etiilic~uiii present f e n  prolrlrtiis of  access ant1 little 
o1)stacle to srttlcnlent. whereas poor tlrainagc call- 

tlitions. iiuiiierotis channels a id  liability to flocrtlinp in 
the rxteiwive area hetweer1 l)eniliquin and Swan Ifill 
indie the pr( ivision of access relatively tlilticult :untl 
rxlieiisivc :inti iiiipose obstacles t o  scttlement. 

(C) Soils. 

I he soils lielong to the 1)roarl grouli of petlocals. 
which are liiiie-forming b o i l s  characterized hy high 

, .  

. .  

content of Imes and corresl)ontliiigly low percentages 
of iron antl alniiiiiiiuni. 

Three I)roatl zonal grotips t l i  soils call be recog- 
nised. These are :-- 

Itetl-lirowi earths. 
(;rey antl hrowii soils of lwavy testiirc ; a t ~ t l  
Siilouizetl I)rowii soils ( 1l;ilIec soils). 

( i )  The, r d b r t m v i  c.rirt/r.r.-Soils oi this grtiuli 
occupy rxtciisivc areas eabt autl south of I)eniliqriiii 
and also occur as scattered oiitliei-i in tlie \V:ikiiol- 
Iicirral)oi district. The soils are tiiaiiily re(1LI)rtiwii. 
saiitly loanis m t l  hlaiiis of iiioclerate t i )  high fertility. 
1 hey are generally' well tlraitietl soils suita1)le for 

wheat growing anrl for the tlcvelo1inirwt of aniiud 
\viiiter-gro\vitig pastures under irrigatitm. The  better 
tlrainctl soils ;ire f o r i t i d  :it the tops of ribes and these 
are generally suita1)le for lucerne and fruit growing 
(citrus atid stone fruits ) under irrigation. Iiut uti- 
iortunately are not al\wys co~iiiii:i~idiilrle for irrigatioii 
except l>y Iiiiiiiping lifts. 

In the ahsence of any exteiisive sources of road 
I)uiltliiig gravels in the district. the re+lirnwii Ioains 
have beeti used widely as road surfacing materials. 

I, i i  J l'/ic q r r y  trr i t i  h'owrr soi/s of / I I ~ ( I Z - ~ \ ~  t crt f fr (p . -  
I hew occur in two main suli-groupsq tlic soils of the 

treeless plains antl  the grey soils of the 110s wiiitllalitl.  

subject to periodic inuntlation. 
The former are grey and Iirowti clay 1o;iiiis tiverlviiig 

heavy clays coiitaiiiing gypsum. Tlwy :ire geiier:illy 
infertile. siimr\sli:it d i n e  soils largely iiiisuiteil t o  
irrigation tlevelopiiieiit e I)t for rice gnwiiig. I licsc 
soils occur extensively (111 the Iilaiiis to  the iiortli ( l i  

the  TGlivard River and are found also iiiirtli-\vest of 
\\'akrir11 lictwren the \Val.mil :uid Kietnur IZivcm. 

The  latter occur extensively hetweell tlic l<(livard :iiiiI 
5lurr;iy rivers \vest oi Main Roar1 No.   SO. T h e y  arc 
licavy grey clays sometimes coritainitig lime. antl :ire 
generally free irf  sritlium salts atid gylisuiii. These soils 
are iiioderately fertile and support a tlense stantl c i f  

natural grasses and Iierlmceous plants where the timlier 
staiirl is open. The chief tlisarlvantagcs of t h e  soils 
;ire their lirolien. often cral)-holev surface. their tlis- 
hectinii 1)y ~ i ~ i ~ i i c r o t i s  watercourses antl their Iidiility 
t o  fhiiitling. 'Hie cost of clearing antl  I)repariiip the 
1;iiid for irrigatioii is high. lint once the initial tlis- 
atlvaiitages are owrcoiiic. the soils arc eniinentlv suited 
to thr growtli of winter pastures and rice. 

( i i i  ) 7'hc sdo i i ia 'd  /iro?,w soi/ .<.-rhw soils o c c ~ ~ r  
on high ground to the north-west [ i f  Swan I l i l l  lietween 
'l'riiii!< Iitiatl No. 6 j  atid tlie \\.akool-~lurrav junction. 
They are light to nietliuni textured rerl-lirvnvti and 
1)rmvii soils. with a \vel1 tlevelopetl calcareous layer in 
the "13" horizoti. Under natural conditions the vege- 
tation cover of the solritiizcd I)rrrwn srrils has little 
pastoral value. Some areas have been tlevelopetl for 
wheat farming. hiit low aiitl utirelial,le rainfall a d  
susceptibility to witid erosion have tiiilitatctl against the 
sticcess of such ventures. 

The better class soils of this gruiq) ;ire calial)le of 
development for vine atid citrus protlnction mider 

_ .  

I .  

r .  



MAIN ROADS. 117 
~~ - .- 

--A 

crete crossing over the main canal which supplies water to the Berriquln and Wakool Districts. 

1)iniiping lifts are necessary to irrigate 
area of the “Mallee” soils. 

ources and Development. 
‘esources of the Murray River endow 
review with a potential ior develolmient 
t possil)le were such a source of water 
.ilable. Under the Agreement of 1 0 1 4 .  
I the River Murray \Vatcrs :\et. rc)~,;. 
the Murray waters allotted to New 
was assesscd at I .~s7,om-acre feet 
This figure will be increased sib- 

ti atltlitional water hecomes available 
lowy hfoinitdins Scheme. and the 
.ilable for diversions will he increased 
ige capacity of the Hume Reservoir is 
1.m-acre feet as proposed. 
;out11 \\’ales Water Conservation antl 
iinission has carried out an extensive 
irrigation development in tlie Deniliquin 

major schemes have been estaldislietl 
loniestic water supply antl irrigation on 
hasis. These arc Berriqnin ( 779,564 
iiniein ( 147.0”s acres) which are served 
I from Yarrawonga \\‘eir, Wakool 
i )  scrvcd I)y gravitation from Stevens 
itlwartl River. antl Ikniboota (.log.oQ 
s not yet in  operation. The distribution 
water supl)lF to tlie Denilioota District 
upon the completion of the Lawson 
. the I<tlivartl River antl Aljoe’s Creek 

near I)eniliquin. connecting \\it11 the Berriquin District 
clinnnel system. This work is nciw approaching 
coiiipletion. 

( Mier existing irrigation schemes include Tullaliool 
Irrigation .%rea ( 16.30s acres). annexed from the 
\\‘akool District ant1 developed for ricc grmviiig. fat 
lanil) raising antl dairying. and Eringan (4.c)3.3 acres), 
(;lenview (661 acres) I~ungunyali-k‘oralei~li ( 1804 
acres 1 antl Gootlniglit ( 1,167 acres) Irrigation Trust 

Districts which have 1)een developet1 for orchartling, 
viticulture and dairying under intensive irrigation from 
the Rlurray Kiver. 

A num1)er of possible future irrigation schemes are 
under consideration. In the area reviewed these in- 
clude irrigatioii extension by gravitation from tlic 
I orrumbarry Weir to “IIast Murrakool” (about 
17j.000 acres) antl tlic constructirin oi the proposc(l 
Rsfarraboor \Veir alxrve the efhence of the 1-ittle 
Murray River to serve the I)roposeetl “Lower Murra- 
kod” district (al)out .~OO.OOO acres). ( M e r  possil)le 
schemes are for the development of “RIoaquiii” 
(ahout ~00,000 acrrs ) and “Caloola” (almut 1og.009 
acres). The two last-mentioned schemes. however. 
would involve consitlerahlc capital expenditure i t 1  the 
provision of p,umpiny lifts. 

ECONOMIC RESOURCES AND DEVELOPMENT. 
The economy of tile lleniliquin district is based 

largely u1)on primary 1)rutluction. Secondary indus- 
tries are relatively unimportant antl are continetl 
almost exclnsively to tlie processing and handling of 
the district’s raw materials and to tlie supply of local 
needs. The larger centres of population function 
mainly as service towns to their srirrountling agricul- 
tural antl pastoral districts. 

Prior to the widesliread tlevclopinciit of irrigation 
facilities in the district. tlie western and north-western 
scctions were devoted to wool-growing on unimprouetl 
pastures antl to the east and south o f  Deniliquin cxtcn- 
sive areas were develol)ed for wheat growing in  con -  
bination with wool growing. 

The development of the Berriguin. Wakool anti 
Ileniniein Domestic and Stock \\’ater Supply antl 
Irrigation Districts has ena1)letl the establishment of a 
thriving Tat lanib industry throughout these districts 
and the iiitrotluction of dairy farming antl rice growing 
in certain localities. \Vool jirowing continues to be 
the iiiajor activity in  tlie dry areas t? the north-west 
of 1)eniliquin and wheat firowing 15 of sonic im- 

_.  
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I)ort:ince in the Ikrrigaii and l iu i ia lor i  districts I)ut the 
present economy of the Irrigation Districts is Imed 
primarily on the tleveloliinent of irrigated pastures am1 
tlie I)roduction Oi fat lambs. 

> \ t  .?otli junc. 1053. aliout 1 8 7 . ~ 0  acres of pistiires 
ivere under irrigation in addition to which sonic I 6.00:) 
;Lcrcs were sown to lucerne ;rntl i btlier fotltler crops. 

(A) Pastoral Production. 
( i )  S h r c p  r i d  nwd-2\ t  .31st Alarcli. i().jl, some 

2 iiiillion crussliretl and Ilieritlo slieep were wrrietl i i i  

the I)eniliquiii district. with stocking rates ranging 
from fi lamhiiig ewes per acre oi i  solile high grade. 
irrigated pastures of the Finley district to I dry h e q )  
to 13 acres in  the partly-cleared hlallee country. east 
of  Tooley1)uc. i\verage carrying capacities are be- 
tweeii z atid 3.5 ewes per acre i)n irrigated pastiires 
; iwl  I)et\vren I sheep to z acres antl I sheep to 5 acres 
over inuch of the non-irrigated pasture land. 

:\liout I million laiiil)ing ewes are carried. yieldin:: 
;in average drop of aliout 7.jo.0~0 1atnI)s i i i  autumn. 
,\iiniial w(iol 1)roduction froiii sheep and landis is about 
I ;  to 19 million pr)ttnds weight. 

Irrigated Pasture (c lover  and rye grass) on Developmental 
Road No. 1146. 

( i i )  Cu/t/iT.-Sonie j S . m  cattle are tlepastciretl in 
the I)eiiiliquin district. iiicludiiig about ~ ~ . m  dairy 
enws, Reef cattle raising is a \ritlesl)reatl minor 
activity throughout tlie district. whilst dairying is 
locally important at Fitiley. liarhmi. S1)erwa. \Vak(id, 
Moama : i t i d  Murray I)o\vns. 

The enipliasis in dairying is on crcani protluction 
for Iiiitwr, antl producing areas are served I)y hitter 
i. xtories . 
(Irooli ( \'ic.') and Swaii IHill (Vi[..). rlnnual Iirotluc- 
t ioi l  irirnl al)oiit 6 . o ~  inilkiiig cows in tlie t l ihtr ic t  is 
: i h i i i t  0m.ooo 111s. oi hitter. 

\\'it11 fnrtlirr tleve1ol)nieiit in existing irrigated areas 
: ind witli the :inticipated estensiiin ( i f  irrigatioti to 
1)eiiil)oot:i. I k t  Rlurrakool and I-ower \Iurrakool. in- 
creases of the order "5 to jo  per c c ~ ~ t .  it1 the protluc- 
tion of wriol. fat Iamhs antl cream are cotlaitlered 1iris- 
sil,lc within the next I O  years. 

(B)  Agricultural Production. 
I n  I C I ~ I - ~ ~ ,  (16.m acres were sow11 to d i ea t .  tlic 

main areas of production Iwitig the Herriga~l-lluln:il;i 

;it l'iiilry ( X.S.\V,'). Echuca (\.ic.'l. Kaon- 

m d  tlie hlatli~iura-l~uiiali)o districts. I'roduction for 
this year was 1.y10.5')2 bnshels of  grain antl 3,226 
tons of wheatell hay. 

l i i  tile lrrigatinn Districts. thr trend has heen to- 
wards increasing the acreage (if irrigated pastiires at 
the expensr of the wheat acreage. resulting in a tlecliiir 
in wheat protluctiiin which. Iiwvever. has I)eeti partially 
riffset hy higher aiitl iii(ire stable ?irltls i n  tlie irrigated 
areas. 

'Ihe ru1tiv;itioii of I-icc uiitler irrigation is ;in iiiiliort- 
ant feature of the agricultural economy of the Tulla- 
kool Irrigation )\rea and the \\!akool Irrigation 
District. Since 194s. I)etween 5,000 antl IZLIOO acres 
have been sown annually to rice in the Wakool- 
Uurraboi-Moulamein district. Average production has 
varied hetween I arid 2 tons of  paddy rice per acre. 
The entire crop is sent Iiy rail to the lichuca rice mill 
from sidings 011 the Ualranaltl line (mainly Rur rah i  
alld \Vakool), 

C. HORTICULTURAL PRODUCTION. 
Irrigated horticulture and vitirulturr arc practised in 

scattered localities adjoining tlie Murray River, the 
major protlucinp ;ireax being at I<arham antl Barooga 
for citrus and stonc fruits atid at Koraleigh antl Good- 
night for vines. Thc total area rintler orchards antl 
vineyards for the year 1051-3" was 3.21S acres, of 
which I ..+XX acres \Vere in orchard fruits antl 1.730 
acres in vines. 
D. FORESTRY PRODUCTION. 

The State 1;orests and I'orest I<eserves of the 
I)eniliquin (listi-ict are timlieretl ;irras totalling +1,3 1.3 
acres mainly of red guiii. I ~ i x  and c q r e s s  pine. Ked 
gum antl 110s iorcsts Iiredonlinate. there I)eing aI)out 
2 3 6 . 5 ~  acres of State Forests aiitl Forest Reserves 
in  whicli red gnm is the iiiaitl coniniercial species. 1 1 1 ~  
mean increnient of these liartlwiiotl forests is ahout 
I 2 million super feet per aiiiiiin1. 

At the time cif the survey. 1 5  sawmills were operating 
in the district, the chief centres being kirham. Denili- 
quin, hlrrama. Rloulameiti antl llatlioura. 

Population Distribution and Trends. 
*At the census of .3otli June. '()47. tlie population of 

shires antl mrinicipalities in the 1)eniliquin district 
totalled 1?,4iS. The main centres of population are 
1)eniliquin ( 1947 p(iln~Iati(i~~, 8.668) Tocuiiiwal 
( I .311 j ,  Finley ( 828) .  jeriltlerie (cS03). I3arIiaiii 
(71s). lierrigaii ( l a ) X i  ; i t id  l lul\vala (617) .  I'arts t l i  

tlie area reviewxl are within the influelice of adj~iining 
\.ictori:ui t(nvns. tlie inore inil)(irtant of whii.11 ;ire 
1Cchuc.a ( I 947 population, 4 , + p ) ,  Swan I I i l l  1 4-30; 1 .  
Keraiig ( 2.7 I 7 ) a d  Y;irra\vong:i (r.AO3). 

In the initial iieltl count for the W I I S I I ~  o f  p t l l  Julit,. 

1954. the poptilation of the distric! totalled i?r.fi)4 :ui 
increase of ;,i?10 nver the 1947 figure. 

Increases in intlividu:d local governtiieiit areas arc 
iiidicaterl in the following t a l k .  irrini whicli i t  \vi11 he 
noted that sril)stantial increases have occurred in areas 
\vithin the influence of irrigation sclienies. 
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Typical unconrtructed section on black soil. Developmental 
Road No .  1146. 
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Xloama 1Innicipality i n c o r p r a t r d  in Alurray Slrirc 
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5-12-52. 

r .  1 he overall increase reliresents an average gain of 
4.27 per cent. per aiiiiiiiii. which is coiisitlerahly higher 
than the average for New South \\'ales for tlie inter- 
cellsal period ( I .yS I)er cent. per annuin). 

Further coiisideral)le increases of populatioii appear 
likely throughout i ~ ~ u c l i  of the district in  vicw nC iippcir- 
tunities for atltlitional closer settlement in the \\'akool. 
lierriquiii antl I)eniinein Irrigation Ilistricta antl of tlir 
likely develo~~ineiit uf the 1 )eiiibotita Irrijiation 1)istrict 
:uid ultimately of the liast atid Lower lliirrakool 
scheines. Coiii~~ai-alile iiicreiihes in the populatiotis (ii 
tlw larger triwiis. 1iarticularly 1)eiiiliquiii. Swan Hill. 
I<chuc;i. I'inley ant1 liarham caii Ire expected ill  
rcqxmsc t o  incrcasetl ilematitl for goods ant1 sci-\-iccs 
occasiotietl Ijy a11 expaidiiig rural ecoiioiny.. 

It has lieen estiiiiatetl that. scilljcct to cotitiiiuerl irri- 
gation tlevelopment and further promution of closer 
hettleiiieiit both by private and Government spniisorctl 
sulrtlivisioiis. the popiilation of the Deniliquin district 
could reach 27,jm by a h m t  1962, as a result of a 
natural increase of about z,mo over the 1954 figurc and 
a11 increase of alwut a.800 hy net immigration. 

New construction Developmental Road No. 1146. 

Developmental Road Requirements. 
At 30th June, 1952, the road system of the nriiilicluiii 

district Deniliquin h~l:1iiiiciliality. Ikrrig.aii, ('otiargo. 
Jerilderie, Murray. \l'akool and b'iiitl~ioran Shires) 
included :- 

State Highways-qS.0 miles - 4.3 per cent. ol 

Triiiilt Roatls-37..i miles = 1.0 per cent. of total. 
Main Roatls--i;34.0 miles = 0.3 per ccnt. of total. 
Tntal main roads--X39.; miles = 14.6 per rrtit. nC 

total. 

total. 
Tlwrlopiiiental. 

Roads Pr \\.arks-- I O L . . ~  miles = r.S per cent. of 
total, 

Uiiclnssifird. 
12oatls-4,S36.o t i i i lc~ =: S3.6 per cent. of total 

Total pulrlic road-3.77S miles. 

Of the total mileage of puliiic roads in tlic district. 
p miles (1 .25 per cent.) had Iieeii liturnen surfaced, 
;So iiiiles (10.05 per cent.) had lreen surfaced with 
gravel, loam or criisliett rock, I ,274 miles (22.10 per 
cent.) had heel1 fornictl only. ant1 3 .S . j~  miles ( 6 6 . 6 ~  
per cent.) were uiiformetl. 

The ~eni l i i~uin-Fin ley- l ie r r igan-~~~~~lwala  district 
atid the hIatli(rura-I~Ioatiia tlistrict are at present 
reasoiiably well served Iiy aii existing close network 
of f o r i ~ ~ c d  roads in terrain that is naturally well tlraiticd 
antl generally flood free. l l a n y  niilcs of ininor access 
roads will ultimatcly lie required it1 these areas antl in  
particular to tht. si)utIi of  h h i n  I<oatl No. 552 1)rtwceii 
Jerilderie and Conargo and t o  the tirrrth-west of 
Mathoura. Irut tlicir c~instrwticm will lie relatively 
sitiiple aiitl inexpensive. 

\\.est of I~jeiriliquin in the areas lying Iretween the 
Edward antl Murray Rivers. the existiiiji system of 
road co~ii~i~unicatinns lacks a direct route cniiiiectillg 
Dcniliquin and Swan Hill. It also lacks a north-south 
route coniiectiiig with the \"ictorian road system at 
Gonn Crohsing Iiridge over the Alurray Iiiver. 

The provision of minor acccss ro;di is complicated 
by poorly drained soils. limited supplies of suitalde 
surfacing iiiaterials. ii~iiiierot~s creek.: atid hillal)ongs 



and lialiility to Hooding over wide areas. \Vliile shire 
routicils have tlcinc iiiiicli t o  alleviate the position. 
there retiiaiiis a11 iniiiietliate need for an extensive road 
atid liridgc constriictirin m i l  improvenient prograniiiie 
iii order to I)rovitle for the needs of preseiit and Ciitnrc 
settlers. 

I1 was consitleretl t lut  the iiiost eii’cctivr \vay it1 

wliich tlir I )eI)iirtiiietit coiiltl assist in  the tlevel~il~meiit 
i i i  tlie district geiiei-:illy was t o  iiiipleiiieiit an arcs 
I)rograiiinie of road and liridge coiistructicin works 
tlesigiietl t o  o~crci~i~i ie  tlic i i ~ i r e  important tleficiencies 
in Iioth access and iiitercommunication. As a result. 

action is Iieing talien for the early ciiiii~)Ietitiii iif  

I)evelol)meiital Iioatl No. I 146 and for the prixIani:t- 
tion of j roads totalling gS miles as I)t.velq~nicntaI 
Roatls. in addition t o  which the work of constructing 
a tini1)er I)eatn liritlge over the l<(Itv:ird River at 
Llorago Iias Iiecii ~ir(iclaiti~etl I )evc.lol)iiieiital \ \ ‘ I  irk 
so, ~ O K O .  

The wiirks  i i i  the 1)rop i i i i i i c  are estim:itetl t c i  cost 
aliproxim:itely F I 10.000 lncltding the coiistruction (ii 
S tiinlicr Iiridgrs. ;uid will Iic carried ~ i u t  I I V  the 
councils coiiceriietl with ii~rineys gr;iiitetl fr im time tci 
time liy tlie Ikpartmeiit 11f ,\.lain Iiontls.  

HARWOOD FERRY-CLARENCE RIVER. SUPPLEMENTARY 
FERRY SERVICE 

\VIN(; to groivth oi trarfic on the I’acilic Iiiyhwav 0 <luring recent years. the vehicular ferry service 
at Har\rootl on the Clarence River has often been over- 
taxed at holiday pcriotls or when the regular ferry 
vessel has been lait1 off for repairs or annual overhaul. 

111 order to minimise drlays to tralfic at such times. 
the 1~)eli:irtment of Main Iioatls recently ciiiii~ileted tlic 
ci)iistriicticiii of atltlititinal ramp, mid appr(iaclies so ns 

t o  eiial)le tlic (ilicra~ion of a suppletiieiitary servirc. 
I he work was carried nut i i i  tiiiie tri perinit tlie supl)lc- 
nicntary service Iiciiig available during the Christmas- 
New Year i(j,j4-,jj periotl. 

The new arrangement eiiables the largest relief vessel 
availalile t(i cil)er,ite aloiiysitle. but clear r i f  the regular 
ve,sel : the two vessels h a w  a coiiilitietl average capacity 
of 40 veliicles pcr crossing. 

I .  

BRIDGE WORKS AT BALLINA 
T I3allina. two new reiniorcetl concrete Iiridges 

I are being constructed Iiy the r k p ~ t ~ ~ ~ e ~ ~ t  oi Main 
Roads oii the I’acilic Highway over the North Creek 
C’aiial, otic of theni at a point I $  niiles west of Ballina 
antl the other at I j miles iiortli of  tlie town. Iloth are 
live-sli;in structures on driveti concrete piles. one being 
‘LO feet in  length antl the other 200 feet. They will 
replace old tvorii-out timber bridges on unsatisf;ictory 
:ilig:nments. 

_ .  1 he manuiactiire and tlriving (if  the piles have Iierii 
carried o i i t  1iy contract : the remainder of the work is 

being carried ciut I)! (lay labour. It is ;iiiticili:ited that 
constriictioii of Iioth I)ritlges will lie completed during 
19.55. 

.\rrangenieiits are :ilso Iieing matle in cotijriiicti~in 
with the liallina Municipal Couiicil for the reconstrnc- 
tion of  the hlissiiigliaiii Hritlge I)ct\vecn Ballina anrl 
East Ilallina o i i  Main kiatl No.  j ~ j .  The existing 
structcire is narrow with ii tiinlicr mlierstructure o i i  a 
concrete sul)structure. atid is inadequate f(ir the heavy 
traftic wliicli iises it, particularly at Iiiilidays and weeli- 
etitls. The Iiritlge is to  lie \vitlened m t l  a fo(itw:iy 
Iirovitletl flir pedestrian trallic. 

ROAD WORKS IN BELLINGEN SHIRE 
‘ I 1  I <  llellingen Shire Council hi i s  receiitlv untler- 1 taken :idditi~iiiaI Iiitume~i surfacing 0 1 1  RIaiii Roatls 

i t 1  its a rm,  The work has iiiclutletl a Ieiigth on Truti l i  
Iioatl No. 76 between ’l‘hora antl llellitigeii. antl a 
length oi l  Maiii I<oatl No.  .;lo. 

Trunk K4i;id Nii. j h  liiilts the New Ingland I lighway 
at Ariiiitlalc atid the T’acific I lighvay near 12aleigh. 

1 he work 011 this road coinprises strengthening the 
csistiiig pavement with gravel staliilisetl with loam. antl 
surface treatment ivith liitunieti etiiulsion and s c r e e d  
river g r a \ d  

, .  

Main Road Yo. 540 serves I(ica1 ;ind totiriht tr;illic 
t o  the seaside resort I I ~  Sawtell. ; m i l  coiiiiects Sawtcil 
with the I’acitic Higli\vr.;iy. The \vorli cciiiqirisrtl 
strengthening the old 1)avciiietit \\-itli I(ica1 shale 111 xcrvc 
as a base course. tlie Iirovisioii ( i f  ;i gravel siirktcrt 
course. aiitl suriace treatment ivi t l i  1)ituineii e:iiiilsiirii 
m t l  screened river gravel. 

( hi tlic stecli and wiiidiiig 1)i)rrigii XIIwitaill section 
of Trunk I2oatl N o .  j f i .  the restoratioti of slips 1)v iiieaiis 
oi timher crilis and stone walls is being undertalien hy  
Ciiuncil as part (if  iiii extensive ~iri)gr:iiiiiiic of remetlinl 
\vorli rendered necessary liy f l o c i t l  ; t i id stiiriii tl;uiiag:P. 
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FLOOD DAMAGE ON ROADS, FEBRUARY, 1955 
=& 

1 .  Yarrawa Bridee over Goulburn River near Denman, Muswellbrook Shire. 
2. Bridge over Goulburn River at Sandy Hollow, M.R. No. 208. Muswellbrook Shire. 
3. Damage in High Street, Maitland. 
4. Collapsed section of Lonq Bridqe. Maitland. 
5. Damaged approach to Long Bridge, Maitland, New England Hiqhway, S.H. 9. 
6. Broken peir and washawsy, Minore Bridge, Talbragar Shire. 

New England Highway, S.H. 9. 
New England Highway, S.H. 9. 
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Typical route number sign indicating that road continues straiqht ahead. 

Erection of Route Number Signs 

The systeiii of rotitc markers which li:ih I)ccii adcrl)trcl 
for the Ixiiicipal \tistr:ili;iii roa(ls is Ir:i.;c.tl 1111 tlie svs- 
ten1 cif roiitc iii;irliitig rstalilishcrl thr~iugliiitit tlic L’iiiterl 
States Iiy tlic .\iiirric:ui .\ssociation or State l-ligh\v;~y 
( )~Iicials. The .\mrrirati iiumlierrtl hvhteiii cnil)otlie\ 
the I)rincil)al cross-country roads ( i i  tlic Uiiitctl States. 
a i i t l  ciiiiil,rises 4.3.3 iicr cent. of tlic total Lnitetl States 
roatl iiiileage. 

Route number sign indicating a turn. 

I .\uthoritics or atljoitiiiig States. to  I)rcrceetl \\it11 the 
erection of route tiutiilier signs 011 the follo\viiip a d d -  
tioti:il State I lighways :- I 

s l’acilic Highway, Sylney  to Hrisliaiic. 
New I<tiqlantl Higliivay. from I’acilic I l i q l i ~ a y  at 

I’rince’h Highway. Sytliicy to 3lclb11urtie ;mtl 

Sturt 1 ligliivay, fr(itii I ltiiiie I lighwav m a r  Tar- 

I Icshacii to 13risI)aiic. 

Adelaide. 

cutta to :\tlrlaitlc. k 
IZniitc niinilier signs ;ire erected :it such locations as 

will guide and reasslire tra(iic regarding the route to be 
follinvcd. Signs ior gni(latice are lilacet1 i n  atlvaiicc of 
iiiiliortaiit iiitcrscctions. at iiitcrsrctioiis wliere the 
route makes a turn. and \\here the paveiiient suriace 1 
type c-liaiiges. Sigtis for reassurance are placet1 I)evowl : 

jiiiicti(itis or iiitersrctioiis. atirl at  iiitcrwls ( i f  fr(rli1 ; t o  
I O  iiiilcs wlicrc i i ( i  otlirr iiiarkers rxist. 

t 
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Stripping of Bitunien from Aggregate 
Usc of Plate Test 

Under the title “Stripping ui liitumen iron1 .\ggre- 
gate” :m article in  the March, ’951, issue of “1Iain 
Roads” gave particulars of  the experience of  tlie Depart- 
ment of Main Roads with the problem of I)ituminous 
Iiinders being stripped from aggregate in the presence 
t i f  water. Investigations up to that time hat1 heen 
Iiasetl on the Tmmcrsiiiii-Ccimliression Test tlevelo~ietl by 
the United States Bureau of Public Koarls. Iletails 
of this test iwrc given ; w t l  several tentative conclusions 
were listed. 

Shortly after this time some erratic I-esults with 
certain aggregates intlicatetl that. while the Immersioii- 
Compression Test seemed sriitalile for cliccking the 
Iiytlrophilic properties of aggregates used in densely 
gr&d hituminous mixes it was iiot wholly relial)le for 
testing some aggregates used as surface dressings. This 
:irticle describes difficulties encountered i n  iising tlic 
Iniiiiersion~Cnni~jressioii Test. the developiuent of an 
alternative method of testing and soiiie particulars ( i f  

rrcent espei-iences with the testing of variou!: aggregate 
I)ilunien combinations with and without tlic aclrlitimi of 
anti-stripping agents. 

THE IMMERSION-COMPRESSION TEST. 

I I I  ;iccordance with the procetlure ntlol)tc(l I)y tlic 
United States Burrait of t’ihlic Koatls. test specimens 
for the Tniniersioii-Com1)ressioii Test are prepare(l with 
the same aggregate gradings and bitumen contents as 
I)rol)osec‘l in the actual construction work. ’I‘hc test 
appears to give fairly reliable results in comparing 
blripliiiig resistance of crushed aggregates in  dense Iiitu- 
niinous mixes but tlifficulty has heen experienced in  
1)repariiig satisfactory specimens to represent tlie more 
npcn textured niixtures. Furtherinore, a large propor- 
tion of the bituminous surface treatment work done in 
Ntw Sonth Wales is of tlie sprayed surface dressing 
tylie using cover aggregate of nearly uniform gauge 
:Itit1 it has l)ecti fnnnd impracticable to prepare stalile 
test specimens without the additinti of the smaller 
gauges specially crushed Ironi the stone untler test. 
This is not aii inq)ortant olijection when using a crushed 
aggregate of uniform quality. 1)ut a niure serious difti- 
culty arises i n  testing non-uiiiforni material such as 
river gravel containing pieces of quartz. quartzite, shale 
ctc.. in the one samlile. particularly if tlie aggregate is 
to I)e tisctl in the uncruslietl condition. as is often the 
case. Crushing to prodnre suitalde gauges for prepar- 
ing a stable test spcciiiien tlien introduces some material 
( i f  different shape and surface texture. to tlie actual 
sample under test antl so renders tlie test unrelia1)le. 

It was therefore tlecitlctl to conduct trials with a I’late 
Test based largely on procedures atloptetl 1)y other 
authorities in .Australia and overseas. 

THE PLATE TEST. 

Roads cor this test is as follows :- 
The procetlurc Iwing used by the L)el)artnlellt of hlaill 

( 0 )  Spread 30 grams of y~ penetration rcsitlual 
Iiitumen to cover the top surfacc of ill1 etched 
zinc plate 6 in.  x 6 in. x 

( 0 )  Heat gently to ensitre niliforin thickness of 
film ; 

i r  ) A I l n i v  plate to cool to room temperature ; 
1 d )  Select 5o pieces of the doniinant fraction from 

tlie aggregate untler test antl I)y hand press 
each piece gently into tlic tilm of Iiittlnicn : 

1 e )  J’lace in an air oven at 60 degrees C. for 21 
hours and then in a water bath at jo tlcgrees 
C. for four days : 

( f )  Luwrr the bath tcml)erature to 2.j tlcgrees C. 
and p ~ r l l  the stones from thc plate hy hand nr  
with the aid of pliers : 

( ( 1 )  Sort into groups according to \vhetIiei- the 
stones arc coml)lctelv .strilq)etl ( n o  Iiitunien 
xllicriiig ) .  lnrtly stripped ( a  snlwtaiitial part 
oi the contact :irca still ct)veretl I)y liintler). or 
iiot stri1il)ctl ( hinder still atlhcrill,g t o  alnia,st 
t l l C  wllllle l l f  the c011tact surfacc) ; 

( / I  ) Calculstc the percentage rd stone stri!iped 
after visual a w w l n e n t  of e;irh stone as 
Iollows :- 

in. : 

for fu l l  stripping. connt cine unit ; 
for part strippiny. count half unit : 
for no stripping? count nil. 

Tt is difficult to obtain a prccise correlation I~etwecn 
the results of this test ant1 1ield service and nnt i l  further 
infortiiatinn in this reslject is availa1)le the restilts can 
he regarded as intlicative only. 

A few cases of failure. alq)arciitly due to hytlrophilic 
action have 1)eeii closely investigatetl and i n  each in- 
stance the plate test showed good correlation with the 
field observations. I lowevrr, the collection of data on 
the field prrforniance of various anti-stripping agents 
under natnral weather conditions niust necessarily tie 
slow; the critical stage fur fully testing the eficacy oi 
the agent occurs during the first (lay or two after the 
pavement has lieen constructed and rain may not fall 
during this lieriod I o n  tlie few sections climeii for ~ ( I I I -  
trolled testing. On the other hand data olitained from 
observing ordinary rcintiiie snrfacing (111 a large nnmher 
o f  works :ire gcl1crally tliHjcult t o  interpret Iwx.ause 
failures ivliicli may lie due to  the hydrophilic iiatnre oi  
the aggregate ;ire often associated with other d v r r s e  



( I  1 \\-hether the best results could lie ol)taiiiecl 
f rom ;itltling the anti-stripping agent to tlic 
Iiititlcr or aliplying i t  as  a light coating (111 the 
stone. 

The I’late Test iollows in :I p ~ i c r a l  w a y  the COII- 

structiou ~iriicesses for light surface tlrrssings antl corn 
secpieiitly e : d i  roiitinr test affords ;iii opptirtunit\~ to 
k t l idv  the g:cweral Iiehaviour I d  the ston? aiitl Iiititlcr 
lllitlcr coiiditi(iiis reseiiil)ling those ciicouiitercd it1 t h c  

itions iiiav I I C  iii;itlc of the rlFect of 
cl:iiiili  or (lusty ;tggrcg:atc. iiicreasctl stripliing rvsis- 
t;uice rcsnltiw: froi i i  ;I high ciillar ( i f  Iritiiiiieii 

:li-oiiii(l c:tch stcine. tlic phxsical effect of sui-f;tce 
trsturr.  iiiitial adhesion in the al)sence c i f  water. 
effect of cui-ing t inx.  softenin: of soiiic aggregates 
\\hen soahctl in \vater. ant1 M I  on. For this rriisoii 
the test c m  lie ;I useful giiitlc to the esliectrtl he- 
liaviiirir of ii slirayetl surface tlrcssiiig except that the 
effects of rolliiix and tratfic art. al)seiit. \\%crc traliic 
is Iieavv or where water is retained i t i  the Ixiveiiiriit for 

Removing atones from coated plate with the aid of pliers. 

lest. i.e.. viscosity of Iiiiitler. time anti tempcrattlrr oi .\ltl,,,ugl, staxe li:ls lieell rt,aclletl \,.liere 
curing. tiiiic of immersion. etc. The test was thcii (lefinite c c r n c ~ r l s i , l n s  c;lll he statc(l, \vl)r!i lvitll tilc. I’late 
tlirectetl :It testiiig bituiiieii/aggregate coiiiliiiiations Test coiitirms i n  a general way the tentative cnnclu- 
\\-it11 and ivitlioiit the ;itltliticin fii additives to tletcr- siotis eiiiuiierntetl in the I)revious article. viz. :- 
miiie :~- ( ( I  ) The “stri1~1iiiig” Iiehavioui- of the rarious 

uitiil)inations of aggregate. Iiitumrn ;uitl 
atltlitive is so varied that the resrllts of any 
Iiarticular coml)itiation cannot lie pretlictctl 
from test of  othei-s. 

( h ) l l o r e  thaii lialf tlic :iggrrgate/\)ituiiiell con -  
hinations without additives shriwetl a iiiarlicil 
tentleiicy to strip. 

( (’ ) .\dtlitivrs which reduce the tentlency to  strili 
wit11 cine txpe of stone iiiay Ix itieffectivr 01- 

actuallv hariiiful with atiother type. 
( t l  ) There ;ire inarhrtl differences Iiet\veeii the 

various I)ittimetis al(ine antl in their response 

;L fin. of tlie rock sainlilrs tcstrtl 
t l i t w  is a re:isoii:ilily safe I i i t c i i i i cw  or I i i t u i i l c w  
;itltlitivc ciiiiiliiii;itioll. 

111 ;itltlition the foIl(iwi~~g conclusions now ~ ~ Y W I  t o  

( I  i Tlic tiine ancl colitlitions of curing of the I i i t t i -  
iiirii/aggregate interiace has a inarlietl effect 
( i i i  tlie suliseqiwiit tentleiicy to strili. i.e. Iriss 
of stone froni stripping is consideralily reduced 
i f  the binder has had time to “set” liefore 
raiii kills 011 it. 

( 2  j I’hysical factors such as height oi the bitu- 
iiirii f i l in .  the iiirchanical interlock oi stones 
;inti the action d traCfic are important factors 
;Lffectiiig the tendency of aggregate t ( i  Irc 
striplietl frotii surf;ice courses. 

( 3  ) (;oo(l initial wetting i r C  the aggregate with 
the I)itumeii is i i s d l y  nn iiiili(irt:~iit factor i i i  

rcducitig any suliseclurnt tetitlency to strili iii 

the 1ircsciice of water. 
( 4  Strippiiig agents niay i i i  some cases de- 

teriorate if held at high teniperature ior several 
hours. 

i t r  j I i wltlitives were necessary ; 

( ii 1 the iiiost suit;ililc additive for any Iiarticlilar 
c:Ise : 

lie justitictl. 

FUTURE WORK. 
cliiei ;iiins for iutnrc  \\-<irk tvitli tlie I’latc Test 

j ‘1.0 oI)taiii ;L s;ltisC:wtory cori-elation Iictwcen 
tlic 1:iIior;itiiry testing mid hervice rcctirtls. 
( I<ccriit rcsillts iiltlicatc that soliic chatigr tilay 
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I I C  tlesiral)le in  cc1rt:iiii conditions of the test. 
e.g. retluctioii in the air-curing tiiiie of 24 
hours.) 

1 ,  -ro t ~ e t e r r l l i n ~  most llletllotl of . \  microscopic study is also being made of several 
l l i i l l g  atltlitive, al,l,lietl t,, tile stone Or rocks to  tleterinine whether there is any connection 
iiicorl)oratetl i i i  tlie 1)iiider. I)etweeii niinernl ~~oiii~)i)sitioii antl adhesion properties. 

( ( ' 1  T<I  sclect the most suitalile atltlitives for the 
various I,ituinen/aggregate cotnl)inations. 

A Developmental Road Work in the 
Shire of Upper Hunter 

Developmental Road No. 1109: From Main Road No. 105 near Scone to Tomalla. 

1)evelopmetital Road No. I 100 leaves the Scone- 
Nundle Road (Main Road No. IO:) at a 1)oint 1.1 
niiles from Scone and extends over the Mount Royal 
Ibrige to  T'(1lIlalla Post Oltice. a tlistaiice of I O  iiiilcs. 
Tlie road links the Tomalla area with Main Road No. 
1o.j and thence with the New I<nglaiitl Higliway a i i t l  
the JIain Northern Railway at Scone. The road serves 
:in area lying astride the Mount lioyal Range, ;I spur 
of the Great Dividing Range, and is principally used 
hy local settlers, mail carriers and timlier hanliers. 

The area served is mostly heavily timbered. elevated 
virgin country Init parts have been cleared for settle- 
nient. The largest lioltlitig in the area coinprises aliout 
14.000 acres most of the remainder Ixiny holdiiigs 
of from 2.000 to 4 . m  acres. Rainfall over the area 
averages 40 inches per annuni antl the land is used 
for sheep antl cattle graziiig. hlatiy of the holdings 
iiiclutle areas of up to 40 acres lor the growing of 
potatoes ; apples are also grown with success but not 
to any great extent. Tiniher is hauled from the area. 
within which the Hunter River rises. to mills on the 
bIain Northern Railway. 

Between Scone and Tomalla the Hunter River twice 
crosses the road antl niitil recently the only crossings 
were fords. situated closc togetlicr and frequently i n -  
pnssal)le fur periods of up to twelve weeks. To avoid 
these crossincs local residents cotlstructetl R (rack over 
I-ougli country hetweeri Dry Creek on 1)evelopment 
I<oacl No. I roc) and a point on llaiii Road No. roj on 
the Scone side of tlie fords. litit the steep grades enal)letl 
its use only Ily vehicles with four-wheel drive. 

A deviation is at present being constructed by the 
LJpper Hunter Shire Couiicil. by day labour. this fo l low-  
ing generally the route of the track made by the settlers. 
Tlir tleviatioii has been designed for a speed of 30 
i i i . l ) . l i .  with a formation width of 20 feet arid a 12 feet 
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Typical viewr on the completed work. 

wide gravel 1i:iveiiient 6 inches thick. l%rtliworl;s are l’lant in use inclutles a 11.7 tractor with a tlozer a i i t l  
the iiiiijor items in the tlesiyn, ii  total estimated quantitv sco(ip : a heavy miitor grader ; a twn-hammer air con-  
of 10.720 cul)ic yards of ivliich oiic quarter is in granite pressor for tlrillitig and blasting : a two-hag concrete 
r o d ,  Iwing iiiviilvctl. t3ut.i and fills ratigc 1111 to  ( I  tee(. iiiixrr ior culvcrt hentlwalls. etc.. niitl iiiotor lorries. 

The full cost oi the work, estimated at frg.og6. will 
ctlncrete l)i,)c except in narrow gully lie met 1)y the Ikpartment of l f a i n  Roatls friinl 

w~ierc i t  is propnsetl to install a i 2o-incli diameter 
multi-plate steel pipe culvert iiiatlc froni OIIP  quarter- Access t i ,  the Tomalla area will I)? greatly iinprovetl 
inch lkite. 

1 )millage \,,ill iIe I)rovitled lIY stall(larcl 

I’~\7~lo~~111~lltal ‘natl ‘wK’s. 

wlien the ileviatioii is ciniiipletetl. 

SYDNEY HARROUR BRIDGE ACCOUNT 

Income and Expenditure for period l e t  July, 1954 to 31st March, 1955 

Cost of Ciillecting I h a d  ‘Tolls . . . . . .  
I’rwision for ’Tratlic 1:acilities . . .  
Altrmtions to <\rcliways . . . . . .  
Maintrnance and hfinnr Impr~ivemcnts 
hdministrative 1:xpeiiscs . . . . . .  
I.oan Charges- 

lotcrcst . . . . . . . . . . . .  
I.:xchange . . . . . . . . . . . .  
Sinking h n i l  . . . . . . . . .  

3lisrellaneoos . . . . . . . . .  

I<oad Ihlls . . . . . . . . . . . .  
Cimtriliutions - 

Railway I’assengcrs . . . . . . . . .  
‘l‘ramwap and Omnihris I’assrngcrs . . ,  

Runts from I’roperlies . . . . . . . . . . . .  
hliscellaneons . . . . . . . . . . . . . . .  
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' I ' I I c  following 'fcntlc~-s (esccetling ~ ; ~ , o o o )  mcrc acccptetl by  tllc Ilepartment (luring thc ~nontlrs ot 
j;11111:11..\; I;c.l,ru;lr.\ ; l l ld  Alarcll. 1r,,ji :- 

~~ ~~~ - ~~~ ~ ~~ ~ ~~ - ~ ~~ ~~ 

\York. 1 S ame  of  i\ccrptcrl 'rcnilcrer. ~ Amount. 
~~ ~~ - ~ ~~ ~ ~~ 

s. d .  
l'rince's Highway. State Highway N o  I ,  Slnre of ISuruhodalla. I-astorn Construction ('o. I'ty. j.soo r) 0 

('onstroction of Iiridgc over C l y l c  River at Ih teman ' s  Uay. 
r t f  firlil connertions uf erected stcclworh. 

Innes. 

Ik)golong Crwk in tlir S l i m  of (:i~orlrncl~ghcc. 

Riveting Ltd .  

. . .  5.01u U .\ilililions and alterations t o  t h e  Ikpar tment ' s  Divisiunal Office, Glrn S. Icevan , . .  . , .  ... 

I lume I lighway. State High\\-ay So. L .  Construction of Imdge over  Central Construction Compz~ny ... 1 6 . 3 q j  i n  o 

I 

Tenders Accepted by Councils 
The following T~nrlrrs (exceerliiig C3,OOO) acre accepted by t h r  respective Councils during the mont.hs of 

Jtiliuary, Fctiruary and March, 1955 :- 

(;renter 

Grenfell R I .  . .  
Guyra S .  

1 l < , l I > ~ O , , l <  s 
I ) , ,  

\\'<lll<>ngnng C. 

Jrrikleric S .  . 

Rlanning S. 

Kymhoida S .  . 

Road 
1-n. 

~ 

I 

\York. 

~ 

I S ame  of .\ccepted 1 
Tendercr. Amuun  t .  i 

- 
I 

I 

I 2.52 Constriiction of reiiifnrcctl concrctc t>ri(lgc over' hlessrs. E. I I .  Stockton <t CO. 

'43 Sealin:.r)f gravel pavomont from 9 m. 5,016 i t .  t o  1 3  m 1 l i .H.I ' .  By-I'ro~lucts l'ty. 

14.5 Icesealing frnm 1 3  m. 2,400 f t  to 20 m. 1,056 I(., 1111 . . .  

I'cppcr's (.reek. 

L ,  loo ft. from Shire Iiounrlary. 

bct\iccn Coolamon and Narrandera. I 
(IO 1111 ... 

Opcratiun 111 ferry over Clyde Itiver a t  Selligen for' Rlessrs. Patrecl1 and ~ u t c ~ l e r  

I .  I V  Constroction of deviation to#clhcr with gravel Carsons Sor thern  Timber 

I IC) Iiitominous sealing wurks--hlain and Trnnk lloads, 
1 mprovement I'rogramnre. I 95.5. 

three years 

pavement 1 2  ft.  wide, culverts and suhsidiary Co. 
works a t  'Tibbuc. 

51 

i 
I 

delivery and  spreading 33,006 CII. yds. E .  Shnri ... . . .  . . . I  
I at \ a r i w s  locations. 

i 34XJ 
g r r  I<ecoiistruction of snh-strrlctore of Windang Bridge R. G. Cram and Son Try. 

239 I<econatroction and construction of culverts _ . .  ... A .  C .  Steplrpn & Son . . .  
. ._  . . . I  Ltd.  

q , Construction of three X ft. x 3 ft. I<. C. Culverts south J .  Gabaucr ... 
of 1.langotldin level crossinrc. 

2 1  I ~ i i p p ~ y  ancl delivrry of 1.100 cii. yds. aggrcgatc Albury San11 R: <;ravel Co .... 

L I  I ' Scaling Iron1 o in. t o  9.35 m. from State Highway/ TI.H.1'. Ity-l%oducts P ty .  
Iretwccn u in. and 9 m. 

S o .  2 .  l.t,l. 

I 1 Bituminous surfacing and resiirfacing. excluding, ".Fig By-Products I'ty. 
192 supply oI aggrcgatc. 
I I T  I 

1 L , Construction of bridge over Wintervale Creek 45.8 ni. Construction Com- 
from South Graf ton  pany 

from South Grafton. 
12  1 Construction of bridge over Straight Creek 45'9 m. <l,, . . .  

~ ~~~~ ~~ ~ .. - .  ~~ ~ ~ _ _ _ _ _ _ _ _ _ _  ~~ ~~ 



\Vagga. 
Resealing from 0.1 111. to 1.01 m. south from State  

Higlin'ay S O .  14. 

south and  o m. to  0.45 111. north.  
lloadmis reseal and li&t flush seal ccmt o in. to o.Xg m 

Sealino I'arken I 'raemn Ikviation-rmtral L O  f t  - r~ 
width only. 

Bitumen surfacing and resurfacing. cscludinr supply C l < ,  . _ .  4.001 4 o . .  . .  
IJI afigrejiate. 

Repairs and additions t o  hridp over I3udqx  Crcck . , .  Town and Country \'forks . . .  3,472 o o 
Shorildering and resheetinfi W i l l i  l m m  35'05 ni. to I>. G. Jones ... ... ... 7 , 2 4 1  1 7  0 

I O . U F  m. 

..  . .  
IJI afigrejiate. 

Repairs and additions t o  hridp over I3udqx  Crcck . , .  Town and Country \'forks . . .  3,472 o o 
Shorildering and resheetinfi W i l l i  l m m  35'05 ni. to I>. G. Jones ... ... ... 7 , 2 4 1  1 7  0 

I O . U F  m. 



MAIN ROADS STANDARD SPECIFICATIONS, 
DRAWINGS AND INSTRUCTIONS. 

NOTE: Drawings are prefixed by letter U A ”, instructions are so described ; all other items are 
specifications or forms. Year of revision, if within last 10 years, is shown in brackets. 

Form No. 
ROAD SURVEY AND DESIGN. 

2 $:A)Specimen drawings, country road design. 
A 478c Specimen drawing, flat country road design. 
A 478s Specimen drawings, urban road design. 
A 1645 Stadia reduction diagram. 

355 Design of two-lane rural highways. (Instruction.) 
369 Design of urban roads. (Instruction.) 
288 Design of intersections. (Instruction.) (1952.1 
402 Design of acceleration and deceleration lanes. (Instruction.) 
499 Design of kerb-lines and splays at corners. (Instruction.) (1952.) 

Widening at points of “A” sight distance. 

Manual No. a-Survey and design for main road works 
Mould for permanent mark block. 

A 1614 
A 83 Earthwork quantity diagram. 

A 1640 
STREET DRAINAGE. 

243 Integral concrete kerb and gutter and vehicle and dish crossing, 
and drawing. (A 1 3 4 ~ )  

245 Gully pit and drawings : with grating (A 1042) ; kerb inlet only 
(A 1043) ; with grating and extended kerb inlet (A 1352) extended 
kerb inlet (A 1353). 

A rgo Gully grating. 
A 1418 Concrete converter. 
A 3491 Perambulator ramp. 
A 3536 Mountable type kerb with reflectors. 

CULVERTS. 
138 Pre-cast concrete box culvert (1947) and drawing : 12 in., 18 in., 24 
206 Reinforced concrete culvert (1948) and instruction sheets. (A 104, 

in., and 30 in. high (A 3847). 

A 305, A 306, A 359.) 
A IOIZ-20 Single cell reinforced concrete box culvert : 6 in. to I ft. 3 in. 

(A IOIZ) . I ft. 4 in. to 3 ft. (A 1013) ; 4ft. (A 1014) . 5 ft. 
(A 10x5) ’; 6 ft. (A 10x6) ; 7 ft. ( A 1017) . 8 ft. (A 1018) ’; g ft. 
(A 10x9) ; IO ft. (A 1020); xxft. (A 10zoA)f Izft. (A IOZOB). 

A 1o21-30Twocell,reinforcedconcreteboxculvert: 6in.toxft. 3in. (A~ozr)’ 
1 ft. 4 in. to 3 ft. ( A 1022) ; 4 ft. (A 1023) ’ 5 ft. (A 1024) ‘ 6ft: 
(A 1025) ; 7 ft. ( A 1026) ; 8 ft. (A 1027) ; 4 ft. (A 1028) ; io ft. 
(A 1029) ; and with concrete wearing surface-Io ft. ( A 1030). 

in. (A- A IO?I--II Three cell. reinforced concrete box culvert : 6 in. to I ft. - .  
1031) ; I ft. 4 in. to 3 ft. (A 1032) ; 4 ft. (A 1033) ; 5 ft. (A 103;) ; 
6 ft. (A 1035) ; 7 ft. (A 1036) ; 8 ft. (A 1038) ; 9 ft. (A 1040) ; and 
with concrete wearing surface-? ft. (A 1037) ; 8 ft. (A 1039) ; g 
ft / A  r n r r \  - _. ,. ~ ___t -, . 

25 Pipe culverts and beadwalls, and drawings : single rows of pipes : 15. 
in. to 21 in. dia. IA 147) : 2 ft. to 7 ft. dia. IA 170) : 7 ft. 6 in. dia. 
(A 172) ; 4 ft. dia. (A-173) ; 4 ft.-6 in. dia.‘ (A;i4j ! 5ft. dia. (A- 
175) ; 6 ft. dia. (A 177) ’ Double rows of pipes :15 in. to 21 in. 
dia. (A 211) ; 2 ft. to 3’ft. dia. (A 203) ; 3 ft. 6 in. dia. (A 215) ; 
4 ft. dia. (A 208) ; 4 ft. 6 in. dia. (A 207) ; s ft. dia. (A 206) : 6 
ft. dia. (A 213). 
2x0) ; 2 ft. to 3 ft. dia. (A 216). 
verts: 15 in. to 24 in. dia. (A 1153). 

h I Joint for concrete pipes. 
A 142 Inlet sump for pipe culvert 3 ft. dia. or less. (1947). 

A 1223 Timber culvert 20 ft. roadway. (1949.) 
A 3.+fz Timber culvert 22 ft. roadway. (rg49.) 

Treble rows of pipes : 15 in. to 21 in. dia.’ (A- 
Straight headwalls for pipe cul- 

139 Timber culvert (1950) and drawings I ft. 6 in. high (A 427) ‘ 2 ft. 
(A 428) ; 3 ft. (A 429) ; 4 ft.(A 430) ; 5 ft. to 8 ft. high (A 431). 

303 Supply and delivery of pre-cast reinforced concrete pipes. 
BRIDGES AND FERRIES. 

18 Data for bridge design. (1948.) 
371 Waterway calculations. (Instruction.) 
300 Pile driving frame specitication for 25 ft. and drawings for 50 ft. 

A 3693 Pontoon and pile driving equipment. 
164 Timber beam bridge (1947) and instruction sheets, 12 ft. (A 3469) ; 
326 Extermination of termites in timber bridges. (Instruction.) 
350 Reinforced concrete bridge. (1949.) 
495 Design of forms and falsework for concrete bridge construction. 

3x4 Regulations for running of ferries. (1948.) 
A 4 Standard bridge loading. (Instruction.) (1948.) 
A 26 Waterway diagram. (1943.) 
A 1886 Arrangement of bolting planks. (1948.) 
A 45 Timber bridge standard details. (1949.) 
A 1791 Timber beam lkew bridge details. (1949.) 

(A 209) ; 40 ft.’(A 253) ; and 25 ft. portable (A 1148). 

20 ft. (A 70) (1949) ; and 22 ft. (A 1761) (1949). 

(Instruction.) 

bridge, for 12 ft. and 20 ft. between kerb. (Instriic- 

A 1207 Reinforced concrete pile--25 tons. (1945.) 
A 1208 Reinforced concrete pile-35 tons. (1945.) 
A 1621 

FORMATION. 
Reflector strip for bridges. 

70 Formation. (1949.) 
513 Subsoil and subgrade drainage. (Instruction.) 

A 1532 Standard typical cross-section. 
A 1x49 
A 1150 
A 1151 
A 1152 
A 1476 
A 1x01 

Flat country cross-section, Type A. 
Flat country cross-section, Type B. 
Flat country cross-section, Type DI. 
Flat country cross-section, Type Dz. 
Flat country cross-section, Type EI. 
Cross-section one-way feeder road. 

Form No. 
A IIOZ 
.4 114 Rubble retaining wall. 

Cross-sestion two-way feeder road. 

71 
228 
254A 
72 
216 
68 

257 
65 
230 
66 
125 

A 380 
A 381 

493 
266 

301 
122 
145 
93 
94 
466 

351 
354 
397 

A 1635 
I 67 

141 

I43 
I44 

224 
A I705 

A 1301 

246 

A 3598 

4 1875 

PAVEMENTS. 
Gravel pavement. (1949.3 
Reconstruction with gravel of existing pavement. 
Supply and delivery of gravel. 
Broken stone base course. (1947.) 
Telford base course. 
Reconstruction with broken stone of existing pavement to form a 

Haulage of materials. 
Waterbound macadam surface course. 
Tar or bitumen penetration macadam surface course, z in. thick. 
Tar or bitumen penetration macadam surface eourse, 3 in. thick. 
Cement concrete pavement, and plan and cross-section. (A 1147.) 
Galvanised iron strip for deformed joint. 
Bituminous tiller strip for transverse expansion joint. 
Supply of ready mixed concrete. 
Asphaltic concrete pavement. 

base course. 

SURFACE TREATMENT. 
Supply and application of binder. 
Surfacing with tar. (1949.) 
Surfacing with bitumen. (1949.) 
Re-surfacing with tar. (1949.) 
Re-surfacing with bitumen. (1952.) 
Fluxing of binders for bituminous flush seals and reseals. (In- 

Supply and delivery of aggregate. 
Road-mix resealing. (1949.) 
Fluxing for tar road-mix reseal. 
Fluxing chart for bitumen road-mix reseal. 
Resheeting with plant-mixed bituminous macadam by drag spread- 

(1950.) 

struction.) 

(Instruction and chart.) 

er. (1951.) 
FENCING AND GRIDS. 

Post and wire fencing (1947) and drawings : plain (A 494) ; rabbit- 
Ordnance fencing and drawing. 
Chain wire protection fencing and drawing. 
Location of protection fencing. (Instruction.) 
Removal and re-erection of fencing. 
Plain wire fence for nse in cattle country 
Wire cable guard fence. 
Motor traffic by-pass g ft. wide. 
Motor traffic by-pass 20 ft. wide. 

proof (A 498) ; flood gate (A 316). 
(A 7.) 

(A 149.) 

ROADSIDE. 
4 x337 
4 1338 
4 1366 
4 1367 
4 1368 
4 3497 
4 2815 
4 1420 
A 1381-3 
4 1452-5) 

Concrete mile post, Type A. 
Concrete mile post, Type D. 
Standard lettering for mile posts 
Timber mile post, Type BI. 
Timber mile post, Type Bz. 
Timber mile post, Type B3. 
Concrete kerb mile block. 
Steel mould for concrete mile posts. 
Tree guards, Types A, B, C, D, E, F, and G. 

Manual No. 4-Preservation of roadside trees. 
MATERIALS. 

296 Tar. (1949.) 
337 
305 Bitumen emulsion. (1953.) 
349 Light and medium oils for fluxing bitumen. (1948.) 

Residual bitumen and fluxed native asphalt. 

4 27 Slump cone for concrete. 
4 178 Mould for concrete test cylinder. 

76 Design of non-rigid pavements. (Instruction.) 
Manual No. 3-Materials 
TRAFFIC PROVISION AND PROTECTION. 

IZI 

252 

Provision for traffic (1954) with general arrangement (A 1323). and 
Supply and delivery of guide posts. 
details (A 1325) of temporary signs. (1947.) 

253 Erection of guide posts. (Instruction.) 
L 1342 
11346 
11341 Timber trestle and barrier. 

Temporary warning sign, details of construction. 
Iron trestle for road barrier. 

PLANT. 
b 
11414 Gate attachment for lorries with fantail spreader. 
1 1450 Half-ton roller with pneumatic tyres for transport. 
\ 2814 Two-berth pneumatic tyred caravan. 
\ 2828 Multi-wheeled pneumatic tyred roller. 
i 2976 Fantail aggregate spreader. 
1 3530 Benders for steel reinforcement. 
1 3547 Steel bar cutter. 

CONTRACTS. 
24s General conditions of contract, Council contract. (1953.) 

64 Schedule of quanities form. 
39 Bulk sum tender form, Council contract. (1946.) 
38 

342 Cover sheet for specitications, Council contract. (1950.) 

Bulk sum contract form, Council contract. 
193 Duties of superintending oficer. (Instruction.) 
478 Caretaking and operating ferry. 

All Standards may be purchased from the Head Ofhce of the Department of Main Roads, 309 Castlereagh Street, Srdney, single copies being free to Council.. 

Sydney. A. 11. Pettifer, Covernnicnt Printer-lq.53. 



State Highway System 
of the 

State of New South Wales 

Di vis iona I Boundaries ......... __ - - 
Divisional Offices ..._.. ......_........... . -0 ... Area of New South Wales, 309,433 square miles. - 

Length of public roads within New South Wales, 127,551 miles. 

30th JUNE, 1954. 

SCALL OF MILES 
40 20 0 40 80 120 160 200 MILEAGE OF MAIN A N D  DEVELOPMENTAL ROADS, AS AT 

6.527 I,. L . . 

... , , ............ 
.................................. 2,933 

i Act ............ 3,213 
isrRALib K!,W.SS!..~ I I  TOTAL .................. 29,512 

- /////////////// 
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