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SYNOPSIS

The manufacture and use o f tramway and ra ilw ay  s leepers  i s  now a 
s ig n if ic a n t  segment o f the f ix e d  r a i l  industry . Tramway s leepers  
have been used in  the Queensland cane f ie ld s  fo r  many years with  
over 1 m illio n  u n its  in  track . In 1970 the development o f the 
concrete s le ep e r  market commenced with the construction o f the 
P t. Augusta -  W hyalia r a i l  l in k  using 125,000 ooncrete s leep e rs .
The re lea se  o f the Bureau o f  Transport Economics report on the 
Economic eva luation  o f tim ber and concrete s leepers  fo r  three  
ra ilw ay  lin e s  in  Centra l and South A u s tra lia  showed by a l i f e -  
cycle  approach the b e n e fit s  o f  a durable ra ilw ay  s le ep e r . This 
re su lted  in  the establishm ent o f  the p restressed  concrete ra ilw ay  
s le ep e r  industry in  A u s t ra lia .

Successfu l t r i a l s  in  heavy duty track  re su lted  in  the in troduction  
in to  Zammersley Iron  in  the North West o f  West A u s tra lia . A la rg e  
contract i s  underway fo r  W e s tra il and sm all qu an tit ie s  o f  concrete  
s leepers  have been used in  V ic to r ia ,  N.S.W. and Queensland ra ilw ays . 
Recently a contract was le t  in  N.S.W . fo r  the use o f concrete 
s leepers  in a coal l in e  and tender has been c a lle d  fo r  concrete 
s leepers  in am ain  lin e  track  in  N.S.W.

BACKGROUND

A small number o f  concrete s le ep e rs  were in s ta lle d  in  tracks around 
A u s tra lia  in  the la t e  1940’ s and e a r ly  1950. They were p laced  
in  Suburban l in e s .  The French duo block s leepers  in Sydney and 
the German post-tensioned  s le ep e rs  in  Melbourne are s t i l l  in  
track  and perform ing w e l l .

The f i r s t  major te s t  in s t a l la t io n  was at W irrappa on the Commonwealth 
Pnilway l in e  west o f  P t . Augusta. Tb<s in s ta lla t io n  gave in te re s t in g  
re su lts  and provided b a s ic  data  fo r  . :ure development.

A l l  the p rop rie ta ry  designs were successfu l as concrete u n it s . 
Eowever, most o f  the fa sten in gs  have fa i le d .

The fasten ings used were mostly screwed, and preceeded the e la s t ic  
fasten ings a v a ila b le  today.

There i s ,  then a su ccess fu l te s t  in s ta l la t io n  o f concrete sleepered  
track in  A u s tra lia , which dates back 20 years and A ustra lian  
National Railways sta te  that these s leepers  have rece ived  the 
barest o f a tten tion .
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Ten y e a r s  l a t e r  AriR i n v e s t i g a t e d  inure t h u r u u g l i l y  the design and 
performance o f concrete s le ep e rs . I t  was the opinion o f the 
Railway engineers that the B r it ish  F.27 design w ith the Pandrol 
fastening was the most appropriate fo r  th e ir  system.

The B rit ish  s le ep e r  is  designed fo r  a 25-ton axle  load . The only 
area requiring deviation  from the B r it is h  Standard was the use o f 
p la s t ic  spacers and rubber r e s i l ie n t  pads under the r a i l s  as i t  
was considered thaL these would not perform s a t is fa c t o r i ly  in the 
harsh, hot sunny clim ate on the ANR l in e .

The 1970 manufacture commenced on 125,000 Type CR1 s leepers  fo r  
the Pt. Augusta/Wnyalla L ine. Neoprene/cork composition pads 
were adopted fo r  r a i l  seats in p reference to the B r it is h  system 
o f natural rubber/cork pads. Since the lin e  is  not requ ired  to 
be in su lated , s t e e l  spacers were used. This has the add itional 
advantage o f perm itting r a i l s  to be changed from 40kg/m to  
53kg/m at a l a t e r  date.

The only b a s ic  d iffe ren ce  between the B r it ish  F.27 and C.R. 1 is  
the incorporation  o f  A u stra lian  Standards in  the S p ec ific a t io n s .

B r it ish  R a il have the fo llo w in g  recommended s le ep e r  spacings fo r  
main lin e  track s .

High Speed or Heavy 

Duty Sleeper/km
Normal T r a f f ic  

Sleepers/km

Straight 1530 to 1640 1420 to 1530

Curves over
1600m rad iu s 1640 1530

Curves under
1600m rad iu s 1750 1640

In A u stra lia , A u stra lian  National Railways have adopted 1500 
sleeper/km.

The introduction  o f  concrete s leepers  has e lim inated  the random 
decay and replacement o f s leepers  which, besides the physica l task  
o f renewal, requ ire s  a fo llow  up su rfac in g  to ensure a uniform  
support fo r  the r a i l .  The incidence o f thermal buck ling i s  
reduced by an increase  o f  300% in  s le ep e r  weight, w h ile  reduced 
the b a lla s t  p ressure  re su lts  from a 25% increase in  bearing  
area.

The concept o f the concrete s le ep e r  i s  that the un it i s  part o f the 
complete track  s tru c tu re . The manufacturer is  respon sib le  fo r  
ensuring that the r a i l  seat w idth, gauge and tension  in the 
fastenings are a l l  w ith in  the requ ired  to le ran ce s . The contractor 
is  considered as a manufacturer o f s leep e rs , responsib le  fo r  the 
quality  o f a l l  m a te ria ls , not simply as a manufacturer of 
prestressed concrete.



The greater depth o f concrete s leepers  has prevented in sertion  on 
a spot-renewal b a s is  but the method adopted is  that o f face renewal. 
The equipment used fo r  conventional timber renewal work is  
imminently su ita b le  fo r  handling o f  concrete s leepers  thereby 
elim inating the need fo r  investment in  sp e c ia lise d  equipment.

The only r e s t r ic t io n  on the use o f p restressed  concrete sleepers  
o f the B.R.F. 27 type in  the sta te  r a i l  system i s  the shortage o f  
cap ita l funds. I t  i s  the authoi% opinion that with funds a v a ila b le  
the State system would standard ize  on the p restressed  concrete 
sleeper on 200mm o f  b a l la s t  w ith C.W.R. o f 60kg. o f  mainline  
track .

I t  must be apprec iated  that the design o f a p restressed  concrete 
s leeper bedded on a e la s t ic  foundation o f unknown p roperties  is  
not a r e l ia b le  procedure. Most o f the concrete s leepers  
designed by th e o re t ic  assumptions have fa i le d  in  p ra c t ic e .

The advantage o f  s e le c t in g  a proven product and ensuring that i t  
i s  in s ta lle d  in  s im ila r  conditions i s  o f the utmost importance.

-  3 -

ADVANTAGE OF CONCRETE SLEEPERS

facto rs which m erit consideration  are

* long l i f e

* d u ra b i l ity

* s t a b i l i t y

* geometry

* s le e p e r  spacing

* reduced on -track  maintenance

* a v a i la b i l i t y

* e le c t r ic a l  in su la t io n

Most o f these fa c to rs  have been covered ex ten sive ly  in  the l it e r a tu re  
and are w e ll known;

EXPECTED BENEFITS NOT INCLUDED IK ECONOMIC ANALYSIS

I t  i s  worthyuox note that the fo llow in g  b en e fits  are expected to be 
re a lis e d , but can not be q u an tified  r e l ia b ly  and hence are not 
included in  a n a ly s is . The ca lcu la ted  return on investment i s  thus 
considered to  be q u ite  conservative .

* investment allowance on cap ita l items

* reduced wheel wear

* reduced r a i l  wear

* the a b i l i t y  to incorporate r a i l  renewal in
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conjunction w ith concrete res leeperin g  
and r e la t iv e ly  minimal add itiona l cost

* the p o s s ib i l i t y  o f  w ider concrete s leep er  
spacing that present standards.

* lower derailm ent r isk

* excess fa sten in gs  re leased  from track

* l in e  camp co-commitments

* decreased r a i l  grind ings

* e lim in ation  o f  c ro ss -bo rin g , adzing 
and regauging  o f  track

* fu e l  sav ing

DESIGN PHILOSOPHY

There are two design  ph ilo soph ies  fo r  p restressed  con«._ete 
s leepers . One r e s u lt s  in  a r e la t iv e ly  f le x ib le  s le ep e r ; the 
other in  a much s t i f f e r  s le e p e r .

Poss ib ly  the best  known o f  the f le x ib le  type i s  the current  
B rit ish  B a il F27 concrete s le e p e r . This type o f s le e p e r  has 
been se lected  by the A u stra lian  N ational Railways fo r  a l l  i t s  
current p ro je c ts , and i s  the p re ic ip a i s leep e r now used 'by  B r it ish  
R a il. The design does not a llow  fo r  the f u l l  d is t r ib u t io n  o f  
loading over the t o t a l  length  o f the s leep e r  as i t  s e t t le s  in to  
the b a lla s t  under t r a f f i c  and th ere fo re  re su lts  in  a s le ep e r  
with a low mid s le e p e r  moment o f re s istan ce . For th is  type o f  
s leeper to function  as i t  w p s  designed a high le v e l  o f  maintenance 
may be requ ired  to  ensure that s le ep e r  support i s  r e s t r ic t e d  to  
an area under the r a i l  and that centre bound track  does not 
develop.

On B r it ish  R a il w ith  i t s  in ten s ive  track mechanised maintenance 
programmes th is  t y p e c f  s le e p e r  i s  peiform ing s a t i s fa c t o r i ly .  
Hanmersley Iron  a ls o  rep o rt  exce llen t re su lts  from the f l e x ib le  
type s leeper. This author has inspected f le x ib le  type p restressed  
concrete monoblock s le e p e rs  in  track in  C a li fo rn ia  which exh ib ited  
centre binding con d ition . There was no gauge w idening, s p a ll in g  
of concrete o r  any n o tic eab le  d e te rio ra tion  o f  the concrete  
sleepers although crack ing had been v is ib le  fo r  over 12 years . 
There are no reported  in stances o f  fa i lu r e  o f concrete s le e p e rs ,  
even with fou led  b a l la s t  in  the l i t e r a tu r e .

The s t i f f e r  s le e p e rs , which take in to  account the high mid s leep e r  
moment du* to p o s s ib le  centre b ind ing, i s  used by South A frican  
Railways, seve ra l European Railways, and i s  in  accordance with  
the American Railway Engineering Association  sp e c if ic a t io n  fo r  
concrete s leepers  and fa sten in gs .
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This type o f s le e p e r  has been se lected  by West R a il.

These p restressed  concrete s leepers  are being- used an the dual 
gauge track between Kwinana and A«ron and a lso  in  the standard  
gauge track between Avon and Kooly lobbing. Both sections o f  
the track would be su b jec t to fre ig h t  and passenger tra in s  and 
the fo llow ing  speeds and axle  load ings are,- app licab le

Standard Gauge -  25 tonne ax les at 70 km/hr
20 tonne ax les  at 120 km/hr
23 tonne a lxes at 120 km/hr (locom otives on ly )

Dual Gauge -  Standard gauge load ings as above with
the narrow gauge load ing  as fo llo w s  :

20 tonne ax les  at 90 km/hr

The development o f  the use o f  the concrete s leep e rs  industry in  
A u stra lia  has been a s s is te d  b y : -

The shortage o f  du rab le  hard wood s leep e rs  o f  cross section  
size  se lected  by the authority .

The in troduction  o f  e la s t ic  fasten in gs which re su lted  in  
reducing the cost d i f f e r e n t ia l  between s le ep e r  types.

The techn ical s u p e r io r ity  o f  the concrete s le ep e r  as part o f  
the track s tru c tu re  due to i t s  weight and area  o f  face .

The shortage o f  track  maintenance personel re su lt in g  in  the 
move to mechanised maintenance.

PRESEN a. ST-TITS 

Government ra ilw ay s  

A.N .B .

Complete Concrete S leep er Track -  new l in e .

P t . Augusta to Whyalia

T arcoo la  to A lic e  Springs 837km

Uncompleted Track -  Track Renewal

P t. Augusta to K a lgoo lie  1770km

To Commence sh o rt ly

Adeliade -  C rysta l Brook 195km

These are standard gauge s leep e rs , using pandrol fasten ings, cork/ 
neoprone pads -  s im ila r  B r it ish  ¥ 2 7 .

N.S.W .

Completed -  5,000 p re stre ssed  concrete s leep e rs  in track fo r  
te s t  purposes.



Uncompleted -  Tenders have recen tly  been c a l le d  fo r  150,000 p . 
s leep e rs  fo r  the I l la w a r r a  l in e .

To in vestiga te  the d if fe re n t  types o f fa s ten in g s  systems ava ilab le  
fo r  cost, to le ran ces  and l i f e ,  a fou r year guarantee on workman
ship and m ateria ls  i s  sp e c if ie d .

The N.S.W. State R a il Authority are con s id e rin g  other track renewals 
requ irin g  approxim ately 1 ,000,000 p re s tre sse d  concrete s leepers .

WEST RAIL

Uncompleted -  Kwinana -  Koolyanobbling 595km 
about. 300km completed to  date

Co3t stud ies concurred w ith the independent s tu d ie s  ca rr ied  out 
by the Bureau o f  Transport Economics and assessments by the 
Department o f  T ran sport, %that concrete r a i l  s le e p e rs , w h ils t  
i n i t i a l l y  h igh in  su p p ly 'c o s t , were cheaper in  s e rv ic e .

Having determined tech n ica l requirem ents f o r  both timber and 
concrete s le e p e rs , and the fa sten in g  system a lte rn a t iv e s ,  
tenders were c a l le d  in te rn a t io n a lly  to  assess  the economic 
m erit o f  each. The choices were:

* p reserved  hardwood s le ep e rs  o f  230mm x 150mm 
sec tion  f i t t e d  w ith b a se p la te s , Fandrol c l ip s  
and lock sp ikes;

* concrete s le ep e rs , to  s im ila r  dimensions 
su p p lied  w ith  c a s t - in  shou lders , 
in su la to rs  and Fandrol c l ip s ;

* concrete s leep e rs  w ith  c a s t - in  tub ing  and 
su p p lied  w ith f e r r u le s ,  F is t  fa s ten in gs  and 
in s u la t o r s .

Tenders showed that the concrete s le e p e r  and fa sten in g  assembly was 
in  terms o f f i r s t  cost cheaper than the p reserved  hardwood s leeper  
with i t s  fa sten in g  system. A d d it io n a lly , con c re te -s leep e r track  
has been assessed to  be s ig n i f ic a n t ly  cheaper to maintain than 
tim ber-s leeper construction .

The tenders a lso  revea led  that Abe F is t  BTR s leeper/ fasten in g  
assembly was low er p riced  than the Pandrol assembly.

Contracts were awarded to R a il Track Fasteners (F is t  BTR) fo r  
75 per cent o f  the fasten ings requ ired , and to Pandrol A u stra lia  
fo r  the remainder. The Pandrol c l ip  was ordered  fo r  use on the 
more heav ily  curved section  in  the Avon v a l le y  and the dual 
gauge s leep e rs .

A 1.25km t r i a l  section  o f dual-gauge track  w ith concrete s leepers  
has been placed in  se rv ice  to eva luate  perform ance, as th is  type 
o f s leep e r has not been used anywhere e ls e  in the world  to our 
knowledge.



VIC RAIL
Completed -  20,000 p restressed  concrete s leepers  in suburban lin e s .

Uncompleted -  16,000 p .c . s le ep e rs  being in s ta l le d  on Geelong -  
Melbourne dup lication  Broad gauge s le ep e r , F27 
design  with pandrol fa sten in gs .

V ic  R ail has reported  the concrete s leepered  track to th is  standard  
i s  lower f i r s t  cost than comparable timber sleepered  track  with  
pandrol p la te s .

Completed -  Approximately 5,000 double s leepers  w ith  pandrol p la te s  
fix ed  by epoxy grout fo r  the Melbourne Underground Loop A uthority .

HAMMERSLEY IRON

This iron  ore r a i l l i n e  c a rr ie d  a Standard ax le  load  o f 30 tonne 
over 388km track  w ith  about 50 m illio n  gross tonnes/annum.

The te sts  on concrete s leep e rs  a f t e r  225 MGT showed

Track maintenenance savings o f  30% w ith improved track  s t a b i l i t y  
and increase in  component l i f e ,  in c lud ing  r a i l .

S leeper spacing in creased  to 600mm from 495nm fo r  tim ber s le ep e rs .

L i fe  o f  concrete s leep e rs  estim ated to be 30 years aga in st  
7 - 1 0  years fo r  hardwood s le ep e rs .

Due to the g re a te r  mass and su rface  area o f  the concrete s leepers  
there is  a g re a te r  re s is tan ce  ga in st buck ling and creep o f the 
r a i l .  Temperature range i s  0 -  50°C^pn the Hammersley lin e .

Concrete s leep e rs  are  100% A u stra lian  made so supply can be 
con tro lled  w h ils t  tim ber s leep e rs  are imported from M alaysia.

Hammersley Iron  ?re at the present in s t a l l in g  600,000 p .s .c .  
s leepers  which they claim  w i l l  rep lace  th e ir  present perpetual 
res leeperin g  operation  to  only a r a i l  l i f e  c r i t e r ia .

CANE RAILWAY TRACK -  TRAMWAY -  QUEENSLAND

In the fa r  north o f  the growing area  where r a in f a l l s  o ften  exceed 
4,500 m illim etres per year, adequate drainage i s  o ften  d i f f i c u l t  
to provide and the track , which i s  gen era lly  la id  on uncompacted 
natural earth form ations, i s  o ften  water logged fo r  weeks at a 
time during the o f f  season pe riod . The rap id  de te rio ra tion  o f  
timber s leepers  under these conditions resu lted  in an expected  
s leeper l i f e  o f  e igh t to  ten years o r le s s  and led to the 
development o f  p restressed  concrete s le ep e rs . This type of 
s leeper, together with the three types o f  e la s t ic  r a i l  to 
sleeper fasten ings developed fo r  them, are now almost exc lu s ive ly  
used in the wet northern area o f the industry (equ iva len t to 
about 40 per cent o f the to ta l t ra c k ).



Prestressed  concrete s leep e rs  are genera lly  1,200 m illim etres  
long and 100 m illim etres deep. Their gross section  tapers  
from 180 m illim etres at the bottom to 130 m illim etres at the 
top. S ix - square holes (th ree  per r a i l )  are -re ca st  in  such 
a way that 20 to 22kg/m or 30kg/m r a i l  s ize  can be used. Four 
ga lvan ised  sp ikes per s le ep e r  are used.

* There are c le a r  ind ication s that s leep e r s izes  and formations 
are bare ly  adequate fo r  e x is t in g  loads and speeds.

V .U .R .L .A .

The Melbourne Underground R a il Loop Authority tested  two types 
o f s leepers  bedded on neoprone pads on a concrete base.

The Toronto type double s leep e rs  were se lected  throughout the 
c ir c u la r  tunnels and Tinder c ity  s t re e ts  adjacent to c ity  p ro p e rt ie s  
and the.SIEFEF s leepers  under Treasury Gardens fo r  fu tu re  t e s t s .

The f lo a t in g  s la b  track  support system, such as the double s le ep e r  
system was se le c ted  as i t  reduced in  the bu ild in g  adjacent to  the 
tunnels the noise caused by the ground transm itted v ib ra t io n s .

MANUFACTURE

A l l  the p restressed  concrete s le e p e r  manufacturers in  A u s tra lia  
are using the long l in e  system with gang moulds. These p lan ts  
have high p rodu ctiv ity  and are. f a r  more e f f ic ie n t  that European 
manufacurers. Only in  recent constrcted p lants in Canada and 
U.S.A.  using the long l in e  system are there low la bo r  contents 
in  the production o f s le e p e rs .

The only s le ep e r  p lan t in  A u stra lian  in  an enclosed facto ry  is  
at Meckering, W.A. supp ly ing the West R a il p ro je c t .

INSTALLATION

There are a number o f  methods o f  handling s leepers  rega rd le ss  o f 
weight

1. Manual

This te s t  track  in  N.S.W. was la id  manually.
Four men per s le e p e r  with crad les hooked 
through the pandrol shoulders.

2. Gantries

The Tarcoo la  A l ic  Springs lin e  was la id  
by gan tr ie s .

3. B e lt  Conveyor

West R a il and Haramersley Iron are p lac in g  th e ir  
s leepers  by b e lt  conveyor system c a ]le d  Canron 
P811.

4. Cranes

Mobile cranes are used by Vic R ail fo r  p lac ing



s leepers  in d iv id u a lly  in both new track and 
re s le ep e rin g

TEST REQUIREMENTS

The fo llow in g  testv.requirem ents are sp e c if ie d  by West R a il.

Two main te s ts  are requ ired  o f the s leepers  to show that they
w i l l  conform to the design  requirem ents. They a re :

* A bending te s t  o f  both p o s it iv e  R a il Seat 
and Negative  Centre Section , where a fo rce  
c a lcu la ted  to  produce a concrete t e n s i le  
s t re s s  o f  0 .8  F ’ c MPa in the bottom o r top 
faces o f  the s le e p e r  re sp ec t iv e ly , i s  app lied
as shown in  Appendix 6 and held  fo r  10 seconds. 
I f  a crack does not appear the s le ep e r  passes  
the t e s t .

* Dynamic t e s t in g  o f  r a i l  seat repeated load  
t e s t .  The s le e p e r  i s  se t up in  the dynamic 
te s t  machine lo ad  frame and a lo ad  app lied  
to induce a crack in  the bottom o f the 
s le ep e r  to  at le a s t  the height o f  the bottom  
rein forcem ent. The s leep e r i s  then set up 
as shown in  Appendix and 3 m illio n  repeated  
load ing  cyc les  o f  vary ing  un iform ity from 
3kNm to 28.97kNm or 1 .1  times the th e o re t ic a l  
crack ing moment o f  26.38kNm. I f  a f t e r  te s t in g  
the s le e p e r  can w ithstand a r a i l  seat load  
equ iva len t to  28.97kNm bending moment without 
the crack propogating , the s le ep e r  has passed  
the t e s t .

Other te sts  requ ired  a re :

* Fasten ing P u llo u t . An upward load  o f 30Kn is  
app lied  to  the fa sten in g  as a check fo r  bond.

i *  E le c t r ic a l  Impedence. Two short section s o f
r a i l  a re  assembled with appropriate fasten ings  
and in s u la to r  p ads . The complete asembly i s  
then immersed in  water fo r  s ix  hours. Immediately 
a ft e r  removal from the water an A.C. 12 molt 
50 H ertz p o te n t ia l is  app lied  across the r a i l s  
fo r  30 minutes.. The current flow  in amperes 
i s  measured and the Ohmic impedence is  
determined.

* Bond Development and Ultim ate Load. A load  to 
induce a moment o f  39.3kNm is  app lied  to a 
s le ep e r  se t up as in  Appendix and w ire  
s lip p age  i s  measured. The s le ep e r  i s  then 
tested  u n t i l  u ltim ate fa i lu r e  occurs and the 
maximum moment recorded.
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SUMMARY 0? ?SC .’.I0N03L0CK SLEEPER TEND~RS 

IN AUSTRALIA SINCE 1970

DATE AUTHORITY/JOB QUANTITY RAM

Sept 1970 Commonwealth Railways 125,000

May 1972 Co nmonwealth Railways 200,000

June 1973 Conmonwealth Railways 200,000 Recall

1972 Hammersley Iron 950

1972 Mt. Newman Mining 3,000 Test Installation

July 1974 Commonwealth Railways 500,000

1974 Victorian Railways 25,000 Broad Gauge

June 1975 Port Waratah Coal Loader 12,500 Single Rail Sleepers

July 1975 Commonwealth Railways 300.000

Jan 1976 A.N.R. 600,000

Mar 1977 Hammersley Iron 20,000

May 1977 A.N.R. 240,000

Dec 1977 A.N.R. 180,000

June 1977 Westrail 960,000 St. A Dual Gauge

Dec 1977 Hammersley Iron 200 Track Circuit Sleepers

May 1978 Victorian Railways 3,000

Sept 19"8 M.U.R.L.A. 2,800 Special Double Sleepers

Sept 1978 Hammersley Iron 600,000

Nov 197r A.N.R. 450,000

Jan 1978 A.N.R. 150,000

Jan 1978 Mt Isa Mines 1,500 1067 Gauge Mine Sleepers

Mar 1979 Q.G.R. 5,000 1067 Gauge Mainline Sleeps

May 1979 Snowy Mountains Authority 420 Std. Gauge Track

May 1980 A.N.R. 800,000

1980 Vic Rail/Geelong 16,500

Feb 1981 White Industries/Ulan -  
Sand Hollow

250,000

May 1980 N.S.W. S.R.A. 150,000
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