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IMPETUS FOR NOMINATION

The purpose of this nomination is to honour the railway lattice bridge and viaducts at

Wagga Wagga in their own rights as works of engineering heritage significance.

It is proposed to hold the plaquing ceremony on 11 November 1995, to coincide with a
re-enactment by the North Wagga Residents' Association, of the opening of the Hampden
Bridge, which has its centenary on the same day. Hampden Bridge was declared an
Historic Engineering Marker on 13 February 1993. A copy is attached of the letter from
the North Wagga Residents' Association.



NORTH

PRESIDENT: SECRETARY:

George Wood—Bradley

6 Hurst Street

NORTH WAGGA WAGGA NSW 2650
Phone (069) 21 5063

Fran Geale
Phone (069) 21 5451

August 19, 1994

Mr Paul Hagenbach

Engineering Heritage Committee Sydney Division
Rocky Falls

THE ROCK NSW 2655

Dear Paul

The North Wagga Residents Committee, along with the W agga Wapgy City Couneil are planning to hold a
re-cnactment of the opening of the Hampden Bridge to celebrate its Centenary on the 11 November 1995,
__—-‘—_—_‘_‘—-—_

We are inviting other groups within the community, such as vours., 1o participate in the planned fostivities.
Paul, could you please inform other interested parties by placing this letter on your direct mail.
-~

We are planining to follow as closely as possible the onginal itinerary with a parade of Dignitaries carried by
horse-drawn carriages from either the Wagga Railway Station or the Council Chambers (which ever the
Local Traffic Committee approves) accompanied by a bznd to proceed to the Hampden Bridge where the
Ie-enactiment will take place.

Following the re-enactment we are planning 2 family fun day with a band recital and local singers to
entertain the crowd.  This family fun day will be held on the North Wagga Common, where we hope
groups such as yours will set up a static display in common with the therne and penod of the time,

We have also invited such groups as the Wagga Drivers Club, The Clvdesdale Stud, Clouty's Amusements
etc to participate by providing rides and a hay ride etc for the children. - ;

-

Other service groups will be invited to participate by providing Bar-B-Que, food, drinks etc the proceeds of
which will be used for their respective charities

We sincerely hope that your group can join with us and the other interested groups for a day of fun for
everyone concemed.

Yours sincerely

/
e el

Secretary North Wagga Wagga Residents Association
gwb.c0219895




HISTORICAL SUMMARY

A full account of railway lattice bridges in New South Wales, including the one at Wagga
Wagga, and of the viaducts is contained in the two reference papers at the end of this
report. However, a summary dealing specifically with the work at Wagga Wagga was
considered more useful to readers seeking to have only an overview relevant to this

nomination.

The Great Southern Railway was opened to Bomen on 3 September 1878, which is 6 km
north of Wagga Wagga and indeed was known as North Wagga Wagga at the time. The
line was taken across the flood plain on a series of timber viaducts and a temporary timber
bridge over the river to allow trains to reach South Wagga, now Wagga Wagga, a year
later.

The original viaducts comprised timber girder spans, on timber trestles at 29 feet 6 inches
(9 metres) centres, consisting of four parallel girders topped by cross-planks to carry the
single-line ballasted track. A total of 316 spans were built, hastily, consequently the
timber used had not been sufficiently seasoned. This was a significant factor contributing

to the poor performance of these viaducts leading to their replacement during 1897-1901.

Construction of the permanent iron bridge over the river commenced in May 1879 and

was completed in November 1880 and was brought into regular use on 23 January 1881.

At the time, the lattice girder was the main type of structure for bridges over 100 feet
span, road and rail, and had become the favoured choice of John Whitton, Engineer-in-
Chief for Railways in New South Wales. He had 12 built of which 11 are extant but only
8 are in service. Three are in the South-West of New South Wales. Those at Wagga
Wagga (1881) and Albury (1884) both on the Great Southern Railway are still in service,

whereas the one south of Narrandera (1884) on the branch line to Jerilderie is not in use.

The Wagga bridge was the third railway lattice bridge and was the longest at the time of
construction. It consists of 4 wrought iron (not steel) lattice girders on 9ft diameter
cylindical piers at 159 feet centres thereby providing a clear waterway of 150 feet per
span. The four spans are continuous over the piers rather than being four separate simply-

supported spans.



A temporary timber staging was erected across the main channel of the Murrumbidgee
River with rails on top to support a travelling crane which was used by J. S. Bennett, on
behalf of contractor A. and R. Amos, for constructing the piers and then the

superstructure of the bridge.

The 9ft diameter cast iron cylinders were supplied in short segments from
Middlesborough, England, and were stacked one on top of each other so as to become
heavy enough to sink into the river bed. Open dredging took place down to bed rock and
then the cylinders were filled with concrete. The maximum depth below rail level was 156

feet.

The superstructure was designed by Whitton's staff and checked by consulting engineer
John Fowler in London, England. It was then manufactured in Glasgow by P. W.
McClellan and the 750 tons of structural pieces was shipped to Sydney and transported to

the site where it was assembled like a giant Meccano set.

The completed bridge was load tested on 16 December 1880 using three steam
locomotives weighing a total of 185 tons, the maximum deflection was only 0.75 of an

inch. This high measure of stiffness has contributed greatly to the durability of the bridge.
The lattice bridge has been in service ever since.

The original design had cross-arches (see photograph on the front page), over the railway
vehicle height, joining the top flanges of the main lattice girders, but they were not
adequate bracing to guard against a lateral buckling failure of the compression top
flanges. In 1929 a series of strong rectangular portal frames were substituted which
enabled the bridge to carry the heaviest steam locomtive, the D57, and the latest diesel 90

class locomotives, without speed restrictions.

As for the viaducts, the original timber construction deteriorated rapidly and was
constantly being repaired which caused severe interruptions to rail traffic. By 1895 the
decision was made to replace all six viaducts, 4 long and 2 short, with steel plate web
girders supported by steel trestles fabricated by Mountney and Co. of Pyrmont, Sydney,

using steel imported from England.



Construction was carried out by railway day labour during 1897-1901 and the new
viaducts have been in continuous service ever since. In 1976 the short sixth viaduct was
replaced by a new set of girders associated with the widening of Edward Street, the Sturt

Highway, so there are now 5 of the 1901 viaducts in use.

The combination of latice bridge and viaducts it is still one of the longest river crossings

in New South Wales.
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The New South Wales railway system at the time of building the
lattice bridge and viaducts at Wagga Wagga.



o g g v cotns U

An axis view of the lattice bridge with the overhead rectangular sway frames.



STATEMENT OF SIGNIFICANCE
THE LATTICE BRIDGE

The railway lattice bridge over the Murrumbidgee River at Wagga Wagga will be virtually
105 years old on the proposed day of plaquing.

The bridge has been in continuous service since its completion in November 1880 and
has, for more than half its life, carried rail traffic that is much heavier than its original

design load.

Although important structural modifications have been made, the bridge is largely original

in appearance and style of construction.

It was the third of the twelve lattice bridges designed and constructed between 1872 and
1887 under the supervision of John Whitton, Engineer-in-Chief for Railways in New

South Wales. Currently it is the 2nd oldest in service and the greatest in length.

The family of lattice bridges, and the girder bridges at Menangle and Penrith, are the
supreme examples of the domination of British bridge technology in New South Wales

prior to the change over to American style bridges in the 1890s.

Together with the lattice bridge over the Murray River at Albury, the Wagga bridge
allowed the first linking by rail of two colonial capital cities, Sydney and Melbourne, on
14 June 1883.

THE VIADUCTS

There are currently five railway viaducts across the Murrumbidgee flood plain between
Bomen and Wagga Wagga, 4 long and 1 short. The total number of spans is 310 with an
aggregate length of 1.75 miles (2.8 km), the longest set of viaducts in service.

The present viaducts are steel deck plate web girders which replaced the original timber
girder viaducts built in Whitton's time. The replacement work was carefully planned and

took nearly 4 years to completion in 1901, without delay to traffic.



It was the largest timber bridge replacement project until after World War II and was also
the largest application of the relatively new material, steel, until construction of the North
Coast Railway bridges 1913-1923.

The successful completion of this major work was a clear demonstration of the ability of
local fabricators, and railway engineers and staff to deal with a project of this magnitude

which would previously have been done entirely by contract using imported bridge units.

The viaducts have been in continuous service for 94 years without speed restrictions

being imposed for the faster, heavier rail traffic.

COLLECTIVELY

The railway lattice bridge and viaducts at Wagga Wagga have been one of the most cost

effective engineering works from the colonial period.

By maintaining the rail link through the Riverina District and on to Melbourne for over
100 years, they have facilitated enormous benefits (social and commercial) to the
Riverina, Victoria and New South Wales, and more recently to Australia through the

standard gauge line to Melbourne.

HERITAGE STATUS

The lattice bridge is on the Register of the National Estate and it and the viaducts are
Classified by the National Trust (NSW).



Commemorative Plaque Nomination Form

Date.......... May 1993........
To: o
Commemorative Plaque Sub-Committee From....Engineering
The Institution of Engineers, Australia _ _
Engineering House . Heritage Committee,
11 National Circuit
BARTON ACT 2600 Sydney Division, 1E AUST

Nominating Body
The following work is nominated for a:-

*

- Historic Engineering Marker
*(delete as appropriate)

------------------------------------------------------------------------------------

Location, including address and map grid reference if a fixed work..............
Flood plain of Murrumbidgee River north of Wagga Wagga

--------------------------------- R N T R R R R R R R R R R R R R R

----------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------

Xl =51l o I | - T Gotviurtritob et Mo vo Ml I T B OO
Future care and maintenance of the work...Gontinuing maintenance,
both items assured of continuing long service life

Name of sponsor.......... N/A .................................................................................
For a NEL, is an information plaque required?........ N e,

................ A B

Chairperson of Nominating Committee

-----------------------------------------------------------------------------------

Chairperson of Division Heritage Committee/Panrel



ADDITIONAL SUPPORTING INFORMATION

......................................................................................................
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i ele | alalgls [ o] 5 IERIE v odvbebar LA ok e o L TS

Engineering Heritage Significance:-

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

----------------------------------------------------------------------------------------------------------------

Statement of significance, its location in the supporting documentation......

Preceeds this nomination form

-------------------------------------------------------------------------------------------------------------------------------

Citation (70 WOIAS 18- O HIMIUMNYccsiisivissicssss srrnssranessanssmssmrenns sssssmnesnmsseennnsssssmasnssns
The proposed words follow this nomination form

---------------------------------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------



To: engibB, 24 /2. 40154, L €. AUST. SV DIv. 61, 2, 35

A LEYyT WINLeCo

FREIGHT RAIL

SOUTH

Station Place,
Wagga Wagga NSW 2650

Tel: (066) 22 0464
Far (086)22 0477

Dick Smith

Regional General Manager, Sauth

PO Box 8150,
South Wegga Wagga NSW 2650

Prof Henry J Cowan
Secretary
Sydney Division
Engineering Heritage Committee
The Institute of Engineers, Australia
PO Box 138

 Milsons Point NSW 2061

23 February, 1995

Dear Professor Cowan,

Thank you for your letter on behalf of the Engineering Hertage Committee about the plaquing of the
railway lattice bridge in Wagga Wagga which | received 10 February. _

| am happy to approve and support your committee’s projecf to plaque the railway bridgejover the bridge
here at Wagga Wagga

May [ suggest that you contact my Regional Engineer Civil, Richard Franzi, providing fuller information
particularly about the preservation of the work to which you referred in your letter. Richard can be
contacted in my office here in Wagga Wagga or by telephoning 069 220 495.

Please do not hesitate to contact me if | may be of further assistance.

Yours faithfully




PROPOSED WORDS FOR THE PLAQUE

HISTORIC ENGINEERING
MARKER
I E Aust Crest
RAILWAY LATTICE BRIDGE AND
VIADUCTS AT WAGGA WAGGA

THIS RAILWAY CROSSING OF THE MURRUMBIDGEE RIVER AND
FLOOD PLAIN WAS PLANNED BY JOHN WHITTON, ENGINEER-IN-
CHIEF FOR RAILWAYS 1856-90. ASSEMBLED FROM COMPONENTS
MANUFACTURED IN ENGLAND, THE 4-SPAN CONTINUOUS
WROUGHT IRON LATTICE BRIDGE WAS COMPLETED IN
NOVEMBER 1880. THE ORIGINAL TIMBER VIADUCTS WERE
COMPLETED IN 1879 THEN REPLACED BY THE PRESENT STEEL
VIADUCTS DURING 1897-1901. AS PART OF THE RAIL LINK
BETWEEN SYDNEY AND MELBOURNE THROUGH THE RIVERINA,
THESE STRUCTURES HAVE BEEN OF IMMENSE NATIONAL VALUE.
(78 WORDS)

DEDICATED BY
THE INSTITUTION OF ENGINEERS, AUSTRALIA
AND THE STATE RAIL AUTHORITY OF NSW. 1995



JOHN WHITTON
Engineer-in-Chief for Railways, New South Wales, 1856-1890.
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Railway Lattice Girder Bridges in New South Wales

R.E. BEST
Engineer, Maintenance, Bridges and Structures, State Rail Authority of New South Wales
~and
‘ D.J. FRASER 7
Senior Lecturer in Civil Engineering, The University of New South Wales, Sydney

SUMMARY During the period 1880-1890 New South Wales experienced something of a railway mania. In the
course of establishing a basic framework for the future railway network, some major river crossings were
required; for example, across the Parramatta, Hunter and Murrumbidgee Rivers. In all, twelve crossings were
involved and the same style of bridge was chosen for each, namely the iron lattice girder bridge. This
paper traces the history of the lattice girder bridge, in particular the railwav lattice girder bridges in
New South Wales, and discusses details and methods of analysis. The paper also shows what is involved in
historical research of works that are a significant part of our engineering heritage.

1 INTRODUCTION

Railway service in New South Wales began in 1855 Brisbane
with the opening of the line between Redfern and QUEENSLAND
Y

Granville some 20 km west of Sydney. During the L
next fifteen years portions of three main lines were

- - i Tentbrfield

built and by 1870 had reached Goulburn in the south, Bourke Narrabri
Bathurst in the west and Aberdeen in the north. The

500 km of rallways then in use are shown with dashed

lines in figure 1(a). Despite the achievement of
building the famous Zig-Zag near Lithgow and erect-
ing three major bridges, over the Nepean River at
Menangle and at Penrith, and over the Hunter River
at Singleton, rate of construction was only modest.

Then came a rapid acceleration. New South Wales
experienced its own railway mania and in the next
twenty years, 1870-1890, the length of operating
lines increased seven-fold to 3500 km. The extent of
this growth is shown by the full lines in figure
1(a). A basic framework north, south and west of
Sydney had been completed, from which future exten-—
sions were to form the current network of 9000 km.

VICTORIA

1855 - 1870 —=—-—-
1870- 1890

(a) Railway network 1890

In the course of this twenty-year burst of activity,
the railways had to cross four major coastal rivers
(Parramatta, Georges, Hunter and Hawkesbury) and six i QUEENSLAND

inland rivers (Macquarie, Lachlan, Peel, MacDonald, ‘\f‘,
Murrumbidgee and Murray). In all, fourteen crossings
were involved. The Hawkesbury River Bridge, the big-
‘gest project, was an American truss design, not a
lattice girder bridge, and so will not be dealt with
here. A single-lattice girder bridge was built over

Mac Donald R.
Peel/ R.

the Parramatta River at Camellia in 1895 on the Car- ) Hunter R.
lingford Line but it was not one of the original 1 <

twelve double-lattice bridges which are the subject Parramatta R.
of this paper. The location of these twelve bridges 1/ Georges R.

is shown in figure 1(b) and noted in Table I.

During the 1970's three of the original twelve lat-
tice bridges were taken out of service following the
construction of modern replacements, and could be
destined for recycling as scrap-iron. The others are
all past their economic lives and are also scheduled
for replacement depending on availability of funds
and other prioritiea. Eventually all will go and
with them the tangible evidence of a pioneering era see also Table I

of iron bridge constructi i tant to th lo-
nial history of New South Walesho ront to the co

(b) Location of railway lattice bridges,

Figure 1
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TABLE I

LINE No. TOWN RIVER

*
Main North 1 Aberdeen Hunter
(Sydney to 5 Tamworth Peel
Tenterfield) 6 Woolbrook MacDonald

11 Ryde Parramatta
Main South 3 Wagga Wagga Murrumbidgee
(Sydney to
Albury) 8 Albury Marray
Main West 2 Bathurst Macquarie
(Sydney to 4 Wellington Macquarie
Bourke) 7 Dubbo Macquarie
Narrandera 9 Narrandera Murrumbidgee
to
Jerilderie
Illawarra
(Sydney to 10 Como Georges
Wollongong)
Blayney to 12 Cowra Lachlan
Harden

* Chronological order of construction

2 THE LATTICE GIRDER BRIDGE
2.1 Origin

Figure 2 shows diagrams ot typical lattice girders,
a form of construction also referred to as a trellis
girder and as a double or multiple Warren girder.

Contrary to the commonly held view that Ithiel
Town's timber lattice trusses (1820-1835) were the
fore-runner of the metal lattice girders, the latter
originated in Europe and Britain (Edwards, 1959).
The multiple triangular iron girder/truss was an
adaption of the Warren truss developed by Neuville
and improved by Captain Warren (Matheson, 1877).
Neuville, a Belgian engineer, designed and con-
structed one of these bridges in 1846 near Ghent.
Another, built near Dublin around 1844 is reputedly
the first in Britain (Hemans, 1844, Chrimes, 1980).

2.2 Scope of application

During the second half of the nineteenth century,
the iron lattice girder became the dominant bridge
type (both for road and rail) in Britain, in Euro-
pean countries and in their colonial empires. It was
little used in America where the Whipple, Baltimore
and Pratt trusses were the most popular types.
Because of the widespread use of metal lattice gird-
ers, there is an abundance of technical information
in contemporary journals and text books. The refer-
ences in this paper are a sample.

Lattice girders, when properly designed and con-
structed, proved to be superior to all other non-
American types (Baker 1873, Matheson 1877, Merriman
and Jacoby 1898) over a wide range of spans, 18m (60
ft) to 90m (300 ft). There were some examples of
spans up to 180m (600 ft).

The main advantages of the lattice girder were the
saving in weight and its increased stiffness. The
open web system enabled the sizes of the "web"
members to be readily adjusted to suit changes in
shear force, which gave significant savings 1in web
material compared to a plate web girder, Figure 3.
At the time, cost differentials made the costs of
materials more important than labour costs. When
combined with curtailment of the flange (chord,
boom) materials , the lattice girder became a very
efficient structure.

Increased overall stifiness and stability were
achieved by using channel sections for compression

ivetited at. their intersections with the

‘fiat- 1‘0!1 ension members.
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Number of
triangulations

Figure 2 Typical lattice systems

A particularly useful series of papers by Cargill,
dealing with iron lattice girders, was published in
the Journal of the Franklin Institute, 1863.

2.3

In addition to the basic classification of bridges
(beam, arch, suspension), bridges are also classi-
fied according to the location of the deck relative
to depth of the main girders/trusses, Figure 4. Lat-
tice girders were used in all three situations. The
pony bridge was so named because it was not deep
enough to allow overhead cross-bracing of the top
flanges (Johnson et al, 1894).

Some Standard Details

The most common form of lattice girder construction
is the double-lattice web with multiple triangula-
tions. A double-lattice web has two sets of parallel
web bars, Figure 5(a), connected to trough or U-
shaped chords. Nearly all lattice girder bridges in

New South Wales are of this construction. The
single—-lattice web, Figure 5(b), is wvirtually an
open-web plate web girder. An example, built in

1895, still exists carrying the railway over the
Parramatta River at Camellia, Sydney. The author is
not aware of any lattice webs in excess of two.

Multiple-triangulations refers to the number of
independent Warren systems within the pattern of
intersecting lattice bars. Figure 2 shows the most
common numbers of triangulationa. All the lattice
road bridges in New South Wales have two triangula-
tions hence the term double-Warren truss. Of the
twelve rallway lattice bridges reported in this
paper, six have seven triangulations, four have four
triangulations and two have six triangulations.

Without tracing the separate Warren trusses, the
number of triangulations can be determined in two
ways (Hart 1866), (1) count the number of diamonds
and parts thereof in any vertical section and then
multiply by two, or (2) take any lattice bar, count
the number of intersections and then add one.



ubL 2 -
Tension Compression
r
04 L ’@‘ Bars | Area mm? [Bars | Area mm?
B 5 ¢ 1 8160 1 11200
0-4W SFD 0-5W
L e 2 6400 2 8400
C-EW 3 5600 3 7680
Cross-over compr. J\LL Cross-over compr.
bars off centre bars at centre 4 4800 4 6400
2 ,7 5 9760 5 14 000

—_— Compression bars numbered
outside the girder.

————— Tension bars numbered
inside the girder.

(a) Double

e A 7A | A
AVANVNN
R

» &

(b) Single

Figure 5 Lattice webs

Figure 4 Lattice girder bridges. Deck,pony Figure 6 Connections of cross-girder to vottom

and Through bridges. chords,side and top connections.
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TABLE II

HISTORICAL INFORMATION FOR THE 12 RAILWAY LATTICE BRIDGES IN N.S.W.

p—” {286 ) € o¥s ) ueTyoR]
1881 U0s3I9qoy|  uwntdreg‘esrTeH |0) § uinqysty ¥ S9X g T L8-9881
000°zS7 | des z |£881 dog z [op o8104 uoyyo03g M3 a booatTy ViM0)
syoeIl 7 298 ) ( 80ST ) £Xz B}IRUBIIRS
S =
ZLYS 9881 purTdug‘£q1aq SRl SRy 9 sax 9 Z 20K 98-588T
000697 | des LT [988T das 0T | o) 8104 uo3lyools 0) 8 opTsApuey
safxoor
covs s C LT ) _,:_:._M,_.V_SZ ) - v oxp 0
0v1°997 [ 90a 9z [988T uer 61 [op e8xoy uoiyools ‘ySnozogsarppry| LT H B D sox | 9 I OWoy | s8-vest
0] § surIyd0)
a8pIqumna.
65t — CoLg) ( 98¢ ) - 03 pTqUNIITY
‘ i aat A _ — _— ; B ha v so) 4 I S8-1881
0L122% H 5881 AvW ¢ | o) odaoy uolyd01g orTrLEy poomisopm| 4 Aepryrey VYAINTHEWN
s}yoBL] ¢ ( 605 ) (€09) Lerany
699$ 7881 33ouusg g MOXA "y 9 sax Z z AUNGTY ¥8-£88T
0z5°ze3 [ 3°0 8T | 881 des pz | 0D #8104 uolyo03g ATTTTe] ‘pooMIsay
AEEY 7881 C1ve) souieg puersug( 08S) ,mﬁhmzvomz
2 A& xd ‘ydnoroqssIpPPIH| s s .
0Tz 6v7 W PEBULAY $C |6y & wumxioon |utits fiay o S ouy y g vy b ax ¢ I 0gana $8-£88T
( 061 )
0zv$ 7981 S881 49d 07 sjuawingy pueTug ‘123530100 % PTIBUOQOBRK
055°6 7 3y 2 yo13g RSWRE"S | "y egaarg goongre| SOW H BV L OoN 1 I NOOUTTIOOM | 28788t
0zb$ cegr | $88T a0d 0z (sst) C os1 ) . 1994
. 1leuusg g 0| pueldug‘Is3sadToy| SOUV ¥ B Y L ON I i1 Z8-1881
0S5°6 7 UBL 6 | I88T AON 9T [ 0D #8104 uoiyoo3ls 11911928 9° 950" HIHOMAY L
587$ S88T UBL 6 (gsv ) uewAy3 TS cmﬁmmmmms atzenboey
p S e o SUTYIBM "M L sax g T I8-6.81
0S¥°Sy7 | 9@d T |1881 uer Gz | 0D @8I04 U0IY203§ SBUOY, 0D 4§ oprsApuey : NOLONITTIM
orvs 1881 A1uo mo@%m:mmmowxuouw v:mﬁpmumm%owmmﬂw PREPTAUNLEN
N O SO S9a =
06v‘sv¥ | uer sz |ogsr 22a 91 | 0n e8zog woyoozg| PFPUWRES L T yprraqonng 2§ sy - ol P | y99uM yooyM| FBeLst
TOTSUTSTTY
oTvs o%mé 88T UL L urwAyl TS v:«%mmmm hwﬁmo pue uosep aTIenboey
¢ I e * (aup) uosep” s9 L-SL8T
0STIE ¥ V v |9L8T IBW 8 sBwOY 07 B sprsApuey .mmnqueau.m.w Z X g T 1SHNHIYE | 947se8
Ia3un
s er [ SIS Eﬂmzm“mmmawﬁom 03y souy t| sex| ¢ i i 1L-0L81
0v8°vz¥ | AV LT |T/8T qo4 pT | 00 uoxl 03By yiug|  sewoyl |o) uoi] a3ey yirg NFM{3TY
e L P A A Y e
i [SHeq- U gER) suol ut jydtom ) memmﬁ_
w/31509 | @ot1AISS . Z039exqu0y |(SUOY UT IyTTom) to3o0aau0y | SUOTITI 3T8y I9ATY
7 3500 [ojur Ind | s3s03 peOT SIOPUTIAD uoaj -qng | aanioniisxadng -nduetay | snon-| sueds syoeI} potiaq
[elo] age( Jo saje( 1se) Jo Jatrddng uoT3d91yg 3o ast1ddng TedToutad JO OoN HERR0 Jo oN J0 oN UOT3IBI07]

88



o

Post at continuous support

Figure 7 Typical details of
railway lattice
bridges.

Pixedrrocker bearing
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Directly related to the number of triangulations is
the method of connecting the cross—girders to the
main lattice girders, Figure 6. The spacing of the
lattice bars is a critical factor (Cargill 1863).
Framing the cross—-girder into the side of the open
trough-shaped bottom chord, Figure 6(a), causes
twisting of a section that is structurally ineffi-
cient in torsion. The remedy is dealt with later in
respect to the twelve railway lattice bridges. Sup-
porting the cross—girders on top of the bottom
chord, Figure 6(b), is structurally superior and
simpler in detail.

3 RATLWAY LATTICE BRIDGES IN NEW SOUTH WALES

Table II shows a summary of the principal items of
information concerning the twelve lattice bridges
built for the New South Wales Government Railways
between 1870 and 1887. Within the twelve there are
only three different designs

1. The first six bridges, built for single lines of

railway, have longitudinal timbers supporting
the track. The cross—girders are connected to
the sides of the bottom chords and the main

girders have seven triangulations.

Four of the second six bridges were also built
for single track and were an improved design.
The track is supported by longitudinal steel
beams which in turn are supported by cross—
girders that rest on top of the bottom chords.
The main girders still have double-lattice webs
but the triangulations have been reduced to
four. These bridges have a more open and lighter
appearance.

The remaining two bridges, at Albury and Ryde,
were built for double track and incorporate all
the improved features. The main girders are
much deeper and use six triangulations.

All were major bridges of their day, and contem-
porary newspapers (see references) carried regular
reports about them during construction. They were
all relatively expensive bridges due mainly to the
length of construction time, between one year and 18
months. Their final costs at approximately £75 per
linear foot is equivalent to around $15 000 per
metre today, based on a labourer's wage of 10/~ per
day in the 1880's. Modern technology and construc-—
tion methods enable replacement bridges of similar
size to be built for half this amount. Figure 7
shows the technical details of these railway lat-
tice bridges.

All twelve bridges have spans of 48.5m (159 ft) and
a common feature of ten of them is the use of con-
tinuous spans, mainly in groups of three. The
bridges at Albury and Narrandera are two-span con-—
tinuous and the Wagga bridge has four continuous
spans. Only two single span bridges were built, at
Tamworth over the Peel River in 188l and at Wool-
brook over the MacDonald River in 1882. The latter
is the only bridge not to have cast—iron cylindrical
piers. The shallow depth to sound rock enabled
solid brick abutments to be used.

When the original sets of working drawings were
examined and site inspections made, it became clear
that all the bridges incorporated the flexibility of
distributing web material,as noted earlier. The
sizes of lattice bars at the ends of each spans are
much larger than those in the central region of each
span, Figure 3, which is consistent with the changes
in shear force. In the case of continuous bridges,
the distribution of web material matches the dif-
ferent values of shear at each end of the outer
spans, and also the shift of the point of zero shear
towards the outer supports, figure 3.
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Despite the apparent completeness of this dossier
there are some questions still to be answered:

® Why use lattice girders? Were other types of
bridges considered? Who designed the bridges?
Why use 48.5m (159 ft) spans? Why use the same
span at all sites?
The authors have not yet found specific statements
about these matters, but the following answers are
quite plausible.

1. Since lattice girders were the dominant type of
bridge in Britain and its colonies, then its
choice could be classed as routine, probably
inevitable. As late as 1890, the Commissioner
and Engineer-in-Chief for Roads and Bridges,
Robert Hickson, considered "lattice girders to
be the best type of bridge"” (Cowra Bridge Report
1890).

There is only a faint possibility that other
bridge types were considered, despite the fact
that two "American style"” Whipple trusses were
built in New South Wales during the period under
review. A report on these two bridges, the road
bridge at Nowra 1878-81 and the rail bridge at
Lewisham 1885-86, has been presented elsewhere
(Fraser 1981). One span of the Nowra bridge was
on display at the 1881 International Exhibition
in Sydney. The Judges concluded "unless under
peculiar circumstances,the lattice type of
bridge is preferable for both railway and road
in this Colony",(Main Roads,1971).

3. All the working drawings have the stamp of John
Fowler, the eminent British consulting engineer,
who was Agent for the New South Wales Govern-—

ment. Although some original design work may
have been carried out by John Whitton
(Engineer-in-Chief, NSWGR) or his staff, it

seems most likely that responsibility for design
and preparation of drawings rested mainly with
John Fowler.

4. The technical references show that a span of
48.5m (159 ft)was within the economic range for
lattice girder bridges. Since the initial six
railway bridges used longitudinal timbers over
0.91m (3 ft) spans to support the track, then
any chosen span had to be divisible by three.
For the later bridges, with steel stringers over
spans of 1.3m (5'8") and 2..26m (7'5"), the 48.5m
span seems irrelevant.

5. The years 1870-1890 were a hectic period of
rallway expansion and construction in New South
Wales. All the bridges were fabricated overseas
(Table II). Therefore, it seems likely that the
original design for crossing the Hunter River at
Aberdeen, 1870-1871, was adopted as a "standard”
in order to save design time and maintain
delivery and construction schedules.

4 ANAIYSIS OF LATTICE GIRDERS

The contemporary technical 1literature contains a
number of methods for the analysis of lattice gird-
ers. These methods may be classified in two ways,
the use of beam analogy and the use of truss theory.
Only one from each class will be dealt with here,
Rankine (1856, 1882) and Warrenm (1894). The lattice
girder shown in Figure 8(a) will be used to briefly
explain the two methods and their results will be
checked using a modern computer—oriented method.

4.1

The lattice girder is visualised as a beam with an
open rather than a solid web. Elementary statics of
beams in bending is then applied to calculate the

bending moments, M, and shear forces, S, at sections
mid-way between the load joints, Figure 8(b). From

Beam Analogy



the conditions of internal equilibrium C¢ = Tf = M/D
and Cy; = T, = 5/(4s8inb). If a shear force diagram
and bending moment diagram are used, the analysis
need only occupy one standard calculation sheet.
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Figure 8 Analysis of lattice girders

4.2 Truss Theory

The lattice girder is wvisualised as a series of
overlapping Warren trusses, equal to the number of
triangulations. These trusses are analysed
separately, Figure 8(c), and the results added
together. The calculations would normally take more
sheets than the beam analogy method, however, Prof.
Warren does show how the analysis by truss theory
can be presented in a compact table.

4.3 Computer Analysis

The previous methods have three sources of error -

1. All lattice bars are assumed to be pin-connected
to the chord members, whereas the amount of
rivetting suggests a relatively stiff joint
which could generate secondary bending in the
web members and in the chords.

2. The joints between chord members and posts are
also assumed to be pins whereas the substantial
rivetting would approximate a rigid joint.

3. The rivetting of the lattice bars at their
intersections is ignored, each bar being con-
sidered as a  separate member from its top to
bottom chord joints. The reality of the connec-
tions renders the web highly indeterminate and
must cause some redistribution of the web
forces. Modern computer methods enable all
these factors to be taken into account. For rea-
sons of space, none of the details are given
here. The results from all three methods are in
reasonably good agreement for the member axial
forces. However,the secondary bending moments in
the chords are significant which could lead to
an unsatisfactory level of combined stress.

5 THE RESEARCH

The brevity and ordered nature of this paper is com-
pletely opposite the realities of the research
effort. Indeed, if the paper and its presentation
are taken as a unit measure of effort then the back-
ground effort was in the order of one hundred-fold.

Research began in early 1980 at the Archives Office,

. State Rail Authority of New South Wales (SRA), with

an examination of some original drawings, historical
notes, photographs (contemporary and recent), Annual
Reports 1870-1890, and most important, a copy of the
“ailway Bridge Inquiry Report 1884-1886.

The setting up of this Inquiry by the New South
Wales Government was the result of personal animos-
ity between the Engineer-in-Chief, John Whitton, in
charge of railway construction and the Engineer for
Existing Lines,George Cowdery,in charge of railway
maintenance. Cowdery planned to have repairs and
other work carried out on the six earliest iron lat-
tice bridges and he requested plans and data from
Whitton. The request was refused on the grounds that
the bridges had been soundly constructed and the
nature of the repairs and their effect upon the
safety of the bridges had been exaggerated. Cowdery
appealed to the Minister for Public Works who was
presented with conflicting opinions, technical and
personal, from both men. In order to resolve the
matter, the Minister set up a Select Committee to
inquire into the safety of the irom lattice bridges
and of certain timber viaducts. The Committee came
to some face—saving conclusions for George Cowdery
and recommended some minor repairs, such as replac-
ing some loose rivets, plus the exchange of plans
and other technical information. However, the tech-
nical opinion of John Whitton and the safety of the
bridges were vindicated then, and during the next
one hundred years of service, by carrying loads well
in excess of the original design.

The final report of the Select Committee contained
much valuable information about 1lattice girder
bridges, particularly technical, because Professor
Warren from Sydney University and Professor Kernot
from Melbourne University were members of the Com—
mittee. The results of their analyses of the single
span and of the continuous span lattice girder
bridges are contained in the Appendix and the Spe-
cial Reports.

Despite this good start to the historical research,
only about half the information in Table II was
obtained and then mainly about the first six
bridges. Most of the remaining information was
obtained from a slow, patient search of contemporary
newspapers (see references) at the State Library,
Sydney, principally the Sydney Morning Herald. The
most daunting feature of this work was the general
lack of indexes.

The whole process would rival any detective work,
with its mounting volume of news items and dates,
sometimes confusing the search, but mostly clarify-
ing matters. For example, the bridges at Wagga



Wagga, Dubbo and Albury were completed almost a year
after the railway lines were opened for service. The
initial river crossings were all carried on tem-
porary timber viaducts.

Enquiries were not confined to Australia. Some
relevant information was obtained from sources in
England, particularly the library of the Institution
of Civil Engineers, London (Chrimes 1980).

Concurrent with a search of old newspapers and
archive records was a search of o0ld calculation
books and reports dealing with colonial railway
bridges. These documents are held by the Way and
Works Branch of the SRA, and were made available by
the co-author, Ross Best.

Each of the twelve railway lattice bridges was
visited, photographed in detail and many measure-
ments taken in order to clarify data shown on the
faded and sometimes damaged original drawings.

All this material forms a large dossier of research
notes that are presently the subject of a comprehen-
sive report by the authors. The report will be held
at the SRA Archives Office.

6. ENGINEERING HERITAGE AND PRESERVATION

The twelve lattice girder bridges in New South Wales
represent the first major programme of iron bridge
construction in the colony and they were vital com—
ponents of the rapidly expanding railway network.

The bridges crossed two wide coastal rivers and
there were ten crossings of the inland rivers,
rivers capable of large and violent floods, and yet
all bridges have survived nearly 100 yvears and more.

Three of the bridges, at Aberdeen, Como and Ryde, no
longer carry rail traffic and are destined to be
removed, probably as scrap iron. However, although
they do not meet modern railway requirements they
aré suitable for re-use in less demanding situa-
tions. For example, the 1882 lattice bridge over the
Iron Cove, Sydney, now serves as a road bridge near
Forbes and has an appropriate commemorative plaque
attached.

A1l the bridges have served the rallway system and
the State well through a century of changing and
increasing demand. They have significant merit in
terms of engineering heritage.

7 CONCLUSION

This paper has presented a case study of the histor-
ical research of a group of lattice girder bridges
built in the colonial years 1870-1890 in New South
Wales.

The investigation was a major project extending for
nearly two years. It highlighted two essential
characteristics of a successful researcher, patience
and persistence. WNot all the information about the
bridges was in the obvious place and there were con-—
sequent periods of frustration as the investigation
appeared to founder. However, these were relieved by
elation when the relevant information was found.

The paper summarises the results of the research and
has indicated the nature and extent of the research
effort involved.
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The Reconstruction of the Wagga Viaduct

W.M. SHELLSHEAR, F.|.E.Aust.*

1 EARLY HISTORY

The English Journal "The Engineer', in its issue of
13 December 1878, reported:-

"A further extension of the Great Southern
Railway of NSW from Junee to North Wagga,
opened on 3 September 1878, is 17 miles
61 chains in length, making a total distance
of 304 miles 22 chains from Sydney".

The section described was part of A. and R. Amos's
contract awarded in September 1874 for construction
of the Southern line from Cootamundra to North Wagga
(renamed Bomen in 1882). 1In January 1878 Amos's
contract was extended to South Wagga and "Engineer-—
ing" had this to say about it:-—

"Messrs Amos Bros have a short length of 4k miles
in hand on the Southern line, namely from North
Wagga across the Murrumbidgee into South Wagga.
The bridge across the Murrumbidgee will be the
longest and most expensive in Australia".

Amos's contract comprised the supply and erection
of an iron bridge spanning the Murrumbidgee River,
which, at this point, flows through a fertile val-
ley, and the carrying of the railway over the river
flats on a series of viaducts. There were six via-'
ducts in all; the respective number of spans in
each being 113,66,4,72,56 and 5, or a total of 316
viaduct spans. The first four were on the north
side of the river and the remaining two on the
south side. The spans were 29ft 6in each, so that
the aggregate length of the viaduct spans exceeded

1 3/4 miles. Varying lengths of embankment separa-
ted the viaduct sections. This large number of
openings was found necessary as, during heavy floods,

The Murrumbidgee River
section of the viaduct was completed.

(Paper G1202 submitted on 1 June, 1986.)
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in flood before the re—construcﬁion of the southern

the river overflowed its banks and submerged the
flats to a depth of 10 to 12ft for a width of up to
2% miles.

Although the lattice girder bridge was included in
the Amos contract, the steelwork was supplied by
McClellan of Glasgow and the erection carried out
by J.S. Bennet on behalf of A. and R. Amos.

The iron bridge, which still exists, consists of
two lattice main girders continuous over four open-
ings, each having a clear span of 150ft, with a
centre distance of piers of 159ft. The lattice
girders are 12ft lin high, and plate web cross gir-
ders are spaced at 3ft centres.

A light lattice overhead bracing girder, rivetted
to the tops of the lattice girders was provided at
the piers and at mid-span.

Bridge piers are cast iron cylinders 9ft in diameter
filled with concrete and are in pairs connected by
wrought iron diagonal bracing. The tops of the
cylinders were placed 5ft 5in above the 1870 flood
level.

Details of the timber viaducts as constructed by A.
and R. Amos, are shown in the accompanying drawing.
The drawing shows a pier mounted on a concrete sill
as most of them were, but about 20% were seated on
driven piles. Almost 1300 piles were driven, some
as deep as 57ft into the ground.

In view of the extensive nature of the work involved
in Amos's contract extension, and of the time likely
to be taken, the contractors were authorised to con-
struct a temporary low-level railway along the river
flats to cross the main river channel by 35 - 18ft
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timber openings, 26ft above normal river level. By
this means, trains commenced to run regularly into
South Wagga on 1 September 1879. The temporary
crossing was severely damaged by flood waters short—
ly after its completion, causing interruption to
traffic. The road bed of this first temporary cros-
sing of the Murrumbidgee may still be seen on the
eastern side of the main line.

However, when work on the viaduct was commenced in
1876 great difficulty was experienced in obtaining
the enormous quantities of irom bark timber required
for the structure in the short space of time allow-
ed in the contract for its erection, necessitating
the use of some inferior timber which soon decayed,

and constant repairs and renewals were subsequently

required.

The amounts of timber involved in the original via-
duct structures were:-

Girders and corbels 88,000 cu ft
1"

Transoms and headstocks 21,000 "
Bracing, etc 15,0600 "™ ™
3" Decking 9,800 " "
Piling 30,000 1lin ft.

On the completion of the Amos contract the line was
opened from North Wagga, through South Wagga, to
Gerogery on 1 September 1880. Although the Amos
contract terminated at South Wagga (later re-named
Wagga) a second contract had been awarded in
February 1878 concurrently with Amos's contract ex-—
tension, for construction of the line from Wagga to
Albury, and work had been proceeding well on this
contract. The contractors for the Wagga-Albury
section were Messrs Cornwell, Mixner and Co.

2 ROYAL COMMISSION

It would appear that, within three years of the
opening of the line through South Wagga, mainten-—
ance of the timber viaduct had become a matter of
some concern, particularly to George Cowdery, the
Engineer for Existing Lines. Cowdery complained
that the girders were not sufficiently strong or
rigid to prevent an engine jumping when going at
high speed, and claimed that engine drivers had
also complained of this jumping. Cowdery had al-
ready placed props under some of the girders which
he had found defective, and had placed a speed re-
striction of 16 mph for trains crossing the via-
duct. On the other hand John Whitton, Engineer in
Chief, who also held the portfolio of design and
construction, took strong exception to Cowdery's
criticism of the viaduct and a somewhat acrimonious
situation developed between these two officers.
Cowdery, in the performance of his duties, con-
sidered it necessary, not only to provide addition-
al support to some of the viaduct timbers, but also
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to renew what he considered to be loose rivets and
defective work in the iron bridge. Being respons-—
ible for the safety of these 'structures, he did not
refer to Whitton for his advice on the matter and
considered himself competent to deal with the sub-
ject without such reference. He, however, applied
to Whitton for drawings and plans of the various
structures but these Whitton, for reasons best
known to himself, refused to supply.

Whitton also condemned Cowdery for the re-rivetting
of the iron bridges. Cowdery however, assured the
Railway Commissioners that the bridges were very
defective. Asked by the Commissioners to comment
on Cowdery's claims Whitton said the bridges were
in good condition and that ''no better bridges with
regard to the material and workmanship, were ever
built".

With regard to the timber in the viaduct Whitton
had to concede "the timber was to all appearances
sound when put in, and that every care was taken to
have the work properly carried out, but that the
dry rot which had made its appearance some time
after the completion of the work was accelerated to
a great extent by the timber having been cut when
the sap was up instead of during the winter months"
and that "the timber supports, having a large mar-
gin of strength, no danger need be apprehended if
the progress of the dry rot be carefully watched".

This difference of opinion led to a personal attack
on one side and recrimination on the other.

Cowdery regarded Whitton's statements as an insult
to him and his officers. At this point, in order
to arrive at a sound decision in the dispute, the
Minister for Public Works, one F.A. Wright, feeling
himself unable to deal with the technical matters
involved, and to allay any feelings of alarm in the
minds of the travelling publiec as to the stability
of the bridges and viaduct, determined to refer the
subject for an enquiry by a Commission of Experts.

Accordingly, a Royal Commission was set up on

23 April 1884 "to enquire into the stability of
certain iron bridges and of the timber approaches
to the bridge over the Murrumbidgee River to Wagga
Wagga".

The members of the Royal Cormission were:—

G.A. Morell (President) Ciwvil Engineer

W.C. Kernott M.A. Professor of Engineering,
Melbourne University

W.H. Warren A.M.I.C.E. Professor of Engineering,
Sydney University

W.MeD. Courtney M.I.C.E., M,I.M.E. Civil Engineer

Owen Blackett.
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W.H. Warren and W.C. Kernott became very disting-
uished leaders of their profession in later years,
and in fact, a W.H. Warren Prize is still awarded
annually by the Institution of Engineers, Australia
to engineers who have made a significant contribu-
tion to the science and practice of engineering in
Australia.

The members of the Royal Commission in their
Progress Report of 25 March 1885, alluded briefly
to the differences of opinion or the want of har-
mony existing between the two great branches of the
railway department with regard to the construction
and maintenance of railway bridges and viaducts.

During the course of the Commission's investigation,
which lasted from April 1884 to August 1885, a very
detailed investigation into the adequacy of the
viaduct's design was carried out, both on the via-
duct itself and on experimental sections made up

in the railway yards at Clyde for testing under
load. All these tests appeared to confirm Whitton's
claim that the viaduct design was adequate and safe.
As might have been expected, Whitton's evidence be-
fore the Commission carried more weight than
Cowdery's, and in the Commission's Final Report of
22 August 1885 we find the following comments and
summing up concerning the Wagga viaduct:

"Taking the average life of a bridge constructed
with good timber and properly maintained to be
25 years, the yearly renewal of the material
will be about 4% of the whole. From the analy-
sis of our timber inspection, we find, however,
that owing to the defects stated to exist in
the piles of the Wagga viaduct, nearly the whole
of the piers may have to be remewed within 20
years, whereas the superstructure, being iron-
bark, may last over 25 years.'

And regarding Cowdery's speed restriction the
Commission reported:-—

"We tested accurately the motion of the beams

and trestles in every direction and found very
little movement at any speed. Observations

were also taken from an ordinary passenger
carriage and from the overhanging platform of

a bogie car. As a final test we rode on the
engines when running at a speed exceeding

30 mph and found but little difference when
running over the viaduct or on the embankments.
The viaduct is therefore sufficiently stiff for
the heaviest traffic that passes over it. We
do not therefore see any reason why the ordinary
speed of trains passing over the viaduct should
be reduced, and we are of the opinion that, with
proper maintenance no danger need be apprehended
on account of the speed."

The lattice girder bridge prior to reconstruction of the viaducts.

restriction lamp at approach to bridge.
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2 RECONSTRUCTION

Bear in mind that this report was issued in 1885 -
yet despite its assurances that the viaduct piers
would be good until 1905 and the superstructure
until at least 1910, we find that a decision was
taken only eleven years after the issue of the
Commission's report to replace the whole 1 3/4
miles of timber viaduct with steel structures. It
appears repairs had become very expensive, and,
despite the assurances of the Royal Commissioners,
speed reductions had to be re-imposed, which caused
great inconvenience. As early as 1892 'P' class
locomotives had been allowed to cross the viaduct,
but due to the rapid deterioration of the timbers
this permission was soon afterwards withdrawn. By
1896 also, the increasing loads of trains made it
desirable to use more powerful locomotives than
those of the 'D and 'B' classes.

Work commenced on the reconstruction of the via-

ducts in March 1897 and consisted basically of the
complete removal of the existing timber girders
and piers and their replacement of steel plate web
girders and steel piers erected on concrete cylin-
drical bases excavated to sound material. The
design and construction methods employed were such
that the entire replacement of the 1 3/4 miles of
timber viaducts was able to be carried out during
ordinary working hours, on week-days, without
interference to traffic - a truly remarkable
achievement. It is also of interest to note that
by changes near the abutments of the various via-
duct sections, the total number of spans was
reduced from 316 to 310.

The second drawing shows typical details of the
structures which replaced the old viaducts. Note
that the span from pier to pier is the same as
before. The new concrete bases were placed about
10ft away from the old wooden piers so as not to
interfere with the existing structures, while the
bases, some of which were excavated to depths of
up to 15ft, were being poured. It is believed as
many as four separate contracts were awarded for
different sections of the work which took over four
years to complete.

The new abutments at the ends of each embankment
section were of concrete and at every tenth span a
concrete pier was substituted for the steel pier to
ensure longitudinal stability. These features are
clearly shown in the photographs. Preliminary work
consisted of the laying of temporary sidings at
ground level along the eastern side of the line,
using the formation of Amos's early temporary
low-level railway between Bomen and Wagga Wagga.
Two travelling cranes, each capable of lifting 10
tons were made up for material handling and for

Note speed
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The first stage - steel piers constructed on concrete footings under existing

timber girders.

lowering the made-up steel girder sections into
place. 01d tender frames were used for the frame-
work of the travelling cranes, the hand-operated
winches used being provided by the locomotive
department.

Motive power for the travelling cranes was provided
as required by two 'A' (93) class 0-6-0 locomotives.

Advantage was taken of the dry seasons to put in
the concrete foundations as rapidly as possible.
The steel piers were then erected on these bases
under the wooden girders before interfering with
the existing structures. The procedure for re-
placement of the wooden girders and piers with the
steelwork, and the manner in which it was carried
out cannot be better described than by the account
given in "The New South Wales Railway Budget" of
21 December 1899, which reported:-

"When all is ready the Divisional Engineer
decides how many spans of the old super-
structure it is advisable to remove, and then
commences preparations for the demolition of
the old work and the erection of the new. At
the point determined on a cut is made, and then
so much of the old work as is to be removed is
jacked up, and a rail inserted between the
corbel and headstocks to be used as skids, and
on these "trip jacks" are fixed for the purpose
of forcing over the old superstructure.

A day is chosen when the traffic requirements
will give most time for carrying out the work
and when the last train has passed, men dis-
connect the rails and remove the sleepers. At
each of the jacks two men are placed, and at a
given signal all commence work together and the
great mass of timber superstructure, about 300ft
long and weighing over 300 tomns, begins to move;

after the jacks have run out a "fleet" (sic) is
ordered and by a simple device the jacks are
again brought up to their work, the signal is
again given and so on until the whole length
gets to its centre and begins to topple, then
with a final and sizultaneous push on all the
jacks, the whole mass is sent over. The side
touches the ground first and makes a tremendous
thud, and then again as the whole length com-
pletely capsizes. The shaking up the timber
work has received by the fall greatly facilita-
tes the taking apart of the work. Whilst this
work has been procesding one of the cranes has
already approached the gap with one complete
span of the steelwork swinging from its jib and
this is lowered inte place. The crane then
returns for another span, and in the interval
the track is advanced over the new span so that
the crane can approach the reduced gap and so on
until complete",

An even more colourful account occurs in the
20 October 1897 of the same journal:

"Recently, by means of a very simple process, a
further length of 170ft of the viaduct was cut
out and turned over quite clear of the line in a
few minutes. The intervening gap which was
bridged by six spans of the specially made steel
girders, was restored in 2 hours and 37 minutes.
This was considered to be an excellent achieve-
ment, as traffic on the railway was not in any
way interrupted. When the Sydney mail trzin
passed, about 9.20 zm, a ballast train which
was in waiting at the Wagga station steamed down
to Bomen, and the navvies and carpenters set out
to remove the old spans at 9.38 am. In nine
minutes the lengths were taken out and turned
bodily to one side. By 10.14 am the first of
the six steel spans was brought by travelling

Rails and sleepers removed from the length of deck to be demolished.

Deck has also

been jacked up to permit placing of slide rails between corbels and headstocks over

each timber pier.

The Institution of Engineers, Australia
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Jacking across of the section to be removed has commenced. Decking has moved
across about 2 ft. Note also steel girder stockpile on the left and temporary

trackage at ground level.

The same operation as seen from the ground.

Note close spacing of round wooden

sleepers on temporary track at ground level.

Deck teetering and about to fall.

crane from Bomen and deposiced in its allotted
position. So the work proceseds. By one minute
past noon the sixth span was screwed down. A
quarter of an hour later the road was clear
again for all trains between Sydney and Melb-
ourne. The work is of a most interesting char-
acter, every step being carried out with such
method that not a hitch occurs. The men don't
botch their work'.

Steel fabrication was carried out under four sep-
arate contracts. Photographic evidence indicated
that the fourth of these was awarded to Mountney
and Co. of Pyrmont. Possibly some, if not all, of
the other three contracts was also carried out by

Multi-disciplinary Engineering Transactions, 1986

the other three contracts was also carried out by
Mountney, but the author is unable to confirm this.

Altogether the work took just over four vears to
complete and was completed under the departmentz_
estimate of 50,000 pounds. This is a somewhat
staggering result when compared with the original
cost of the timber viaduct of approximately 70,000
pounds. However, in commenting on the final cost
the New South Wales Railway Budget points out thzt
this was a fortunate outcome of the cheapenhing of
bridge construction during the years when recon-
struction took place. It commented also that if
the viaducts had been made of steel in the first
instance the cost would at least have been doubl=s
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Edge of deck hits ground and ballast cascades
down.

Deck about to fall flat on ground. Building on right is the Wagga water supply
pump house.

Piers immediately after removal of deck. Note concrete pier at every tenth pier.

Locomotive and crane with a 29'-g" span of steel girder running up ramp to main
lines.

The Institution of Enginesrs, Australia
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New girder and train approaching from South end of viaduct No.5.

New girder being lowered onto its new piers. Note hand-operated winch. 01d
wooden piers await removal.

Dubs D class loco with up Melbourne express crossing last of the timber girders
onto a steel girder which has just been place.

Multi-disciplinary Engineering Transactions, 1986
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that which was incurred during the reconstruction. REFERENCES
No doubt the simplicity of the work and the large
tonnage of metal work involved contributed to the NSW Govt. Railways - "The New South Wales Railway
low unit cost of the final structure. The quant- Budget' 20 October 1897 and
ities of steelwork involved were: 21 December 1899,
Steel girders 1350 tons ; C.C.Singleton - "The Southern Railway'" (Bullet-
Steel trestles 350 tons in No. 117, July 1947, Austral-
Miscellaneous metalwork 35 tons ian Railway Historical Society) .
The whole of the work was carried out by the Way Report - Royal Commission into Stability
and Works Brance of the NSWGR under the direct of Certain Iron Bridges and of
supervision of the Divisional Engineer, Goulburn, the Timber Approaches to the
Mr W. Shellshear. Murrumbidgee River to Wagga
Wagga, 1884.
Photographs - The late W. Shellshear.
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Typical Details of Steel Girders and Piers

W.M. Shellshear holds the A.S.T.C. (Mech. Eng.) degree of the Sydney Technical
College and gained his early engineering training as a Cadet Engineer with the
N.S.W. Govt. Railways. Following this he was appointed an Asst. Design Engineer
with the Sydney Metropolitan Water, Sewerage and Drainage Board. He served dur-
ing the war in the Army Design Directorate as engineer responsible for design of

infantry weapons and during this period graduated from the Military College of
Science, U.K.

He joined the Snowy Mountains Authority at its inception in 1949 and had reached
the position of Inspecting Engineer, Civil Works when he retired in 1973.

Since retirement he has held the positions of Hon. Secretary of the Division's
Heritage Sub-committee. Heé is currently convenor of that sub-committee. He
was part author of the Institution's publication "Canberra's Engineering Herit-
age" and is Honorary Life Member of the Australian Railway Historical Society.
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