4 ey

and over Wte's Creek

SUBMISSION FOR AN

HISTORIC ENGINEBERIING MARIKIER

from

The Engineering Heritage Committee
Sydney Division, Institution of Engineers, Australia
1993



Commemorative Plaque Nomination Form
20

Commemorative Plaque Sub-Committee 1o B s el e M s
The Institution of Engineers, Australia

11 National Circuit T
BARTON ACT 2600

888 ta000Es580860080009480402400000000008000000sssssssesssssscousRREE

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

(Nominating Division or Branch)

The following work is nominated for an *Historic Engineering Marker/National Engineering Landmark
award:

Sewer agueducts, Annandale

Name of Work .. s S bieitinarsas A M s L T TPy
Location, including address and map grid reference if a fixed work ..5ee attached map - . ..
OWNEr .. VO O BOad e essessssssensssesssssssssssssnsss s sbssesesiess P ——

In support of the nomination the following information is provided:

For an Historic Engineering Marker (HEM) see attached

(1) Proposed wording on HEM#
(2) Justification - please make data as complete as possible.# see supporting papers

For a National Engineering Landmark (NE

(1) Date of construction (or other-significant dates).

(2) Names of ke

rofessional personnel associated with the work.#

Historic engineering significance of the work.#



(4) Comparable or similar works (a) in Australia (b) overseas.# (a) None {b) not known

(5) Features or characteristics setting the work above other engineering works.# see attached papers

(6) Contribution towards the development of engineering and/or
the nation.# see plaque wording and attached papers
For all Nominations

The following documentation is attached in support of the nomination: photographs and
(List all documents, photographs, etc, and enclose black and photographs). historical documents

The nomination has been discussed with the owner of the work who has indicated
(Include statement regarding owner’s attitude)

A copy of this submission has been sent to the Secretary Of the ....cccveieincicieiinnns S

DIVISION AL covvereeresserersanesessssasosssnaesssnns R—— apineeidsne oA E s sHEERR T e e
(For completion by a nominating body other than a Division) ‘

In the event of this nomination being approved the nominating body will organise an suitable presentation/
unveiling ceremony.

(Secretary of Nominating Committee

* Delete as appropriate
# Where there is insufficient space, attach additional papers



WATER BOARD

SYDNEY - I[LLAWARRA — BLUE MOUNTAINS

(D/[/iaa o/[ the Chainman Our Ref: C/1 93/17

Mr Paul Hagenbach

Hon. Secretary

The Institution of Engineers, Australia

Sydney Division

Engineering Heritage Committee 25 MAR 1333
PO Box 138

MILSONS POINT NSW 2061

Dear Mr Hagenbach

On behalf of the Chairman, I am pleased to accept your offer for the Dedication of Plaques
in recognition of the engineering heritage significance of the Board's aqueducts at Whites
Creek and Johnstons Creek, Annandale. The Board will be delighted to co-host an
appropriate ceremony later this year.

Both aqueducts have been listed on the Board's Heritage and Conservation Register as
important items of the Board's cultural heritage. They have also been classified by the
National Trust of Australia (NSW) as examples of the earliest major reinforced concrete
structures to be built in NSW. -

The heritage tours of Centennial Park Reservoir No. 1 last year demonstrated the extent of
public interest in Australia's engineering heritage. Your Committee's actions in selecting
outstanding examples for the dedication of plaques is a positive initiative which continues this
education process.

If you wish to obtain further details on these two aqueducts please ring Mr Reece McDougall,
A/Senior Environmental Scientist, on 269 6892. The Chairman has asked Mr McDougall to
contact the Institution to make the appropriate arrangements for a ceremony and he looks
forward to future heritage projects that provide opportunity for close liaision between our
organisations.

Yours sincerely,

GEOFF HENSTOCK
Executive Officer
to the Board.

Head Office, 115-123 Bathurst Street, Sydney, NSW 2000.
Telephone (02) 269 6969, DX 14.



IE Aust HISTORIC ENGINEERING
crest MARKER

ANNANDALE SEWER AQUEDUCTS

THESE 1896 AQUEDUCTS WERE THE FIRST STRUCTURES IN
AUSTRALIA TO |INCORPORATE MONIER ARCHES AND WERE
DESIGNED BY W. BALTZER TO CARRY THE NORTHERN SEWER
MAIN ACROSS JOHNSTONE'S AND WHITE'S CREEKS. AFTER
THE CHOICE OF THIS NEW FORM OF CONSTRUCTION HAD BEEN
INVESTIGATED BY A ROYAL COMMISSION, THE CONTRACTOR -
CARTER, GUMMOW AND FOREST HAD TO LODGE A LARGE
SUREITY AND GUARANTEE MAINTENANCE FOR THREE YEARS.
THE SUCCESS OF THE WORK PIONEERED THE INTRODUCTION

OF REINFORCED CONCRETE TO AUSTRALIA.

DEDICATED BY
THE INSTITUTION OF ENGINEERS, AUSTRALIA
AND THE WATER BOARD. 1993
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,-\NNANDALE/GLEBE JOUNSTON 'S CREEK SEWER AQUEDUCT In Hogan Park
of Taylor Street

Town or District)

ost Code2Q37 Fiun of
ocal Govt Area 7 o4chhardt

wthorof J M Collocott

roposal

wwof July 1987

roposal {Name or Identification of Listing) (Address or Location}

uagosted CLASSIFLED Bibliogrephy 1. "The Water Supply,Sewerage |Ownerand Address

1;‘1‘;ggw and Drainage of Sydney'" — by W V Aird| Metropolitan Water Sgwerage
el Halstead Press 1961;2. Early Reinforcqd & Drainage Board, enr
Trust Use) Concrete in NSW', D J Fraser, PhD,MIE Pitt & Bathurst Stg

PPF H i th S
o BEEROVED CL Alést,Tl.:ansactions of-- :1 ins'tit-:ut:.Lo;ti YDNEY 2000
TrustUsel Z . //- ST E ?nglm?ers ustralia,Multi-Disciplirary

LITE LTIEEL LIT

Briefly cover the points on the 1oﬁo‘wing check list where they are re

XI L. | fabeVat 3. 2 o 1005
YolI—GES—io—Z—0Cct— 1707 -
levant and within your knowledge.

Jascription
Style 1. Introduction and Historical Background
ronstruction 1.1 In 1859, Sydney had a rudimentary sewerage system of five sewers drainijy to
Hee the Harbour and serving an area little larger than what is now the central
Qﬁﬂﬁﬁ“ business area of the city proper (See Fig 1).
Data of
Construction By 1889, this had grown to some ten kilometres of main sewers and 103 kilo-
gﬁ?ﬁon metres of subsidiary sewers serving 18,000 properties in the Sydney City
History area, and about 25 kilometers serving 6,750 properties in the suburbs of
Qe Darlington, Paddington and Redfern. '
:Bnundnnes
of proposed 2
listing The system was controlled by the City Council and continued to dischargs

to the Harbour until 1889 at which time two major projects iniriated

by the Government (and constructed by the Publie Works Department betwegsp

1880 and 1889) were commissioned. These were:

(i) An ocean outfall sewer discharging to the ocean near Bondi.
(ii) A southern system of sewers draining to a sewage farm at Botany.
(See over)

HlﬁcxéEQEQZr with the:White‘sAﬂﬁiqgsgﬁnstdn's Creek aqueduct . is a key componegt of

the extension to the Bondi Ocean Outfall Sewer. The B.Q.0.S. was completed in 1889 ¢o
become the basis of the first of the three major-ocean outfall sewers which serve Sjdney
to this day, and the aqueduct was completed in 1897' only 8 years later.

2. The status of the aqueduct (along with the similar White's Creek aqueduct) as befng

ome of tha FATst two Wajor reinforced concrete st,;ructures to be built in NSW, and affongst
easily intespreted.

the first to be built in Australia. / :
3. The aqueduct is 1 good example of a sewer structure which can be f The great
majority of any major sewerage. system is hidden iunderground but there are places wiere
crossing gullies, rivers or river flats at whiclr the sewage carrying structures cam be

| viewed . The Johnstone's Greek aqueduct is such'a case.

Sketch plen and photos
Attach sdditional photos
il any.
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Sewer agueduct over Joliastone s Creek stormwater cagal



Exposed reiaforcing mesh oa the ﬁ‘zl‘ of Joknastone's Creek sewer agueduct
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ATTED ¢ (= Mool lewsk Lisg
WHITE'S CREEK SEWER AQUEDUCT Plper Street, south side
Across White's Creek

U.B.D. 7-7/F

ANNANDALE

{Town or District)
Post Code 2040 Mun of
Local Govt AreaLeichhardt

(Al t orJ M Collocott

Proposal

E‘ o September 1987

Proposal {Neme or Identification of Listing) |Address or Location)

Sumpested CLASSIFIED Bibliographyl . ''Lhie Water Supply,Sewerage [Owneresnd Addrass

Listing & Drainage of Sydney" by W V Aird, Metropolitan Water Sewerage
menv lalstead Press 1961; 2. Early Rein- -and Drainage Board

e 1AC forced Concrete in NSW'", D J Fraser, cnr Pitt & Bathurst Streets

hD,MIE Aust; Transactions of the SYDNEY NSW 2000

councit BEEROVED CL Institution of Engineers Australia,

{Trust Use) ///’97 fulet-Ninai Vel QRO

VOI— oLy

ary—Engineerin
J <)

Description Briefly cover lhﬁﬁﬂmafn ?udﬂ%ﬁ!&tﬂmfggsswhsu they ere relevant and within your knowledgs.

ix:wuumn 1. Introduction and Historical Background

Use 1.1 In 1859, Sydney had a rudimentary sewerage system of five sewers draining
Architect/s to the Harbour and serving an area little larger than what is now the
gﬁ?;k central business area of the city proper. (See Fig 1).

Construction

Prasent By 1889, this had grown to some ten kilometres of main sewers and 103
ar$x°" kilometres of subsidiary sewers serving 18,000 properties in the Sydney
Owners City area, and about 25 kilometers serving 6,750 properties in the
Boundaries suburbs of Darlington, Paddington and Redfern.

of proposed
listing 5
The system was controlled by the City Council and continued to discharge
to the Harbour until 1889 at which time two major projects initiated by
the Government (and constructed by the Public Works Department between

1880 and 1889), were commissioned. These were:

(1) An ocean outfall sewer discharging to the ocean near Bondi;
(ii) A southern system of sewers draining to a sewage farm at Botany

Reasons for listing . P * ’
The status of the aqueauct (along with the similar Johnstones Creek Aqueduct) as

being one of the first two major reinforced concrete structures to be built in NSW, and
amongst the first to be built in Australia. 2. The historical significance of the
aqueduct as being a key component of the first extenslon to the Bondi Ocean Outfall
Sewer. .The BOOS was completed in 1889 to become the basis of the first of the three

major ocean outfall sewers which serve Sydney to this day, and the aqueduct was completed
in only 8 years later. 3. Its position as being a good example of a significant
sewer istructure which can be seen. The great majority of any major sewerage system is
hidden) underground but ‘there are places where crossing gullies, rivers or river flats

at whith the sewage carrying structures can be viewed. The White's Creek Aqueduct is
such alcase,
Sketch plan and photos

Attach additioRal photos
if any.
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Sewer agueduct over White s Creck, Annandale
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CENTRAL TAREE
TRUST LISTINGS

The Trust recently classified its first
buildings in the central area of Taree
City, the Court House and the former
AMP Building.

The classifications follow a recent and
very successful survey of buildings in
Taree and surrounding towns and
villages by the Trust’s Historic
Buildings Committee in conjunction
with the Manning Valley Historical
Society.

The survey included Cundletown,
Coopernook, Tinonee, Wingham and
Milchell’s Island. Further research
excursions by the Historic Buildings
Committee and other committees are
planned for later this year.

TRUST MAN ON
SOIL COUNCIL

The Minister for Agriculture, Lands
and Forests, Mr Jack Hallam, has
appointed the Trust’s Environment
Director, Mr Chris Pratten, to the
newly formed Soil Conservation
Advisory Council.

The Council has been formed under
the NSW Soil Conservation Act to
advise the Minister and the Commis-
sioner of the Seil Conservation
Service on soil conservation matters.
The Council recently carried out a
field inspection of works undertaken
by the NSW Soil Conservation
Service on sites extending from
Kurnell through the Hunter Valley to
the Liverpool Plains.

DEVELOPMENT ON
EARLY GAS SITE

Trust representatives have been
involved in discussions with North
Sydney Council on the proposed
recycling of the historic North Shore
Gas Company site at Oyster Cove,
Waverton. Under a current

redevelopment proposal, the site will
be redeveloped for residential and
community uses in conjunction with
a commercial marina.

i : t A

The Trust — Sydney Waler Board survey party al the

Johnslon’s Creek al Annandale.

2(

The Trust hopes Lhe oldest and most
imposing structure, a large harbour-
side coal bunker, can be adapled for
use as a commercial facility or for
housing.

INTEREST IN
TOWN HOUSES

Members have shown strong interest
in two inner-city town houses recent-
ly offered for short-term letting by
the National Trust.

The two residences, which together
comprise the large terrace house at
No. 7 Agar Steps, adjacent to the
Trust Centre on Observatory Hill,
were advertised for the first time in
the June issue of National Trust
Magazine.

“From that one ad, members have
been booking as far ahead as
mid-1988," the Trust's Real Estate
Officer, Mr Mark O'Neill, said early
last month.

“This confirms the success of the
Trust's new policy of letting
appropriate properties for short-term
business and holiday visits.

“We started almost eighteen months
ago when we advertised the Old
Rectory at Berrima in the Trust
Magazine. The response there was
astounding. Within a short while this
pleasant cottage was heavily booked
through until 1989.

“In the light of this experience the
Trust is now looking at several other
of its properties, to see if they too
might be put to this use.”

Mr O'Neill said the results so far were
particularly pleasing as the short-term
rentals produced relatively high
revenue to assist the maintenance and
upkeep of the property, and gave
members access to distinctive old
buildings in interesting locations.

Each town house at 7 Agar Steps has
three bedrooms, a modern kitchen
and bathroom, barbeque facilities at
the rear and balconies with northerly
views of The Rocks and Parramatta
River at the front.

A view of Old Sydney from lhe Trusl's lerrace house al 7 Agar Steps.
Observalory Hill.

They are both comprehensively
equipped with dish washers, micro-
wave ovens, colour TVs, washing
machines and clothes dryers.

Tariffs range from $300 a weekend to
$500 a week for each unit. For further
information, contact the Trust’s Real
Estate Service on (02) 27 5374.

MR CLIVE LUCAS

Mr Clive Lucas, a member of the
Trust Council for 14 years and a Vice-
President in 1986-87, has not
nominated for re-election this year
because of the pressure of work on
his architectural practice. He has said
he will seek re-election to the Council
at the earliest possible opportunity.

GROUP SURVEYS
EARLY SEWER
STRUCTURES

Members of lhe Trusl's Industrial
Archaeology Commitlee and
representalives of the Sydney Waler
Board recently undertook one of the

more unusual inspeclions: a survey of
some of lthe slructures associated wilh
the cily's early sewerage syslem.

The inspeclion was exlremely well

altended, with more than thirly
parlicipanls.
Sites inspecled included the

Johnston's Creek and While's Creek
aqueducts al Annandale. The graceful
arches of these imposing slruclures
buill belween 1895 and 1897, werc
the first large reinforced concrele
structures buill in NSW.

BONDI PROPOSAL
POSES THREAT

The Trust is alarmed at a proposal for
a 450-room hotel on a site bounded
by Spring. Denison and Ebley Street:
at Bondi Junction.

The proposal would effeclively
demolish the threestorey forme
Forward Boot Faclory, which i
classified by the Trust, by enveloping
it totally (except for the facade of il:
ground floor). It also fails to take inlc
account the traditional streel pallerr
and the scale of lerrace housing in the
adjacent Mill Hill Conservation Area
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Sewage and
heritage mix
at Johnston’s
Creek

wo years ago the Monier arch

scwer aqueduct  across

Johnston’s Creek in Annan-
dale, Sydney, built in 1896, was fitted
with a PVC liner to prevent sccpage
caused by porosity of the aging con-
crete. Now the nearby White's Creck
aqueduct is also to be lined, but with a
more advanced material.

According to retired Water Board
archivist Noel Thorpe (stated in the
new book Sydney: From Settlement
to City ) both aqueducts were the first
constructions of their type in Austra-
lia,

Retired Water Board engineer John
Collocott wrote a report on the aque-
ducts in September 1987. His detailed
history and technical description of
the structures influenced the Na-
tional Trust to classify the structures
later that year. Collocott said the
aqueducts were built using steel rein-
The Johnston’s Creek sewer aqueduct
was built in 1896. It is one of Australia’s
oldest reinforced concrete structures

26 Engineers Australia February 23 1990

L :‘I ‘.‘: 3o, i
This part of the aqueduct shows evidence
of past seepage and concrete spalling

forced concrete developed by the
French inventor Joseph Meonier in the
carly 19th century. He said the term
reinforced concrete was not used at
the time.

“Terms such as ferro concrete, con-
crete iron or stcel concrete were used
to describe any onc of a number of
patented systems for providing tensile
strength in concrete components by
the inclusion of metal rods (usually

iron} or more flexible tendons such as
wire ropes.”

He said the Monier system was
uscd to denote conerete strengthened
with embedded metal rods or meshes,
Monier was a Paris gardener who used
iron wire mesh to strengthen flower
pots and tubs which he manufactured.
In 1807 Monier took out patents on
his invention and over the next five
years patented applications of the sys-
tem to pipes, arch bridges, beams and
reservoirs. In 1879 Monicr sold his
patents to a German company. Collo-
cott pointed out that the NSW Public
Works Department engineer who in-
troduced the Monicr system to Syd-
ney was a W | Baltzer, who had re-
ceived his engincering education in
Germany, and on a visit there about
1890, made a study of the application
of the system to large works, particu-
larly bridges.

The aqueducts were built as part of
extensions to Sydney’s first major
scwerage scheme which originally
served the city, eastern and southern
suburbs. These first systems known
as the Bondi Ocean QOutfall Sewer and
the Southern OQOutfall Sewer {which
drained into a sewage farm necar the
present Sydney Airport) were com-
pleted in 1888. The extensions west-
ward of the Bondi Sewer completed in
1898 scrviced the suburbs of Glebe,
Annandale, Lilyficld and Balmain.

— Bob Jackson




e-a-3INIT
NO NOILD3S

2-2-3INIT
NO NOILI3S

v=¥=1INI1
NO NOILJ3S

\\\\\

NOILYA3T3

R S

o—WIN[ W6 0L III] 5 TG ——
$3no

LS NOSTI3N, 3oaqidg %

d
SLN3IWLNEY do silv.i3ga

T e

—ISIA oW A
OHD NOILD3S IVNIAN LIDNOT
1s NOST3IN L1V 9ONISSOHD

R

S3ANOLSNHOI

Lona3andv H3I3YO 40 NOILVA3IT3
- {i5N] awo 0L 1377 § 502 §37v95 —b
LINATTACY MREWD S.INOLSFRAOr J0 2 STIVLIC
BELVEEITET ¥ EUVANYRNY ———
NOISIAIQ and 43Im3s NIVIN NH3IHLHON

—EDVIEEMES SEENENS NUEElLSEM—

\mvzlv 242 M
W\WJ\ULG JGC@ .




g s

-
o b4

e
WIN|3W0 0L 1333 § 37vsg

431d 10

Tivi3a

lona3ndbyv

H3I3¥O

.N.fiAwa

S,3ANOLSNHOr 40

I & JJAVLG

A2 WN o /_.Th

[=4

NOILYA3T13

/.N

o 8

2nainody

HON| 30 0L 133 (97 3v3¢

40

3

NOILYA3I3




i
WA s

.Tmﬂ”«”hu:.
Se e e L X

w077 A2

o
T E ) T2 2T ey Ry rueane pemgees ypn
T puvadn bugyco) FF 013038 rusopy
: .
5
F-.
-yt et et e
|
)
,
uorgoas Aoy
“ P
_m ..‘iuﬂ.kq\..n.h
(
L
0. R VL L
.,_I..

‘dn bu.
|TE 5] _

Ry

spwpd 12100 4,

L |

951 O asin fl = ST1PIF
gy P oy F = TP

m.~ :U+\0)_0 — sponpoanby o SIIDI] e
poee /\\OL\U LQZQE LLay 79DL7UD

i —_— VIUIG uir/ wnbum\\.\ﬁ\_\

|



—paqiA Aq poidejEun 6¢ 0] DUNO] SBA 7] &8 puw
rgueds [[ews jo sedpLiq 03 parjdde A[snopned 181y
e sBm ] "IOUBLI¥I pae A}d[SER qIM Kq
-epanp pue MFuans Juiupeinod ‘uopjonaisuod 3ug
-p[ing 2uol}s ® W10} 0} SB 0S Iamyed0) papuoq spol

) ‘spley 4191y Jo  JO TOME[I ® 6Q 0} PreY g 0 “RLMUOUEY U Iow  “UoIaNs 914 A11eS$909U ® [INS uf wodn peyono}
woppipued oy dn dady 03 13pDOY pue ueiq Jo 813 -I19A0D ATEy[raL SPIPAJSYE PUB ‘soouraord SUenynp By} 2.0W 2q j0uuBd pu® ‘@3 uyul d1e paydde oq
-pjuenb 2318] eseyoInd 0} porladurod aIe uswlep - eqy JO [AIoUaN-10012A0) TG £ jeod oq3 Jo jued  Plnod wa)sAs eyl yosiym 03} s2sn aqy ‘03 paliejal
Auep = quw jo pratk a3 fuiysiuimuip A[jeliajeut -mnouy juwesaid UL “|B12005)-10U12A00) 8} ‘a10j]0q Abarag |A0qe gyujod julres 21} 0} uopjipp® ul

511789 AIrep uodn 30942 snopanful £19A ® duiany sj mq g Supjust ‘aomacad oy ut Jeoigo 1seu3iy -g[eiajem Suipping jsom il i
puw “oL0sip FUOSUOIOAL SUI UL SSBLF JO A1oiwos  OUF §1 [PIOUSD-IEWEL 9L ‘9OWO MU ow Jo ©)EI0LI9IAD 10U SPOP DUE ‘2T THM saaoxdu] 31911 Mm.ﬂm Amvu ﬂﬂﬂmwzﬁw MMM—.H%U..WH_WMM“M J:-Bow“vﬂﬂs )
“1ea1d B 2uisned St Ja1jeas Kap penupuod a4L o3IBy0 sy [2U0[0Y nyous ® pue ‘siq) J0 peeq eyl Ul yorgm “1EllOUl JUIWAD 2} Aq pajoajoad 3ujaq % 1 1

“5N.I}1SU0D JO POYIdW S{G} UL Pasn S[BLIdIEW oYL
‘gqiduans 93 se 1891 y3nosoqi
150t Poo)s (1 9Ser) PUE ‘UIE JO UMOID o) 18 ESaU "
"Yyoay IOIUOIN ® 10 thBQEduh . . ; -y2I} ® pUR ‘Qded 3J§5 10 ueds ® M ‘LaUDAS JwRT H
.. 99por] 188104 B PIIDNISU0D DIIM EIYIIE [BIIA
-og ‘ui%g A[uo ,umold,, 3y} 1e SS9WHDIY) 2y} pUB
quTT 3306 St weds 9y yYIgM ul ‘vissnld 01 ‘1pEIE
-jatnypaly (eronjA0ld O] JO [03T0D AT} zopun -1o8uj Iesu a3plq .a 30 S| “jIom peiRldwod em) 3O
3. 2 fanpp oW eFl  pRod £q megong ojul woNE) - : % aamord ay Furald ‘nopIRIEN([l paig) 94y “spuosq
_gpcod 1o §[avE 000'0F 10 00008 A[Tenuue 323[[02 YIIUM . : l%sg.gbﬁwﬂﬁegnﬁﬂmwﬁﬁwﬁﬁﬁﬁ o
eaITIq 03403 SRQ FIL (€OW0 104190 10 s 11 ez h z yose UE JO 0O1}9DS ® SM07S UOHBIISD(] Jayjons:
o7 o0y () simewedurup LIess0du oq) eyFm 0} erga pausiiqnd mou sueid 2y} jo 9WO UL TMOS
aqqissodmy 3] pug s1ojlodxe uradoIng pue WO s '99171B] 10 }JOMOWES) Uol] UE uodn JU9TIad 8s:
“0ddo (7RO JO PIRIJE #4D SUIMOIT PUD sdb(Bp DALl 0} Kqreed si s28plIq SuIpling jo POHRU SIUL, ‘N
oy, -maid J4ad s@EEy epl Jo uswhwd T ouo q10d jo_uoneuedxa auios 2A13 puE ‘91BIISNII] 0} PAIqQE
em) 0} ¥a) 9y Julq 07 JUPYDIIAL 20} S[qUUD PINOM . ”_M.B wuca MB SHI0A)L 10] ALB10IOAS- :
mIgM “no ueym jou 21E sessed jisuny Auqm poNsE J_Jo_As33inod £q pue _‘drgnd KLreurplo agy Aq
0q ABm 7] CPOMYD S9ATI] 71 210]9G ‘WAIO[BA DT poDysIpUN 30U 31 yusjed Siug, *a1£1s ami1we} pio
ue0 sad cf JnNOgB J0 ‘SR pg'e JO JuNOWE o7} 03 203 J0] o ‘se3pliq ‘sayE Suipling jo odoupad
wonpxe} Jw9q O} seq 31 £)np Modxa eq) iIM ‘mord LJADIOOT,, @7} 10 UOINIIsqns au) jo apBmW Us9
1ad €[ow} c[ 1P UAYD) EL DA} JO SN[BA JW JI 'SIT uopusWw yonw JUTIIS MOU UOISSIIUIO) 18203
08°'Z Jo 1i0ug [[E} jou £20p junOWT [e10) A} 1EQY ToWIeda(] SXI0AL olqnd e[l Jo uopuny
08 ‘si{o} ENX9 Om} 10 OUO PUB ‘12w ey 0} EOIIWID SSjUjwpe oq) ojul AIMDUT 273 JO 33IN0d 973 UL
el woay Bmuwoy S0} uo ,sesadind juaeAdTeq J10},,

og 70 XE} B pup 'gjiou oy} woay S§ed) |[@ Uo £mp : ) ’ . . -.
10 [[01 £110] D TOPPD #Q 0} AATQ 253y’ 0], . JUNOW® . 7z : m@:@hﬁ 3 -ﬂQmﬁOHﬂ 3...
oA Jo (1P, '12Ale Jo [Ino) 1o §S0[,, PUB  SmifAa] MO [WOINY eAned o4y (7) -opeI} FUIGD ) )

oo ALEN(ITT ‘mon29[ed Jo esgadxe ‘snp au) dedt ¢
] {puwy 0] YHNOUD ST SUO[E JsOd WL BIT TU] OS ; 3
10 DA[E) ‘SWY 9AY OV DOPIAID Bl saynp 110dxe OU Avd ST2) UOIL] PUE UEIDUL 11180 ) yody Je|UO}l B 10 UOlj0s8g

‘{103 St [elauan-IpEL UL -031e0 emwlog-yun{ WO SLUNP —uoa—juauodod a[qeysiIad A[uo ey} 3y uo 813
uof{ed 1od Pg 19A0 UONDEI] T 0} (enba e} Janni| :

1oy q Jod p%s pied al1am siarddng ~raquajdog
Sapnp 191Inq QISEG'0T 03 AL 1e3L16°93 P2IBaL)
‘9111AU0ISTY ‘fuedwo) AL1B(Q 321D §,2904e3d

PE——— ]

wo 2} 0] usmOOY SUCSEAL [0} ‘XE} OUL PEE}  1ad Thg F ° ¥
) & 491 - 01 Jjuen . aad ¢ WOJ]  UASLLL )

08z AuEen 01 dn 3@ FUMqQ SUOINPDE g ‘mord led 71 ) S— ‘ .

Plovy 0ng ALTUROT Sf T2) U0 AINP U UL moi seq Zmp Jo  uongodoad Ay ey} 08 E D IR I 7 /4 m. e e o ———

‘sjoe} T A0 mot St L. ‘notd_Jod S19®1 0G ¥
JO @n[BA 22BIDAE 21} sayem ‘mAN) 'SITY  3UID Jad
q Ho‘ﬁdc waJlc|eA pPE UPB 1quasaadalr 0} pasoddns
seMm 8631 Wl ydIuA fnond e s[2wd 0G5 SARA-TOIGA "~
noas OUM 95T 5 2 % ‘o3 Jo 8s®D Ay} Ul jdanxe ‘eped} uo A1y3r ssead
B uﬁ_\m"no mm.m _.mo .a%ﬁwd Em%ﬂhﬂ@ﬂ%%@ﬂ%mﬂmm oo,  'S10mEels 98AUIUD U 10 STIO}I0Q MSIAIC)
-mt 10 Anunod A ul paonpord SWMOT WHIYM moiy =m>©3acmxm 10 dwﬁomﬁH w.ﬂoomm:a uo MMMWWuWn_..
o {esuaA(U D §7 XB) 9UJ, 910U 0 SI9F) -£AD] OSTMOF] WO}STD BWHILIEN UL (1) :oqE ISOL ™

e 1Mo} S 4n Fuiyrer somaend ey — 1PSI 0}, sso]_®_se mmaul_Ad. P23RI100._onusArdl

W eome 9T 291 'S[EE 000'00L AlPnuUE eoonpord U wo Supool DPUE ‘SI91(30 92Ul LM Furjpdmod
nTEong T8 900 P9I UL IenwEall [eruAoad 9uY U0 TOEs ‘OSIPUBYRISTI TO SIXE] JuiLas] symAWISI]

JO 1001T00 9T JSDUM R DUE JUATIWIIACD [eonacud  9BIS? ayeiedss IN0J BIT 21903 MEMINT UI ‘queld
o 30 TuEA 27 407 9910 03 TISOAANT S XY TeA 180USiy o) JO UIEDUTI E S} A0 puv.oq A¥m
finandmmey 7 A[FBE0 XTR TR SN 19O WHIT Iomre; ¥©) T ‘AIeInod of) UQ 'EALAL JO sasatfqnd
oy (5) "AjUO esNOY WoIEn) emmuery em 1® Lnp oW o¥1l syeried sSSP MO] jou 938 SIDWIB] X¥)

__ Avd_smrreens 10§ ‘o3ivo emlog-Man[ emy Two en oL pasi{eal wWns [B10} O} 3O +uao Jad oL st
areqy €50 PInom ogM ‘suepradap SIY PUR [BI2USD upqip $ur3ev[(od Jo 3809 94l 18U ples st 3. "juell
«TRI0Y, A 30 wonieddo eq) Jo 20%) 9m ut souraoxd -mIsA0D 21} 03 IgAURq arqissod 3SBI o) pPUB 1500 d
wIIng Tl Sl op 0} eiqrssod jou St 3 yng ‘uedel srqissod 75218213 91} 1B opjoa[iod o1qissod jsadae]
up poydepe Apnysseeons weld oWy sl By sely Omd sensup “jexood umo siy 03wl gomeyeq ety sand
_tneo U910} TILA FUIGD J09ULCD TRAGM SIIUTEE JO og o[ga ‘1BaL £1949 NS urellso T jjmar wen
som[ &) J10j PIIPIT] ¥ 0T O] PUE ‘gyrod Ajpery-uou  Jo @312rd Ul {erowo 23 Suiyem “)gea 718 ‘10 ‘S9XE}

0} 03 0} PISWE2)S BATIBU [P JO @sn oy s1 epal} 2y} SUITLIE] 3O tojsks 2y,  NEBYON J9T30 eml

Lnﬂolmﬂlmpmbmowﬂlw.ﬂbn_an.oﬂ jo oup -enueAdl ‘uojue) S} ATO -muao} pajearidfe jsom i) W

" gToojsny W0l eql gnlmﬁrmim.$u§ol§w§%«% ﬁu%ﬂllll“l\l{ :
Jremdo[pASD OUT ©) SOUWIPUIY P TONS @q O} 7] SesTEd AU} 1 eleqmAlIaAd jusjed 94w ma}s4s s[gy jo s
1T} SSIPUTRAT TO FAA[ eSNOH OS] SAnmI om) UEnomyy  -IuFL 31 39S UE BUIND JO 3100
o TOMA A3TOUI JO JUNCW [BNIIE oy ‘suppidxe. -aJuTLIE [BOSY 910UM OT} 70 TWI0J91 BT} JO WOUT
uoﬁ.md - ‘qoum ST 3] eI Jo07 Ieed ® E[P¥} FUjqIoU JBY) SNOTLIOUd 08 218 PBAlOAU] 8)3819)11
_000°0ST oypm 01 paseddns 8] eY g ‘soma0id O} U] pa)seA oU) H[aIoUm ‘9nuaAdl 3UpdR]o0 Jo weIsAs -
_.8SnoH Eoﬁnwv Jemo @1} W1 fueq)vd e qonw MoU. jdnilod -pus ua01-£(1993n ue ‘ARs 0} 00 “fyneye-- = e e
wiomy 301 & 31 NEGUIL TO. TArAD] @0 £19%) 000'08 sp ‘spébr.pEq-UBY} PRIDAWAL A{is¥a, sso] ‘BUID
lw.unu_.é.p 10 Arenwa? S[PE) 000 0ot ouol? MUY 19 W) 9dI19mWOD JO yaomdoPAD o1} - 0} 9[0¥}Sq0 UR
~—Ea]00 - [MPTID-TTNBL OUL -HN0) om, Jo s10£3A gy sAus “id0d M3 JO OpBI} O} UO ja0dal 35T
—md [eweds o) ed8 ‘S[FPMO NUIUER I[E ‘9sN0H WO}  gg uj ‘negond e [NsUo) Uspilg oy} ‘uslIv "IN
. .«d\ﬁﬁ .M.M.nﬂmwm am um.%_nmmwoﬁntunsw o) puv ‘uojuBd) L 4 . ‘
: I ,» J0 ‘ST0O} jo Jmepusiuuedng U} e “
SorooRomn; 3omo ax) PUB OH AT e o *TIO)SAF ONUOAY 2S3UIYD °OF .

o} SpEa] AI[PEO[ERI00 WIHIL Jo uopisodwl oy AN
up UaAT tnon Mol 91} Jo SjuEqEqul ey uo
eAlY A pesedoi Anuad [yud) ©U} JO XE) oY) % oWmed

_gerang £ ASOIN[P OQ ISOM YOIGA XE} B 03 Wmqns

\

%97

& .. .. r - IYNE00E AHEN




" ; yody J9IUO UQuEQrCOO A4 -npuf JurSemep (WS B Ind aA®Y 217 pUE ‘qiIEd
: ‘1a)em ‘1w @0} JO woyjor 9y} EB J_ﬂ.w:w AI3A ST
, ‘ sa1n}ondls 9say} Jo 0OBU2)UIRM 1Y, 'SINOT 9§ UE
JINY SBM TMOID 31 e ¥oruy} Uipl pue WIET 30 ueds |
. ¥ 219(M ‘(Aupluntan) UOPHqQIUXHE wourelg ot} 3®
% ’ J1nq apraq T jo pejonb s| 8sEO A3 EIM IO ordute
‘ o . _xa WE Sy '90u0 7B @sn ojuf Jg3noaq aq Wed aIn}
i . “-ona)s oy} pue «£[yoinb A1gx-suepleq 31 ‘Apoq dfq}
’ g Al00 SI 1910 juowed 9y} SB pue ‘paAOLWRE PUB
3 patoats ApHanb eq ued s0J1}Udd UL ‘mor}jgmboe
unﬂhc:m: hEE:o:u.mn € s1 yole JATUOW o) o[q¥
-neA st oauwn} QI3 M. "7y ‘SHILAIWD ‘spdrd J0}
Jaau(Bud au} Aq 10 'O ‘SU0§3BI0RIP ..mE@E@EC
‘spoLulod Ul SB “Joaqiqole o}’ £q pelpnbol SWI0}
10 saderns Aug 0} J19sH s1depe i ST ‘S0UBISTND
-I(d [l Japun esn S 30 sSAOj[® S[BMRIET o} Jo°
4 aileu 97, UV TT 21qIXep puw opyseld geq
€ PR T JOUYMT pus Jeaujdue ay} 03 syu9sead
= ose TRISAS 9UL +glio13EPUNO} PTY TO Ayvioedsd
107083 JuEplodull £19A B ST UDIUM ‘SDINIONIIS anojs
pue FOLIqQ T piedwod SB ‘g3om pEsp mnut
-pum B UM p8uaa)s WNWIXEW ¥ Supazy 3Ma
.-, ©Q UED_eInjoniis B mois4s sig} Jo esn aul Ag
4sna.wogy 37 SupadLy pue ‘uodi of) Uiim W
- -1[(3 B Fuiuiog Ljpeormano ‘umouy ueIr Jo SAAL}
_upalasold jsaq @y} Jo auo St juewad st ‘HuIsipIxe
woat oY) Jo NsM 1[® soAOMmal JEJIO o) Tl Uell
o) 10 FUISEBOUR ot} eyl paaoad usaq os(e seq 1l
a1y 1940 s9ssalls oYyl aInquIISIp STBq (81918] 9UY
pug ‘sutel)s joaa1p 23 dn 93e) Sieq jeulpnys00g
ayl -Apoq o4} 03 £o13sE@ eA1d 03 puv ‘03 poy
-pafaqns sq 03 A[PHIL SI 21n3ond)s of} morsud} Auwv
= eymarusip pue dn @@l 0} PaIR[NALED S1 JI0M o
-yl AL -$30.103 1011a3X3 12130 O suorIHIqIA 18P
-un 2[qaiglEun suretual orga ‘ggprm snodusdnd
~07 B SULIO} 210UA 2113 ‘31qR10ATY TOLIRUIATION SIO}
70 sarntadodd [eormeld pue 1earshyd o) puE ey
Zromt o) I0 YiFUALIS @A1SaG0D 3T 0} PN €1 S[BH
-5)BWI 0M) 213 TdIAMIRY uolsoUpE @Y} ST DOE ‘UOIY
oy 10 dlid uayg ¢ s128 pug ‘syUNGS Aupies ui
gejiond AU, CDAUTEL [[@n pUE SIssaUldN} JUaLT
_3AUO0D Ul S9I1}IE[ S} punoie puw y3noayl passaid
JRLI0TI JUALLAD A} PUB HUpuen a1 U DAL €1
od11e] UL +de[uoA0 ue JjO FurIsIsued qurof o1}
‘gyutod SNOLIBA 3% quiol Suiymaiq ‘posn aB uoJaf
jo smSuaj epel) AIEULPIO ‘US) PUNCLT JBJO0MT
Jualad ayl duiyosed jo gzanodd oy} fuiinp U2§HS
-od up wayl ploy o1 Guodls AJUaIRmIns ‘darm ulgy
A suorgesiajul 1Ll Je J9i)aR0} DI eI spot
1A A -sjuatuiIadxe jeorjoesd podn papunni 9B[NUII0]
Mot} poulslladse vl pue “aInianays a1 Jo sjosu
_aunbal oU} YMM AIBA ‘pasn 2dNEL IO 2718 puE
5pod 8y} JO BAIEB [BUCIIDIS 9UL an1117 A0 TSt
€ wao} 0} Aj[ela)e] pu¥ Areutpnpduog paneid spod
nolr JO S)S|SUOD  UO[IINISU0D O wasds eyl
aJuUTUSITI T JO WA
—-umn ¥ gy mg00 [eTIIO7 deeud ¥ 1% Anpgranp--
pue £)191388[@ [iM pouiquiod; ‘fidusdis 189138 JO
noryonJ)sucd B 393 0] puB myIom juLtod oY) JOo
sarjradoad ({ng au} 3o uoTYES{IIIN 81} VNSOl 03 §T
spar(d A1BSSE00U [OMS TP U0 JO U095} SN0
" -1pnf oy} Aq s2InjX|W s}t pue quamiad 30 MITUaLS
—=== g} ©S®2I0U 0} Bl UOIJOMIISUOD JO ordwuad ouL
*£13unod Jo £10 03} o[qeopdde Apresotad [eIIa}
-em uipling ® 3} ex{¥m ‘;ymaualinbal opul} AlBU
-1pao jo esn ‘ssaudwayd ‘mopyeindjue As2d 31 QUM
@mn_nauo ‘goIgM ‘seanjest A17ss009T 917 SU03TOL
adyyo o Kiejjues ‘Ryronsee ANYERIND ‘113a91)8
‘Jooid-1ayem  ‘Joord-alg Jo SEORIPUed Ay} oI M
SUO[}ONIISUOD I3YJ0 puUe 079 ‘SUO[IBOFIIL0F ‘griem
‘sr00p ‘sawop ‘s3ujp[ing ‘sewng ‘grioatosal ‘sedid
‘gI0AINO ‘se8pliq JO UWOTIIRII o7} Ul £5000NE [BU
-918 yim pojdope Alletened alomt SEA wajeds eyl
ginjelodme; uj sedueygd 10 ‘SpBOY Surkiea ‘suoyn}
—paqiA £q pPojoepEUn 9q 0} PUNOY SEAL 11 &8 puw
‘sueds [[vwms Jo s05pliq 03 poijdde A[snopned 3810
78 SBAM J1  -90Ud||saI PUE LIS s ANna
-panp pue YEWdLS Suiarejued ‘moyjonasuod Jul
_pund Suomng B ULI0I 01 S8 08 1973230} papuoq Spot

Y

nJ ﬂ'”‘\{x |

il

- ‘3paaq Jjai Jo  JO UOHTIA D ©G O] DI € OH  RLMWINT ap.Jom  TIRNS Jojaq A[iAEssedsu ® YOns U vodn on

uopyipued eg) dn dooy 07} J9pPO] pUT uwlq JO S8} —10A0N ATE)[IUL SPIBMIEE DPUE ‘sooutaodd SuEnNH  TRY) adow um. umandu pue .uﬂ%unﬂ «m..:u —uw_mmmu oom

-puenb e3.v] osageand 0} paladied oxw momuwy © 9T I Iiotn 10019400 T5eq, T Je0d om) J0 IRT - PIN0D WajSAS oU) GIAYM 03 soIn a1 ‘o) poaezar
S AR S e e e —mmanr AGASAXd @UT. 'TBI9USH-I10UJIIA0Y) 8T p10]9q  Kyoliq eAoqe, sjuted judi[es Y O} aopnippE Ul



| MF7 KepelaZus /mﬂ W5
;’i 74% /4/9744 ,.4-—»7 W

e T

Nsw /5’97 /6 44/4/ Y,

%,,7 ? ur mﬁ% M conpra ,:/,MMW
Gl W N Lo sty of et Ll Ly ladb m _
_H__.rf:fg_@.ﬁé" ffgwwﬁm-‘ s ,{‘»4»—./ o

e eyt

W (67;%&- 74%&%—5 g ot o lealE - Mi Mmﬂvj

DJrW) M %,z’;?z % ﬂo«—-é

BT ke

,,,,,J’«?/ 187 4M wﬁW f—f:éwﬁww

A%mc’ /. /a’fs,’,,,,, B0 il ok o
Mk S /576 Sl See. U o

E2c zu’é //mé_w_w o

ol s = Mt sy f s et it A ey ey

W Wﬁz;%ﬁéfé Botsorr sonll A,. 2 Z Z, M@% e, af.
__M %7‘7%_51,. M_/E( 4,.3749«5;2,;,., ”% /ff-ﬂtéx /EF 4




At B /ﬁfﬁmy/mf/ LYl 47 . N

_:; Mu% %(,m// /ffﬁ MW /Vw 5, ,,,z,a’/e?

_NB o mome- //{maw nfw@/mﬂ/ﬁwﬁ/f

- %W# ;7 .5“?7 7

_ Ji Gt W/@/ redfes? J@«%W M/z/mdﬁmﬁ.w
N Jmﬁr/& ﬁp—{ /Wcz/az—/zaw) ﬁ@fw

s TS ﬁ: Lot ;;mww e
skl

o i s
) /mzm gl Ep,-—g _Zi/ fy/f S x Ll
? ""E‘“z/v/g/x' ﬁ/»{%/

M,{:{,!A Wm’/}é’z

w o a ":Pff/fi'
oo At orictonee LO W. A, Sa. Cf% 42%4/@,;% )
Sl 5% , Mop FI/S

Wt emaT EN203 Morir setbiicd 27750
Tl g (e ez

/%ﬂa-r——g J_%’ Sy

?MWMJ/‘Z;/Q¢ &M% Zm&ﬂg /Z

iz, Hosesen somakl R 5%7/%%4;&:779

| i /was Gld WTT, M preas %“%““%‘ )

Ve /875 MWSADE. %,‘,p, M Copui Jmf,

Ve g AJ°77 7551; sz




/M% /@zﬂ/?‘ __P_XxXX vikvii

\W%,&W@

%—4%4%@/4%(%%4 /%%XA/‘%’/@/

- atdat tall, e — M@B_ %/”f
M/‘ A et e

f” oocvu |
W ;/M%;;W W 4»»;2%& ;//zfe,/azz%z ;mmém—g

_ﬁ[ff;w,&, Ho Moo % o / AMM




Mo foper X/

e T e e

At /f/;

o B tasr e d T

_ /mf M? Py e %% MM zf/h

_AD %ng %M&/ﬂ%/_‘i ‘?’-f% )
sluly 4,627 fc ajmfﬂo

M\USI’bB
Jotbrs callist Morik 15 1575 . ﬁzagﬁ?ﬁ; el S

ﬂ@z?,_v %rmé a/?‘ /?sz,,,(é ot il Mo

el Sl ppned Ay B, st f i

_______ 4,,;7”%% M/»HZ»Z it %

7o pgzo-?,2037 ] .C(,x«é, /};é; M?‘WW
af}é L@ & ,z,fizafzj‘

 Lesumdtan %fax {Wﬂ"]? 4/a/¢s~ MWZW )

&t My folore Lt o £ M/A%’% il sovr osedms

B e o S il vardst »
M/é;om:%% — MLM&Q_@&_W I

— %%W.
/ Jd

e




Mo fzfz«]_«f 2 /v

Bt o o 32 e

Msadb ) Ectce f'"f'f f_ff'___ﬁ_._f "_ﬁ_f'__ —
_pbu 2 éﬂ‘/f/é o

. Wa//{/_%—»_f m{fﬁ&@gw MZLW
___-/5’37 Wé%f WMW WW ol 289 Sl
IR /7 /Mr ot il M«ﬁ‘é—' 74& Slolois coint

647 %ﬂ%’? 596 ;f: Fszéwzz

) ,vJ@S’ WAV wm?;_%;%/ 77 seees o Lo fooro

Phv Bl gt b of ot F Mo g %W

%@m@’ WJWWJM oloat

Moo, 29 Bt AR LM, S P




- A Cm_é_fé‘— j;M“ by Gyt Seryeee »%%/ffg
m/m }__/Z_ T 1977 fo bt 155 el ittty
,5{3?5" pisss /,,,,w/ & X /3775' o _

//W—l

/,/éz »Az % e

5i2 w'wgzgy,@ W% /W%M/ A

éf;%w Z%Ma/f //M%‘%J/ WZ e f/-ﬁwéa?z




= e Bl

M
MPA’ o A S Mafm e Mot |
| R — 7/4&—« 5-4“72& o

' o
*MEM.MW mw;z-oé_/m . W/

AP '/”‘""/W o
Lok _clate el o B
“_'_____/i_ /«/ 4,,,/ A s /‘4’2(
/ﬁff s M

5 A%z%lm. Y ¢70ﬂ7
féZ"mm

P B o
o 2 %f&f;ﬁ i Qx M{fp/@w/

5;w:z?f;wa44_74;w 2%%?¢ 9@4@{7
ke s

4;42; ﬁif
” %( /a?r‘-\' W
ﬁ@’a{f 2

s ,._zf/l} % 22@ py s

j " Z___—_..___._ = s r é s i ;;_._'__‘_;_d ‘E_ p§( L‘Zé :6':’ =
% /z;’% 4‘ E’V ’E’ % ;zﬂ éé(j

Mw%fzm W%’ Mﬁ«w Sva

sy Gtlsr gelvaticctle
S5ttt i
S /w{%{ %/Q%%W/%




WABY A gyf Pun

"HMWM o /,JM LIl Bk

/W . i %, W
/ﬁ/@wﬁ/ M? 4/@ Aoy /j’ﬂd

4 ?m hhy o /%MM/@

uy % o zeo o, I;M

/2/7 3 f Lt  Momen SHe CE mice
. 17576 L
___/ég(%w g Gttt W CFoL 3/’///3’/02 A g
{ Gte, ,, = %
L /j—meaZf» r/m.ép—-—s 2 M%w/of%r/‘#&%m
WWM& evaz alse %;&M__

M e PN 4
WM{% %;% el Pt v




: 3 - /f;w/zx P, 2 2 ﬁcyz W%é/gf
2 o M @ -(ivggméml

[ ,/ﬁm,/ 57 il e Ak W% f’_"__’_’_j
. sed Ak coni o Ak //03_7

 Eiteee g WK Ue ok Gy, a/_,f,;;a
ot iy

e //4% M&@W-&fﬂfé ________

% s i oo Yoo lo

bl Rfraee — A pusenetili0 76 pree

mﬂm% famossomc Ew‘z%w 2/;‘/%’ f72?~9 '?/4’/45 P28
L é,r/ 4.3 G)r vy beto? XX E7z

WECE  forsd /875
Postlols wadps ot /77\4% a5 1% Lt %_@ﬁé_._




,'Pazé’7 //M 44( éééa( % Bl 00 stralies Mx‘é

Mo Fuds DL 26 15y ,%/4

2270 Mot Lo et semi Mot ekl Fonirion A
L. ol . W/‘,% S — i

_ HE ,54 262 trow contd ok s %~£Wé o

ey L

= S
G AT . - —

W Z7 227 for Morise ol
f///z47 %_/VM S dpa el

E/M)«fm———-f’




‘,2.2/ 227 225, 228
_ ?’WJ) Faop M

B pitice b WW
580 olor Cotir oo atend P Pl # 5/

WW WW%%M
@W%MMMW.
Lokl ol Aozt Lo mimer 2k |

/f%/ /&O/ m%ﬁ ﬂ/%dlm

275 i= p /5/5 b Lot &/
75y g g

"

ng%% 49%2;4/3/?3

/VB -é{v—éww a %MW
/b,z/fg:»m_ SZre gl ;Z;/fo:ré/



o L
[ J‘@ﬁﬁ” 7 S

ém/%@/ ;;17, paZol pilnl

i

F75 MW/WWLM ”4/"27&"‘

Ll _paiths — WW prtinte Pl sy
e @ Ely ach = S/~ por ok

ga/§/~ = F4so paiveck
;./ Fasp -vj‘fﬁ"}"ﬂ-’w,é

/é‘-fé/o

€ lfen Fnii 7?470 7

ST
s

Lot



W /07/ M | 2 .jzﬁfﬁéﬂﬁ 7= %W o

2

Y e g a‘a,j{%/#777
bud ar Frocdidosir .

G s nls Tty Fi o0

L ot
f/'_,% /ﬂwﬁfjf %;’é’% —;;—WZ %/5‘ 5"55'_
FW)h Sc/w "3{/{ 75?
Wernon s CGooeolon pg( PLSD%M' {/7 e

, _ /WM% LZ'?,ZO_B
fof Worver m}f D bors. E FH 27
z 636:@ (rorit Wosn o loiFirtle W 29 8
Conmgn Vnmsiadie
D /%m;f% 05/7/‘?3
ool T ooy

Z’wp%uzzz//’zo*?

- Wi systin. £ 506
M&?zi{o/ (,431,4;5/4,»%5’74) Py %J% #7677
e

| | ‘ — N 7 .;75,27_
Me Gote (PWD prires ) ) /f,fj;”%%m



PUBLIC WORKS INQiJ[RY GOB‘&H!IBEION--—MINUTES OF EVIDENCE. |

10601. Did the Department make the,-élig‘nﬁesf:'eﬁort to find out whother Mr. @illan was connected with - J. Davi.s:_-% :

the firm or not ? I cannot say. It was no part of my duty,

10602. Did you hear of anyone else making inquiry in that direction? It wasno part of my duty 31 July, 1898

whatever, : . : : ; o % et LN
10603. 2Afr. Norrie.] Will you look at Mr. M‘Ardle's address given in Mr. Abearne’s letter ? Yes.
Brisbane is given in the firet instance. That is scratchied out and Sydney is put in. I should imagine
that sceing tglmt Mr. M*Ardle was a Brisbane man Mr. Hickson would very properly write the minute to
which Mr. Parkes has referred, not knowing anything about him. _ : :

MONDAY, 3 AUGTUST, 1896, ’
William Henry Warren recalled, and further examined :—

10604. IHis IHonor.] You now have reddy the report you were asked to make to the Commission. as fo W, H
the value of the aqueduct in the original plan of Contract 77, and also in tho substituted Monier: plan ? “ar’e“-';_i .
Yes. I met Mr. M‘Credie, Mr. Thompson, and Mr. Davis, and we agreed as to the quantities. .I have »r~A—\ "
a list signed by those three gentlemen giving the quantities in each case, and upon those quantities I 3 Aug., 1896,

have based an estimate. My first estimate deals with the Monicr plan, and in that case the total is
£15,565 Gs. 53d.; the value of tho Departmental design I make £15,789 10s. 6d. - That-cstimate was .
based upon the prices in the schedule less the 28% per cent. My third estimate is based upon the same :
quantities, but I put in the prices myself, and T make the total £17,660. : ' i
10605. That is for the whole contract? Yes. I may mention that in each case I have added to the valua it
of the aqueduct work £6,362 2s.,in accordance with the estimates given to mo by Mr. Davis, and to which ™™
Mr. Thompson and Mr. M‘Credio agreed. That amount represents the quantities common to both designs,
exclusive of the aqueducts. _ . L e '
1060G. Will you first give us tho details of your estimate in tho caso of the Monier plan? Yes. My
report concerning both designs is as follows :— ' : E o

EsTiMatE of the total cost of the Aqueducts and Tunnels in the Contract,

Quantity. : Description. Rate, ; ’

: : g : £ & d £ & d,

1,533 cub. yds... Material above skewbacks in Monjer system ... @£319s. 64d. cub.yd. 6,098 15 §- A
182 tons ....... of IroaWork i s B e @ £14 per ton ......... 264 16 0

- Xxpansion joints, at 2} cwt. each=1575 tons...... @ £11 10s. per ton ... 181 26 :

Squards of rendering, 1 to 1 ........ ... iR @ 1s, 94d. ......i.....ees 951 16 5% B es

. . . 7,436 10 74
1583 cub. yds. Blucstone concrete D PN RS SN @ £210s. cub. yd. ... 306 13 4
1,350, ... Sandstone concrote................oooo oo @ £1 8a. 35 .. 1,800 0 0
1,016 8q. yds. Rendering, 2to 1 ........ A A @ 2s, 3d. sq. yd. ...... 114 6 0
_ . - 2,400 19 4
Leas 2B PRroenib. cuvvisitusciiosisssitiinsiomamennn’  evsterseriossenins 684" 5 6

s mmeen n . 1,716 13 100 ™
. Add cost of the remainder of contrach in tunnels, &c. ..oveiiiiiiiiiiinie csvieeine. 6,362 2 0

Total cost of contract ..... i S T S SR £16,565 6 5%

SUMMARY.
EstiMaTeED Cost of Monier Atch structure complete, per cubic yard.

: 3 £ o i -
Compo. and concrete in arch and carrier ................. P O, v 111 6
Labour in do. ... 017 2¢
Supervision , 05 0
Grillage... 05 6
Plant ., 02 5
Timber 0 7 6%

. R T £3 9 2%
Add 15 per ceat, profit, royalty, and risk, &e., including guarantee..........oovenn 010 4}
' - ' £319 64
Tuper in Centering and Boxing .

_r__'.:'__i e /____so'a ——— :(\1\2» x6" - . ; “
pir ek ING Sy Timber i Tiba....civvisiins cevvivsennnns 280 cub, £,

R W T
9 L R [ a1 . i A Ay o B e, 25 : ] L
L [ T T T TR A Lagging at top S0 x 9x 3 = 1,080 L WO L

vl jood I '8"x6"1 86 Sid{b“ing X 18 x 117 314 deie - LAShsup. f6 1%

. Supporting ribs ...ccinuinnreeniennnns 192 cub, ft, -
~ >~ — 6 spans for small arches 2 x 7' x 12" x I -
\'l'.. : lf'_' ‘ 24" at 35 cach......uvuiue..... e Abed s 0 L 210
el L At T T G spans of laning to small arches 13" -, 600,
SR s " Boxing small picra................. fooomeweiiiiy T 7605,
5‘55. 1§ £ gt i Timber in agttl,ea of main carrler ...... I vi
= G 1 L1D8, oo il ssunsenaidouysaunasins . S i 1]
g, P e S ,’; lagging, 30 sup. ft., per ft.  weureiven "
e L , L bl ? :
- Side boxing, <+ Beaflolding ........ s seesiesiesneie 2600 0
- B x2xlf - .- Sides to small atch 4.cvivremenniins senenigm S A s .
R Ao 0 Sl il S e -732cnb41b;‘+17,.317iup'. i
' SummARy. : o £ 8ed
* 182 oub, f6, Bh 2680, clib; Thuiesisisionsisnmioesontinmmmenr s et fonasd ©78110 0
7;5‘7 sup. ft.; at 13s. per 100 ‘..._.a_..-:..-....i..........‘..'..........a.".n..‘u..'..'.'..';....u--u‘---'_r‘- e 4817 0
A : & £140 7 0
No. 4 sets of timber in str: ..iiniveien.iis e T s 561_ 8 0

Cost; 11115232: = 7s. 63d. per cub, ft; of sttucture, ., - F el o ' Bt CosT ‘;?,f:-
! . 5 i B 7

3

¢

S

rex

o



] 4 Bt .
g el 3 Lo
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; W I v Lo 0T L Costof labour in the Momer Syhtun ? S A M 7-'3 {
i Fp WWaEroR. Bmldm" 17 spans of 82 ft. 6 in. cach, b £60 128, G/ roors L sl i 101,030 12767
N o 42 small arches, at £3 10s. T 14:7 0.0.
x Aug., 1896, 074 llncal feet of carrier beyond the main urchcs, at Ds. p(.r Iuot- __w
T O Total cost Of labour ......... C— SO o N coereransent e £1,321 2.6
5 T £1,321 2. Gd. “ ) ;
! - - Cost of labour per cubic yard = -—I—,E:;—(- . erssnenasasaenass AT , 017 2
: 5
- Supervision, about 5 per cent., say £375 ; per cubic yard =13—7“’3= about 3s..
1
Cusb of grills in arches and curners, 37 tons at £11 10a. per t.on = £425 10a. ; cost per yard = 85 g = 53, Gd.
: = 2 : : 3 : ! £ s, d.
£ e nEE T Coat of plant, consisting of - two sheds, one oflice, tools, barrows, &c Carennoniind s “150 0 0
- wor 2,000 feet of water-pipo, at 3d." ..o saree 2500
% Cost of water, 14d. per yard of conerete—l, .;.Hat d: v e L1 1 B
: Co ¢ L £184 s W _o, ga d e @ ©cEI8E 1L 7 -
5 per yard = T Em 3. 5d ’ B i
I:.:!TIMATE of the labour in one span of the Monier Arch. £on d-y £ 8 d
To place the concrete in the arch, 1 day, 10 men at 78, 6d., 1 man at 10s. .. 4 5 0
' 5 g E Spnudrcl arches and piers, 10 men .'lt 7. 6d., 1 man ﬂ.t IUs for‘) d..\ya §10 0 .
To ]Jlacmg conerete in main carrier, 1 day, 12 men at 7s. bd 1 10A0 AL 108, veorsoerersenreennes 50 0 -
Making cover plutua, L uian for 4 days at 78,60, .ocoiionsrioranianssonsesessssssrssnqosnsrns e 4 110-0 19 5- 0-
Timber Work— - ' o . ) . ' A +f
Mu.k:ug and fixing spandrel picrs and arch centering and boxing—4 men at 7s. 6d., 1 =
man ot 108 R dUNYET .\ russusresesss annssusnensenmesnesunersmmsonsepnnsnsdinnssssissreyens pesnys - 8-00
Making and fixing centres to main arch—12 men at 7s. 6d., 1 at 10s. (one du.y) 5 0.0
Muking and hxm%mmn carrier—4 men at 7s. 6d., and 1 man at 10s. (4 days), . 8 0 0
Lag,gm'r and side oxmg—l men at 7s. 6d. . 410 0 i
1 Runuvmg the ubove timbering, say 7 00
Erecting and removing sw.(loldmg BNV S T R S e O | :
s o ’ ——— © 3310 0
Tronwork— : PR e
'T'o inuke and fix the i iron gnd in the main arches—7 men at 7s, Gd. and 1at 1ls, 6d. 3 40 oy
o small arches—5 men at 79, 6d. .. oeeeiiniiniieeennenes 117 6 .
- Mnm c\Lrnu——S men at 7 JH ............... witRe TR A R N R R BT s 216 0 - ¢
e b o m i g, aiie = S el Al 3
R . (32 - : : C-£6012°6
Cost of Compo Material, ‘
1 Laslt of Cement and 12 r..ul.uc feet of Sand make. 13% cubic feet or $ a cubic yurd of Compo.—
' 24 cubic feet of Sand, at 7s. Gd. a cubic yard . 06 8
+ 2:Casks of Cum.nt at 11, 6d, each ...... s e bt oL O e L -1 3°0
T o ; . Cost of Compo T T £1 9 8
’ : Cost of Blucstone in Cu.rrwr. )
10 cubic fect of Stone, 6 cubic feet of Sand, and 1 Cask of Cement make about 15 cubic "ect in placc
Bluestone Toppings. Cost.on Wharf, Gs. 10d. per ton, or.18'5 cubic feet to the ton— :
27 cubic feet would COSE . vovvvuverirmrarirescrnnienisienierennaen B ST S— ERE— cosmsER AT o 010 o
(;artml, to blte... ..................... it sndhs fanenzedie esaons sifersmsssaian S Viaaesst 20
2 . Cost of Blue Metal ‘l‘oppmgs, per: cubic ynrd - 0
10 cubic ft. of blue meta.l at 195, per 27 cubic feet .uvviviiiiiniiiinnnn, EEE SRR e S T R SRR = 5 04 B
6 cubic ft. blue metal at 7s. 6d..per 27 cubic feet ... A ; e e 01 8
1 cask of cement at 11s. 9d...... e o o1 9 -
Cost of 15 cublc feet in place .. ‘ 017 104
Cost of a cubic yard ...... S e 11213
s TR 2. AverAce Cost of Compo. in Aqueduets, ) . .
+ 383 cubic yards at £1 9s, 84, ...... .. R R R T S T spsssien D08, 2 &
1,150 cubic yurds at£1 1% 14, winnsssicisigaera W A S e seiin sraversonrrgeians” 1,848 12.. 6
) X op——
Avemgc cust per cublc yn.rd = 41(; 51:; IOd = £1 11s. 6d. nearly. sl Mkl
T - Esrm.u*a of Cost of Contract No 77 from Departmental Des:gn and Schedule I’nces, Iesa 281[ per cent. ..
1, 848 cub:c yurds of sandstone concrete. at £1 83.vuvenns N R ............ .. ...... 9,587 ‘4 0
l 054 ** T specml bluestone concrete; at £3 - ; oy vee Yo 3,162 0 O
. 1,859 brickwork, at £2108, ....cee.. I e AG4710 0
12,190 gubic fcet of freestone ashlar, at 3s. 6d. - - 2,183 5.0
.+ 2,682 square y-ers of cement fu.cmrr 1tol; at 2 g, ~ 335 56 0.
7’608 "2to'1] ut 2. 3d ~t 6878 0
92 éubic yards of tnrred meta.l af £2 85, T..22016 .0
40 scupper slates at 25. w.....oouiesreseie-sezaenr S 40 0°
1215 0 .
c 216 0
;11 '4°0

°113,185- 3 0

w3757 14, 8

e . 9427 8 &

i S g i s St 6302 2 0

A 55 -

£15 789 10 6

. Total COBL:ioi puprmprsprinnsssmesansenyren Feregeigpin sy e e s apes g
G s A, A




PUBLIC WORKS INQUIRY COMMISSION—MINUTES OF EVIDENCE.

EstrmAte of the Cost of Contract No. 77, from Departmental Designs, and Professor Warren's Estimated I'Ece&s p \“\,X;rr]z;i.‘:
1,848 cubic yards of sandstone concrete, at £1 88, ......occriiriinns R e T 2,587 4 0 AN :
1,054 ,}, special bluestone concrel‘,c, at £2 10s. .... v P 2,635 0 03 Aug.;-1896:7
1,859 b brickwork, at £2.. ST ey See s svsea b s ves e st e ase .. 3718 00 “ ;

12,190 cubic feet of freestone ushlm‘ At 35, o s e 1’82§ 19 g s
2,682 square ynrds of cement fn.cing, 1to 1, at ls 10d. .... . 24;3 1“’ 0
608 2 to 1, at,1s. Gd. e 4512 0
92 cubic ym‘ds of tarred metal, at £2 B8, oovveviierannianes 207 .0 O
40 ﬁcup?cr slator nb 28 oo e R . 4 00
170 lincal fect of 4 in. scupper pipes, at 1g, Gd.. o 12156 0
14 cwt. manholo covers, fixing only, at ds. .....ccocvivverieeinnnnnes i v 216 0
56 ,, T irons, fixing only, at 4s......... e SaNEN R vy s Segsiirenegisarseion 11 4 0

L 11,297 18 0O i

YT . ROV 6,362 2 0 "

TOLAL CORE wvvasvvrvnrestrerrsesseeseeeeerrerssrearesrieeiseesesneesesesereessensnnsersssseseanens £17,660 00

QuUANTITIES ngreed upon for departmental design contract No. 77.

. £ s d
Sandstone concrete, 1,848 cubie yards........ooveevvivvienveriiineenien R AT -+~ 1 8 0
Special bluestone concrctc 1,054 cubic yards... 210 0
Brickwork, 1,859 cubic y'mtn ................. S 250
Freestone 'wh[m‘. 12,190 cubic feet . . 030
Cement facing, 1 to 1 2,682 square y'mrds
Cement facing, 2 to 1, 608 square yards,
Tarred metal, 92 cubic yards.
Scupper slabs, 40,
4 inch ew. scupper pipes, 170 lineal feet. ‘
Manhole covers (fixing), 14 ewt. GEORGI McCREDIE. |
T irons (fixing), 56 cwt. . W. TIIOMPSON.

* : J. DAVIS,

Coxrtract No. 77.—MoxI1Er design aqueducts—Quantities agreed to by the um'lcrsigncd.
Material above skewbacks.. 1,533 cubic yards.

Sandstone concrete in pxerq : R I 3‘10 0
DR OINE i T e T e e S e e e e b e 158% is
Cement tcndering inside and outside above skewhacks—1 to 1—& inches thick ...... 10,625 square yards.
below skewbacks—2 to 1—25& inches thick ...... 1.010 "
140 t:\p'l.mmn joints, castiron and bolts, each 2} cwt.
Iron:avork exclugive of rridSaei e v s ot PRI S v 182 ton.
’ GEORGE M‘CREDIE.
. W. THOMPSON.
21/7/96. _ J. DAVIS.
CosTRACT No. 77.—ANNANDALE.—QUANTITIES common to Monier and Departmental Designs i in tunnels, roadways, &e. 5
&c., not including aqueducts (30-02 chains).
Ttem. _ Description of Work. T Unit, Quantities.| Rate. { Amcunt.
£ 8 d.
L | Xy ation i v g vesyiis G T svavas v ey Cubic yards | 4,243 | 2/ 424 6 0
2 ” . o el 140 7] 49 0 0.
3 i oo o 1,160 | 6 348 0 0
4 - P71 Teo| osl-| 30815 0
5 = e 100 60/- 300 0 0 :
\ ,, .. 1,000 576 | 2,875 °0 0
7 3 5 70| G- 21 0 0 i
] o . s 4| 22/6 410 0 !
9 " ' 70 | 20[- 70 0 0
10 = 2| 30f- 3 00
11 Flllmg ] i .. 2300 1]- 115 0 0
13 | SAndSEOne DAIASE corerroesmrsserersreesreeseeeseresereesoeesoseeeerons o 740 | 4/- |* 148 0 O i
T4 | BIIESEONe MEebal .ovvuevserssssssrereireeesseeeesieesiesssaessaeenaenn ' 370 | 192/- 222 0 0
15 43 sereenings - .. £ 180 | &f- 45 0 0 ; i
16 | SubductS....eenn cvvereennns ....| Lineal yards 50 | 1/6 315 0 ¢
T ] Bber i ....| Cubiefect...| + 300 |. 1/8 25 0 0 i
18 | Piling cvveeeeiceereennn, . ....| Lineal fect.. 960 | 4/- 192 0 0 i
27 | Curhing wvviieeiann, 5 G5 2/6 81 5 0 =
26 | Ashlar....o.oooonnnnn, .| cubic fect... 130 | 3/- 19 10 0 L
:_;g g-ullv COVETE rios soszavesss .| each: wuseines é %g'}g ?13 g i :
: Ynestone pitchers B L R P veieens| BQuare yard o O e :
BU| Freosbane | py oo BT || 1m0 L
32 Feneing ..ovvvvecvieeeisissinineins rod:ssneas 50 | 18/- 45 00
Bl i e Beneee ot e b toone e, " v 100 | /- 40 0 0 i
A 21 mch plpcs lineal yard 120 | 33/- 198- 0 0 :
A5 | 12-inch sy eas 20| G/9 G615 0 3
6| Qinch L. §i ©. awe 15 | 5/ 315 0 ’2
39 | Surplus matedal . ....| cubicyard...| 4,580 1/1| 248 1 8 i
40 P:\lng itotiwork e ik ves] CWE. aeenais i 125 | 4/- 25 0 0 *‘{
41| Flap traps ...... e e aes| @RCH iiiiienne 10 | 25/ ©1210°0 i
10 | SANASEOIT0COTIOTEtE riior i ot B it s ¥ FoSRer e B e A e ....| cubicyard... 322 | 28/ 450 16 0 - &
20 | Bluestone v . ity R R (R 707 | 50/- | 1,767-10 0O* i
22 | Brickwork .............. O e e ew] . 166 | 50/~ 39070 0 i
23 | Rendering L 02 .vvveevereersieiioninne .| square yard| 2,835 | 2/3 31818 9 ;’:’.
e LB ‘e 8,808 1 5 i
. Deduct 984 per cent. O Ll - : 2,535 19 5 é{
: > : 6,362: 2 0 I
140—2 8 g




. ’ ‘PUBLIC WORKS INQUIRY COMMISSION—MINUTES OF EVIDENCE.

656, When you came across, did you conenlt any oflicer of the department ag to the prices ? I\?.: L
19657, TTad you any communicatiot at all with Mr. Hickson ? No. S s
19658, You nover nsked him whether you could put in the Monicr tender or not?  No.
19659, You never had any-words-with him in any way on that subject ? No. 5
19660, Nor with any officer of the department apart from Mr. Baltzer ? No. _ :
19G61. What did Mr. Cavter say to you when you came acrosg, and when he asked you to m::ko up the
tenders? T do not recolleet what To said particularly. T remember going across to the North bhor.o s
ofice, and Mr. Snodgrass had there the plin and also his estimate. They asked mo to look t'll}'qugll_lf:
and se¢ what I thought of it. That is what it amounted to. 1 went through the estimafe and cr:tmls_scd it
19662, Do you know where the estimate is now ?  Yes. . T
19663, ITave you tho original onc? Yes, - s . _
19664. Can you produceit? Yes. It is rather a ragged looking document, but it is the one which was
made up at the time. _ ' s
19GG5. In whose handwriting is it? A boy nimed Norman Burkett copied it for Mr, Snodgrass. It id
the estimate,which Mr. Snodgrass made out. .
19666, Afr. Parkes.] The total, I see, is £14,677 10s.? Yes. There is an error of £100 in the addition.
1t should be :£14,777 10s. ' : (i

19667. I7is Honor.] You say you went through the estimate ;—to what conclusion did you arrive? Wo
differed on some points.  For instance, in the quantities attached to the first two items. You will see
that Mr. Snodgrass’s quantity for the tunnel in lineal yards was 750.  On the margin you will sce that I
have written in pencil 723. "Then, in regard to item No. 2—shafts—DMr. Snodgrass estimated 100 lineal
feet, and T had written in the margin 49. The entire estimato is as follows :—

Coxrract No. 77.—Listimate of Cost on Monicr Syster.

- £ s od L85 d.

Tunnel, lineal yards ........, 750  85/- 3,187 10 0 | Gully covers ...oovvevons.o. 4 20/- 4 00
Shafts, Tineal feet ............ 100 345/- 175 0 0 | Blue pitchers ....... P bS] 30/- 12 0 0
Monier, mortar ............... 1,070 70/~ . 3,745 0 0 | Sandstone pitchers ........, 320 6/- 9% 0 0
Sandstone conerete ......... 1,800 23/- 2,070 0 0 | Two-rail fenee .o.vinnnn... 50 ° 20/- 50 0 0O
Tron, 2 and 4, ton............ . 44 10/-/- 440 0 0 | Two-rail and wire ......... 100 8/- 40 0 0
Tie-bars e 2 15/-/- 300 0 | 24in. pipes woivviiiveee. 1200 30/- 180 0 0
Channel iron .......... 20 15/-/- 300 0 0 24100, v craans 20 G- G 0 G
Chsteiron ...vveveecvenn 12 10/-[- 120 0 0 9in. e, 15 5/- 315 0
Hmulnring .......... 12,000 2/- 1,200 0 O | Surplus......cooeoevivviin, 4000 -6 100 0 O
11611 A 1,200 4 240 0 0 | Plonboiocnipinmmmimg Loy s 488 5 0
Open cut—soft ... 4,000 1/9 350 0 0 | Management .oooviiiees coiins L 750 0 0

i rock ... 1,200 4/- 240 0 O | Smith ..., | e 200 0 O
Flling e, 2,000 -/6 50 0 0 | SBundries .........ociiies s 300 0 0
Sandstone ballast .........., 700 3/- 105 0 0 ! ’ . e ——
Blue-metal oveyieevennn, 350 10/~ 175 0 0 Lotall ovsmmmsadn s skwing £14,677 10 0
Sercenings ..ooiiivvieeene.., . 180 2/6 2210 0 )
Sindstone ashlar ............. 130 2/G 16 5 0 Pricc sent i ..oivuiviirivinniiinne . £15,500 0 0
Kerbing and guttering ...... G50  2/6 8L 5 0

19668, - Ifis Ionor.] T understand that you made your own calculations from the data upon which Mr.
Snadgrass had been working?  Yes. R
L9669, e is an engineer, I understand ? T do not think he has been through any particular course, but
1 i a practical man, who has been with contractors for a long time. I{e has been through tho dn_lwmg
oflice, and he has had to go through a course of mathematies, but he has never passed any particular
°xamination. Ie has been through a practical course of engineering with good engineers. oowa
11670, Under good practical engincers? Yes. I believe he gained his experience principally upon
ratlways in New Zealand, under a very large English firm—DBrassey and Betts—who had work to do there.
ITe went through the mill, you ‘might say, including practical working in the office, and also outside.- Ie
1 do instrument work, and everything of .that kind., He is thoroughly capable: : I do not think -ho
ould go into the higher.mathematics, but that would be about the only thing he has not studied. He is
“Apable as regards all general mathematical questions. ; :
19G71. Arr. Parkes.] 1 sec that in Mr. Snodgrass’s estimate sandstone concrete is put down at 23s. a
ravd—is that a fair value ? I should say so. - '
19672 Shaft excavation is put down at 35s. a lincal foot? That is made up in a peculinr way, It
neludes the conerete as wc_ill. : ' :
19673, The tunnel, I sec, is put down at S5s. per lineal yard ;—would that include the brickwork? The #
mickwork and the concrete, hut not the rendering. ‘ Sy
9674, You have put down rendering at what ? At 29, a yard, the quantity being 12,000 yards, ‘
LIG75. You have not your original cstimatoe upon the departmental scheme for Contract 77? No; L
1o been looking for that, but I cannot find it. B e
1676, You have put down cast-iron at £10 a ton, and  and % in. iron-bars are also put down at £10 a -
on?  Yes, S ¥F ’
19677, T suppose that was the market value at the time ? Yes; I think you may take that as the fair
narket value. s : : g s
41678, Had you any piling under the foundations of your piers? Yes; 1,300 odd feet. The Governs- v
nent specified 900, T believe.  Mr. Snodgrass and I agreed in the main, though not in the details. SME.
modgrass's prices were a little too low, but then he had his quantities a little too high, so that the one
lanced the other. Ifinally, when we made up our tender for the Monier design; we put it at £15,500;
0 a8 to he a littlo below our estimated cost of the Government design. SO e L fedee
9679. You bought the timber for the job solely from Guy & Co.?  Yes.

W680. If Guy & To. shows for the two works, 77 and 118, a total of £568 B5s, 2(1, that would b'étthé_‘ 2 oy

otal amount paid ?  If that is what it shows. 'y Septidpimn L o A
D681 TIf Guy’s accounts contain a great deal of timber which would be used for kedping back the earth
M Contract 118, that would considerably réduce the total of £5687 T do mot think-any timbér was* .
ised on Contract 118 for keeping back carth. ‘ : L s s

1682, Did you ever seo the work ? - Yes. "

140—4 N . £ e 5 Ll S 19osa
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7 : APPENDIX.

Appendix No. 15.
Ooxrracr No. #7—« Monien BysTem '—JUNE 41, 1B96.

Quantities nnd catimated cost Johnstono’s and White's Creek Aqueducts.  Above footings. Total length of
* Aqueducts, 30} chains. .
Sandstone Concrele— s C
852 cabic yards in piers=9 full piors, containing 2,666 cubic feob, cach,—218  weiiiremameennes 894
Blue-metal Conerete—

082 cubic yards in piers, in epandrcls of arches and base bottom of channel,—408.,..cuiierasrerenss 1,364
Comjpo.— . o3 s b :
1 A1 APCTEB e eeniennn sannsnnninressninas snsesrasasasaens 11,260 cubic £0BL v e vareasasniinresssnsansunsasisn
Bottom channel, including plinths B e, 28967 o A,
1,084 cubic yards, top, including cornice and coping, 2,658 "
Bottom angle corners .. TR, S — 6,340 5
Sides of chnnnel ........ IR . 7,216

29,270 cubic feet,—308..ciierernnin 1,626
Tronwork— i
16,756 1b. in 47 din. side and top ironbars ...eeieenzeen
33,218 ,, in 3" ,, fop crosa-hars and side vertieal bara .
4,880 ,, in 1" ,, cross-bars in ArCNES oivsectmssiniins rmnisansar

mmsedaastiatianaidannnie

11,200 ,, in 37 ,, longitudinal bars in arches=29 tons 9 cwb, '8qra. EZIb(any) 30 tons,—L10 300

34,100 ,, in Channel-plates drilled for ies...oovenniiinens i
1,788 ,, in 3" ,, top tic-rods with heads, threads, and nnts.. wiish
2,012 ,, in §” ,, Doltom tic-rods " % iy vedimgewee
4,000 ,, - bolts and nuts=19 tons 12 cw. 16 1h. (say) 20 tons,—£13 .

12 tons cast-iron plates,—EL0 Loeovriiniiaiiie e

12,000 eup. yds. cement rendering,—18. 6d.ee.s e |

260
120
0900

£5,164
Cost POT TOOE TUINL....oiuirresesseiies shassesatstaanssr st st et et T 2

Cost per yard cube wveeeiimnmiarnnrarin e ne s S 2

Particulars showing how values have been estimaled,
Sandstone Conercte—
5 yards sandstone,—2s. Gd......... rwssaissrgassnarasetes sevivars S -
2", crushed eandstono (sand),—2e. T e
1 ,, = G cacks of cement, per cask,—9s. Gd....... Sa
which makes B yards cubo of €onerete .o rieiiiinunssnrcsiiia e siane
== 14s. 11d. per yard for materinl, 68, 1d. per yard for labour, timbering, &C..oovviireennns
Blue-metal Concrete— : :
7 yards bluc-metal;—128. coviieriiin i it e
3", erushed eandstonc (snnd),—2s. ad..... ! :
2- cement = 12 caske, per cask,—0s. 6d........
which makes 7 yards cube of eonerefo v i .
= £1 95, 4. per yord material, 10s. 8d. per yard labour, bonrding, &C...vivepeeraiiiirens

assanan

reinae

(=2 L E==]

1

—

WO L No!

Compo.—
3 yords sand,—28, G SiSs R Hevveiie Svvwawe N
1 yard cement=0 casks, per cask,—9. [ e y
. which makes 3 yards cube of compo. ........e
— £1 Ia. 6d. per yard material, 8s. 6d. per yard labour, boarding, &e......cvi

CoxTRACT No. 77—DEPARTMERTAT DrsiaF—JUNE 5T, 1896.

Quantities and estimated cost, Johnstone’s and White's Creek Aqueducts. Above footings.

Brickwork— : ; : £
11,760 cubic ynrds Aouble-prossed bricks,—408. ... cossrueessnmumsstainss st inssetsinisass st 3,520
8peeinl Blucstone Conerete— ) )
1,292 eubic yards. Round sewer,—40s. ...... 2,564
Sandstone Conerete— : : :
1,362 cubic yards piers and haunches of arches behind brick, =218, oo 1,430
11,774 cubic fect Pyrmont ashlara,—38. oo 1,766
95 cublic yards tarred metal decking,—40s. ...... 180
2,662 enperficial yards cement rendering,—1s. 6d. 199
130 cubic yards sand-filling,—1s...... 6
10 Ko. elate covers,—18. 6d. iveeriiienres 3
9,679
Cost per foot TUM..co e iainr i T T TP R (W 4

CoxtrACcT No. 77— MoOKIER StsTEM”—JUNE 8TH, 1896.

both. -
b od
1z 0

0 0,

00
00
00
00
00
12 0
13 8
19
12 6
5 0
17 0
T4 6
10
4 0
7 6
14 0
b 6
00
7 6
17 0
4 6
10 0

s, d.
00
00
20
00
0 0
13 0
10 0.
00

Quantities ond estimnfed cost, Johnstone’s and White's Creck Aquoducts.  Abovo footings. bcpnﬂméntn‘l priccs

as per Schedule.

~ £ B a4

852 cubic yards sandetone conerebe,—288. .iiscesivisesinrenssnnn sy et 1,192 16 O
682  ,  blue-metal ,, 60s. ... e bl 2,046 0 0
1,084 o compo. 4 408, eevees 2,168 0 O
30 tone ironwork (fixed),—£I10.......00reeee ey . 300 0.0
20 ,, channel-plates; drilled tie-rods, bolts, &c.,—£16 300 0°0

Lo 12y casb-ironfplates,—£10 wvvrreermierirrariinainion 120 0.0
12,000 superficial yards cement rendering,;—28, 6d. oo i o 1,500 0.0
' o R ' 7,626 16 0
Cost: per foob run nearly emeesae s ; e 316 9%

—— e

RO

i
i
].
]
i
t




40 - _ : ‘AVPENDIX!

ContnAcT No., 77T—DEPARTMENTAL DesiaN—JoxE 8rir, 1806,

: Quantities and estimated cost, Jolinstone’s nnd White's (reek Aquedugts. Above footings. Departmental prices
g us per Schedule.

{ - - I i :ﬁ B. d.
© 1,760 cubic yards brickwork,—350s. ......... T wesbaritabesssasararasasnt 4,400 0 O
Yo 1,282 ” speciul bluestone concrete,—60s. 3,846 0 0
-1,362 " sandstone concrete,—28s...... eees 1,906 .0 .0
11,774 cubic feet Pyrmont ashlurs,—3s. 6d. ... . ... 2060 9 O
" g5 cubic yards tarred metal decking,—48s....... 228 0 O

Ta 2,662 superficinl yards cement rendering,—24. Gd.. 832 15. 0 .
: 130 cubic yards sand filling,—1s. ..oene T R PP P I L SEEEE LA 610 O
40 No.  slate covers,—2s. ..... v et easnesaaansiraens remannanas — ronnesnsmnniaiie i .4 0 0
Bl s s rs ke esins amamaneadhion . £12783 14 0

Price per foot run, 2,013 fect, £6 7s.
CoxTrAcT No. 112.—18rm JUXNE, 1896. Fouuru Divisiox W s TERN OurraLn SEWER.

Total length, 2,320 it. 1 in., made up in—40 arches, 50 feet span each, 2,000 feet; 38 piers, 8 feet wide each, 301 feet;
4 prers, 4 feeb wide each, 16 foet; total, 2,320 ft, L in. .

Aqueduct only, without spproaches or picre, for bridge in centre.

x

Sendstone Concrete—

3,108 cubic yurds, in picra and spandrels of arches and footings of piers,—22a. ... 3,418 16 0
Bluestone Conereto (special)— : S
1,643 cubic yards, in T IO Ly OO P T P T L L e 4,025. 7 0
Bluestone Conerets (ordinury)— ’ ’ ; -
1,388 cubic yards, in arches und skewbacks of piets,—10s. ...... e e 12A0A 0" O 0
Excavutions—
1,230 cubic yards, for footings and foundations,—2s. 6d....... LI INRORE . MNP i (7 ) 1 153 15 0
Cement Rendering— v .
4,202 seperficial yords, inside, 1 of coment to L of 880,25, vevveirermrecnaconrannenaonrsimareseiini 420 4 0
8,031 i external faces, 1 of cement to 2 of sund, —18, Gd. oveirimricne s 602 G G
Ironwork—
U EG tons 13 ewt. 1 qr. 24 1b. (say) 57 EONS, BB oovivvrrerersnsmrsormannarnsnsesnsbunriasnassessnnnasioantoses 711 0 0
459 superfieial yards—Vul do rayers und bitumen end cork.dnmnpeourse; mustic joiuting,
S —L080 scicsiviosssvessenasransss ssvarnostaER sen S R oL e e S e s irnan s ea SRS 22919 0O
£ o LYY PR PP R rrer £12,367 7 6
Cost per foot run, £5 Gs. Tid. )
No. 7%7.—Cost of Departmental Desizn, Contract No. 77, including foundations, per foob run ......... 51 3
o : Ar. M‘Credie’s prices :—Totul cost, £10,192 7s. ’
As compared with offico prices, departmental plan, per FOOb FUIL coviiinn s e 519 3
. E £12,000- B
No. 77.—Cost of Monier Design, Contrazt No. 77, including foundations, per foob rul....oeeeeeen 3 2 3%

Mr. M‘Credie’s prices :—Total cost, £6,168 2Zs.
No. 101.—Cost of Contract No. 101, Western Outfull Sewer, constructed similur to design, but for
one-burrel drain instend of three, us shown, ut per foob run...ooeiean R
At depurtmental rutes, £6 10a. 8d.

P TR R TR LR TR LR

Comparative Areas of Sections— .
No. 112.—When full, 4122 superficial feet ; when three-quarter full, 29:48 superficinl feet.
No. 77.~Departmental Design— W *
White's Creek, when full, 13°0 superficial feet ; when three-quarter full
Johnstone’s Creek, 140 3 <3 e b gy
Monier Design— s
White's Creek, when full, 11°56 superficial feet ; when three-quarter full, 812 superficial feet.
Johnstone's Creek, 13- 5 ,, Soeve - : :
- No. 101.—"The barrel drain, when full, 2827 superfiiul feet. -

" » 957 ”

GEO. McCREDIE,

Appendix No. 16. _
DerARTMENT OF PUBLIO Wonks, —METROPOLITAN SepweniGe CoxsTRUCTION-—TENDER TorM,—BALMAIN AXD
. " Leicnuarpt EXTENSION, 31D Divisioy, NopTukRN MAIN SEWER ;
@ Contract No. 117. i -

Ix puriuance of an adverisement in the Government Guzetts (L or we), the undersigned, do hereby tender to provide the
material and perform the various works requimd in and nbout the full and proper construction, erection, and completion of the

" Balmain ond Leichhardt Extension, 3rd Division of the Northern Muin Sewer, ngrecably to the Plan, Specification, Schedule to

- Bpecification; Special Conditions, and General Conditions, which have been inspected by (me or us), al per cent,

the prices affixed to ench item, in the Schedule of Prices annexed hereto, and to complete the same within ten

* months from the date of the nceeptance of this Tender ; - and (I or wo) do hereby agree that any additions to or deductions from
the said works ehall be paid or allowed for, as thie ensc may be, at and after the rute quoted sbove, or if not in Schedule, at

) -l n price to be apreed upon ut the time, and (Lor we) hereby undertake that (I or we) will, within fourteen duys from the date of

the nolification of the seceptance of the said ender, execute and deliver to the Minister for Public Works a valid legal

Contract with Her Majesty the Queen, embodying the terms and conditions above: mentioned, and to provide the security -
- 'required by clause 29 of the said General Conditions; and (I or we) enclose herewith (our or my) cheque for the sum of £77

'r.’.d-ated_tlac C v Midayef P Ty L BY) eg b IERRARET R

as & 'preliminary deposit; and (L or we) ngree that such sum shall be absolutely forfeited if (I or we) at any time within

. thirty duys after the said Tonder is opened withdraw the sume, or if in the event of. this Pender being accepted (Ior we) fuil
- to complete tho above-mentioned Contract doeument within fourteen days thereafter; and further, that,this Tender is made .
. subject to the Conditions contnined in the Tender Bourd Regulutions,. printed on the back heroof, and by which: (I or we)
- agreo lo{ba bound. - - . : N T e e B T 2

£ _ Dated this . T dagaf e G o e e A8
© +""_"This is the Tender marked * ;" referredito in " '"u_nncxcd‘l_!gr'pcm_qn?,rwibh'i‘]]{cj Majesty, the Queen,,

~Witness—=
= LT : TKNDER DOARD REGULATIONS. _

¢ No tender shall be received after 11-30 a.. on the day nuymtl_fur_t.}ge_ fccgi it of such Tender, unless thero are circum-
slances which, in the opinion of the Members of the Bourd theii sitting, render it esirable to doso. v

~7" Tt shall be the duty of the President, Vice-President, or the senior member present, as the case may be, as soon as the

. Tenders shall huve been opened end the necessary purticulure useertuined, to- publicly announce the number of Tenders ™™
" received for ench work and the name of the lowest Tendorer; but no Tender shall be accepted until the Head of the Branch,

under whose directions the work is to be carricd out, Tas reported upon the whole of the Tenders recoi__vcd.' ; The
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Early Reinforced Concrete in New South
Wales (1895-1915)

D.J. FRASER, M.LE.Aust.*

SUMMARY: Reinforced concrete construction began in Europe around 1870, soon after Joseph Monier took out

patents for concrete flower pots reinforced

y wire netting. The Monier System, as it
extensively used in Germany where it was refined to a viable, economical structural material for a

ecame known, was
wide

range of applications. It was not until the early 1890's that the Monier System was introduced into New
South Wales and then with some initial hesitancy and controversy about its use. But after the success of
its first major application, the sewer aqueducts in Annandale, Sydney, 1895-97, its development and use

grew rapidly. Within the next twenty years, Sydney's structural engineers became as proficient

in the

theory, design and application of this new technology as their counterparts in Europe, England and America.
This paper traces the history of reinforced concrete in New South Wales during those formative years.

1 INTRODUCTION

The use of reinforced concrete in New South Wales
began in 1895 when Carter,Gummow § Co. were awarded
Contract No.77 by the Public Works Department for
the construction of two concrete sewer aqueducts
across the valleys of Johnstone's and White's Creeks
Annandale, Sydney. At the time, reinforced concrete
was known by other names such as ferro-concrete ,
concrete iron and steel-concrete construction, and
by the names of patented methods such as Hennibique,
Thacher and Melan Systems. The Annandale aqueducts,
figure 1, were built using the Monier System of re-
inforced concrete arches. These aqueducts are still
in service after 87 years.

The first reference to the introduction of the Mon-
ier System into New South Wales was not recorded in
contemporary technical papers but in the unusual
source of the Report, Evidence and Appendices of a
Royal Commission (1896-97). The Inquiry was initia-
ted by accusations in the Colonial Parliament that
Robert Hickson, Under-Secretary for Public Works,
had shown favouritism towards Carter, Gummow § Co
and had allowed irregularities in the contractural
procedures at a cost to the Crown.

Legally, nothing came out of the Inquiry. Charges
were not proved and Hickson and his officers were
exonerated. To this extent the Inquiry followed
tradition and had been largely "a waste of time and
money'. But what did come from the Inquiry is a
priceless record of the beginnings of reinforced
concrete, specifically the Monier System, in New
South Wales. Reported fully and contemporaneously,
it is information that might not otherwise have been
recorded, because subsequent technical papers con-
centrated on the theory and use of reinforced con-
crete and only briefly mentioned its origins.

When the two sewer aqueducts were completed in 1897,
they were the first large-scale use of reinforced
concrete in New South Wales and, in fact, in Austr-
alia. Together with John Monash's work in Victoria,
the Fyansford and Anderson Bridges, and the 1896
Lamington Bridge in Queensland, these projects

Dr D J Fraser is a Senior Lecturer, School of Civil
Engineering, University of New South Wales. (Paper
‘G1173 submitted on 19 April 1985).

established reinforced concrete as the new building
material. The emergence of the new technology coin-
cided with the emergence of a new nation, a feder-
ated Australia.

Local engineers were quick to recognise the merits
of reinforced concrete because the examples in
Europe, Britain and America clearly demonstrated its
flexibility of application. During the first twenty
years of use in New South Wales, a great variety of
works were constructed using the Monier and other
systems.

This paper presents an historical review of the ori-
gins of reinforced concrete and its use, with speci-
fic reference to New South Wales and the period 1895
to 1915. The quality of construction was such that a
great many of those early projects are still in use
and are accessible for inspection. With many of the
surviving works 80 or more years old, and with rein-
forced concrete currently dominating most forms of
construction, these early projects have become part
of our engineering heritage.

2  HISTORICAL BACKGROUND

Strengthening (reinforcing) masonry and concrete
constructions, so as to resist the internal tensions
that cause joints to open and cracks to appear, is a
very old concept. The Romans are known to have em-
bedded wood, brass and iron within their structures
for that purpose, and the practice of including gran
ite keys, metal rods and cramps in stonework, figure
2, was in common use during Medieval and Renaissance
times. One of the largest and best examples of the
application of this concept is Sir Christofer Wren's
use of iron chains around the base of the dome of St
Paul's Cathederal to help the concrete resist the
tension caused by the outward thrust (Jones and Lak-
eman 1913, Building Research Station 1956, Cowan
1977 and 1978).

However, the useful principle of combining the high
crushing strength of concrete and the high tensile
strength of iron into a composite structural mater-
ial, had to await the availability of cements, hence
concretes, that were alkaline and reasonably water-
prof thereby forming a reliable protective cover to
the iron or steel. This did not occur until the nine
teenth century. In 1824 Joseph Aspdin patented his
method for making "portland cement' and this new

The Institution of Engineers, Australia
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Figure 1 Johnstone's Creek aqueduct,

one of the two 1896 sewer aqueducts

in Annandale, Sydney.

Figure 4

In Germany, a series of

load tests was carried

out on Monier arches.

led to the construction

of many large slender

Figure 3 Wilkinson's 1854 patented floor. arch bridges throughout
It incorpoated wire ropes for temsile str- LUToPe:

ength and clay pipes to reduce self weight.
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EXAMPLE OF FLODR TO CARKY DISTRIBUTED SAFE LOAU OF 2085 PER 5 FOOT

Figure 6 Early reinforced concrete
was characterised by a flood of pa-
tents such as the Paragon System
(top left) and the Clinton Floor
(above), and (€) the BRC hoop and
stirrup, (D) the Kahn Bar and (E)
the Indented Bar.

The success of the tests

1 Figure 2 Examples of
reinforcing masonry
construction during

the period 1650-1850.

Figure 5 By the early twentieth

century, reinforced concrete had
acquired many of its modern fea-
tures as these 1897 and 1906

patents show.

CULVERT ON MAIN WESTERN ROAD

AT
L2 el

Figure 7
A modest stormwater culvert
constructed in 1894 under
Parramatta Road, Burwood,
using the Monier System
began reinforced concrete

in New South Wales.
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girder. Loads can be imposed at any point'.

Robert Hickson, Commissioner for Roads and Bridges,
and Engineer-in-Chief for Sewerage Construction,
reported on 18 July 1894 'that the culvert was very
satisfactory and that he had a firm belief in the
system; schemes using the system would be success-
ful, strong and graceful'. He was therefore anxious
to give it a fair trial and put into pratice this
‘mew departure in engineering'". Consequently, when
the tenders for the Annandale Aqueducts were
reviewed, he approved on the 16th May, 1895 the
awarding of the contract to the agents of the Monier
System, Messers. Carter, Gummow & Co. plus the pay-
ment of a 15% royalty.

4.2 The Inquiry

Hickson's actions led to a furore in Parliament.
During construction of the aqueducts, Varney Parkes,
MLA alleged "favouritism, defective work, incompe-
tence, violation of terms of contract, and insuff-
icient bond'", was critical of the '"speciality' na-
ture of the design and expressed a lack of confi-
dence in the ability of those involved to carry it
out properly. The Royal Commission was appointed on
21 May, 1896.

The Commission heard evidence from a wide section of
concerned parties, politicians, government officers,
engineers of the Public Works Department, Contrac-
tors, Professor W.H.Warren and consulting engineers
such as Norman Selfe. Sittings occurred during the
twelve months after its appointment and its final
Report was issued late 1897. Hickson and his off-
icers were completely exonerated, indeed some of the
original allegations were withdrawn early in the
proceedings and the Commission 'hinted' that the
others were frivolous and precipitated by malice.

To that extent, the Inquiry could be seen as a waste
of time and simply a standard ploy of politicians;
but in calling all the expert witnesses to give evi-
dence and receiving detailed technical submissions,
the Report contains a priceless history of the
beginnings of reinforced concrete in New South
Wales.

4.3 Introduction of the Monier System

The Report and Evidence of the Royal Commission
indicates that W.J Baltzer, a draughtsman/engineer
with the Sewerage Construction Branch of the Public
Works Department, initiated the use of Monier con-
struction in Sydney, and, it seems, to Australia.

He had received his engineering education in Germany
and had joined the Department in 1885. He was regar-
ded as a resourceful and capable officer who had
designed some major works but, owing to the severe
economic depression of the early 1890's, was retr-
enched in 1895 "with great regret" (Hickson's evi-
dence).

Baltzer had a relative in Germany who was a Profes-

sor at the Technical School, Berlin, whom he had

visited sometime around 1890. During the visit he

toured Germany looking at engineering works and took
photographs of many of the Monier arch bridges.

When he returned to Sydney he had a letter from the

Monier Company (Wayss & Co.) offering to afford him

every information.

During 1892-95 Baltzer compiled a set of notes

(Mitchell 1922) about Monier construction which sub-
sequently became the 1896 Treatise issued by Carter,
Gummow and Co. (see later). It is not clear from the
Commission's Report if Baltzer was responsible for
theé design of the culvert at Burwood, but the infer-

Multi-disciplinary Engineering Transactions 1985

ence is strong, however there is no doubt that he
designed the viaduct of Monier arches for the Annan-
dale sewer aqueducts.

4.4 The Annandale Aqueducts
Annandale is an inner western suburb of Sydney,
located on the southern side of Rozelle Bay and
bounded by Parramatta Road further south. Its best
known street is the wide, gracious Johnson Street
which runs straight from the bay to Parramatta Road
along a ridge. To the east 1is the valley of
Johnstone's Creek and to the west is White's Creek;
both creeks flow northwards into Rozelle Bay.

During the 1880's Sydney was expanding rapidly due
to the boom conditions and the large influx of immi-
grants. Public works, such as water supply and
sewerage schemes, were a major feature of those hec-
tic years. When the large sewer main was planned in
1893 to drain most of the suburbs on the southern
side of the Harbour to the Bondi Outfall it was
found necessary to carry a branch sewer across
Johnstone's and White's Creeks, Contract No. 77.

The original PWD design , figure 8, proposed a series
of brick arches for each aqueduct with a total
length of about 610m (2000 feet) by 1m (3 ft 6 in)
wide and at an estimated cost of 11,298 (Warren).

By 1895 the agency for the Monier System was held by
Carter, Gummow and Co., a successful firm of con-
tractors, who retained Baltzer as a consultant at a
fee of 23% of any Monier-related contract. He pre-
pared an alternate design for them '"out of office
hours" based on 25.3m (82 feet 10 inch) Monier
arches, figure 8, supporting a reinforced concrete
flume at an estimated cost of #£9,203. Carter,
Gummow and Co. were awarded Contract No 77. Baltzer,
of course, was still employed by the Department and
so was seen to be in a compromising situation. This
was another factor that precipitated the Inquiry.

The Monier arch design was seen by some as being a
""'speciality' and there were expressions of lack of
confidence in the viability of the system and in the
experience of all those involved in the project. But
these "fears' were dismissed by the support from the
overwhelming amount of evidence,for example, Baltzer
and his credentials, Monier construction in Germany,
the experimental culvert at Burwood, test arches
loaded to destruction by Carter, Gummow at Forest
Lodge, and the technical evidence by Prof. W.H. War-
ren and Norman Selfe. Hickson stated that "it was
good for the Department to accept the substitute
tender and so get valuable experience in this form
of construction'. Indeed it did, as 1later works
described in this paper show.

Another important factor in the acceptance of the
cheaper Monier arch design was the financial climate
of the time. New South Wales was still suffering
from the deep economic depression 1892-93, there-
fore, a project that offered substantial technical
benefits with a saving in costs of about 20% was
welcomed enthusiastically by those responsible for
planning and constructing public works during those
difficult years.

But did the Colony get value for its money despite

the cost advantage of the Monier scheme? The unit
cost of the agueducts was & 1.3 per ft? in 1896.
When indexed to 1984 (Pope 1984) the unit cost is

$1060 per m? which compares favourably with current
estimates of between $1200 and $1400 per m2. So the
Monier System appears to have been cost-effective
and the decision to adopt the new technology was
justified. However, it was not seen that way in 1896.
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EARLY REINFORCED CONCRETE IN NSW — Fraser

Figure 8 The PWD scheme for the
Annandale aqueducts was a series
of brick arches (left). The Mon-

ier arches (right) were 50% lar-

ger in span and their overall

cost was 19% cheaper.

Figure 9 F.M. Gummow was the principal
pioneer of reinforced concrete in New
South Wales. His company built the Ann-

andale aqueducts and fabricated large

quantities of concrete pipes. But he
was a competent engineer in other fields
as the erection of the steel trusses at

Singleton in 1904-05 proved.

Figure 10 The success of the Annandale aqueducts and of the

Monier arch bridges in Germany led to the design and constr-
uction of many such road bridges in New South Wales, for
example, at Liddell (1898), at Moonbi (1900), at Richmond
(1905) , and at Walsh Bay, Sydney.

Figure 11 Success and failure
in early reinforced concrete
construction; the 1899 water
tank above Kiama (extant) and
the 1909 collapsed Monier tank
at Mittagong.
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EARLY REINFORCED CONCRETE IN NSW — Fraser

The remainder of the paper is a summary of the scope
of application of reinforced concrete between 1895
and 1915. Particularly useful references for identi-
fying those early works are the papers by Bradfield
(1900), the discussion to a Warren paper (1907),
Mitchell (1922) and the 50th Commemorative issue of
Constructional Review (1977). The Archives Section
of various government agencies were also valuable
sources of information. A very fortunate feature of
this study was that nearly all of the examples are
extant and accessible for inspection.

7.1 Arch bridges

Monier arches became the dominant form of concrete
road bridge from 1896 to 1920, particularly over
railways. At the time, the Railway Construction
Branch was part of the Public Works Department and
the design of Monier arch bridges, for both the road
and railway works programmes, was performed by such
prominent engineers as Harvey Dare, J.W. Roberts and
J.J.C. Bradfield.

A semi-circular concrete arch was built over Black
Bobs Creek in 1896 but its proportions are more like
a Roman arch than the flatter Monier construction.
The first of the new style was built over the rail-
way cutting at Hill Top in 1897 followed by the much
larger arch at Liddell in 1898 to carry the Great
North Road (New England Highway) over the double
track Main North railway, figure 10. A series of
railway overbridges followed, over the Main North
line between Hornsby and Cowan, the Main South line
from Bargo to Cootamundra, and along the Main West
from Glenbrook to Lithgow.

In 1900 the Roads and Bridges Branch had their first
Monier arch constructed over Moonbi Creek, north of
Tamworth, figure 10 (Main Roads 1978) followed by
the viaduct of thirteen arches across the Hawkes-
bury River at Richmond in 1905.

The Sydney Harbour Trust also showed a passing
interest in Monier arches and built three over the
rock cutting that is Hickson Road passing from Dar-
ling Harbour to Walsh Bay, figure 10. These 24 m

(80 feet) arches support Munn, Argyle and Windmill
Streets, and at the time of their construction 1910
-1914 were noted by the Daily Telegraph (1911) as

the "largest reinforced concrete bridges in New South
Wales.

7.2 Reservoirs

The Monier System had been successfully used in Ger-
many for water tanks and pressure vessels, conse-
quently the Water Board and the Water Supply Branch
of the Public Works Department began building water
tanks very socon after the Inquiry had officially
endorsed Monier construction.

The first reinforced concrete water tank above
ground was built on a hill above Kiama in 1899, fig-
ure 11, and soon after, a similar tank was construc-
ted in the south-west corner of the Randwick Race-
course grounds. Beginning with the Mt. Pritchard
(Liverpool) Teservoir in 1901, the Water Board built
a series of on-ground and elevated service reservoirs
Howard Street Randwick 1910, Drummoyne 1910 and
Bellevue Hill 1912 just to mention a few. The Public
Works Department built the water supply tank for
Corowa in 1906, and two Monier reservoirs were built
for Pelow Main and Neath coal mines in 1908 and 1909
(Henson 1910).

But the introduction of the new technology was not
without blemish. On January 22, 1909 the newly-built
-service reservoir at Mittagong collapsed, figure 11,

and spilled 200,000 gallons down the hill (Town and
Country Journal, January 27, 1909). E.M. De Burgh
inspected the ruins and said 'there was no theory as
to the bursting, as a number of exactly similar
tanks in other parts of the country are all giving
entire satisfaction'*. Errors in construction and
some inexperience by the contractors seem to have
been the cause, however it did not halt the constr-
uction of the elevated service reservoirs that occ-
upy many of the high spots in and around Sydney.

7.3 Monier pipes

G.W. Mitchell (1922), who was Director-General, Dep-
artment of Public Works in 1914, at the time the
government acquired the Monier Pipe Works, claimed
that in 1897 the making of Monier pipes was on a
small scale because the pipes, made by the European
system, had insufficient breaking strength. The de-
sign was carefully investigated and numerous tests
were made to assess the best amount of reinforcement
and its location. The new product ''placed Australia
ahead of other countries in this section of the use
of reinforced concrete'. From that time, the use of
Monier pipes for sewerage and stormwater drainage
became general, and the output of standard units
increased rapidly.

Despite the thousands of pipe lengths used , the
author has yet to see an example exposed in the
ground, but an application of Monier pipes that has
been easy to see is their use for bridge piers.

Around 1900, timber piles were still the dominant
element of bridge piers, but in spite of the great
density and durability of the Australian hardwoods,
they were not immune to insect attack and wet rot.
Both tended to be most troublesome at the ground
line and in the length wetted by the tidal range.
Sheathings of copper and Muntz metal had not proved
satisfactory but the strength and durability of a
reinforced concrete cover offered considerable
improvements.

E.M. De Burgh (1900) recognised ''that pipes
structed on the Monier principle, in which steel
nettings and wires are introduced into the body of
the cement forming the pipe, would be very suitable
for pile coverings'. The first application was in
the construction of the road bridge over Cockle
Creek, south of Newcastle, in 1901 (DMR archived plan
No. 9001714). But Monier pipes, filled with concrete,
were also used at many other sites to form the main
pier unit, figure 12, instead of timber piles.

con-

7.4 Sea walls

A feature of the introduction of any new technology
is that some of its uses are determined by social
rather than technical factors. The first use of re-
inforced concrete by the Sydney Harbour Trust was
just such a case. At the turn of the century the
shipping and commercial areas of Sydney Harbour were
unpleasant waterways due to the presence of dead
carcasses, offal and other foul flotsam. The
residential strip, between the wharves of Darling
Harbour and the City, was a squalid slum and ships'
crews did little to control the influx of rats.
Consequently, Sydney had a rat plaque, figure 13.

The Sydney Harbour Trust was established to bring
some order to and planning for the Harbour and to
clean up the mess. One of the problems was the ease
with which rats could swim at will and climb up
wooden sea walls or run along drainage/sewer pipes
into the slum areas. The success of the eradication
programme and of the remodelling of the Kent Street-
Rocks areas is a very interesting social story in its

The Institution of Engineers, Ausiralia
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Figure 12 Monier pipes
with in-fill concrete
were used as piers for
road bridges at many
locations in New South

Wales.

‘ ‘ ; Figure 13 One of the methods for solving Syd-
ney's rat plaque was to build smooth-faced
concrete sea walls using precast reinforced

concrete units.

; 2 ¥ o Tk % )
’ M3 o : Figure 15 The canals of Sydney's water
Figure 14 Examples of the scope of application of 1
; supply scheme were liner with reinfor-
reinforced concrete for harbour works early this X
e ced concrete during the period from
ntury; a navigation beacon, a pontoon, and the
ki ls > 5 1905 to 1913.

Woolloomocloo wharf.

G S 5 .
L et e

Figure 16 Three examples of reinforced
concrete building construction before
World War I; the Coogee Beach pavillion
and a coal hopper in Parramatta, and
the line drawing for No. 49 Wentworth

Avenue - the building has reinforced

ST R Figure 17 The 1914 slab bridge over
American Creek, Fig Tree (replaced); the

1916 beam bridge, Wickham, Newcastle.
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own right, but its inveolvement with the early years
of reinforced concrete stems from the use of precast
reinforced concrete to form a smooth face on the
tidal side thereby effectively restricting the
free-roaming habits of the rats.

During the recent reconstruction of the wharves of
Darling Harbour north of Pyrmont Bridge, the early
precast concrete sea wall was either demolished or
abandoned, but south of Pyrmont Bridge and in Walsh
Bay, sections remain and are clearly visible at low
tides.

7.5 Other harbour works

The Harbour Trust engineers were quick to see other

uses for the new material; just three are mentioned

here and illustrated in figure 14. Navigation bea-

cons were constructed of reinforced concrete at many
locations in the Harbour and on its foreshores.

Wharf decks formed by reinforced concrete slabs were
superior to wooden planks, consequently the large
programme of wharf construction prior to World War I
included such decks as standard practice. When the
Trust decided in 1910 to build a new pontoon for
Nos. 6 and 7 Circular Quay, timber and iron were
rejected in favour of reinforced concrete. The unit
was 33m long x 20m wide x 2.4m deep, weighed 600 t
and had 44 watertight compartments. The Evening News
of November 13, 1913 claimed that it was the largest
of its type in Australia.

7.6 Canal linings

The Water Board extended theuse of reinforced con-

crete from service reservoirs to lining the water

supply canals, figure 15, during the years 1905 to

1913, and the lined sections are easy to see at the
Prospect Reservoir outlet and where roads cross the
canals in many places.

7.7 Buildings

From around 1910, architects and structural consul-
ting engineers began to incorpoate reinforced con-
crete floor slabs, beams, stairs and walls into
their building designs. The columns were either
cast iron or fabricated steel and the main walls
were solid brick; the all-concrete building did not
appear until the 1920's. Four existing buildings
from the period are the Australian Gas Light build-
ing in Parker Street, Ushers/Carlton Hotel in
Castlereagh Street, Commonwealth Bank on the corner
of Martin Place and Pitt Street, and William Adams'
old workshop in Alexandria. Figure 16 shows three
early examples of reinforced concrete building
construction.

7.8 Slab and beam bridges

By 1914 the theory and practice of reinforced con-
crete in bending was well understood overseas and
and the bridge design engineers of the Public Works
Department were ready to extend the application of
reinforced concrete from Monier arches to beam and
slab construction.

The first of these was a slab bridge,figure 17,over
American Creek near Fig Tree, Woolongong, completed
in 1914 but recently replaced. In the same year a
small slab bridge was built over Tooles Creek south
south of Wagga Wagga, which has been widened using
beam and slab construction.

There followed in quick succession a series of
beam/slab bridges, over Mullet Creek near Dapto in
1916, over Throsby Creek, Newcastle, figure 18, also

dating from 1916 (both extant) and over Shark Creek,
Maclean. The latter was replaced in 1937 by the
present concrete bowstring arch.

With the success of these bridges and the end of

World War I, a whole new era of road bridge con-

struction began, so much so that for the next fifty
years reinforced concrete was the dominant form of
construction.

7.9 Other works

The research into the early use of reinforced con-
crete is continuing and it is most likely that other
applications will be revealed. For example, the
author believes that some sections of reinforced
concrete road pavement were built in New South Wales
around the time of World War I, but has yet to find
the evidence.

A reinforced concrete chimney was built at the Ryde
Pumping Station in 1916 but demolished in 1982;and
some hoppers and silos were built for private com-
panies.

The examples quoted in this paper are far from
exhaustive.

8  CONCLUSION

The development and use of any engineering techmol-
ogy is part of the total history of a community.
The contemporary social attitudes, politics,
economic factors and personalities all influence the
success, or otherwise, of that technology. So it was
with the introduction of reinforced concrete into
New South Wales. Although technical papers from 1898
to 1915 illustrated the developments in theory, de-
sign and application, it was the result of a politi-
cal row and the subsequent Royal Commission that
revealed the origins of reinforced concrete in New
South Wales.

The experienced historian is well aware of this
technical-social interplay and so too must be the
engineering historian, because, without identifying
the impact of those other factors, the technical
story is incomplete.

Reinforced concrete has become, after ninety-five
years, a common part of our built environment,and
we are fortunate that its durability has allowed a
great many of the original applications to be
extant. Most of these are actually still in use,
and nearly all are readily accessible for inspec-
tion. Collectively, they form a significant body of
hard evidence of our engineering heritage.
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