The Instutution of Engineers, Australia

Australian Historic Engineering Plaquing Programme

Commemorative Plaque Nomination

Historic Engineering Marker

Canning Dam

June 1998

Western Australia Division Engineering Heritage Panel

ERp



CANNING DAM PLAQUE NOMINATION

A dditional S i o Information

Physical Condition- The dam was designed as a high mass concrete gravity dam
following principles generally adopted for dam construction at the period.

The dam remains substantjally as originally constructed and is still used for its original
purpose of providing the water supply for Perth. The condition of the structure however,
has been affected by problems of movement and alkali/aggregate reaction appearing at
the top section of the dam wall.

Future Care and Maintenance of the Work- Canning Dam is a major component of the
water supply system for Perth and the metropolitan region. It currently supplies
approximately 15% of total metropolitan supply requirements. The dam is scheduled for -
major work to strengthen and repair the wall, commencing in early 1999. A conservation
plan has been prepared. Care and maintenance of the dam is assured into the foreseeable
future. :

Technological/Scientific Value- See attachment No 1, page 133 para .4, page 134 .
para 54’ ,
Historical Value-  See Attachment No 1, page 132 para 5.3, page 133

para 5.3 and Attachment No 2, three pages
Social Value- : See Attachment No 1, page 134 para 5.5

Landscape or Townscape Value- See Attachment No 1, page 131 para 5.2

Rarity- See Attachment No 1, page 134 para 5.6, page 135
para 5.6 -
Representatives- _ .See Attachment No 1, page 135 para 5.7
Contrifution to the Nation or Region- See Attachment No 2, three pages
Contribution to Engineering- See Attachment No 3, pages 68 and 69

Persons Associated with the Work-  See Attachment No 4, pages 63-65
Integrity and Authenticity- See Attachment No 1, page 135 para 5.8

Comparable Works- See Attachment No 5, pages 65-67 para 2.7
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5.0 ASSESSMENT OF SIGNIFICANCE

5.1 PREAMBLE
The Burra Charter, (Australia ICOMOS, 1992) defines 'cultural s1gn1f1cance to mean
‘aesthetic, historic, scientific or social value for past, present or future
generations...The places that are likely to be of significance are those which help an
understanding of the past or enrich the present, and which will be of value to
future generations'. It is stressed that the terms 'aesthetic’, 'historic', 'scientific’ and
'social’ are not mutually exclusive and that for example, ‘architectural style has
both historic and aesthetic aspects’.13?

The 51gmfmance of Canning Dam is assessed in accordance with requizements
established in Criteria for entry into the Register of Heritage Places. (1996, Heritage
Council of WA.) (Appendix B) This employs the terms outlined by the Burra
Charter and the degree of significance is determined by the level of rarity and
representativeness. Significance is also affected by the condition, integrity and

authenticity of the place.

5.2 AESTHETIC SIGNIFICANCE

Criterion 1. It is significant in exhibiting particular aesthetic characteristics valued
by the community.
Importance to a community for aesthetic ckamcteristics (Crlterlon 1.1)

Canning Dam including the dam structure and environs is of aesthetic significance
to the community as a destination for outings and a venue for picnics and passive
recreation. The place has been valued by the community for its aesthetic qualities
from the time of its construction to the present.

Importance for its creat:ve des:gn or arhshc exce!lence mnovatwn or uchtevement

(Criterion 1.2)

Canning Dam is of aesthetic significance for its innovative structural and hydraulic
design. The elegant simplicity of the curved concrete dam wall and the use of Inter-
War Stripped Classical detailing on the gate house, piers and balustrade give the
structure a visual quality which belies the achievement of its engineering design.
The structural design of the dam is consldered today to represent a high degree of
technical excellence.

Impoﬂance for its contnbutmn to the aesthetic values of the setting demonstrated
by a landmark quality or having impact on important vistas or otherwise
contributing to the identified aesthetic qualities of the cultural environs or the
natural Iandscupe within which it is located. (Criterion 1.3) - '

Canning Dam contributes to the aesthetic value of its setting because it has created a .

distinct and comparatively rare landscape comprising the juxtaposition of the
elegant engineered form of the concrete dam wall, a large open lake of impounded

water with its rugged, largely natural landscape of the enclosing valley and the -

steep-sided valley landscape downstream of the dam structure.

The public roads, including McNess Drive from Araluen to south of the dam
conitribute to the aesthetic qualities of the place by facilitating access to and views of -+

139 1pig. -
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it while at the same time, providing a valued landscape experience by virtue of
their small, human scale, close integration with the natural landform and
enclosure by the surrounding forest.

In the case of an historic precinct, importance for the aesthetic character created by
the individual components which collectively form a significant streetscape,
townscape or cultural environment. (Criterion 1.4)

5.3 HISTORIC SIGNIFICANCE

Criterion 2. It is significant in the evolution or pattern of the history of Western

Australia.

Importance for the density or diversity of culiural features illustrating the human
occupation and evolution of the locality, region or the State. {(Criterion 2.1)

The construction of Canning Dam is of particular significance in the context of the
evolution of history in Western Australia because it solved the problem of Perth’s
water supply. It ended the period of unsatisfactory supply in both the quantity and
quality of water provided to the city. It was the main source of water from 1940 to
1961 and remains essential to the city’s water supply service today.

Canning Dam is of historic significance as a place of scenic and passive recreation
from the time of its construction to the present. The overall site layout, including
the dam wall, roads and quarry, remain largely in their original form and as such
illustrate the construction and original development of the site primarily as a water
supply facility but also as a tourist destination.

The former Engineer’s house and garden and the few other surviving remnants of
the former settlements have the potential to illustrate aspects of human occupation
associated with the development of the place.

Importance for close association with an individual or individuals whose life,
works or activities have been significant within the history of the nation, State or

region.  (Criterion 2.3)

Canning Dam is of historic significance for associations with those prominent
engineers closely associated with its design and development. In particular:

Russell John Dumas who designed Canning Dam and directed the majority of the

construction# works.

Senpr assisbdant

Donald Campbell Munro resgent engineer on Canning Dam.

Victor Cranston Munt hydraulic engineer under Dumas and resident engineer on

Canning Dam.

eventually constructed.

- Thomas Cowliey Hodgson who recommended the site where Canning Dam was

Frederick Washington Lawson who prepared the Hills Scheme for the supply of

water for Perth.

Canning Dam is also of historic significance for associations with the prominent
Western Australian benefactor Sir Charles McNess whose financial assistance
permitted the upgrading of public access to the place by the State Gardens Board.

Page 132
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Importance as an example of technical, creative, design or artistic excellence,
innovation or achievement in a particular period. (Criterion 2.4)

The design and construction of Canning Dam are of historic significance for their

innovation and technical achievement. The design of Canning Dam was

considered to be at the forefront of concrete gravity dam design at the period, based

on the latest information from both Britain and the USA as well as from elsewhere

in Australia. The design of the dam incorporated a number of innovative features

including:

- The use of weight batching of concrete materials and the use of bulk cement

- Internal pressure release drains connected to inspection galleries ’

- Water scabbling and sandblasting of horizontal construction joints and keyed
vertical construction joints.

- Compacﬁon of concrete by internal vibrators

- Allowance for hydraulic uplift in the design

- Foundation cut-off trench and pipe and stone drain to minimise seepage at
concrete-rock interface

- Use of conveyors for aggregate movement from quarry to batching plant

The most advanced use of concrete placement by tower and chute in Australia

5.4 SCIENTIFIC SIGNIFICANCE ‘

Criterion 3A It has demonstrable potential to yield information that will
contribute to an understanding of the natural or cultural history of
Western Australia.

Importance for information contributing to a wider understanding of natural or

cultural history by virtue of its use as a research site, teaching site, type locality,

reference or benchmark site. (Criterion 3.1)

Canning Dam can be considered a benchmark site in the history of the provision of
Perth’s water supply and in the history of concrete gravity dam constructlon in
Western Australia.

Remnant indigenous landforms and wvegetation on the site area have some
scientific significance as an example of pre-development landscape of the site and its
surrounding area.

P

Importance for its potentinl to yield information contributing to a wider
understanding of the history of human occupation of the locality, region or the
State.  (Criterion 3.2)

The archaeological and documentary evidence relating to the site indicates the
Canning Dam site has potential to yield information on:
- the first use of new concrete batching technology in Western Australia.

- the effect the ready supply of cheap labour had on building techniques utilised
during the building of the dam.

- the material cuiture and social display of dam workers and their families from
different social backgrounds living together in a relatively isolated community.

- the social and living conditions experienced by subsistence workers during the
depression.

HERITAGE & CONSERVATION PROFESSIONALS Page 133
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Criterion 3B It is significant in demonstrating a high degree of technical
innovation or achievement,

{mportance for its technical innovation or achievement. (Criterion 3.3)

Canning Dam is of scientific value for its contribution to the understanding of dam
construction in the 1930s. This value is increased because extensive physical
evidence of the construction process remains extant.

5.5 SOCIAL SIGNIFICANCE

Criterion 4 [t is significant through association with a community or culfural
group in Western Australia for social, cultural, educational or spiritual
TEASONS. ' '

Importance as a place highly valued by a community or cultural group for reasons

of social, cultural, religious, spiritual or educational associations. (Criterion 4.1)

Canning Dam is of social significance for those associated with its design and

construction and particularly those who lived in townsite that developed in
association with the project from 1933 to 1940.

Canning Dam is of social significance for associations with the sustenance work
programme in the 1930s. The project was planned to be labour intensive and as a
result a large number of people in Perth had associations with it.

The landscape and contextual setting of Canning Dam is of social significance to the
generations of Western Australians who have enjoyed 1t as a scenic destination for
day trips and as a place for passive recreation.

Importance in contributing to a community’s sense of place.  (Criterion 4.2)

Canning Dam contributes to a sense of place for those closely associated with the
community that developed around its construction and the friendships that
endured in the wider community beyond that period.

5.6 RARITY

Criterion 5 It demonstrates rare, uncommon or endangered aspects of the cultural
heritage of Western Australia.

Importance for rare, endangered or uncommon structures, landscapes or
phenomqna., (Criterion 5.1)

Canning Dam is significant as an uncommon example of the construction of a large
scale engineering project and associated access roads and site works with minimal
disturbance to the surrounding landscape downstream of it.

Whilst there are a number of other dams in Western Australia the size and
complexity of Canning Dam sets it apart.

Importance in demonstrating a distinctive way of life, custom, process, land-use,

function or design no longer pmct:ced in, or in danger of being lost from, or of
excepiional interest to, the locality, region or the State. (Criterion 5.2)

Canning Dam represents the use of design principles and a method of construction
considered advanced in its time but no longer practiced today.

Page 134 ' HERITAGE & CONSERVATION PROFESSIONALS -
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Canning Dam represents a large scale engineering project constructed in the period
before World War II involving the establishment of a townsite and associated
community of workers involved in the construction process. This represents a way
of life no longer practiced on major engineering projects in Australia.

5.7 REPRE SENTATIVENESS

Criterion 6 It is significant in demonstrating the characteristics of a class of cultural
places or environments in the State.

Importance in demonstrating the principal characteristics of a range of landscapes or

environments, the attributes of which identify it as being characteristic of its class.

(Criterion 6.1)

Canning Dam 1s a representative example of a concrete gravity dam constructed in
the inter-war period. In the Western Australian context however its size and
design excellence distinguish it from other dams in its class.

Importance in demonstrating the principal characteristic of the range of human
activities (including way of life, philosophy, custom, process, land-use, function,
design or technique) in the environment of the locality, region or the State.
(Criterion 6.2)

5.8 CONDITION, INTEGRITY AND AUTHENTICITY

The dam remains substantially as originally constructed and is still used for its
original purpose of providing the water supply for Perth. The condition of the
structure however has been effected by problems of movement and of
alkali/aggregate reaction appearing in the top section of the dam wall.

1
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History of Development

The first reticulated water supply for Perth was provided by the City of Perth Waterworks
Company. An elaborate opening in October 1891 was quickly overshadowed by the
angry protests of ratepayers and members of the Perth City Council. This hostility ,
between the Company and its customers erupted due to the company’s handling of
reticulation and house connections: these manifestations were symptoms of deeper
problems including :-

s The population was increasing rapidly due to gold discoveries, the scheme was
outgrown and inadequate by the time it was opened;

o The scheme was for Perth only; supplies to Fremantle, Claremont and Midland
Junction were provided and managed by the PWD some 15 years later;

e Initially the Government saw the provision and management of the water services as in
the province of local government as was the case in England. It was reluctant to
become involved directly;

» Many were excluded from the services. Typhmd was rampant and waste dlsposal was
primitive;

o The legislation was inadequate particularly as to health measures;

e Assertions by the Premier and others to the effect that the Company was on a bonanza,
Were mlschlevous and completely untrue. L :

By September 1896 the Govemment had no altemative 'out to acquire the _waférworks and -
to set up a Board of four, with Edward Keane as Chairman. |

1896 was a drought year and many of the people of Perth were to suffer mercilessly, with
sections of the reticulation on the city margins being without water for weeks. The newly
established Metropolitan Water Works Board was active. Contfrary to the expectations of
the Government Geologist, it established an artesian bore on its office land in Welhngton
Strpet In its 1897 Annual Report the Board referred to the artesian supply as an
expedlent- ‘horrid bore-water characteristically ill smelling’. A system of bores and .

- pumping might overcome the difficulty for a year or two but the suﬁ'ermg publlc had to.
- see the light of a new- dawn— _ o .

“By bmldmg the proposed new reservmr on the Upper Canning the dlfﬁculty R
would be solved we can safcly say, for our time or until the city could well afford_
 to increase it... . :




By its energies and example, the Board had done much to mitigate impending disaster,
but unfortunately it had also spent prodigally and unwisely. It was dumped
unceremoniously and replaced by the Traylen Board which survived from 1898 to 1904.
Thereafter, successive Boards were administered by the Minister for Works or the
Engineer-in-Chief until 1910 when it was administer as a department for many years. In
his term as Minister, Mr Wilson MLA, did his best to replace “the horrid bores” with the
Upper Canning Dam but he was denied when funds were unavailable.

Significant events in the evolution of a municipal water supply from an artesian water (of
high mineral content, high temperature and often ill-smelling) to a supply ex-Canning
Dam include:- ’

¢ Engineer-in-Chief, C Y Q’Connor recommended the continuance of the use of artesian M
water since the community could not afford the expense of a good quality supply;
likewise, he demonstrated that sewage disposal to the ocean was prohibitive
financially and this led to the adoption of a two pan disposal system, on the
recommendation of Traylen.

s Palmer, the next Engineer-in-Chief, appears (in common with many of his
contemporaries) to have been overawed by the emerging theories of water pollution.
He favoured the use of artesian water which was drawn from aquifers free from human
pollution. By way of antithesis, he was a champion of the septic tank, as used at
Burswood some years later.

¢ Palmer contributed usefully by envisioning a water supply for the whole metropolitan
- area with a population growth from 58,000 to 100,000.

» The next coniributor was J Davies MICE MIMechE, the Under Secretary for Works
NSW, who reported in 1905. He raised his sights and planned for a population of
200,000 and with a per capita consumption of 50 GPHD. He proposed staged
development up to 4 MGD of artesian water and thereafter, a storage on the Canning
to provide a further 5 MGD.

¢ It is noteworthy that Davis observed the daily per capita consumption in Perth was one
A,thirg that of the other Australian Capital Cities at that time.

o Two of the briefing papers handed to Davis are revealing. The President of the Central
Board of Health advocated artesian water be used for the reasons given by Palmer
above. The Government Analyst preferred upland surface water for its lower
dissolved solids but was nevertheless adamant that it should be treated by filtration.

» In August 1904, a deputation of Perth City Councillors met the minister deploring the
want of a sewerage scheme, complaining of the unpalatable bore water and advocating
a diversion of Mundaring water to the city.




o In July 1906, Oldham opposed the use of Mundaring water and spoke of some
improvement in the quality of the new bores at Leederville.

o The Australia wide drought of 1914 brought a new urgency to water supply planning.
Lawson was uneasy that so much reliance was placed on the artesian source when its
provenance was unknown. Post war, in an environment of emergency he had to look
to expedients. The Government imported Ritchie from Victoria who, in a whirlwind
14 day visit unhelpfully recommended for an earth fill, rock fill dam on Kangaroo
Gully, a tributary of the Canning River.

¢ Lawson proposed Churchman Brook Dam as a first step in a Canning development.
Parr built Churchman and supply problems were alleviated by wet winters.

¢ Dumas built Canning (1934-1941) as an employment- water supply project in the
Great Depression using sustenance labour.

o Thus 45 years had elapsed since Keane had made his brash proposal. For the first
time, Perth had a water supply befitting a capital city.

Conclusion

Canning Dam was essentially a provision of social significance, nevertheless, it was a
structure of importance in the engineering hierarchy. Sydney had its dams built in
cyclopean masonry and Adelaide built its Mount Bold Reservoir at about the time of
Canning. Mount Bold was technically the superior on account of its low cement content;
Canning used concrete placement by chutes which was not best practice, but the dam
design was otherwise of high standard for its time.



ASSESSMENT
OF SIGNIFICANCE CONC Attachment No 3

2.8 SUMMARY OF TECHNICAL INNOVATIONS USED AT CANNING DAM

Several innovative design concepts and construction methods which were new to
Australia were introduced on the Canning Dam project, while others which were
used on the Wellington dam, (a smaller concrete gravity dam built by the PWD

which in 1933 was nearing completion) were improved upon at the Canning dam
site.

- Bulk handling of cement was used for the first time in Ausiralia with
significant savings over the use of bagged cement. Discussion by Dumas and
Munt in the published paper of the problems initially encountered and how
they were overcome heiped those using bulk handling later to avoid similar
problems.126 Cement was also hauled in bulk by rail for the first time in
Australia, It was railed from the cement works at Rivervale to Armadale

where the containers were transhipped to road trucks for cartage to the dam
site. 1%/

- Concrete materials (aggregate, sand and cement) were measured by weight
before mixing (that is, were batched by weight) giving much greater control
over the concrete quality then the old system of batching by volume. This is

believed to have been the first time batching by weight was used in Western
Australia,128

l - The dam wall consists of a series of monoliths made up of concrete blocks each
consisting of one day's concrete pour. The blocks were arranged so that no
l horizontal or vertical joints were continuous between blocks. To obtain a good
key for the next lift of concrete a method of spraying water onto the horizontal
surfaces of the blocks while the concrete was still green to remove the surface
l laitance and to expose the aggregate was devised. In some cases, when the next
pour was delayed sand blasting was also used to ensure that all grout was fuily
I removed from the exposed aggregate before the next pour.12?

- At the vertical contraction joints between monoliths, faces of the monoliths

were provided with vertical recesses to act as keys_during the pouring of blocks
in the adjacent monolith.130

- In all dams care has to be taken to prevent water seepage between the
foundation rock and the structure of the dam. At Canning in addition to
cutting back the granite foundation to solid unfractured rock, a cut-off trench
was sited near the upstream face of the dam, down stream of which a rock-

N |

126 Dumas & Munt,'Construction of the Canning Dam’, JIEAust Vol. 8, 1936, p.1.
127 j A, Ellis, ‘Railway Progress in Western Australia 1927-1935", JIEAust Vol. 8, 1936, p.24.

128 w H.R. Nimmo, “Historical Review of Dams”, ANCOLD, 1966, p.35. No documentary evidence
has been found to clearly prove that weight batching was first used in WA at the Canning dam. As
an internationally recognised new technique it may have been used experimentally by the PWD or
others in WA before 1934. However, it does not appear to have been used on any major project in
WA before the Canning dam. On the Wellington dam concrete was batched by volume. There is a

strong professional tradition that it was introduced at Canning and no evidence has been found to
the contrary.

129 y ¢, Munt, 'A Decade of Dam Construction, PWDWA, 1940, p.76. The method described in Dumas

& Munt {1936, p.10) of scabbling the surface of old concrete with pneumatic tools before placing new
concrete on it, was abandoned in 1937 in favour of Munt's procedure.

130 Another of the 'new features' mentioned by Nimmo op.cit.1966, p.35.
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filled drain containing open-jointed pipes was provided to cut off any seepage
between the rock face and the concrete of the dam.131

- The inclusion of an internal drainage system was considered innovative at the
period. Near vertical tubular (200 mm) cut off drains were provided at 5ft
(1.52m) -intervals along the dam to relieve internal seepage through the
concrete.132 ,

. From March 1938 immersion vibrators were used for the compaction and
placement of concrete at the dam, the first Western Australian construction

 site on which they were used.33

- Conveyor belts of the length used to convey the crushed aggregate from the
crushing plant to the batching plant (285 m or 935 ft) had seldom if ever been
used on construction sites prevmusly in Australia (certainly not in Western
Australia) and were considered by Dumas and Munt as bemg one of the
outstanding features of the plant used on the site.134

- The use of the concept of hydraulic uplift was used.in the design of Canning
Dam. The previously constructed Wellington Dam made use of this concept in
its design. In Canning Dam the quality of the granite foundations meant that
the uplift force was assumed to act over only half of the area of the base of the
dam, 135

- The system of chuting concrete using two high towers to support the chutes,
which had been devised at Wellington dam, was repeated at Canning on a
much larger scale. o : B

131 Dumas,op.cif. 1933, p.290. Nimmo op.cit.1966 pp.35-36 notes that the cut-off drain was a 'new
feature’but one was also provided at the Wellington dam (designed by B.S, Crimp, the Hydraulic
Engineer, and Dumas). )

132 Nimmo, op.cit. 1966 p.35,
133 g, Mahon, Canning Dam, Dam Data Review Report, Part 3 - Construction, MWA, 1984, p.29. This

volume contains a discussion of the materials and methods used in the dam construction where
these affected its long term integrity. Included as appendices are Dumas & Munt's paper (1936),
Munt's A Decade of Dam Construction (1940), a further lengthy report by Munt and Munro (115 pp)
'‘Canning Dam. Commenced 18th September 1933 - Completed 17th September 1940'(no date), and
the final version of the Specification for the works.

134 Dumas and Munt, op.cit. p.o.

135 Doherty op.cit. p.13.
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2.6 PROMINENT PEOPLE ASSOCIATED WITH CANNING DAM
The following people were associated with the construction of Canning Dam.

2.6.1 Russell John Dumas |

Russell John Dumas (1887-1975) was born in South Australia and educated at the
University of Adelaide. He graduated in 1909 and joined the South Australian
Engineer-in-Chief's Department. After war service in France he returned to the
department in 1919 and worked on the construction of the River Murray locks and
weirs. In 1925 he joined the Metropolitan Water Supply Sewerage & Drainage
Department in Western Australia, and worked on the construction of the
Churchman Brook Dam. He transferred to the PWD and worked on the design of
mmwenm ton Dams, and the raising of Mx under B.S.
Crlm;mmr He was responsible for the design of the
g Dam and for supervising some of the early work on the site. On the
. ohn Parr in 1934 he became Engineer for Metropolitan Water Supply
ewetage and directed the remainder of the construction of the Canning Dam.
In 1941 he became Director of Buildings and Works (equivalent to the earlier
Engineer-in-Chief’s position) and also Chief Hydraulic Engineer. After an
investigation of the potential of the north-west for closer settlement in 1941-2, he
recommended irrigation based on two potential dam sites on the Ord River. He
was appointed Chairman of the North-West Development Committee and was a
strong advocate for the development of the Ord River Irrigation Scheme. During
the war he served as liaison officer between the Allied Works Council and the state
government departments. He also served as Regional Controller of Electricity and
in 1946 became first Chairman of the State Electricity Commission. After the war he
directed the completion of the Stirling Dam (for the Harvey Irrigation Scheme) and

- also the raising. of -the Mindaring Weir and Wellington Dam; the headworks for: "

the Comprehensive Agricultural Areas Water Supply Scheme, for which he was
largely responsible for obtaining federal funding.

Dumas realised that before extensive industrialisation could occur in Western
Australia, the manufacture of certain basic.industrial commodities had to be carried
out in the state. In 1951-52 he was largely responsible for negotiating the
establishment at Kwinana of the Anglo-Iranian Oil Company's oil refinery, BHP's
steel rolling mill and the Cockburn Cement works. - Because of his crucial role in
estabjishing these industries, his services as Director of Buildings and Works were
extended for nearly two years after his retirement age, and he was also given the
additional title of Co-ordinator of Works and Industrial Development. He retired

'in December 1953 but remamed mfluentml as an advisor to the Brand- -Court

government. 10 .

2.6.2 Donald Campbell Munro '

_-.:'_.Donald Campbell Munro was - born in Fremantle in 1909 and was educated at.. -
‘Fremantle Boys' School, Perth Modern Schoo! and the University of Western
__-Austraha He ‘was an engmeermg cadet w1th the Public Works Department and -

08 LLaym:m, Dumas, Sir Russell John', ADB Vol 14; Le Page; D.A. Cummmg, Blographles of

Weslern Australian Englrreers unpublished first draft, 1991
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during university vaca’nons worked on a survey for the Lake Grace - Hyden railway,
the raising of Harvey Dam and the building of Drakesbrook Dam. He graduated in
1932 and joined the Hydraulic Engineering Department of the PWD, working under
Thomas Munt on the construction of "the Wellington Dam and the Canning Dam.
In 1934, he transferred to the Metropolitan Water Supply, Sewerage and Drainage
Department when supervision of the Canning Dam came under that department.
He became Resident Engineer at Canning Dam from 1938 to its completion in 1940.
He rejoined the PWD and worked under Munt on the Samson Brook Dam and
Stirling Dam, before becoming Resident Engineer on the latter in 1941

After serving from 1942 to 1945 in the Royal Australian Engineers in which he-

became a Major, he returned to the PWD as Principal Assistant Hydraulic Engineer
under Munt and was project engineer for raising Mundaring Weir which
commenced in 1946. He became Hydraulic Engineer in 1955, Deputy Chief Engineer

"in 1962 and Chief Engineer of the PWD in 1965. Munro worked on the first

proposals for the Ord River Scheme in 1949, and was project engineer for the
Diversion Dam (1961-63). He successfully advocated an earth and rock-fill dam for
the main Ord Dam, as opposed to the concrete dam proposed by Dumas. When he
succeeded John Parker as Director of Engineering in 1969 he became the first
Western Australian born engineer to hold the post.(1969-72). Parker had acted as
unofficial coordinator of development (of the Pilbara in particular). Under the
Tonkin government this role was formalised by combining the infrastructure
development role of the PWD with the former Department of Industrial
Development to form a Department of Development and Decentralisation, of
which Munro became the first permanent head in 1972. One of its important roles
was to negotiate agreements with large scale mineral developers. Munro was also a
member of the Metropolitan Regional Planning Authority, the Metropolitan Water

" Board and the State Electricity Commission (1969-1979, Chairman 1974-75).102

2.6.3  Victor Cranston Munt

Victor Cranston Munt (1903-1953) graduated from the University of Western

Australia in 1926. He was Resident Engineer for the Drakesbrook Dam, Wellington
Dam, Canning Dam, Samson Brook Dam and Stirling Dam, from which he gained
unrivalled experience in the construction of concrete and earth-fill dams. He was
Hydraulic Engineer under Dumas (who as well as being Director of Works retained
the title of @hief Hydraulic Engineer) and was responsible for designing the raising
of Mundaring Weir. He was engaged on plans for the raising of Wellington Dam
when he died in 1953.110

264 Thomas Cowley Hodgson

Thomas Cowley Hodgson (1858-1939) was born in Victoria and was educated at the
the Ballarat School of Mines. He worked for twelve years as a consulting engineer
to country shires and in Melbourne before joining the Public Works Department in
WA as engineer for water supply and sewerage under O'Connor in 1895. In 1896, he
investigated possible sources of water supply for Perth, and recommended the site

109 1, Page, Building a State. The Story of the Public Works Department of Western Australia 1829-
1985. Water Authority of WA 1986. And D.C. Munro Battye Library Oral History OH 2670.

110 1e Page, op cit. 1986; Cumming op cit., 1991.
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that was eventually adopted for the Camning dam. He did an extensive
investigation of sites for the headworks of the Goldfields Water Supply Scheme and
identified the site for Mundaring Weir. He designed a number of critical elements
of the Goldfields Scheme, notably the pumping system. In 1900 he became, in effect,
the construction manager for the scheme. He resigned from the department in

1902111 '

2.6.5 Frederick Washington Lawson

Frederick Washington Lawson (1861-1924) was born in Launceston and educated in
Melbourne. He jeined the NSW Public Works Department in 1896, working on
sewerage and water supply dam construction. He came to Western Australia in
1906 to work for the PWD on sewerage works. When the Metropolitan -Water
Supply Sewerage and Drainage Department was formed, Lawson became head of its
engineering division in 1912, His 1915 report recommended a dam on the Canning
near Araluen in preference to Hodgson's site because of the former’s increased
impounding capacity. He served in the Royal Australian Engineers in the war,
reaching the rank of major, and was awarded the DSO for organising water supplies
for the Australian troops in France. Faced with a water supply crisis in 1920, he
proposed using water from the Canning at Nicholson Road, but this scheme was
abandoned by the government. In 1923 he prepared a comprehensive programme
for the short and long term development of water supplies for Perth which became
known as the 'Hills Scheme', and which formed the basis for water supply
development in Perth for the next 25 years. 112

2.7 CANNING DAM IN THE CONTEXT OF OTHER DAMS IN WESTERN
AUSTRALIA

291 Western Australian Dam Construction 1923-1941

During the 18 years from 1923 to 1941 six major dam works were constructed in the
Darling Ranges. These were built to satisfy one of two different requirements. The
first was to provide water supplies for Perth and the second to prevent winter
flooding of the coastal plain by rivers discharging from the Darling escarpment and
to release the impounded water during summer for use in irrigated agriculture.

Dam 113 Type Use Constructed Height
Churchman Brook earth water supply 1924-29 26m
Drakes#rook earth irrigation 1930 16m
Raising Harvey Dam  corcrete  irrigation - 1930-31° 12.2 - 18.3m
Wellington Dam concrete  irrigation 1931-34 19 m
Canning Dam concrete  water supply 1933-40 66m
Samson Brook Dam  earth irrigation 1938-41 34m

111 Le Page, op cit. 1986; Cumming op cit,, 1991,

112 Y E. Hun!, Australian Heritage Engineering Record. Perth’s Larly Water Supplies; Institution of
Engineers Ausiralia, WA Division, 1984. And Le Page, op cit. 1986, Cumming op crf., 1991.

113°5.]. Hunt, with F.B. Morony (ed.), Water, The Abiding Challenge, MWB, 1980, p.69; Irrigation
dams: }.5.H. Le Page, Building a State, WAWA, 1986, pp.444-455; Canning dam: RJ. Dumas &
V.C. Munt, "The Construction of the Canning Dam', JIEAust Vol.8, 193, p.1. (Churchman Brook
Dam) '
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that was eventually adopted for the Canning dam. He did an extensive
investigation of sites for the headworks of the Goldfields Water Supply Scheme and
identified the site for Mundaring Weir. He designed a number of critical elements
of the Goldfields Scheme, notably the pumping system. In 1900 he became, in effect,
the construction manager for the scheme. He resigned from the department in

1902.111

2.6.5 Frederick Washington Lawson

Frederick Washington Lawson (1861-1924) was born in Launceston and educated in
Melbourne. He joined the NSW Public Works Department in 1896, working on
sewerage and water supply dam construction. He came to Western Australia in
1906 to work for the PWD on sewerage works. When the Metropolitan Water
Supply Sewerage and Drainage Department was formed, Lawson became head of its
engineering division in 1912. His 1915 report recommended a dam on the Canning
near Araluen in preference to Hodgson's site because of the former's increased
impounding capacity. He served in the Royal Australian Engineers in the war,
reaching the rank of major, and was awarded the DSO for organising water supplies
for the Australian troops in France. Faced with a water supply crisis in 1920, he
proposed using water from the Canning at Nicholson Road, but this scheme was
abandoned by the government. In 1923 he prepared a comprehensive programme
for the short and long term development of water supplies for Perth which became
known as the ‘Hills Scheme’, and which formed the basis for water supply
development in Perth for the next 25 years. 112

2.7 CANNING DAM IN THE CONTEXT OF OTHER DAMS IN WESTERN
AUSTRALIA

2.7.1 Western Australian Dam Construction 1923-1941

During the 18 years from 1923 to 1941 six major dam works were constructed in the
Darling Ranges. These were built to satisfy one of two different requirements. The
first was to provide water supplies for Perth and the second to prevent winter
flooding of the coastal plain by rivers discharging from the Darling escarpment and
to release the impounded water during summer for use in irrigated agriculture.

Dam 113 Type Use . Constructed Height
Churckman Brook earth water supply 1924-29 26m
Drakesbrook earth irrigation 1930 i6m
Raising Harvey Dam  concrete  irrigation 1930-31 12.2 - 183
Wellington Dam concrete  irrigation 1931-34 19 m
Canning Dam concrete  water supply 1933-40 66m
Samson Brook Dam  earth irrigation - 1938-41 - 34m

111 Le Page, op cit. 1986; Cumming cp cif., 1991.

112 HE Hunt, Australian Heritage Engineering Record. Perth's Early Water Supplies; Institution of
Engineers Australia, WA Division, 1984. And Le Page, op cit. 1986; Cumming gp cit., 1991.

113 5.-]. Hunt, with F.B. Morony (ed.), Water, The Abiding Challenge, MWB, 1980, p.69; Irrigation
dams: .5.H. Le Page, Buslding a State, WAWA, 1986, pp.444-455; Canning dam: R.J. Dumas &
V.C. Munt, 'The Construction of the Canning Dam’, JIEAust Vol8, 193, p.1. (Churchman Brook
Dam) - '
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Before this period of continuous dam construction three important dams had been
built in Western Australia. The first of these was the Victoria Reservoir, a 25 m
high concrete dam on Munday Brook providing the first surface water supplies to
Perth. When completed in 1891 it was the second highest concrete gravity dam in
Australia The highest was the Beetaloo Dam in South Australia, completed the
previous year which was 37m high.14 The second important dam was the Niagara
dam, built in 1898 on the goldfields north of Menzies, which was a concrete dam
over 10m high.115 Although it was never fully utilised because of the discovery of
good underground supplies not far away at Kookynie, its construction was
revertheless a remarkable achievement. ‘The third notable dam was Mundaring
Weir (1898-1902), the height of which (30.5m above stream bed level) also made it
the second highest mass concrete dam in Australia after Beetaloo.1?¢ Mundaring
Weir was constructed as the source of water for the Goldfields Water Supply
Scheme. :

The theory of soil mechanics and its practical application to the building of earth fill
dams was only in its infancy when the Churchman Brook dam was built, so its
height of 26m was ambitious for the Water Supply Department’s first major earth
dam. The original concrete core had to be replaced by a clay core, which became the
conventional way to construct an earth dam. Russell Dumas was recruited from
South Australia as an expert on dams (although his experience had been on the
River Murray weirs rather than earth dams) and became Resident Engineer for the
latter part of its construction.!’ He then transferred to the Public Works
Department and was involved in the design of the irrigation dams and later the
Canning Dam. :

The remaining five dams built during the 1930s were all built using unemployed
workers registered under the sustenance programme. The first of these, the
Drakesbrook Dam near Waroona, a 16m high earth dam was built in seven months
using horses and drays as the only construction equipment in order to maximise
the number of people employed.118

The first stage of the Harvey Dam, a 40ft (12.2 m) high concrete weir had been buiit

- in 1915-16. The second stage which raised the dam to 60ft (18.3m) was built in 1930-

31 to help satisfy the demand for more irrigated farmland. The original wall was
treated as an impervious core and the additional height and width were built in
concrete with the down stream face strengthened by adding a rock fill batter.

Work on the Wellington Dam, a 19m high concrete dam which was the headworks
for the Colfie River irrigation works, began immediately after completion of the
Drakesbrook Dam. The design of the dam, consisting of a series of mass concrete
monoliths, tightly keyed into each other, was very similar to the much larger
Canning Dam, and a number of construction methods used on the Canning Dam
were first trialed on the Wellington Dam. One important one was the method of
placing concrete by towers and chutes which is discussed in Section 2.5. On the

114 | Doherty, “Gravity Dams in Australia”, Adelaide, 1997 (draft only), pp.5-7.
115 Le Page, op.cit. 1986. p.280.

116 Ihid., p.499.

117 bid., p.4s8.

118 Irrigation dams: Le Page, op.cit. 1986. pp.446-55.
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Canning Dam both towers were over 50% higher than the larger of the two at
Wellington Dam indicating the difference in scale between the two projects. 19

The Samson Brook Dam, a 34m high earth dam was built to extend irrigation to the
Waroona area. The project commenced in 1938.

2.7.2 Post-war Irrigation and Water Supply Dam Construction

Two large earth dams completed the headworks for the irrigation areas and made a
major addition to metropolitan water supplies after the war.

The Stirling Dam, which had been planned as the major dam for the Harvey
irrigation area, was commenced in January 1940 but construction was abandoned in
January 1942 because of World War II. Work recommenced in February 1946 and
was completed in 1947. At this time it was the highest earth dam in Australia with
a height of 150ft (45.7 m).120

By the end of the war due to advancements in the knowledge of soil and rock
mechanics, and improved methods of earth-moving and compaction, earth and
rock fill became more economical to use than concrete for the construction of large
dams. When the MWSS&D Board embarked on the construction of Serpentine
Dam, the organisation's largest project since the Canning Dam, in the 1950s an earth
fill dam 171ft (52.1m) high proved the most economical.l2? Work commenced in
November 1957 and was completed in October 1961.

The other major post-war dam  construction works. involved the raising of
Mundaring Weir and Wellington Dam as headworks for the Comprehensive
Agricultural Areas Water Supply Scheme.

In the 1980s the pendulum began to swing back in favour of concrete dams with the
advent of the use of roller-compacted concrete and methods of des:gmng dams to
incorporate post—tensmmng in their initial COIlStI’UCthI‘LlZZ ' : e

2.7.3 Canning Dam in Comparison w:th Other Dams

When built (1940) the Canning Dam. was the 1ongest concrete grav1ty dam in
Australia, and also the second highest, after the Burrinjuck Dam in NSW ( built in
1927 and 79m high to the Canning's66 'm).123 Two other higher gravity dams, the
Avon (72m) and the. Nepean (81m) which are both in -NSW, are masonry dams.12¢
Of thes 90 large concrete'and masonry gravity dams in Australia in 1997, the Canrung

- Dam is still the fifth highest and sixth longest.1?5 It is the largest concrete dam in
.+ the state in terms of length of crest and volume of concrete. : _

119 V.C. Munt, "-A Decade of Dam Construction 1930-1940', PWD, c.Nov.1940, pp.39-44 (Wellington),

73-75 (Canning). Le Page cites this source as an UWA Engineering School thesns but this seems T

unlkely as part of the Cannmg Dam section was written by D.C. Munro.
120 1 Page, op. «cit. 1986. p.455. '
12} Hyunt & Morony op.cit. 1980 P- &8,

. ~ 122 poherty, op.cit p 2.
L1 Doherty p8

124 pig., p.a12. |
125 According to Doherty's tabulatwns _ :
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6.0 STATEMENT OF SIGNIFICANCE

Canning Darm is significant because:
it is a.benchmark site in the history of the provision of Perth’s water supply
and in the history of concrete gravity dam construction in Western Australia;

it solved the problem of Perth’s water supply, was the main source of water
from 1940 to 1961 and remains essential to the city’s water supply service today;

of its innovative structural and hydraulic design considered to be at the
forefront of concrete gravity dam design at the period; :

of the construction techniques used to build the dam;

of the visual qualities of the curved concrete dam wall and the use of Inter-
War Stripped Classical detailing on the gate house, piers and balustrade;

of its contribution to the aesthetic value of its setting creating a distinct
landscape comprising the juxtaposition of the concrete dam wall, the large
open lake of impounded water with its rugged, largely natural enclesing
landscape;

of associations with the sustenance work programme in the 1930s;

it represents a large scale engineering project constructed in the period before
World War I involving the establishment of a townsite for workers;

of social associations with those associated with the townsite that developed in
association with the project from 1933 to 1940;

1

it has always been valued by the community as a destination for outings and a
venue for picnics and passive recreation;

of its potential to illustrate aspects of human occupation associated with the
development of the place; :

of historic associations with those prominent engineers closely associated with
its design and development. In particular:

- Russell John Dumas '

- Donald Campbell Munro

- Victor Cranston Munt

- Thomas Cowley Hodgson

- Frederick Washington Lawson; and

-,
because of historic associations with the prominent Western Australian
benefactor Sir Charles McNess.

Whilst there are a number of other concrete dams in Western Australia the size,
comptlexity and technical achievement of Canning Dam set it apart.
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From exhibition material prepared for Canning Dam bi-centennial celebrations
1983,
Courtesy Waier Corporation
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Stage 1

Stage 2

Fig 11 . Stageé of cdhstructi_dn of dam monoliths showing towers and chuti_ﬁg

system. = L |
From exhibition material prepared for Canning Dam bi-centennial celebrations
1983, : '
Courtesy Water Corporation . . =
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Fig 12 Canning Dam, Elevation and Plan.
Dam 1933-40.

Courtesy Water Corperation
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Example of MWSS & DD WA Documentation for the construction of Canning

Dam 1933-40.

Courtesy Water Corporation
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WARREN UAM,jﬁ’?7 84 feet high, cnmpletéd in 1916 on Scuth Para River South

Australia is of intevest only because of its unusual cross section (Figure 15) with

curved back face, and front face battered 49 on 1.

<7 Ot '
WELLINGTUN DAM,J7‘ 9 comploeted in 1933, near Collie in Western Australia is a

curved gravity dawm 748 feet loag. Although 1its ogee spillway section was only 68

Veet high it was designed fov S04 uplife, There is a system of drains leading to a
palicey.  The daw is of turther interest hecause it was later raised, 1944 and 1960,

(o abont twice its vriginal heipht and has the unusual section shown in Figure 16,
The New South Wales portion of HUME paM?l  is a gravity structure approximately
1000 fect long, A von-spillway scction at  the north end contains four irrigation

throuph needle valves  into a stilling pool. There are also

725 feet long, with crest at

outluets discharging
three hydro—ciectric outlets. The spiliway section,
R.L.614, discharges into a dissipator pool, approximately 50 feet wide, retained by
a 25 foot high baffle wall. It was originally designed for a storage of 2 million
acre feet retained at R.L. 626 by 29 steel gates operating between piers which sup-

port the roadway over the dam at R.L. %2, that is 162 feet above the foundation. A

flood surcharge of 9 feet was allowed for above the storage level. For economic and

construction ceased in 1936 with crest level at R.L. 606 and a capa-

city of 1% million acre feet and for a long peridd the dam was operated at that

level without' gates. Later, because of the growing demand, it was decided to
increase the storage capacity to 2% Kﬁilion écre feeﬁ by incféésiﬁg'the size of the
gates and raising the storage level to R.L. 636. The dam has recently béen completed
with the spillway crest at R.L.612 with provision for a flood surcharge to R.L. 636,

To ensure stability with the raised storage level and allow for uplift, the dam has

been post-tensioned, this being the first application of that technique to a dam in

Australia.
IS & ) .
2 % CANNING DAM,3%:77 completed in 1940, 245 feet high on the Canning River,

Western Australia, aithough it did not establish any new record for height, embodicd

soveral new features. Uplift (50%) was allowed for; there are both upper and lower

galleries connected to near vertical drains; contraction joints are keyed;  bulk

cement was used; crusher run aggregate was weigh batched. The concrete which was

chuted into place, had a water-cement ratio of 0.88 to 0.94. A rock-filled drain
located immediately bebhind the cut-off trench and commected to the lower gallery is
intended to intercept water seeping along the concrete-rock contact and springs were

piped up to the gallery but there does not appear to be any deep drainage of  the

35

' ' other reasons,




granite foundations. The dam is curved in plan but to a much larger radius than

that of the dam in Table 4,

As a result of model tests, the problem of centrolling the discharge of flood
water over a long spillway into a narrow gorpe and at the same time dissipating its
energy, was accomplished at PINE TIER DAM,105 completed in 1953 on Nive River
Tasmania. An ogee spillway, 400 feet long, has a central 200 feet notch which is 6
feet deeper than the end sections. This discharges onto sloping aprons which direct
the flow into that passing over the central notch, the resulting turbulence dis-
sipating the energy. Modified cement with low heat of hydration was used in

concrete.,

i A similar trapezoidal type of sp.llway was adopted for the 110 feet high
GUTHEGA DAM,27 completed in 1955, on Snowy River N.S.W., though in that case the

ogee spillway was all at one level,

TINAROO FALLS DAM,12 completed in 1958, (155 feet) on the Barron River Queens-
land, created the first large storage reservolr im tropical Australia. It is a
gravity dam having a vertical upstreaﬁ face and a downstream face sloping 0.78 te 1.
The ogee spillway, 200 feet by 12 feet designred to cope with a flood of 707% Myer
rating, discharges into a pool retained by a large baffle wall; the energy of the
overfalling water being dissipated by turbulence, the slope at the stream being too

éteep to permit the development of an hydraulic jump.

There was a spectacular increase in height from the raised BURRINJUCK DAM, (260
feet) to the highest gravity dam 1in Auwstralia, WARRAGAMBA,67 completed in 1960 and

fE?SO feet high. The design and construction of this dam which would be a high one in

any country, has been adequately dealt with by Nicolﬁ? and can only be briefly re-
ferred to here. An outflow of 450,000 cusecs resulting from an inflow of 700,000
cusecs can 6; ﬁsssed by the outlets and the spillway which is controlled by a drum
gate, 90 feet by 25 feet, and four radial gates, eaﬁh 40 feet by 43 feet 9 inches.
The spillway discharges into an hydraulic jump dissipator. Temperature in the large

mass of concrete was controlled by the use of low heat cement: the addition of ice
to the mix: and circulation of chilled water in cooling coils embedded in the con-
crete.

66,71,77,88 on the Stanley River Queensland was commenced in 1935,

SOMERSET DAM,
but stopped during the war. It was finally completed in 1%59. It is a straight

gravity dam, 1000 feet long and, exclusive of cut-off wall, 1s 163 feet high above

the foundations. Designed for the dual function of water supply and flood mitigation
36
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L TRANSACTIONS OF THE ‘INSTITUTION.

i The Design of the Canning Dam.

I By RusseLi Joun Dumas, M.E.

Member*

dam 1o 2
selection

:Swmna:y.w—T‘hiS‘ paper s a, description of the design of 2
The theoretical design is outlined u‘:ger the general headings

+ the water ly to the City of Perth, Western Australia.
cross-section, densﬂ,: of th ical section, contraction joinis,

water control, bywash, and detail design, etc.  Sample calculations and comparative tabies, useful for general dam design purposes, are idduded

in Appendices.
INTRODUCTION.

Selection of Site.—In éclccting 2 reservoir site for the

water supply of a2 city, the following features are to be

studied :—

Quuality of water from catchment ;
© ‘reedom of carchment from-sources of contamination ;
Prozimity to city ; . 4
Elevation ;
Carchment arez ;
Rainfall ;

centage of run off ;
IIDaily disdic:;:ge recards of aﬂdséete:lm_&
mpoun basin c an ogical structure ;
Sm‘l::bi.l_ity of fomd:n%:g ?or masonry, carth or rock-fill dam ;
Proximity of suitable marerials for constuction ; and )
Narural formations facilitating economic construction and getting
rid of surplus or flood waters.

l Class of country m;prising catchment and approximate per-
3

Location of Canming Dam.—~At a locality approximately

5 miles from the city of Perth (pipe line mecasurement)

b the Canning. River gorge is an cxtremely favourable

ite.  The water flowing in the stzeam is of a highly potable

aality, coming off an almost unsertled catchment.

l The reduced Jevel of the bed of the river at this point

} approximately 460 feet above datum level, The prineipal

Ty Service reservoirs are at reduced Jevel of 236 feet.  Thus

ople head for cconomic pipe lines from the reservoir
I available.

The catchment area comprises 282 square miles of

I st wholly unalienated Jand, heavily imbered, and con- -

Irposes.
A great extent of the catchment 2rea surface consists
f porous ironstone gravel, and this, combined with the heavy
lnbcr, renders the run-off from the catchment a com-

l- d by the Forestry Department for re-afforestation

ratively slow one.
The tot2l annual discharge of the Canning River at
te site during each of the last 14 years is given in Table 1.

The impounding or storage basin immediately above the

tm site opens out well with a large capacity, the gorge being
B the confiuence of three tributaries : Death Adder Creek,
anning River and Canning South Branch,

The floor and sides of the basin consist of basic granite
diorite formation overlin with varying thicknesses of
¢ or Jess dccomioscd rock.

The gorge, which is approximately 300 yards in length,
3 been formed by erosion and weathering of a diorite
t¢ 2pproximately 20 feet in width which runs its fufl

bgth.  The sides and floor of the gorge are of granite
iing to a height of over 200 ft. on either side.

I'Abgidamt of paper No. 393, which onnmt.ed in the Perth Division of

The junctions of the diorite and granite walls are good,
having a thickness of only 4 in. of semi-decomposed rock

On cither side of the gorge the granite formations
provide ample supplies of rock for crushing for concrete,
etc. _

On the flats immediately west of the Darling Range
foothills in the Kelmscort district and approximatcly 10
miles from the dam site are large deposits of sand of good
quality for concrete construction purposes- _

An ample supply of spring water exceeding 250,000
gallons 1:11111;',l is avfilfagle frol:’n soufces one-half mile distant
at an elevauon $o feet above the top of the dam. -

Locally-manufactured cement is obtzingble from the
cement works at Rivervale, 24 miles distant from the dam,
or imported cemesnt via Fremantie. -

Thus all materials necessary for construction are readily
accessible.

TABLE 1.

Year Discharge, gallons | Year Discharge, gallons.
1915 22,120,673,000 1923 23,5 50,000,000
1916 - ’ 1 1924 13,429,819,000
1917 34,728,936,000 1925 3.:416,557,000
1938 1 17,307,731,000 1926 32,581,942,000
1919 4;342,816,000 1927 19,244,739,000
1920 15,459,483,000 1928 23,355,251,000
1921 6,856,973,000 1929 6,797:645,000
1922 4,249,623,000 1930 15,912,890,000

‘The average of these discharges is 15,348,000,000 gallons, and
based on the accepted average annual n:.n.g:.{l of 39 inches ovel;'zhe
catchment arez of 282 square . milet, the aversge nm-off is 9.6%.

Fig. 1.—Plan of Dem.
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£SPECIFICATIONS FOR DESIGN OF WALL.

: “various factors governing the design of the wall
“the specifications adg?:vtcd are set out bricfly below.
2 ﬁcnf I some of the particular problems involved
"dealt with in greater detail. ]

*:The height of the top of the wall is R.L. 653.00.

Government Geologist’s
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Fig. 2.~Section sthowing Diamond Drill Borings.

'.'mport, showed that the foundations throughout the whole

length of the wall would be founded on solid homogeneous
granite in an undisturbed and onbroken state, The foun-
dadons are practically ideal and do not require special
treatment, but are subject to inspection on opening up.

uniformly to nil at downstream toe acting over 50%, of thg
base is provided for. Provision will be made for measuring
the uphft pressures.

(3) Drainage system~-Upper and Jower inspection
galleries with connecring drainage tubes, tubes to consist

et Ko
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E}g’_- 3. —Section

of 3 ft. x 3 fr. porous concrete blocks with 12 iz, core spaced

to be placed with centres I1 ft. from upstream face at junction -
with upper inspection gallery; and. built ‘'on a batrer of

0.048 10 I to connect with lower inspection gallery, at lowest
s the leakage
reasons for -

level of which a drainzge ery dis

;:terdat the mtc‘ & the dow::gsﬁgyx;: face. "
a on o aboyemention: ¢ given in

Appcn;s?xn_l. f oyementioned systems arc given in

! 1) Type of foundations.—Diamond drills, trial holes '
a'd ; cosw(:n)s, etc., suppoﬂed by the .

. (2) Uplift to be provided for—Uplift of 50%, of the full
" hydrostatic pressurc at upstream heel of dam diminishing

.. overflow the dam, but.a bypass weir to be
- “channel cut in the solid rock to discharge down the hillside -
* 7 well below the dam. ' _

I fL 3 in. centres horizontally—not. staggered. Tubes = _
. where 8 = angle made by resultant of forces with the vertical.
;. Maximum allowable compressive stress == I4 tons per sq.

DESIGN OF THE CANNING DAM—Dumas.

In the case,of the Canning dam, built on granite rock,
the water under pressure will make its way bepeath the dam
by seepage through joints in the rock or by seepage along

. the junction of the rock and the concrete.

To prevent the water working zlong the open joints,
in the rock, a cut-off trench is to be provided under the
upstream heel of the dam, and such grouting under pressure
is to be donc as may be found n after foundations
are opened up. In addition, the specification provides
for all spring water to be taken up in pipes and dealt with as
instructed.

Still further to ensure complete drainage of foundations»
2 longitudinal drain just downstream from ‘the cut-off
treach is provided. .

" A rectangular cut-off trench is to be provided. The
upstream vertical face of the cut-off trench is to be_kept
3 ft. 6 in. downstream of the upstream heel of the dam.
This procedure follows average practice in other dams.

A rock-filled drain, 2 ft x'2 fi. in secdon, with 6 in.
diameter open jointed pipes, is to be placed under the up-
stream edge of the lower inspection gallery, and connected
to the gallery by 4 in. tubes every so ft. discharging under
pressure. The 2 ft. x 2 ft. stone drain is to be divided.into
50 fi. sections by concrete stops across the drain.

VY e e dianl S N
o Al Gt i A ks e

" Fig. 4—Details of Inspection. Drainage Glleries and Adis.

(4) Weight per cubic Foot of Material—The weight
adopted was 145 lb. per c. ft. inclusive of all plums, etc. .
(Seec Appendix I for method of determining.)

(5) Treatment of Flood Waters—Floodwaters not to
provided with

(6) Width of Top of Dam.-~-15 fect.

.. . (7) Upstream and Downstream Slopes.—The upsiream .
17 and downstream slo;
“7 l.section had been designed. The decision .was made to
.~ mmake slopes as uniform as possible for practical reasons of
. ". construction. A comparison was made of the slopes in
- ... .. .. other dams and it was found that s average slope of 7

of Dem along & Gomraciion Y.~ (T Timiting 1

were finally decided after theoretical

to Bouvier's theorem and Creager’s recommendaton,

_viz,, compute for inclined pressure

Pi=P'SCC & . . )

ft., after consideration of test § and results from other
of the world. (No limit was adopted in the first de-

sign of the theoretical section.) '
(9) Resistance to Sliding.—Limiting coeficient of

"_.:_;frictit_m to be 0.7, i.c. tan & not to exceed 0.7. . This gives

(8) Limiting toe presmre:--lt was decided to conform e
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factor of safety apainst sliding of 2. In the Canning dam,
the foundatiotgs f:cm about § feet below the surface of the
granite rock, which provides an additional factor of safery.
(10) Resistance to Shear.—If resistance to sliding is
provided for, there is no necessity to consider failure by
shearing.

(x1) Wind pressure is neglected —Wind pressurc can
only have an effect when blowing upstream while the ge-
servoir is empty. A calculadon made shows that with
30 Ib. wind pressure per 5q. fi. on 2 200 ft. high wall, the
resultant pressure is moved in position only about 3 in.

- upstream. The * practical ” section to be adopted will
‘amply allow for this.

(12) Wavpe Pressure is neglected — .
Stevenson’s formulz 2 = 1.5 F 4+ (2.5 — ¥F).
& = height in ft. from trough to crest
F = fetch in miles in straight leagth.

"In deep water, waves do not brezk and very lLitde impact

occurs. .
(x3) Tension in the Concrete.~Tension in the concrete
if the wall or at junction of concrete and rock at either
heel or toe, will not be permirted in designing the section,
(14) Vertical Component of Water Pressure —The
;crt.ical pressure on an upstream face batter is to be allowed
or.

TueoreTICAL CROSS SECTION.

* Where 2 straight line stress distribution is assumed
on a horizontal cross section of a dam wall it can be shown
that the resultant of forces should act through either ex-
wemity of the middle third depending on whether the re-
servoir is full or empty, if no tension in the concrete is per-
mitted and maximum economy is sought.

.. In the preliminary design, or first trial, no Limit was
placed on the toe pressures, and minimum widths were
determined on planes at iatervals of ten feer downwards
from R.L. 621.00 10 R.L. 451.00. '
A sample calculation is shown in Appendix II, from
which the general method adopted can be seen.

Using these methods, and modifying where necessary

.%o Kkeep the resultant just within the middle third, s
-theorenical cross section was developed.

_Thus a design was completed of 2 theoretically economic
séction based on the determined conditions as to uplift,
weight per ¢ ft. of concrete, eic., but without any limitation
as 1o toc pressurés, 4

This section was plotted and lines of pressure coin-
ciding with extremities of middle thirds drawn in. Using
the information and section thus obtzined, variations were
made to obtain a practical section for construction, and by
comparison ascertain the excess of material employed over
the minimum theoretica] section.

.+ Aschedule of upstream and downstream slopes of dams
in various
schedule it was found that of § Australian dams the down-
stream slope of one is 7.1in 105 in two itis 7 in 10, and two
are 6.7 in 10. The Amcrican irrigation and power supply
dams have a downstréam slope of 6.6 10 6.7 in 10, but the
American city water supply dams are given a greater factor
of safety, and the downstream face is accordingly flatrened.
In the case of the Canaing dam, the extra amount of
concrtte required if the downstream slope is increased from
6.7 in 10 to 7 in 10 is approximately 1,600 cubic yards,

DESIGN OF THE CANNING DAM--Dumas.

parts of the world was consulted. From this
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involving an extra cost of approximately £5,000, which is
oaly 0.5% of the total estimated cost of the wori:. .

Records of the run-off from the Canning catchment
have only been kept a comparatively short time. Should
an abnormal ficod sbove the capacity of the bywash oecur,
a downstream slope of 7 in 10 will provide sufficient stability
in the wall section to permit an overflow of 12 in. over the
dam, It was, therefore, decided to adopt a’downstream
slope of 7 in 10. : _

Fig. §—Section showing Lines. of Presure.

The upstream face slope has been kept vertical from the
top of the dam to R.L.611.00 at which level the resuitant of .
vertical forces, rescrveir empty, coincided with upstream
extremity of middle third of base. From R.L. 611.00 down-
wards the u face batter has been fixed &t 0.6in ro.
This nds with Maroondah (Victoria) and Elephant
Butte (United States of America) dams. It is a very little
flatter than most other Australian dams, and abour the
average of the large American dams.

Fig, 6.

These slopes are maintained untl the lower levels
where limitztion of toe pressures compels a flatter slope to
be adopted, ' )

PRACTICAL SECTION. _
Table II gives the widths at the various levels of the

theoretical minimum section compared with those of the
practical section as adopted.- As will be seen later the

limiring inclined toe pressurc of 14 toms per square foot -




width of the sdopted peacical
levelg;m . - T
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Fit. qTyps Cress Secriom of Top of Woll

. .It'now becomes necessary to exsmine the pflm‘ ical
section at the lower clevations for toe pressures to provide
additional width if necessary so that
ceed-the allowabledmaximum of 14 tons per square foot.
SecrioN AT R.L. 461.00. - ‘

The toe pressure * Reservoir Full ” st R.L. 481.00=

© 12.63 tons per 3q, ft. The toe pressure * Rescrvoir Full *

at R.L. 471.00 = 13.4 tons per sq. fi. .
It may, therefore, be ass that for a similar section
the toe pressure ar R.1.461.00 would be approximately
14-2 tons per sq. ft. ) .

It is scen from the formuls, Toe pressure ==

arw ¢ '
=7 :—3;~>sec' 0, that toc pressures vary almost

inversely as L

It is, therefore, necessary to increase { by (9;4-") at

¢ DESIGN OF THE CANNING DAM—Dumas.

TABLE 1L i S _\Tﬁ:mumnppmﬁmtely}ﬁ.
‘ — 't conform with
the glope from 7 in 10 more
. " this slope was incressed to § inf 10,

. pressures do not exceed 14 tons per sq. fi.

stresses may oot ¢x- °

. BT R IR Voo (18 14 00 Ceagvaie
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R.L. 451, sbove the
in order to obwin less

increase adopted W’. |
x4wmpenq.ft.mepm_m;¢_ ;

of cracking at downstream toe and also
'3 theory, it is not desired 1o Batten
than .nccessary.  For wial |

To avoid dan

| The calculations then reveal that the following coo- ¢
ditons obtin: , ' . i
Roservoée Full, Sec. 0 = 1178 . ” ]

- Distence from upstrears beel 1o puint of intergection of resultang
with base = 904 ft. ' :
on downstream to: oo inclined plane normal to re.
w;mm um B 1o point of e

L] m .

section of resalong with bese = $2.9.f1, - T e
Pressure ot upstream heel 0 base = 11.2 woos persq. &, ¥

The resulants fall within the middle third and we

-CONTRACTION JOINTS.
1n order to obviate vertical cracking in a long masonry |
dam, modern design now requires that the dam be bult
in monoliths or sections with a distiner division or Iack of
bonding berween each monolith. Any expansion or co-
traction it raken up at these joints and so verdea! cracking B2
is obvisted. . :
Temperature varistions in concrete dams are due o E3-
() et s s et
Investigations tend to confirm that the imitial hi
increase in temperature dguc totcdchcma!' action will, in
large Canning dam, be dissipared as construction eds.
There will then bé the gradual radiation of the last kv
degrees of seming heat spread over 2 number of years.
Numerous observations show that ion or-cod-
traction in 2 mass gravity dam, due to daily variauons i
temperarure, is negligible. . .
The Boonton dam observations indicated that the
seasonal range in temperature of the concrete vatied Wit
the seastnal range in the temperature of the air, and Wit E
the distance from the dam facc in accordance with M- F3
man's formula B
T

R o= Y
3¥D _ :
where 7' ui.'_umw range of tepaperature of air, in degree

R = extreme sessonsl range of temperature of concrett, 9
: degrees Fahrenbeit.
D = distance from ncarest face, in feet.

. Om the Boonton dam, ' = 135° F, _
In Perth, Western' Australia, highest mecan sun temf
(Jaauary 1880) + == 156" F. . B
t mean sun temperature = £7.7° F.
Maximum scasonal variation = 108.3° F.

It is reasonsble to allow for the Canning dam &
where winter temperatures are lower than in Perth, 2 ==
mum seasonal variation of 110° F. ‘

Design of Contraction Joints for Canning Rescreor "8
The length of the wall and other features lend themsch B
to monoliths approximately 90 ft. 0 in. in length, whick «
in sccordance’ with overall lengths of monoliths in geo¢-§
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DESIGN OF THE CANNING DAM—Dumas,

practice, ‘This lchgth hzs been tcntativély adopted and will
. be subdivided as required for contracuon in the upper

. parts of the section.

From Mermmiman's formula, previously quored,
D = distance from the nearest face in feet.

- Adopting T = r10° F.

" The thickness of the upper portion of the wall is
11§ ft. 0 in., so that D at this section = 7.5 feer. X

Adopting coefficient of expansion for concrete = 0.000006

R=18.7"F .

for a go fi o in. length monolith, the contraction equals

inch,

It is, therefore, necessary at this thickness of wall to

reduce the length between contraction joints to 45 fi.

At 8¢ ft. o in. below the top of the wall, i.c. ar R.L.

573.00, the thickness of the wall = 57.8 feet.

S D= 28.9 feet
S R=12°F
2", Contraction = 0.078 in.
i.c,, approximately 1/12 in. _

; Contraction joints have therefore, beén spaced as below :
g0 ft. 0 in, apart on radial lines ruaning from the top of the
dam to the foundations, with infermediate joints from
the top 1o 80 fi. o in. down.

PR

WU b

Fig. 8—Key Elcuation of Dam, showing Gontraction Joint, Dr ainage
. Inspection Galleries, Adits, etc.

CoNTROL DESIGN,

The maximum head, rate of discharge of water, type of
dam, foundation material, and any special variations in
draw off must be considered in the design of any outlets.
il'vlm:srs._ Gaylord and Savage deal fully with this question
in “High Pressure Reservoir Outlets,” 4 Bureau of Re-
clamation (United Stgges of America) publication.

The Bureau of Reclamation reservair projects are with-
out exception for irngation purposes and the control of
necessity must be such as to release a large volume of water
immediately below the dam either into the stream bed,
or through power geocraung sets, and thence into the stream.
Under these conditions very high velocities occur in the
tunncl or outlet through the wall and in the earlier instal-
lations cousiderable damage was done 1o the controlling
gates or valves, and to the tunnel walls. The controls
nccessary for & city water supply through 2 main are free
from many of these problems in that the available head
and length of supply line preclude the velocities from mount-
ing 10 2 dangerous value. It is necessary in the design of
the Canning dam to provide a scour outler at 2 lower level
than the service pipe line, through which to pass the water

. during construcnion, and also to prevent accumulation of

silt, et¢, against the upstream face, and to provide for

emptymg the dam should the necessity arise. The prob- .
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lems connected with the control of this outlet will be ex-
acily similar to those dealt with in Messrs. Gaylord and
Savage'’s treatise.

Modern practice in masonry dam design is to provide
for control of all outlets through the dam so that repairs
may be made under all conditions 2nd that draw-off may be
made under all heads aod in any quantities up to the capacity
of the pipe line.

The following methods of control have been adopted

in various masonry dams. . )

Cataract Dam, New South Wales, 1902/8.~Upstream control—
screens and gates. Downstream control—needle valves,

Avem Dam, New South Waler, 1921/6.—On the ourlets : Up-
stream control—removable screens and #top logs, emergency roller
gate, and penstock gates st head of pipes. tream control—
needle valve, d
. Cordeaux Dam, New Sowth Wales, 1918/26.—0On the outlets :
Upstream control—removable screens and stop logs, with emergency

er gate and sieeve valve at head of pipe. control—
gate valve and needle valve. .

Hume Reservoir, 1919, incomplete—Upstream  control—non-
removable wrash racks 3¢t in meinforced concrete frame, with Stoney
sluice cﬂ‘;ﬁ“ Downsiream control—needle valve,

chester Reservoir, New South Wales, 1917/26.*—Upstream
control—screens and inlet gate valves at various levels. Down-
stream wnuol—sl:; vaive and needle valve,

Burrinjuck , New Sowth Wales.}—Upstream control—
screens only. Downstream control—gate valves with by-passes
on mains to power house. Stoney sluices control passages through
the dam for release of irrigation water.

Maroondah Dam, Victoria, 1920/8.—Outlet tower is eotirely

ed from main dam, Provision is made for tzke off at scveral
levels.  Emergency sleeve valves protect the intake ends of the
pipes at each level outside the tower and inside the tower hydrauli-
cally-operated gate valves regulate the draw-cff through each pipe.

Suvan Dam (Earthen) Viaoria, 19265.—Two outlet rowers
provide for take off at 6 levels, which is controlled at cach level by 2
steeve emergency valve outside the tower, and 2 24 in. x 30 in. hy-
draulically operated valve on the inside. From ecach tower 2 54 in.

.diarpeter pipe passes under the bapk in a reinforced conerete dry

minne! and discharges into a stilling pool. The outlet end of the
pipe of 54 in. is controlled by a 32 in. gate valve and offtake is regu-
lated by a special regulator valve designed by Mr. J. M. Sutherland,
Melbourne  Meucpolitan Board of Works.

Ouwyhee Dam, Urited States of America, 1929.—Upstream con-
ool—reinforced concrete frame with wrought iron or mild steel
bars for trash racks; also emergency gate hydraulically operated.
Downstream control—needle valve, _

McKay Dam, United States of America~—Control similar to
Owyhee Dam. .

Gibson Dam, United States of America, 1926.-—Upstream con-
trol—trash rack consisting of bars set in reinforced concyete frame.
Downstreamnt control—cmergency hydraulically operated gate im-
mediately upstream of needle valve, L

orge Dam, United States of America, 1928.—Control
similar 10 Owyhes Dam. .

O’ Shaughnessy Dam, United States of America, 1922/5~—1Ip-
streamn control—coarse bar screens and stop p Sliice gates
at each entrance level to wet well, and sluice gates at each offtake
from wet well but no control downsweam. .

Croton Falle Dam, United States of America~Upsiream con-
1rol~-wooden gratings and sluice gates at cach entrance 1o wet well.
Downstream  control—gate  valve. ]

Crosr River Dam, United Statet of America—Contrel similar
10 Croton Falls dam. '

Wachusett Dam, United States of America.—Upsiream control—
stop logs and screens with gate valves at entrances to wer well.  Slecve
valve at pipe offtake at foot of wet well, Downstream control—
standard gate valve.

In the carlier irrigation projects built by the Bureau
of Reclamation, control of the outlers was placed at the up-
strearn end. Upder the very high velocities involved the
regulating devices and conduits were seriously damaged,
most of the damage being due to the effects of vacuum in

*Sec THE Joumnas, Vol fk.’:n' 2, March, 1933 P, IO

See The Tramsactions, I ust., Vol. IX., 192k
See THX Joummar, Vol. 2, No. r2, December, 1930, P. 455.
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the conduits immediately below the regulating devices.
The most gencrally accepted theory, according to Gaylord
1 and Savage, is that mascent oxygen is released from the
air in solution as it enters the area of Jow pressure. This
powerful oxidising agent acts o the material present pro-
ducing 2 relatively soft oxide which is carried away by the
stream. -

The vacuum also produces surging in the water in the
conduir, tearing up concrete linings, metal castings, ete.
This is partly due to the high velocities and fardy to the
violent surges resulting from breaking and re-forming
the vacuuni, which occur when the outlet is running nearly

E

Although it is difficult to explain the results of the acticn of the
. water it js casy to determine the source of the destructive energy.
+ Asyumne for example that the greg of the toonel is twice the ares of
' gate ing, and that the velodty of discharge through the gate
" ing sjmiuummk 100 ft. per second, the gradient of the runnel

‘eing

Let the tunnel be arranged zo that it-will run let no air vent
rovided and let the gate opening be 4 ft. aqwﬁ]:l.' The velocity
d will be 156 feet at the gate and 39 feet at the end of the tunnel,
¢ drop being 117 feet.  The increast in pressure head is from zero

I aunosphere, or 34 ft. which leaves & net drop of 83 feet, The
1EIgY COITSSPOn to this loss of head must be converted into heat
within the tunnel, conversion must be made by operating the
water and since the volume subject 1o agitation is small, the distarb-
ances must be violent. The disturbances will be distributed over the
length of tunnel ne mmnmapprmime.‘liy\mifomdis-
tribution of velocities, remedy to be applied is the intro-
duction of air immediately below the regulsting devices to relicve
the vacuum, In the design of outlets for high heads any conditions
tending to produce vacuum should be avoided as far as practicable, and
if this is impossible an :mzle air supply should be provided. Jif the
water can be safely brought through the dam wunder presvure and the regu-
laring valve, usually a needle valve, be allowed to discharge eely tnic
the air all danger of vacuum it eliminated, This form of outler is
proving very satisfactory for high heads . . . .

F

5%

§

. After discussing various types of control as embodied
in various dams, Messrs. Gaylord and Savage swmie that the
most approved type for high heads is that in which trash rack,
and guard or emergency gates are provided near the upsiream
md of the conduit, the flow being taken through a metal
"ned conduit and discharged through a needle valve into Jree

]
‘_t‘f“h(-ravw-b!-w .

. . .
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Tobing Aar
l Fig. 9.—Arrangemers of Vale?, Detwnstream End, Scour Pipe
e,

fr. 'With a stilling pool as provided for in the Cauning
am, and soltc! granite floors, the energy is dissipated without
amage. Omission-of the metal linipg from the conduit
wough the dam is considered by Gaylord and Savage to
¢ dangeroys for high heaa outlers, :

This type of coutrol has been adopted for the scour
sstem at Canning dam, with the additional safeguard that a

l ,_———#

Quoting in full from Messrs. Gaylord and Savage :— -

DESIGN OF THE CANNING DAM-~Dumas.

special type of gate valve called a * spectacle eye * valve has
been placed immediately sbove the needle valve to ensure
easy and complete shutting off of water for repairs to the
needle valve at any time.

The spectacic eye valve which is always operated full
open or full shut is provided with a ring working in 2 slot
way. The ring is hfted when the gate is raised and fills

the d seat of the gate, thus providing stream line flow
through the valve. : :
) s Gt e ! N ,
"‘“"’"“"'-/-77 f?:......raau
e “rlfr Jar [CF T

e £F . iy

Fig. 10.—Arrangement of Vallz_e.r, Doumstream End, Service Pipe
nes.

A similar system has been adopted for the service con-
trol, regulaton of supply from the reservoir through the
‘pipe lines being effected below the dam by needle valves,
- while sluice valves are placed immediately above them.

ServicE Mains THrouGH DAM.

Reduced Level of Invert of Pipes—A pipe-head dam
_has been copstructed above the dam site and 2 30 in. pipe
laid from this to the city. The R.L. of invert of this pipe
line passing across the dam site ='475.00. The quantity
of water stored in the basin below this level is only 8,000,000
gallons, 2 negligible quantity and the bed of the stream is
12 ft o in. below the invert. Owing to natural features
this level is also the most economical for the laying of the pipe
line below the dam. R.L. 475.00 has, therefore, been
adopted for the invert of the service mains.

DIMENSIONS OF PIPES.

- The average znnual rainfall of Perth, totalling 34.32
inches, which very closely approximates in its monthly
distribution the rainfall on the reservoir catchment, 15 s

t

follows :—
January 6.34 inches 1.00%
February 045 1.31
March 7% » 2.30
A 165 4.81
Nﬂ? 497 » 14.48
June ... 6.92 20.16
Juy ... 657 = I9.14
August 563 5 16.40
Scptembcx’ 341 L 9.94
Ocrober 221 644
November 08I 2.36
December 057 » 1.66 -
34.32 inches  T00.00%,
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The invert of the 42 in. diameter service main, which is

perce distribution of the tota] annual coan-
b e M available as a scour, is at R.L. 475.00.

a

snuary - o 14.40%
{:ebz:ryxy - 185%
e . e I2.50%

il ... - 349%

¥ e e 5.3:2(.
June .. e e 443%
July .. ﬁ-z]:z
August Sy
September 4.73%
October 6.50%
November . e 933%
D:cr.mbﬂ' vaa ’3-08%
100.00%%

The daily gaugings of the Canaing River since 1915
indicate that approximately 7,000,000,000 gallons arc
available per apnum, providing a sufficient storage is pro-
vided to carry over dry scasons. This figure does not pro-
vide any allowance for losses due to evaporation, etc. -

The very low water consumption during Jupe, July,
August, and September, can readily be provided for by
pipeheads, bores and other storages. Basing the dmaw-off

. from the Canning reservoir for the remaining months ap-

proximately ou the above rates, it is possible to. supply
45,000,000 gellons daily during December, January and Feb-

ruary. The eapacity of the pipe kines for peak-draw-offs
and ::igmrgmcies was, re, fixed at 50,000,000 gallons
per day.

The main city service reservoirs are located at Mount
Eliza at R.L. 236.c0. '
A 36 in. diameter main is at present laid o Kelmscott, a

. distance of 17 miles from Perth. At Kelmscort branch
mains run to Wongong River pipe head, Canning River

pipe head and Churchmar Brook reservoir. .

The capacity of the present 30 in, diameter-main from
Cannin, I%ddzm site to Ii:ltg:soott, plus the 36 in. diameter
main mscott to , = 17,520,000 ons
hours with water level in the dazZ:S:to’ R.L. 5%?09. per. ™

If 2 42 in. diameter pipe were laid from Perth to the
dam site the discharge at water level in the dam of R.L.

580.00 would be 32,530,000 gallons per 24 hours, Thatis, ..

the discharge through the two pipes would be 50,050,000
gallons daily. When the city demand became suffigient,

the discharge capacity at lower levels than R.L. 8000 .
g a breeches pipe in either -

could be increased by
main.Il_Jhclow' the dam and laying a third main.
" :

gallons per day capaaty.

_The 42 in_ diameter main to the city would not be laid -
undl the city’s requirements demanded it, and this pipe: :.
through the dam in conjunction with the scour pipe will -
te available to control flood waters during construction

operatons.

‘Breeches pipe connections ::at"-ai'latcr date will mcrease |

the capacity of draw-off 10 any required figure.

. : Scour PipE Thﬁoucn‘ Dam, .+ - '
Size of Pipe—The scour pipe has 3 services to fulfil :

topmthcmerﬂowiqgind_nm_;hmughthewaﬂonw

comstruction is

(57 To empty the reservoi if required; and” . .
() To the intake level of the servi i ce fr -
by g k"gl Ning £ service mains free from ailt

tion of the Metropolitaa Water Supply Department
. ;:!:al::homonth over the Iast three years, was ;—

dimensigns of the pipes through the dam were -
fixed at 30 in. ag:is 42 in. diameters, to give 50,000,000 . °

" sec in 36 In. scour pipe is @

. . \ . and the assistince of
(a) During construction with the assistance of the service mains
s

The invert of the scour pipe at intake is set at R.L.
e gth of th ipe i tely 132 feet
The length of the scour pipe is approximately 132
from intake to discharge end, and that of the 42'in. diameter

mzin approximately 142 ft. 0 in.

The highest gauged flows in the river for any period
were in September, 1923, When over a span of I days an
average of I,024 cusecs was recorded.

A maxjmum velocity through the pipes of approximately
50 feet per second has been allowed for, if required specially
during construction operations. This velocity is frequendy
exceeded in American practice, but is above-general English
practice limits. Under normal construction conditions,

. however, 40 ft. per sec. flow through the pipes is sct as the

maximum and all surplus water above their capacity is to be -
passed through a gap left in the wall &5 provided for in the
specification. The 30 in. diameter pipe line, in which alt
scour cocks would be open, will also assist materially in dis-
charging the flow. The balancing effect of the basin up- -
stream as the wall rises will also aid in the control of floads.
The discharges of various diameter scour pipes were
investigated. It was found as shown below that a 36 in.
diameter pipe would satisfactorily deal with the average
river flow in conjunction with the 42 in. diameter main,
and also of a size suitable for requirements (&) or {c).
.As will be discussed later, a needle valve will, after
the dam has reached a cereain height, be atrached to the dis-
-end of the scour pipe to control the discharge under
high heads. With the maximum velocity of so ft. per second
the discharge from the 42 in. and 36 in. pipes would be
834 cusecs. . :
To determine the head at which this vd“l;cddty of 50 fr.

- per sec. is atzined, Tutron’s formiula was

Velocity head in bell mouth.—
V=3 gh; 38.8 feet head X .
Head Iost in 36 in. diamerer pipe conduit—132 ft. 0 in. long from

o f - cneﬂicient.of friction. ._ \
Values in Tutton’s formula as used by Blakeborough & Sons Ltd.,
c!.u::lm‘g\i:\-iﬂnm'lf.er-96 under high velocities are as under:
o= I .
_ X = 129 '

b =T son B bead tost in 36 in. pipe; iy velocity of 50 . pet
Sohm in. j bty

g e attained when W.L. = 457.50 + 388

559-50- '

. e 542 = o,
'-chilarmpm.diametapipecondm--ﬂmfm

That it to say, the veloclty oftso ft. per second in 42 in. diameter
main i¢ atrained when W.L. = £54.84." S

Therefore, whea the wall height approaches go £ 0 in.,
the maximum aliowable discharge thro;‘uih; the pipes occurs
d with the large storage capacity basin upstream
an . thcg;o in. dismeter service main only
portions of floods will top the wall under construction.

.+ Conymor. Service Mams Upsream. -
" It was decided to have 3 levels at which draw off may
be madec, namely, R.L.’s 475, $30, and §8s.
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Fig. 11.—FElrpation shownng Wer Well, Scour and Recorder Shafts.

' The basis of the design of all fittings connected with
the dam has been that wherever possible the fittings shall be
..gu lincd or else made of some gon-corroding metal.

In accordance with this principle, removable rectangular
gates ‘with phosphor bronze frames set in the concrete are
to be used for the control of the inlets to the wet well. The
type of gate adopted is made of cast iron firted with 2 pair of
rolier trains. This gate can be operated by 2 winch set on

removable ; and where not removable they shall be conerete
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Fig. 12.~Section’ on Service Pipe Lines,

.0p of the dam and grooves are provided in the walls of the
xet well for the lowering of the gate into position, and raising
'be gate when required to the surface. Should a0y emergency
)ecur in which the downstream valves could not function,
hese gates are made of sufficient weight to be dropped into
wsinon and to close 2gainst full head pressure. .
i tracave effort to move this type of gate has been
~ound to be only 30 Ib. per ton of pressure load with the
ollers in cjean condition. The weight of ‘the gate must,
ercfore, be ample to overcome this frictional resistance
thich at the lowest intake level is approximately 1,230 Ib.

draw off to be adopted is by a vertical
ich is to be built out from the upstream
of the shaft are to be of concrete reinforced
in full hydrostatic pressure due to
assuming the wet well to be empty.

'I'lns ‘condition may occur dunng- repair work 1o pipe

DESIGN OF THE CANNING DAM-—Dumas.

for an 8 sq. ft. area gaté.' The
be approximately I ton in weighe.

The dimensions of the two services mains have been
fixed at 42 in. and 30 in. diameters. These two pipes have
a sectional area of 14.5 sq. ft. It is, therefore, necessary
to provide inlets at each offtake level of a size permitting
gates ;d racks easily to be handled and %f a1 combined
sectional area approximating 14.5 sq. fi. Two openings,
each 4 ft. 0 in X 2 ft. o in., have b::lcn adopted, providing
16 sq. ft. of area for entrance at each of the three draw off
levels, '

gate would, therefore

Fig. 13.—Emegency Roller Gate.

Gate designs providing this arez of opening have been
submitted by makers of the type,of roller gate required, 20d
slots are provided in the walls of the wer well of dimensions
to suit the gates. A gate tower is to be built above the wer
well carrying 3 hand-operated travelling winch. The gates
are raised or Jowered by means of 2 wire rope connected to

‘the winch and special safety clips are to be provided above
each groove so that the rope may be disconnected from the
winch and yet prevented from falling in the slotway.

Trash Rocks.—The flow from the Canning reservoir
catchment at the dam site is never turbid, the warer, even in
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Fig. 14—Part Section of ‘Roller Gate and Frame.

flood conditions being clear. It has also been found in the
adjoining Churchman Brook reservoir that, at depths exceed-
ing 30 t0 40 fect from the surface, the fine screens cngch
practically nothing, small fish, tadpoles, etc., only occurring
when the water level fails to within the above distance above
the screens.  As draw-off at the Canning reservoir can always
be regulated to be at depths excéeding 30 ft. o in. below
~- the surface of the water, it has not been considered necessary
to provide for fine screening. Movable trash racks operated
in a similar manner to the emergency roller gates are pro-
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o
e Et bars at 2 in. centres in a channel iron frame, and provided
o I r
% gn emergency fishing tackle has been devised enabling
' connecton to be made with the rack for lifting out. If from

1
4,
i

'_.}id:d to

work in 2 groove just upstream of the roller gate
These trash racks are constructed of mild steel

with 4 rollers. In case of 2 wire operaring rope breaking,

ture experience fine screens are found to be necessary,

- ;ﬁl:e design of the trash rack is such that the fine screen may be

incorporated with it
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Fig. 15.—Section at A.A.—Fig. 11.

SErvICE MaiNs—DowNsSTREAM CONTROL.

To avoid the drawing and erosion which occur in sluice
valves when used to regulate discharge in pipe lines from
high-pressure outlets, needle valves have been inserted. Im-

. mediately upstream of each needle valve is placed a standard
* double flanged sluice valve. This valve will permit re-

moval or repair of the needie valvé at any time. The sluice

valve will never be other than fully open or completely

closed and, therefore, will suffer 2 minimum of wear. As
the loss of head is negligible and the reduction in cost is
considerable, 24 in. diameter valves have been placed in
the 30 in. diameter service main, and 36 in. diameter valves
in the 42 in. diamcter service mam. Cast steel taper specials
coable this to be done.' The 24 in. and 36 in. diameter
sluice valves are hand-operated through suitable gearing,
and are provided with 4 in. diameter and 6 in, diameter by-
passes respectively. The needlie valves
and manually operated. -

Fir. 16.—Detail of Inlet End of Scour Pipe Line.

SCOUR SYSTEM-—UPSTREAM CONTROL.

The control of the upstream end ‘of the scour system is
by means of trash rack and roller emergency gate functioning
18 2 similar manner to the various trash racks and tmergency
roller gates at the various service main intakes. A
Emlth eatrance is provided and stream lining is effected as
-9%n in Fig. 16. The gate frame of phosphor bronze
5 prdvided with a flange at the back to which connection
¥ith the 36 in. diameter pipe is made.

DESIGN OF THE CANNING DAM—Dumas,

.are hydraulically -
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ScourR SYSTEM—DOWNSTREAM CONTROL.

In view of the high velocities involved and the great
amount of coergy released at the discharge outlet, con-
siderable research was made into this phase of the design.

Messrs. Gaylord and Savage’s “ High Pressure Re-
servoir Quulets * was studied carefully, also a paper read by
Prof. Sutton before the South African Institution of En-

" gineers, 8/11/28. The design was also discussed by cor-
respondence with Messrs. Blakeborough & Sons Lid., and
Messrs. Glenfield and Kennedy of England, the recognized
British guthorities on such problens. Copies were also re-
ceived, and studied, of correspondence between Messrs.
Glenfield and Kennedy and the Bureau of Reclamation
United States of Amenca on high-pressure outlet design.
Numerous articles in technical publications were also con-
sulted. .

The conduit velocities in various Bureau of Reclamation
undertakings* do not exceed 68 ft. per sec. at normal de-
signed capacity in the case of the dams studied. They are,
on the average, about 30 fi. per sec.. The maximum figures
recorded are Jo ft. per sec. in the cases studied.,

The total available head at the intake of the scour main
of the Canning dam is 185.50 feet.

In order to ensure a maximum velocity not exceeding
approximately 50 feet per second in the main, Blakeborough
and Sons Ltd., recommended that a needle valve 36 in.
diameter at the intake end, and 28 in. diamerer at the dis-
charge end, be used.

As shown by the following calculatons, which were
arrived at by trial and error, 2 velocity of 52 feet per second
is attained, _ ’

Velodty head in bellmouth = 42 feet head lost.

Using the method adopted and the coeflicients described under
the design of the scour pipes, it is found that the head lost in pipe
conduit, 732 ft. o in. long :-cd{?.s feet.

Veloary head lost in necdle valve.—

Spouting velodty ar needie valve oudet = 88 ft. per sec,

Tﬁ head lost = 73 feet .

Friction head lost in needle valve {from Blakeborough's for-
mula}—

VB"“

H=
where H = head. lost, fi.
Vo = spouting velocity, fi. per sec.
d = diameter in feet. .
= 1§ feet head lost.

Total head lost.— :
Tutake screens, etc. ... 1.00 fr.
Velodty head in bellmouth ... 42.00 4
Fricticn loss in pipe ... s 5750 5
Velogty head needle valve ... i T3.00 4,
Fricrion loss in needle valve . ILSQ »

Total ... = 1Bs.co fi.

- Totzl available head =~ 653.00 — 467.5¢ = 185.50 feet.

Energy in jet.—
cE e Energy lost in friction. -
Intake loss, etc 1.00 ft.
Friction in pipe ... 57:50 5
Friction in needle valve 11.50 4
70.00 ft.

’ .. Net energy head = 185.50 — 70.00 = 115.50 ft.

.. Horse power of jet = 4,825 h.p. .

There are three methods of absorbing this very large
amount of energy.

*yide Mesrs. Gaylord and Savage.

+




sty o e int of such depth &nd size that the
i x.__ﬁ:lhcmit‘ofaum:paﬁc uc e e
YN ' R 3 )
. By means cast iron or cast steel spoon-shaped disperser
- the ) 'uﬁqgo:hc air thus tending to break it up and demoz
der amount of its energy by fricion with the air,

2g pool is also required in this case but not of such depth as
po ‘disperser is provided. This type of disperser is entirely
rd from the peedle vaive

.o

By beans of the  GlenSld » patent jec disperser o dis-
e water o it into drops in the
. the whole mass of atga:. “utih?g“‘i“‘fpjle'f"‘hm
) - agaiast the atmo: re that

the entire :huw,ﬁnmmmbedorontheswfm

o ing pond beneath. The Glenfield disperser, when used,

. mﬁm the Glenfield needle valve.

: . The American practice is to follow method No. 1. - In
the case of the Arrowrock dam, erosion of the rock im-

‘mediately below the dam has reached a depth of approxi-

imately 23 ft. o in. Ir would be considered extremely

'dangerous with most foundations to permit such an ex-

‘cavation in the vicinity of the toe of the dam.

- & M. Day, Chief Mechanical Engineer, Bureau of

Reclamadoa, United States of Amerira, in 8 communication
to the South African Institution of Engineers, 18/6/29,
wrItes,

The balanced type of valve, which is operated by the proper
sontrol of the hydraulic forces within the valve, has proven so suc-
essful, and also so0 much cheaper than mechanically operated valves
3f equal capacity that the engineers of the Bureau of Reclamarion
tre convineed they are the most relizble means available for securing
Hlose regulation of the discharge from reservoirs under hezds in ex-
=ss of 100 fi. and experience bas shown that the needle type of valve
sroperly protected by a gate, discharging below a dam where con-
ditions arc favourable for absorbing the destructive forces in the jer,
$ a most cconomical and satisfactory of cutlet. For reason-
1bly short pipes leading 1o these needle valves where the length may
w0t exceed 350 feet, the diameter of the pipe is proportioned to the
yzzie dizmeter of the valve in the ratic of 6 to 5. With this ratio
aipe line velocities at the maximium discharge seldom exceed 50 feet
»r second, and, to date, conduits conpecting the reservoirs with the
eedie valves, whether of steel or comerete have shown practically
10 signs of deterioration. The jer disperser developed for attach-
nent to, or inclusion in, di valves, which changes the solid
et of water from 2 practically solid stream to a broken Stream which
8 spread over a considerable arez, thus greatdy reducing the destruc-
tve forces in the di ‘water, appears 1o have merit, and js
pecially adaptable to installations where good rock conditions or
. ipace for an adequate water cushion do not obtain below 2 dam.

yutlets, Mr. Day continues :(—

At the Arrowrock dam soundings in the poal below the dam show
ractically no change in bottotn contour, therefore apparently the water
ushion 15 sffording ample protection. At Minatare dam the re-
nforced steel in the conerete jet deflectors is now exposed in places,
dowever, as Do repairs have been required after 14 years' service,
:lx:d the cost of iép g these jet reflectors will be email, we consider
ey have Fmven successful under the conditions existing at that
lam. At Pathfinder dam of the rwo 58 in. balanced peedle valves

2 the North Tunnel oulets the outer valve discharges into the pool
law the dam, The inner vaive impinges on the sloping rock wall
urface which is coated with a green sﬁge thar may act as a lubricant.
nmy;rvoentmdmagehasocmmdbdowthedmfrmu:hedis-
harge from these two valves, or from the discharge of water from

he runnel below the § valves in the south runncl. where the water,

toonfacs ameunting t6 5,000 second feat, drops over 6o feet into the

The upcﬁmceatﬁ;d\ﬁnde:mdm&dam indi
bat with reasonably sound tock below the damn a water cushl?gxngv;ieﬁ

;-ccuo}ﬁvlijyvfnorb the destructive forces in the jets from the needle

The désign ado

Inn'scd —

pted for Canning reservoir outler com-

With reference to the dam;agc immediately below the

DESIGN OF THE CANNING DAM—Dumas.

{a} 36 in. 10 28 in. hydraulically and mechanically-operated.
needic valve;
(4} Separate spoon shaped cast iron disperser; and
{c) Stilling pool.
The design was based on the following reasoning :—
* 1. The tpedisl of dispersing peedle valve is more costly
than the i sum fiow medl?nlve. In addition the wear

and therefore maintenance must be greater in the case of the special
type of needle valve; -

2, The needie valve will only be :apentcd for short intervals
each year after construction iy completed ;
3. The rock below the dam is solid unweathered granjte which
is equal to any rock in resisting erosion ;
“Fhe spoon-shaped disperser is a very cheap casting bolted
10 atunm foundation very easily replaced when worn out and
- quite separate from the needle valve.

. The construction of & small wall across the stream bed below
thetfnm provides a syfficient sulling pool.

DESIGN OF BYWASH.

The principal consideration in the design of 2 bywash
will be the probable run-off, which depends on the type
and arez of the catchment, and the Jikely intensity of rain-
fall. )

The required discharge will depend on the height
of the dam, the czpacity of the basin at top levels, and the
configuration of the site.

Fig. 17.—Plan of Bywath.

After consideration of the various possible types, it
was decided to adopt the comman type consisting of an over-
flow over subsidiary weir into a channel lezding to bottom
levels. This is practically the standard method of dis-
posing of flood waters for all high masonry dams. On the
southern end of the dam, the contours and rock formation
are very suitable for the construction of 2 subsidiary wall
approximately at right angles to the main wall, and if re-
quired up to 250 fi. in length. Rock foundanons also
exist for the chagnel to convey the fiood water down to
river bed well below the dam.

The arca of the catchment is 282 squarc miles. The
catchment jis beavily timbered with jarrah, red gum and
blackbutt forest, with a considerable amount of under-
growth. With the exception of the portion n the vicinity
of the dam site, very little exposed rock surface is included,
and approximately 50% of the carchment area consists
of comparatively flat ironstone gravel country. The basin
is fed by three streams, Canning and Canning §outh rivers
and Deatk Adder Creek.  No defined stream exists through
the ironstonc gravel area, but a number of small creeks
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bring the water down in flood periods. It will thus be seen
that the run-off factor from the catchment will not be a high
one.
been erected on the river, peither bas been of sufficient
capacity to register the maximum winter floods. Infor-
mation supplied by the ranger as to the maximum flood Jevel
reached at one point, together with the cross section of the
siver at this point, and an assumed velocity of 5 feet per
second pave 2 discharge of 1,814 cusecs,

" Another flood mark at a point dowa the river by similar
calculations gave 2,000 cusecs,

~* These figures gave an average maximum discharge of
catchment of approximately 7 cusecs per sq. mile.

The Mundaring reservoir in the same Darling Ranges
and approximately 20 miles north of Canning reservoir has

.2 very similar catchment area of 569 square miles. The
- maximum recorded overflow to date after 25 years records =

5,700 cusecs or approximately X0 cusets per square mile,
The Harvey reservoir of catchment area 141 square

;. miles, during June, 1930, bad a2 maximum discharge lasting

only a few hours of 3,214 cusecs, equivalent 1o 22.8 cusecs
per square mile. The rainfill was almost a record for the

month and the catchment had been thoroughly samurated

by early rains. The Harvey catchment which is in the
Darling Ranges, is more rugged and rocky with a greatet
proportion of cleared land than in the case of the Canning

© or Mundanng carchments, and, thercfore, should give a-

greater percentage run-off,

Churchman Brook catchment of approximately 6
square miles ares, in 1926, when approximately 9o inches
(including 21 inches in July) of rain feli, did not at any time
record a run-off exceeding 30 cusecs per square mile.
This catchinent is situated appreximately 3 miles south of
Canaging dam site. 1926 was the wertest year for 5o years.

. _The heaviest rainfalls, for 2 24-hour period, recorded
in the Darling Ranges since records were kept, are given
below. .

Wongong Valley 190 poinfs.
Victoria rescrvoir 35  »
Canning Valicy 5§30 n

Various formulae exist for calculating the maximum
off-flow from ap area. Each area has it; own charac-
teristics. As stated by Turneaure and” Russell, * Each
stream is an individual problem which must be studied
in the light of all available and pertinent information.”

1. Fanniog's formuls, applicable to New England, United

Suates of America, streams
Q=22
A

in which { = discharge in cubic feet per second per square mile ;
and = drainage arez in squarc miles.
In the case of Canning, adopting the above formula
Q = 77.82 cusecs per square mile. .

2. Murphy's formula {(Taroeaure & Russell, p. 71}

. = 4679 :

Q M % 320 + 15
derived from data of streams in the porth-castern United States of
America, applied to Canning, gives & discharge of 93 cusecs per
square mile. .

i‘] ‘The discharge of the Burrinjuck dam in May, 1925, was
possibly the grestest ficod since white settlement, The caichment
area i:l;,ooo square miles, over which an average of 6} inches of
rain during 4 days. The averege rate of inflow over 9 howrs
exceeded 340,000 Cusecs, or 68 cusecs per square mile, The catch-
ment arca comprises principally granite and compact slates and

It is regrettable that while two gauging weirs have
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shales, with scattered deposits of limestone, ‘The ares emb
undulating table land with an elevation of 1,000 to 2,000 ft. and

rugged mountains rising ‘;,ooo to 5,000 fl. shove sca Jevel, (M H.
Rnre, 'I_‘!:t;‘rnnna.ions, ol. IX., 1928, The Institution of Engincers,

from vessas commpection by e vuther, Alhough ges fhby Canniog
rom & 300 )
catchment, m a ;yuch ‘greater run-off per square mile,

Discharge over Weir.—The formula generally adopted is
the Francis. It applies to sharp crested weirs, and must
be modified for broad-cxested sections.

For sharp crested weirs it is

Q = 3.33 LH.** where—
g = length of crest in’faet H ’
H = depth of witer over crest.

If a sharp crested weir were assumed, the maximum
‘capacity of the 250 ft. long bywash without overflowing
the dam=12,250 cusecs, equivalent to 43.59 cusecs run
off per squarc mile, ic., approximately 6 times the highest
recorded flood discharge. As an extrz precaution, emer-
gency provision has been made for the dam to overflow
12 in. depth over the top of the wall when the bywash
capacity increases to 15,435 cusecs, to which must be added
approximately 3,000 cusecs flowing over the dam.

The storage in the basin at this level per 12 in. rise is
approximately 300,000,000 gallons, which is equivalent to
555 cusecs for 24 hours, and this will assist the bywash by
flartening the peak of the discharge until the water level
reaches the maximum height, i.e., 7 feet over the bywash.

Dex; Overflow Weir.—Actuzlly the weir would
not be sﬁuarpdcrcstcd and considerable research was made
into the type of overflow weir to be used to obtain the greatest
efficiency ; cocficients given by Messrs. Hazen and
Williams have been adopted. Owing to the Iength of the
weir, in all calculations of discharge any effect due to end
contractons was neglected.

The coefficients for the type of weir shown in Fig. 18,
which was finally adopted, arc given in Table III.

Fig, 18.—Typical Section of Bywash Wer—Type K.

TABLE IIL

) Head in feet a5
over crest of weeir.

Cocfficient

:.o{ L3 :..o| z.:' 30{ 35! 40

0991 1.177 | L1890

1.040 |::09=

It will be scen that if this type, which was known as
type K, is adopted the discharge over the weir will be ap-
proximately 199 greater than given by the formuls. -

The capacity of the bywash, including 12 in. over the
wall becomes (15,435 x 1.19) + 3,000 = 21,367 cusecs.
equivalent to 75.7 Cusecs per square mile. _

. The next stage is to design the bywash chanael to con-
vey the waters below the dam. The whole hillside, below
the dam, consists of solid granite so that excessive veloditics
may be permitted during peak overflows.

1,126 lt.us |:.:63
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The Burrinjuck dam bywash channels, in similar country,
bave gradients of 1 in 14 t0 1 in §.

An invert gradient of 1 in 1§ has, therefore, been
adoptcdfor&nmngdun,asthuwﬂlemblcthewaterto
be discharged about 500 fi. below the .dam over a ledge
of rock in 3 position which prevents any water working
its way back to the dam.

Adopting Hazen and Williams formula for open

. V - ¢ rQ-ll un oool'.“"“
where ¢ = J0

A 6o ft. o in. channcl flowing 4 ft. o in, deep will dis-
charge 11,280 cusecs with an average velocity otg 47.07 ft.
In acrual practice, as shown by photographs of Burrinjuck
discharges, the disturbance and turbulence are so great
that no formula can be accurate. Provision bas been made
in the channel for a flow up 10 7 ft. 0 in. in depth, which
should amply cover all contingencies.

The outlet end of the bywash chaunel will be fanned
it during construction to spread the overflow as much as
possible. The exrent of this fanning out will be determined
from the fact that it may be possible economically to open
up a secondary spalls quarry in this location.

APPENDIX L

Some dewails of the reasons for the adoption of certain values for
the variables assumed in the specification
section of the wall are given below.

Uplift.—Uplift is provided for in the design of all modern
dams, Qwin

g o the variation in the characrer of founda.
tions, it is Necessary 1o examine each particular site in order 1o decide
what allowance for uplift is necessary.

The appended wble refers to some recendy high
dams in the design of which—with the exoepuon of hant Butte
—extreme values of the percentageé of the base ‘Esurned 10 be sub-
jected 1o uplift pressure have been adopted.— C g

Wachusett . 66%

Cross River 66%

Elephant Bute 33%

Olive Bridge 66%

Kensico ... 66%

Lodk Raven 86%

. Foundarions for the Canning dam are in hard sound granite
rock ; a deep cut-oﬁumchnmbcprmdedmdbchmd:hncut-
off trench 2 drain to relieve uplift.

of 50%
strai
the area, has been adopted for Canning dam

With a view to malungl.hcdcﬂgnofmhrmm

of greater accuracy as regards uplift, pmnonwﬂlbemdecf:gathc_-;
Mmg“phmmnwmmmmdmel'}w
fu.rfxczofmck -

dam with various h of wrater in the reservoir,

an drainage system
outlet tunnels for dis
vantages to be gained by tu

and
The asystemm’—'_
(i)Puvmuonofsecpmmdownmum&e: S
(ii) Blimination of uplift on any horizootal golnt, :

{iv) Inspccnon tunnels enable
watched ; and
{v) Lcaksge thro
t¢ drainage tunnel without sppearing on downstream face.
mnqrcte decreases, buk in & much larger inverse matio. -

& cur
be necessary o have a continuous porous vemu.l

orr.h:duignoftbecross

After teference to the latest suthoritics, an allowance for uplift
full hydrogatic pressure at the upstream heel, reducing by - |
t line variation to zero at downstream toc e:nem:d over 50% of -

Drainage and Internal Inspection.—E mudmdmu provided -
internal wmbm with inspection tunnels
of the collected water, Foc
. ., wukh of the cut-off

ii) By using a mor¢ impermeable concrete on the uypstream .
s:cdon)of&cwalf gl esszmpcrgieou_s.mdthe;efmchupcr,m_m. :
! EDWCHEI 3 1a in -
contraction j lc:nbe e :l:miled'. iuncuonofthemnmumdrock.mthmughm’npmm yess 10 -
its indicate rate of 80w increases as the thickness of

=off theoretically all internal drainage m:hcwallitwuuld':
thmughout--'
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the dam. 'I‘h.unnotpncﬂuhk. In practice the seepage will be
sloag horizontal construction joints, vestical cracks or contraction
joints. Seepage along the later will be dealt with later. Ina

damdfmlsdesmpmdefmmklﬂomguepﬂgeﬂmgme
horizontal could find scoess to the dawnstrean face
worulde:wndulustsfmnmtheupmnmfm ‘Therefore any
gnem of tubes, spaced 6 fi. apart between inner edges, would collect
¢ water and would effectively eliminste sny uplift on any horizental

joint.
'I‘hetypeofdninuebloch.d:mnucfmupm&m.md
distance mmuﬂyhedmdedfmmwhnhnpmmddfmve
in other ‘Fable A, .
TABLE A.
Disuance of; |
oot of | Distance
) Dictails 5 be f: S
apan 211 Tom °1
Dam. of centre ' face mt bm
tubes. 10 face ot lower
cenLoe, upper intpec-
pection tion
. wallery.
Kenaico Poreus 15t 16 it o ft, Tin g
36in £ 36 in .
16 o disr, .
Arrew Rock B in diar. tubes ol 12 ft. 251 Vu:;ﬁll
1 jn 1)
.Elephant Butie |12 in. dis. tubes|4 ftatsggered. f 8 fe. | Vertical
Cutaract finx6in, - — éﬂ. 61,
tubas.
Olive Bridge (Porous blocks .
or a::.x;sm. 1z fr nfu ad fr. Iin 18
Ashokan 12 1n. dist. .
Cordesuy Bin x 1% in. -_ 10 Ik, 12ft. | Vertical
Avon lio. zikin. gl | i 17 1. Vericl
parous drlim

Fnllowmga pnaic:mothcr dams the cut-off treach for
%m:hmupmmfme3ft.6m down-
mof:heupmhﬁdofthedamand:hud:mmunmn-
tained throughout the dam.
d:izunwhdro&frce&omwdthcnng.

economic wor ug.;hnhcenldoptedns:hcmmmum
at .

rovision of the cut-off wench and other precautions spec-
M?egsmtmolfondﬁnc:ofﬁcmmthemckfmdmn
havetheeﬁeaofmhngtbcen of water under

i’oundado as difficalt as There will,
?ematg:xmnpmpo:::on hich will make its way along the

the cut-off trench. -This water will, uniess removed,
uplift foree which may, however, be




DESIGN OF THE CANNING DAM-—Dumiar,

(2) Internal drainage tubes of dam may be céntinned through
base af the dam inte the foundations ; and

(3) Construct an open pipe and stone drain longitudinally the
full length of the dam, snd just downstream of the cut-off wench,
the dratn to have connection through the base of the dam by a
series of tubes with the lower inspection gallery. This system
the advantage that the actual pressure undernezth the dam may be
measured at a series of points,

Systemn Mo. 3 was adopted as being more effective than Nos. 1
and 2 in a non-stratified rock, such as granite. No. 3 system deals
with the full length of the base, systems Nos. t and 2 only tap xt
isolated points.

‘With the non-stratified granite foundations of Canning dam, the
main object has been to make seepage ax difficulr as possible, and then
to remaove at once such water as may get through.  The sub-founda-
tion drain has, therefore, been placed just downstream of the cur-off
trench and connection with the Jower inspection gallery will be made
by means of 4 in. diameter galvanjzed wrought iron pipes. The
drain will have very lirtle water to canry and has been designed 2 ft.

. ¢ in. deep by 2 fr. 0 in. wide throughowr, with 2 ft. ¢ in. Jengths of

6 in. diameter concrete pipes in the cenge, The pipe joints are 10
be I in. wpart, and the pipes to be surrcunded by hand-packed granite
spalls, 6 in. maximum and 2 in. minimum sizes.

In order to measure the sub-foundation uplift pressure on any

section of the foundation the Jongitudinal sub-drain has been divided

into go fr. lengths, each being shut off from the adjoining section by
a xzi;:.éilul;ckmniretfowaumthednin. A4in..$ametefidnin
pipe leading to the lower i ion gallery taps esch so fi. oin.
scction at the lowest point in m t section, At the discharge end of
this 4 in. pipe, a plug with connections for 1 small pressure gauge can
be screwed in whenever desired and the actual pressure along the
particalar 5o ft. o in, section thus measured. By this means, should

considerable seepage occur, the area of seepage can be localized, and.
. 'steps can then be taken to deal with the touble,

. Weight per Cubic Foot of Material on which Desipn is to be
Based.—Secven granite samples from the quarry site at Canning
reservoir were tested by the University of Western Australia in 1928,
giving the following specific gravitics i—2.50; 2.60; 2.61; 2.56;
2.541 2.58; 2.59. Average = 2.58. Weight = 161.25Ib. perc. ft.

The weight of conercte is very linle jnfluenced by changing
the proportions of the ingredients.

A block of conerere, spproximately 1 ¢ fi. in volume, composed
of Canning reserveir q granite 2§ in. aggregate, proportions
I:3:6, weighed after 2 months 145 1b. per c. fr. after very
measurements to ascertain the tue veolume.

Assume 159%, plums ih.roughout the structure, the weight of the
cyclopean concrete would be as follows :—

145 lb. x 0,85 : = 123.251b.
161,25 |b. x 0.1§ = 24.19]b.
' 147.44 b,

The design was, therefore, based on & unit weight of 145 ib.
per ¢ ft. for the masonry throughowt the dam. Any additional
weight due to the inclusion of plums is to be regarded as n extra
factor of safety for the stability of the structure. The limiting toe
pressures zdopted are amply safe for any increase that may be caused
by any excess in the actual weight of concrete over the assumed
weight.

For & dam such as Canning, founded on solid granite where 1oe
pressures become determining factors only in the extreme bed of the
gorge and for a length of approximately 100 feet along the section,
knowing that cither theory is conservative in such foundations the
formuls Py = P, sec*/ is adopted, as recommended by Creuger,
and in accordance with Bouvier’s theory; 0 being the angle made
by the resultant of forees with the vertical.

Tests have been made of the compressive strengths of various
rock types both in Australia and elsewhere and it is found that, for
ite, the tests indicate 2 range of strength from 432—1,497 tons.

o the case of the ing reservoir site two & inch cube test blocks
were compressed to the limit of the University of Western Australis’s
westing machine, viz. 200 tons, without This is equivalent
10 a corfpressive stress of 300 tops per square foot without crushing.

Limiting toe pressures have been in various existing

dams, which vary from B to 30 tons on the horizontal plane.

" lirpiting value ©
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For the Canning dam design a maximum inclined compressive
stress of 14 tons per 3q. ft. was adopted, the pressures to be clcu-
'll.‘i;fm mavcnger ur;it weight per cubic foot ;f)we = xqsﬂl,l;;

percentage of plums (spproximately 15%, increase

ight, but the high compressive strength of the grandte is easily
cient to allow for the slight increase in stress caused by the plums.
d’mR.enZum to Sliding—In order to calculate the stability of a
against sliding, it is necessary to ascertain & maximum allowable
coefficient ofﬁ'icti':rn.

Creager, p. 51 mtes“valuuoffformsomyunm:mymd
masonry on’:ood’rock foundations have been assumed vanously
between 0.6 and 0.75. In general, and for careful work, & value
0.75 it not cxcessive. Tumesure and Russell, p. 351, gives the
following table :—

TABLE B.
Material. Coefl. 1.
Granite roughly worked on gravel and sand (wet) . | o4t
Granite on sand (dry) e | 065
Granite on saod (wet) Caee e TS o | og7
Point dressed granite (mediwn) on like granite ... v | 00
" » » n »” » common brickwork... .63
F » » n » » Smooth concrete ... 0.6;
ine cut granite on [ike granite ... e e |08
Concrete blocks pressed on like concrete blocks | 066
Common bricks on common bricks e | 0.64

Wegmann, p. 35, M. Krantz, and other authorities place the
pjuo.-;s.

On good construction work, with pon-stratified foundations,
where considerable care is takén to roughen and step the rock fonnda-
tian surface md to leave keysand ties st the end of each day's concret-
ing, suthorities agree that the coefficient of friction will be at least
twice that found for evenly surfaced specimens of the same materials.
If, therefore, 0.7 be adopted a5 the limiting coefficient of friction, 2
factor of safety of at Jeast 2 against sliding iz provided.

The tangent of the angle of inclination with the vertical of the
resultant of all the forees including uplift on the dam above
any horizontal plane must be less than the cient of friction at
that plane, i.c., tan & must always be less than o.7.

APPENDIX IIL

The top width of the wall had been assumed at 15 fect and,
allowing for uplift and assuming that the resultant intersects the
base at the downstream extremity of the middle third, it can be
shown that the level at which the downstream face should begin
to barter will be 21.6 f. As the top of the wall is st R.L. 653.00,
the wall can be berered from R.L. 631.00.

In the calculations which follow, which are sample calculations
te indicate the procedure adopted, the following symbols have been
used in the computztions :— )

SWr = sum of vertical forces acting on a joint—feservoir empry.
ZWr = sum of vertical forces scting on 2 joint—reservolr fulf -
IWxe= sum of moments of vertical forces about origin——reserveir
emipty. )
TWxp= sum of moments of vertical forces about origin—reservoir
¥

JTPr = sum of horizontal forces acting on a joint—reservoir full,
XIPxr = sum of moments of horizontal forces acting on & im‘.nt-_-
reservoir full.
Origin adopted was located 10 ft. upstream from upstream edge
of roadway.
# = Anglc made by resultant force with the vertical.
T = distance from upstream heel to intersection of yesultunt with
bue i cessary fi bili. . Ianes at ft
viind 3 or stal st pl at 10 feer
muzﬁ??ﬁ#&?’&:; R.I. 621 10 R.l? 451, were calculaced,
neglecting for the toe pressures in the first trial,

At R.L. 621 the céndition is as follows :—
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In this case it is seen that with the reservoir empty the resultane
falls outside the upstream edge of the middle thi It is obvious
therefore that the upstream face of the dem thould begin to batter
at R.L, 61500 and the ameunt of offset from the vertical at R.L.
601 for the 2nd trjal should be 0.2 fr. .

By similar calculations the widths at elevations down to R.L.

-

: TABLE C. 2nd trisl—assume ! = 15.58 £
l A Level RL. 621.00.
13t trial—astume / =~ 20 ft, .Ml:"mry ErE SIS P 69,800 7.3 | 523,000
RL 4.5 R
l T [Foree. JLeverd Sy | Moo Verdaal |} 5% ~Zxnas 2,320 1653 i
1 g forces
: 1T ISEILS &9,600| 4.3 $21,000
! Masanry . I Zwa
, ;t.bql::n.ao {_S Xie X 148 et Rt .“’”7 Uplift  [32 19.58 x 62.3 * ”4'.,%’9‘; 6,53 ’m
: 3 P .
g = ' Swe Ewals ) losd e
l oree Uplift 32 x 20 x 62.5 1;::2 5.66" W S:;:;;; ) | Ewr a3 Zwo [5“‘”5
¥ 3 PO Horizon~ | Water pees-132 x 33 x 62,5 Zpy 32, 0007 10,66 2Py 341332
. h tal forces joure
Zwe|6t2ss]. [ Zwer | 54904 *
fax 206,247
I Horizon-|Water pres-[32 x 32 x 62,3 ):Pf 33,000( 10.66" Py = 345,333 EW" + 2P U
ta] forces [vure — . _..__‘_.__
a
Ewm + Ere =, Wosis }
— . 2l 886,247
s ! 890536 3 For reservoirfull: - = 22 - | = 19,54 ft.
Fi : a o= . = = o 8,
l or reservoir full 3 o825 ° I = 13063 x 2 . 3 68,025
_ 19.579 ft.
‘F i T =o382530 oo ' i : 7 o 378879
I or reservoir empty : T S3225 7.95. For reservoir empty w920 - 19 &
[—-"1"—- ’
LA &6y 20 -
l Tan 6 = g:—':::: w 0.47 which is well within limit of 0.7 allowed.
' ey Fu
. i it Note,—All moments from R.L. §or.cc downwards are taken
lys' abqut a vertical line Zo ft. upstream of the upstream edge of the
- &) roadway. This method is used because, as will be seen, the upstreamn
-t — face at or about this level beging 1o bates in an upstream direction.
l TABLE D.
Factor Symbal Force Lever Symbol Momext.,
l Vertical forees Rectungle 653-621 32 X IS X I45 69,600 17.5 1,218,000
s 0 » 621-611 - 10 X 10.5 X 145 28,275 19. 558,997 -
» » o » 6r1-601 10 X 254 X 145 36,850 22.7 836,495
n =» : Triangle 631-621 10X 4.5 3,262 26.51 86,476
x 145 : ; .
z
: " » » 621-611 I0x 5.9 4,278 31.49 . 134,714
—————X 145 .
- 2
l 23 ”n - ™ 611-601 0 x 6.8 4,930 377 1853861
———— X 14§
2
Iwe | 147,195 ZWxg 2,020,543
' 2 n . Uplift 32.2 x 52 62.5 13,081 20.73 271,169
. :  —
8 . .
’ . IWr | 134314 ZWxF | 2749374
Horizontal forces Water pressure 52 x 52 X 62.5 TPF By500 ! 1133 IPxF 1:464,385
| | :
‘ ZWxr 4+ ZPxF = 4,213,759
. 2l 4,213,759 .
Reservoir full. 10 + = m 22827 o 3y Sl = 3213
l 3 auig o4 =l

Reservoir . 16 o 3020543 oner o T = 10.52.
B empty + T 147,195 20.% 5

51.00 have becn cbtained, such that the resultant pressures with

A servoir full or empty fall just within the middle third.  Table E.

‘Itmustbembctedﬂutinmalmhdomthmhut?cm

no limitation as to toe pressures. These may now be examined
at elevation 451.00. Table F.
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= I7.41 tons 3q. ft.

Reservoir empty : Toc pressure = 2 x

2,028,588

13929

= I13.00 tons 5q. ft.

To obtain vernical toe “Eressums {1) reservoir full and (2) mer-

voir empty, use thc fmm

=2 2F (2-3*“)

22 ()

Pr”

iTo obtain downstream toe
to resultant, multiply by sec?§ for rescrvou-

TABLE E.
Blevation, ! ¥y ! Tan @
653.00 10.0 15.0° —_
631.00 10.0 15.0" —
621.00 10.0 19.54" . 047
S11.00 10.0 25.41° 0,568
6ot.00 9.7 32.50° 0.627
£51.00 8.08 40.20° 0.556
$81.00 8.58 47-34" .67
571,00 8.28 £4.650" 0.55
561.00 8.04 61.83 0.686
£51.00 7.8% 6g.03 0.688
$41.00 7.68 76.26 0.693
JiL.oo 7.63 33.22 0.693
$21,00 7.56 -90.27 o0.595
§r1.00 749 9732 0.696
501.00 7.45 104.34 0,696
491.00 742 111.33 0.697
481.00 7-39 118.32 0.697
471.00 737 125.31 0.696
461.00 734 132.30 0.697
451.00 7.32 139.29 0.697
TABLE F.
Level “451.00.
I F . § Fi . .
tem. nctor, br:lf‘ orce, | Lever. Sbﬂy:t- A Moment.
M bove 46
[ 2 L I
. &£ _ 1,831,820 94,221,808
461=451 I32.33 X 10X 148 191,878 | 73.49 14,100,714
Upstream
triznglc o.63 x 1o t5 ] .32 170
T s
Downitream{s x 10 5073 |v4z.0 T o650
triangle [=— X 143 fr——————
2
W
Uplic 201X 139.35 X 6.5 & :-’g;:;:: $3.76 Zwa —I—:g:::z&.ﬁ;
]
Verteal 1,808,676 97,221,303
p 2.6 x 122 x Sa.5 v 20,511t B.36 171,472
Hodizooml Py A 25,187 Zwa 97-3‘93-775
weter .
pressure oz x'303 Xrr | narsass| 673 ZPre | 15,054,206
3
Ero+ Zwa = tyussn
. . o 183,246,941
Rgscrvmr full: y + 3 1,830,187 100,18
. _'. 109,043,772 __
Rescnfmr empty. ¥ + 3 2,057,388 53.75
H
3= 46-43= I = 139.29
{ un 8 1,275 rzsy - '
Ureservoir full ~ 1,829,187 0.697. 6 = 34%s3,
Toe pressure = 3—‘?’. sectl w= 2 Fx (1.219)%
Reservoir full : Toe pressure = 2 x %—;ﬁg—? x 1486

TESSUres on ;Suclmcd plane normal
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Discussions & Commounications,

A GRAPHICAL SOLUTION OF
STATICALLY INDETERMINATE
FRAME

By R. C. Rosmn.*

Mr. C. N. Roxs (Member, Brishane Division).—A compatison
the author’s method of dealing with sutically gdetumanau !‘mn::
with that of distriburing the fixed-cnd momentst was interesting.
Two of the author's numerical examples had been selccwd for this
purpose,

The first example was that shown in Fig. 21 of the paper.

'I‘imframtushowanig.A.

T
ﬂeﬂmeszmaﬂmmbmmﬂngatmymioint

is shown at cach end of tach member, also the nﬁo%w ET{&"

all the columns is shown below each column.
_Thcwﬁtermt:dthu,bdeﬂy,thc&ossmethodwnsasfoﬂows-:

(1} Assuming that each end of each member in the frame s
camped, write down the fixed end moments due 10 the given load
mtem,nhngdockwm_:momcnuuposmvemdmuntmdodc
wise moments as negative. ' Thesz arc the Srst fipures showa at
each end of each member. {The calculated momenrs are 1,000
times those shown on the figure)

(2) Unclamp each joint in turn, Thcresultantmomcntatmy
joint is resisted by all the members meeting at that joint in proportion

mthﬁ_.-rchuvesnfﬁms(l--:- ;)ofeacbmﬂnbcr,sothatthe

moment oo, that joint is zere, This is called distributing the
Moments, :

(3) Each diswributed moment induces 2 moment at the opposite
end of the member which for the time being is considered clarmped,
Thesé are called the carry over moments and, for members of umi-
form sectdon, are equal to one half of the moment causing them.

Therefors, place 3 moment equal to one half of cach distzbuted
moment at the opposite end of the same member.

Now show the cmumnmnmennfmmtheﬁ:stthmopenuons
at the first set of brackets shown oo the figure. The shear in any
column equals the sum of the moments at its ends, divided by its
length.

123.0

i T T
LI.

v w FC= B = 4 06

n GD = 2458

Therefore shear in AR =

= + 100

w LE =90
therefore the unbalanced shear = —1.69 + 1.567 = ——6:23.

Eack column resists this shear in proportion to m I = Z,‘ 7 for ail

. the columns.

Therefore. AB tzkes 1 shear of 4 0.507 X 6,123 = 3.10¢
» w m> » w0216 X 6.123= l.322
» GD ,, 4 =n »+ 01385 X 6123 = 0348
w LE 4o n » »t+ 0I385 X 6,323 = 0848

These shears induce momﬂ::g;t each end of each column equal

to shear x half height of col (since bases of columns are fized).
Therefore moments forAB'= 2.705 X 8 s 2484
= 1.322 X 10 = I[3.22
GD = 0.848 % 12.5 = 10.60
" » ,,L£-=0848x 12.5 = 10.60

Place these moments on the columns as shown io the figure.

This completes the first cycle of operstions. Each sucoeed-
ing cycle is similar, that is, distribute moments, then carry over,
then balanec sheary in columns.

” L
ar n

T]u oumNAL, Val. 5, No. Ml 9 I
'f‘j{n'f,“ of P, Frames By Ditejbuting ‘the Fived Bt Maments *
tﬂ.‘,d & Smo o C.'au? Engineers, M.w. :m
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I The Construction of the Canning Dam,
Western Australia.

' - By RusserL JouN Dumas, M.E., aND Victor CranstoN Munt, B.A., B.E.

[ - Member.*

Associate Member.*

Stommary.—The construction of the Canning Dam, now being built in Western Australia to supply water for the E‘:H of Perth and Metro-

hlimn Area, has various novel features. This paper deals with the plant employed, the method of construction,

the costs of the more

portant items, particular reference being made to the use of bulk cement and the very substantial savings effected by this method of con-

struction.

I INTRODUCTION.

The construction of the Canning Dam, now being
built in Western Australia to supply water for the City of
aa :th and metropolitan area, has various features which are
ther novel to Auswalian contruction methods or are
tended developments of previous practice.
For the first time in Australia, so far as the authors are
ware, bulk cement is being used. The method of placing
Eoucrctc by means of chuting and disuibuting through a
ompeund truss of such large radius is slso an advance on
previous Australian practice.
The work is being carricd out as part of the Western
h:;stralian Government’s Employment Scheme, approxi-
tely oo per cent. of the employees being engaged on a
part time -basis. :
A paper covering the details of the design of the Canning
am was published in THE JourNaL, Vol. 5, No. 9, Septem-
er, 1933. This design provided for a wall 175 fr. high.
It was decided later to raise the wall, and the dam now
under construction will, when. completed, stand 218 ft.
above the river bed, _ . : ' :
The main features, including allowances for maximum
1oe pressures, uplift, weight of concrete, etc., are the same
in the original design. The major differences in the new
|§t‘.‘sign are ;— .
. (@) A length of 360 fr. of the southern wing of the dam will

- ;88 an overflow section, discharging into @ channel, blasted from
the rock, which will convey the floodwaters down the granite hillside

eil below the dam. :

(#) The re—mg;ﬁomus drainage blocks have been superseded
by a system of practically
wall set at 5 ft. intervals along its full length.

This paper will deal with the plant employed, the
method of construction and the costs of the more important

items.

INITIAL STAGES., .

ceed with the work were given on i8th Sept., 1933. ~At

that date no drawings existed for the dam of increased height .
and no consideration had been given to the layout or design -
of plant. As one object of carrying out the work was to

Was imperative that the employment stage be reached as

tapidly as possible. A limited number of men was em- '

gprovide useful employment for workers on sustenance, it

*This paper, No. 348‘.;1:&!\01{3!:3:&9& in che Perth Divisfon of The Inaticutdon,

will be presenited before Conference to be held in Perth in April;

vertical 8 in. diameter ducts in the concrete -

l The report recommending the ralsmg of the height
of the dam was submitted to Cabinet on 6th Sept., 1933.
This report was adopted and Cabinet instructions to pro-

| roviding that quality is maintsined-
;;pthc plaat and method of construction employed. For

.

ployed immediately on preliminary work, such as prepara-
tion of camp sites, access roads, erection of cubicles, water
supply, etc. Portable air compressors were hired and the
blasting of rock from the by-wash channel and in the bed
of the stream for the foundations was the first work under-
taken.

In the meantime the amended design for the dam was
expedited to the utmost. Draughtsmen and designing staff
worked overtime on designs and Jayout for the various items
of plant, every portion of which, excepting machinery such
as crushers, concrete mixers, etc., was designed by officers
of the Public Works Department. The greatest concen~
tration in the drawing office was on the design of the tower
and chuting plant.” Tenders were called for the construction
and erection of this unit. A programme was drawn up by
which all other units of plant would be purchased and
erected by the time the chuting plant was ready for operation.
In addition, sufficient of the foundation was to be excavated
to permit concreting to commence. It being summer

- time, the river was diverted through 2 series of 30-in. dia.
pipes and the loose overlaying rock blasted out of the river= .-~ - =

bed. It had been known from diamond drill bores that a
diorite dyke, approximately 20 ft. wide, existed along the
bed of the river. At the junctions of the diorite with the
granite, on cach side, approximately 4in. of semi-decom-
posed rock occurred. A shaft 6 ft. by 3 ft. was sunk across
each junction for a depth of 57 ft. below the original bed of
the stream. At this depth the junction material was much

- . more compact. Grout holes were drilled across the joints,
but it was impossible to force in any grout. The shafts
~were filled with 1 : 2 : 4 concrete with a very low slump
and this was handpacked into position to fill completely

the shafts and act as a seal across the joints. Great care was

.- exercised in bonding the shaft concrete to the concrete in the

body of the dam. )
. "This work was completed and a sufficient area of cut-off
trench and foundations excavated to permit concreting

.to start immediately the plant was ready. On 2oth April,
1934, concreting commenced' and has been continued
‘steadily since that date.

At the commencement of construction an estimated

progress graph was plotted, and as shown, it has been found

gossible to conform exwuaordinarily closely to this chart,
ee Fig. 1.
CosTING.

The cost of carrying out a work is the only; true criterion
intained-—as to the efficdiency
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Fig, 1.—Progress Chart.

purposes of comparison it is essential that costs for various
Jobs should be on a standard or uniform basis. Many costs
are not “ honest ” and it is considered that The Institution
might well draft some standard costing system to be adopted
on major construction works,

.. The costiag system adopted for the Canning Dam is a
conservative one. Purchases of plant and erection of same,
including temporary construction buildings, have been
debited to a Plant Suspense account. For each cu. yd. of
concrete placed this account is credited with 2s. 6d., which is
charged against the concrete item. In addition, all credits
received for returned empty cement bags, etc., are credited

‘to a “* dismantling ™ account.

By this means the * plant suspense account * will have
been almost completely written off at the end of the work,
and the * dismantling account ™ will provide the fund for
dismantling plant, ete, The individual item costs will,
therefore, not be disturbed ar the end of the work.

Oune of the authors, who was responsible for the intro-
duction, to Western Australia, of the chuting system with
the c¢ompound truss, has had intimate constructional
experience with the 1o-ton Lidgerwood type cableway. On
account of its fexibility, capacity, low capital cost, and other
features, the chuting system is proving more economical for
construction of concrete dams than the ro-ton cableway.
The cableway will develop, as in the United States of
America, to the 20-ton or 25-ton capacity and then, the
only way in which the Engineer can determine which sys-
tem is preferable, must be by comparison of costs.

DzTalls oF Dam.

Before proceeding with a description of the construction
of the dam, some details of the work will first be given,

The basin comprised approximately 1,200 acres of
heavily-timbered .jarrah, black-butt and red-gum country.
This was cleared and burnt with sustenance labour. *

* The main dimensions of the dam are :—

Heighe above stream bed - .. 2I8 feer,
Width at crest . 20

»n

Length of crest ... 1,500 4
Width at stream bed level e ITO
Estimated quantity of concrete ... 350,000 cu. yd.
Qriginal estimated cost . 1,257,300

. Revised estimated cost £1,050,000
Expenditure to 12/10/1935 - Lz298213
Concrete placed to 12/10/1935 ... 95,585 cu. yd.

LocaTIon,

The site of the dam Is situated 10 miles distant from the
railhead ar Armadale and approximately 27 miles from
Perth.

The main Perth-Albany Road, which has a bitumen
surface, passes within 3% miles of the site. A gravel road
has been constructed from this point to the dam, and all
supplies, including cement, sand, etc., are carried by motor
transport over this road. The gravel road is graded approxi-
mately once 2 week with a Wehr grader, beyond which it
requires very lirtle maintenance.

Sa?m.

At the foothills of the Daring Ranges are extensive
deposits of typical * Perth ™ yellow sand.

- After a wide survey an cxcellent deposit was located
11 miles from the sit¢ of the dam, and within 100 yd. of
the main road. The depth of sand, shown by borings,
varies from 20 to 30 ft. with an average overburden of
approximately 2 ft. of sandy loam.

Tests made by The University of Western Australia
from samples of this sand taken from the borings gave the
average results shown in Table I .

The quantity of clay and silt in the sand (Decantation
test) averaged 7.2 per cent.  The test for organic impurities
gave a satisfactory result.
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TasLe I. BuLk CEMENT. .
The large savings to be made from the use of bulk
In teasi Iz com- cement had appealed to the authors during the initial stages
Breaking stress in Ib. per sq. inch. ftension. | pression, of the work, but it was not possible to give detailed artention
‘ davs. I days. | 28 da to this phase until plant designs had been completed, and

3 days. | 7 days. ys. ) h

- the actual construction of the dam was proceeding smoothly.
3:1morur—Canning Damsand | 456 | 526 | 5,648 Tests showed that the average amount of cement left
3:1 ;‘n"é‘”"m’s“ﬂ’“ Standard 58 44 4140 in each jute bag, after emptying into 2 hopper by hand and
3 shaking, was approximately i} Ib. Over the whole job

The clearing and stripping are done by the Department,

- The top three or four fest of the sand contain roots of
vegetation and this is screcned ; otherwise no screeming is
|nccwsary. Tenders are called once every 12 months for
the screening, loading, carting, and delivery of sand from
this pit into the bins above the concrete mixers at the dam,
lThis system has proved most satisfactory. In cases of

breakdown on the works, or a short day’s concreting, the

contractor keeps his trucks running and dumps the sand on
nrepared beds at the dam. He re-loads and delivers from
:se dumps at his own cost on days of heavy draw.
l The quantity of sand used per weck averages 650 cu. yd.
nd varies from 80 to 160 cu. yd. per day, With the assist-
ance of dumping and the use of one emergency truck the
system is most elastic, Payment is on a2 cu. yd. basis,
l:'ncasured in the truck at the point of delivery at the dam.
The rate for the existing contract is 2s. 11d. per cu. yd.

BROKEN STONE.

The stone is obtained from a quarry about one-quarter

mile downstream from the southern wing of the dam.

A pranite outcrop, approximately 150 ft. wide and
ounded on ¢ither side by dioritz dykes, bas be#n opened
p, and is now developed to a face depth of approximately

60 ft. The width permits of seven 24 in. gauge tracks into
the face.

The quarry is operated by a contractor who delivers

Is from steel tip trucks into bins above the primary

crushers. The Deparunent strips the overburden from
the quarry and pays the contractor for each cu, yd. measured
the solid removed from the quarry.

After passing through the crushing plant, the * crusher

-** stone, screened to 24 in. size, is delivered by a series
0: conveyor belts into the stone bins above the mixers.
mples of the granite have been tested to a compressive
ength exceeding 800 tons per square foot. Approx-
imately 6 per cent. of the gquarried stone has been rejected.

I CEMENT,
The cement is purchased from the Swan Portland
Cement Co. Ltd., Rivervale, The cement works are
geuated on the eastern bank of the River Swan. The
lincipal materials are immediately adjacent to the works.
posits of shell, of considerable depth, exist along the
bed of the River Swan. These shells are loaded by grab
wiedges on to barges ‘whichare towed to the works. A clay
tmit has also been opened up within a short distance of
works. The coal is brought by rail from the Collic
rmines, a distance of 125 miles, and is delivered at the com-

why’s siding. :

l All cement before consignment to the dam must pass
M Brinsh Standard three-day and soven-day tests, a
apply of Leytor Buzzard sami’ having been obtained for
i purpose,. The University of Western Australia carties

all tests on behalf of the Government.

" Labour of handling to

this would have represented 1,000 tons. In addition, the
weight of the bag is also paid for as cement. Inquities
from the manufacturers indicated that the cost of the bags,
including filling, sewing, tagging, etc., represented ap-
proximately 9s. per ton, As the result of confercnces
with the Railway Department’s experts, the system now in
force was evolved, resulting in 2 reduction in railway freight
to railhead of 2s. 6d. per ton, and a reduction in road carrage
from railhead to dam of 11d. per ton.

The bag system entails the employment of 2 large
aumber of men stacking the cement in the sheds, more men
whecling to the mixers, more men opering the bags and
dumping into the mixer hopper and more men collecting,
tying in bundles and loading the empty bags on to motor
trucks for return to the cement works.

With the bulk cement and automatic batching, as
adopted, the contractor conveys to the dam six tons of
cement m bulk, and dumps it, without any assistance, into
the 60 ton capacity steel tank. ' :

Burr CeMENT COSTS..
The total cost of the bulk cement plant was £1,875,

" exclusive of cost of containers and railway trucks which were

made by the Railway Department and not charged to the
works. This gives a unit cost of 1.32d. per cu. yd. of
concrete, or sd. per ton of cemeant, :

The following figures show the savings cffected by
using bulk instead of bagged cement i~

Buik per Ton. Bag per Ton.

X s. d. L s d.

Capital cost s Neglecr

F.O.R. cementworks 3 16t} 4 4 1o

Freight 6 2 8 8

Cartage 3 4f 4 3
Testing fees ... I 3 13-

Repairs 1o containers I Sheeting I

Labour of handling

mixer and repairs ... 3% into shed and o
mixer ... 2 4
Loss of cement 19 Loss of cement in
max. 3 bags 1%, say, ... T
Total ... - £4 7 11} N o S

Payment for the weight of the bag at cement rates,
plus collecting in bundles, freight, etc., equalises any credit
which may accrue from return of empry bags.

The net saving is, therefore, 14s. sid. per ton or, say,
3s. 74d. per cu. yd. of concrete, or a total of approximately
£63,000.

HANDLING OF BuLx CEMENT.

The first step necessary was for the cement company
to erect four concrete silos, each of approximately r2o tons
capacity, to allow time for the seven-day tests to be com-
pleted, and yet to keep the dam going. The capacity of"
the silos, howeaver, does not quite enable this to be done,
but whenever the silos cannot supply tested cement, the

I I ———
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company fills the stcel containers, which will be described

later in the paper, by emptying in cement from bags, a

stock of which is always held in reserve at the cement works,
Steel containers have been constructed in accordance

with the dimensions shown in Fig. 2.

 These containers are designed so that two can be placed,

end to end, on a standard 3ft. 6in. gauge flat top railway

- waggon and be readily transferred from it to the chassis

of a motor truck. The rectangular design was considered
preferable to the cylindrical shape as it enabled the centre
of gravity to be kept down while being transported on the
motor chassis, and also because it can be firted more readily
to 2 motor c™assis and empticd by raising one end.

The container empty weighs approximately 26 cwt.,
and up to 6 tons of cement are carried in cach container;
tlie gross weight when filled, therefore, being approximately

tons.
7 Two Leyland (Badger T4 6 model, rated capacity
5 tons) trucks have been employed and these have for 10
months conveyed an average of approximately 300 tons per
week from raithead to dam site, a distance of 11 miles, with

_practically no breakdowns.

A centre opening 18 in. in diameter is provided in
the cover plate of the container and the cement is filled in
through this opening. One end of the container forms a
hinged door faced around the edges with a strip of rubber
insertjon to make a perfect closure when clamped tight.
The cement is conveyed from the foot of the silos
by means of a screw conveyor, raised to the necessary height
by a bucket elevator and delivered through a canvas spout
into the containers, which are on rzilway wucks. Experi-
ments made before the containers were designed indicated
that cement filled in this way did not weigh more than 8o Ib,
per cu. foot. Sufficient volume in the container was,
therefore, provided on this basis. Tests were also made on
the angle of repose of cement discharged from a spour,
and these indicated that one opening in the top plate was
sufficient for filling the containers.

The container is transferred, at railhead at Armadale,
from the railway waggon to the motor chassis by means of
an electric gantry which straddles the track. The gantry
itsclf traverses in 2 direction paralle! to the railway line,
and is equipped with twin electric hoists which move in a

“transverse direction. In this way considerable mobility is

obtained, and the transfer is effected in two or three min-
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Fig. 3.—Bulk Cement Container on Moror Truck.
(Belowy—Transgferring Containers from Railway Trucks,

utes. FEach hoist is fitted with a steel bridle. and hook.
which grapple lugs set at the corners of the coutainers
The gantry is operated by the drivers of the motor trucks.
On the underside of the comainer, at the discharge end,
are two lugs through which two pins from the motor chassis
pass. The other end is clamped to the chassis.

The main cement storage bin at the dam is located at
the end of a wide timber ramp, with 2 gantry erected over
the bin for the purpose of emptying the containers. The -
bin, which has a capadity of 60 toms, is 10 ft. square in sec-
tion for the top 8 ft. and tapers down on three sides over
the bottom 14 ft, t0 an opeming 24 in. by 18 in. The bin
and gantry are totally enclosed with corrugated iron to
ensure weather tightness, a low entrance shed and doorway
giving access to the trucks which are entirely sheltered
while tipping is in progress. The motor truck is backed
along the trestle into position at the front of the bin, and
the front of the container is elevated by a friction winch and
tackle suspended from the gantry undl the container assumes
an angle of about §5° with the horizontal. The rear end
of the container pivots on twho cast iron saddle lugs about a

. shaft artached to the rear end of the chassis. The clamps

on the door at the back are previously unfastened, and as the
front of the contatner is raised the door swings open and
the cement is delivered into the bin.

OPERATION PROBLEMS.

In the original design of the plant, the cement was
then fed through a door in the bottom of the bin into the
boot of a vertical bucket elevator which delivered it through
a 1z in. dia. pipe, on an incline of 52°% to 2 secondary bin




of 2.5 tons capacity located above the mixer, The rate at
which the elevator was to be fed was to be regulated by the
adjustment of the door, which moved horizoatally between
guides and was fitted with a hand wheel and rack znd pinion
gearing to facilitate operadons. It was here that the lack
of actual experience in handling the material Ied to the first
sct of difficulties. In the first place, the cement was found
to be so fluid in its action that it discharged through the
smallest of pin holes in the welding at the corners of the bin
and squeezed out between the door and the door guides.
The welding was retouched thoroughly with a caulking
tool and z baffle welded to the door to prevent the escape
of cementin this way, The next difficulty was in the opera-
ton of the door itself. It was found that 2 door opening
. of an inch or two gave the required rate of feed for a time.
but the cement then formed an arch above the door and this
arch had to be broken before feeding of the elevator could
- continue.  Breaking of the arch by increasing the door
opening invariably resulted in the flooding of the boot
to such an extent as to prevent the operation of the elevator.
“ach flooding meant a considerable waste of time and labour,
.3 portion of the casing had to be removed and the cement
scraped out and bagged. This operation took nearly
three-quarters of an hour,

The problem was to devise some means of preventing
the formation of the arch. The first step taken was the
installation of a chain agitator, which consisted of an end-
less § in. chain suspended in the cement from the top of

- . the bin to within about 6 in. of the door, and driven through
gearing by a 7 h.p. motor. It was found, however, that the
chain could not ke made to re-entér the surfacé of the
cement and merely worked upwards leaving the arch un-
broken. o

It was then decided to fit compressed air jets to the
sides of the bin above the door, the idea being to prevent
arching by keeping the cement well agitated. In the first
test, six § in. dia. jets were placed on two sides of the
bin about 12 in. above the door and connected to the air
line. This showed promise for a time, but the arch continued
to form, and seven tnore jets were placed in the sloping
back to a height of 8 fi. above the door. The consequent
acration of the cement in the vicinity of the jets meant that
+he door opening had now to be reduced to about  in. to
2vent flooding. This opening gave the required rate of
teeding for about one-half hour, when the opening became
blocked by the accumulation of cement on its edges. The
oor had ‘thea to be opened wider and greater flooding
occurred. It was then found that, although the cement
in the immediate vicinity of the jets was more fluid than
Ié:eforc, the cement above the jets was unaffected and the

MBS & AN AT _

rch formed higher up, even though the air would bubble
he cement to the top of the bin. A }in. air pipe was, there-
fore, led into the cement from the surface to within a few
cet of the door, but the arch remained unbroken.

_After the shape of the door had been altered by the
tnsertion of check plates in the sides and front of the bin,
without success, it was thought that the formation of the

rch might be prevented by continued hammering of the
xterior of the bin.  An air gun, of the type used in scab-
ling, fitted with a flattened tool, was mounted in such a

Josition as to opeérate against the bin at the spot where the
rch formed. This method met with more success than
ose already mentioned, but the effect on the bin was far
rom beneficial, and there was no certainty about its action.

Slooding stll continueq on the breaking of the arch, and
e method was abandoned after a time.

\
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It was then decided to modify the design of the plant .
it an endeavour to rectify the trouble.  The direct method of
feeding under gravity from the main bin to the elevator boot
was abandoned and the shape of the bin at the bottomn was
altered to allow of the installation of a short screw conveyor,
which forced cement from the bin horizontally to the boot.
It has now been in operation for some months and has proved
quite satisfactory. The door is left open to its full extent,
thus reducing the chance of an arch forming, and the con-
veyor feeds at a constant rate, irrespective of any flooding
from the bin. :

From the elevator boot the cement is hoisted vertically
in buckets atrached at 18 in. centres to a 10 in. wide canvas
belt carried on head and tail pulleys and driven by a 7 h.p.
motor. The clevator is housed in a mild steel casing to
protect the cement from weather. The buckets discharge
at the head of the elevator into a 12 in. dia. pipe, through
which it gravitates to the small secondary bin. From this
bin it is drawn off through a second door to the batching
hopper, where the required batch is weighed and passed to
the mixer. Should a blockage occur in the 12 in. dia.
pipe, backflooding of the elevator is prevented by means
of an overflow pipe which takes off well below the clevator
head and by-passes the cement back to the main storage
bin,

The door connecung the secondary bin and the batch-
ing hopper, when first installed, also gave considerable
trouble, It was a flat plate door moving horizontally
between guides, and designed to be operated automadcally
by -compressed air. Considerable leakage occurred, how-
ever, between the door and the opening, and although
efforts were made to prevent this by means of rubber in-
sertion and other means, little success was achieved. The
door now in usc consists of a horizontal cylinder in which
a piston moves back and forth to open or close a circular
shaft passing through the vertical axis of the cylinder. A
second piston, joined to the first by a distance picce moves
forward with it, and when the door is open-the two pistons,
one on each side of the opening, block the éscape of cement
through the cylinder, Cement lodging in the clearance
between the pistons and the cylinder forms a gasket and
prevents further leakages.

PLANT GENERAL.

The outstanding features of the plant employed are the
tower and chuting system for the placing of the concrete,
and the system of conveyors for tamsporting the broken
stone from the crushers to the mixing plant.

The power is electrical, high tension lines at a potential
of 20,000 volts being transformed at the works to 440 volts,
40 cycles. A unit rate of 14d. per kW., measured on the
high tension side, is charged by the Electricity Supply
Department,

¥

CRUSHING PLANT.

The quarry, as previously described, is approximately
one-quarter mile downstream from the southern wing of the
dam. The crushing plant is in duplicate, so that in case
of repairs or overhaul the output may be maintained. The
primary unit in each set is a Jacques No. § gyratory crusher,
driven by a 48 h.p. motor, and of capacity approximately
300 tons per eight-hour shift. The broken metal dis-
charges on to a 24 in, troughed conveyor belt of 70‘&.
centres which clevates it and discharges it into a revolving
cylindrical screen, 4 ft. dia. and 9 ft. in length, the holes
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" Fig. 4—Plan of Canning Dam, Showing Layout of Plans.

in which are 2} in. diameter. The stone passing through
the screen falls into the bins below., The oversize stone
is fed to a 24 in. by 12 in. Jaw crusher, and broken o simaller
dimensions ; this stone is not further screened but falls
below to the bin with the screened stone. The cost of the
crushing plant compicte was £8,727, or 6.16d. per cu, yd.

The crushed stone is fed from the bins on to an 18in, .
five-ply, flat belt conveyor of §25 fi. centres. This belt - -
again feeds on to another similar beit of 410 ft. centres, -

e of 35° from the line of No. 1 belt, and by
¢ stone is conveyed around the side of a hill -
and discharged into a rectangular timber bin of 300 cu. yd..
capacity, which is regarded as the * service reservoir ¥ of
the system. The Stone is conveyed as required from this .-
bin to the stone bins above the mixer by a 24 in. ‘trough

set at an
this meang

belt conveyor, 275 ft. long, set at an angie of 12° with the
horizontal. R E o

The cost of the conveyor. system ‘from ‘the “crushed

stone bins to the mixer bin, and including the intermediate

storage bin, was £6,230, or 4.3d. per cn. yd. of concrete.

One man is employed as greaser and door attendant and,
including his wagesplus the very little repair work necessary,
the delivery of the crushed stone to the mixer bin costs
only 5d. per cu. yd. The belts have already done one-

third of their work and should be in good condition at the -
. conclusion of the job. : T

The total cost of the coarse aggregate averages '-ss..' 4d.
per cu. yd. of concrete, made up pnncipally of centractor’s

price of 6s. 3d. per solid cu. yd. of rock cxcavated, stripping -

—’

of overburden and also crushing and maintenance costs.
To the above 5s. 4d. may be added the plant overhead of

10.46d., assunung the plant has no value at the conclusion
of the job.

CoNCRETE CHUTING PLANT.

The concrete chuting plant consists essentially of a

-~ { yd. hoisting bucket in a steel tower 7 ft. square and 255 ft.

high, and a receiving hopper which discharges the concrete
. into the chute line, :

. The tower legs are 8 in. by 8 in. by § in. mild steel
. angles, divided into panels of 7 ft. 6 in., and the tower is
guyed with § in. dia. steel wire ropes at every sixth panel
poiat. ) _
. The bucket is hinged at the bottom to a steel bridie
equipped with rollers, which roll between two 4 in. by 4 in.
" timber guides attached ‘to the sides of the tower. Two
rollers fitted on cach side of the tipping lip engage in a mip
- gear at the receiving bopper, and the concrete is dumped
by continuing the hoistng. If the bridle is hoisted too
far, the bucket will either jam or turn upside down.
The bucket is carried automatically under the mixer
chute at the rear of the tower by bottom throw-out guides,

* which engage the bottom rellers of the bridle,

The hoisting winch is drivea by a 150 h.p. motor,
giving a rope speed of 8oo ft. per min., and 2 bucket speed
of 400 ft. pet minute.

»




The sliding frame, carrying the receiving hopper,
slides between 3 in. by 3 in. angles cleated to the outside of
the tower legs, and can be bolted at any desired panel.
It is raised and lowered with a crab winch.

There are two suspension cables of 2} in. dia., 280
ton breaking strength, locked coil rope, one carrying the
continuous chute line, and the other the counterweight
chute trusses. These cables pass over two specially shaped
wooden cradles at the top oEP the tower, and are anchored
to deadmen on cither side of the valley, These deadmen
are 30 in. dia. steel pipes filled with concrete, reinforced
with old rails and buried 13 ft. deep.

The continuous chute line is hung from the cable by
lf; in, dia. wire rope tackles, the lower block engaging in a

stster hook, which in wrn grips the two hanger bands at

M the end of each chute section ; the upper block hangs from
' a single wheel trolley riding on the cable, and €ach trolley

is kept apart the required distance by s spacing line of 1 in.
ld.ia. rope.

The chutes are cach 18 ft. long, nominally 16 in. dia.,

l ~ud are approximately of parabolic section. Angles,
.} in. by 1} in. by & in, are used at the sides, with 2 16
lB.G. bowl and a 12 B.G. renewsble liner. The chutes
arc slip jointed in the continuous line, and the sister hooks
| are designed to give flexibility and yet ensure that the
weight of each chute is equally transmitted to the pulley
lblocks. The chutes are raised and lowered by specially
designed 15 cwt. crab winches, anchored on the downstream
side. Two men can raise comfortably a chure during

oncreting.

l; Distribution of the concrete is effected by the use of
ree counterweight balanced trusses of 45 fi., 25 ft., and
18 ft. radius, respectively, giving an effective radius of nearly
o ft. Each truss is suspended from the main pulley block,
Fr the nose of the preceding truss, as the case may be, by
a single suspension rod passing through the truss hopper,
and these rods are supported by crossheads and ball bearings
go give the needed flexibility. The trusses are suspended
Ei’y an eight-part line, the upper block hanging from a two-

heeled trolley on the main cable.

A two ton air hoist stationed at the foot of the tower

"vaiscs and lowers the trusses, and a similar hoist stationed

vell to the rear of the tower at the main deadman traverses
& trusses along the cable.

The swivel plate chute connecting the chute line to

'he rnain truss is so arranged as to traverse with the trusses.

Fig. §.—View from North, Showing Progress to October, 1935.
Chuting Tower, Mixing Plant and Stone Canveyort in Background,

l-—u—-—.——.. .
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Fig. 6.—View from South, Showing Progress to October, 1935.

The total cost of the chuting plant, including electric
hoist, wire ropes, winches, etc,, was £7,488, of which pur-
chase of major items cost £5,731, and erection, including
minor materials, £x,757. This expenditure represents a
capital cost of §.3d. per cu. yd. of concrete.

METHOD OF OPERATION AND BEHAVIOUR oF CHUTING.

As will be mentioned elsewhere in the paper, the daily
blocks to be poured are approximately 45 ft. by 30 ft. by 6 fi.
high. The design provides for vertical contraction joints
at 90 ft. intervals along the wall, and it is the practice to
pour concrete within one go ft. monolith for three weeks
orhmorc before moving the trugs above the adjacent mopo-
lith.

It has been found that the workable grades of the
chute line lie between 1f to I and 2} to 1. At steeper
grades the stone will race ahead of the mortar, with conse-
quent separagon and danger to the men working below,
while at flatter grades the concrete'is so sluggish that the
slightest check to the fow will cause clogging of the chute
line.

Where possible, the grade is kept at about 2 to 1, but
concrete is poured over 23 to 1 with a long chute line and
for long periods with very little rrouble. Steeper grades
than 2 to ¥ are rarely used and then only on short leads
close to the tower,

With such a wide choice of grade it follows that the
receiving hopper on the tower can be fixed in one position
for pouring in the one monolith for three or more weeks.
Dunng this time it is necessary to raise or lower the trusses
six feet or 5o or to traverse them 18 or 36 ft. on an average
of every second day. The former operation takes six men
about 20 minutes while the latter takes the same number
of men about 30 minutes. These times include lining
up the chute line.

When raising or lowering only, the trusses are not
disconnected from the chute lige, but when traversing, the
swivel piate chute joining the trusses to the line is un-
buttoned from the chute line and the trusses arc hauled
the required distance, the continuous line being then broken
and the swivel plate chute again buttoned up. The chutes
disconnectad from the line are left hanging approximately
in their previous position, _

Moving from onc monolith to another is a longer
process, owing to the necessity for moving the sliding frame
and the handling of a longer chute line. To move the trusses
200 ft. and the sliding frame eight sections took, in two
instances, 16 men 2} hours and 1} hours, respectively.
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The difference in time is due to the longer chute line lowered
in the first instance.

It will be mentioned later that the slumps of the No. 1
and No. 3 concrete average 2 in. and 3 in., respectively,
These mixrures give very little trouble on long leads of
450 fr. and grades of 2} to 1. Concrete of 1 in. slump
has been poured, over 350 ft. and on grades of 2.2 to I,
for days at a time, but extra care is necded at the mixer.
Should a wetter mixture be tipped into the chute line, then
the higher velocity of the wetter concrete will cause building
up in the chute with consequent overflows and, eventually,
blockages. In fact, wet concrete causes more trouble
in the chute than dry because, due to the lack of cohesion,
the mortar will sertde 1o the bottom and any irregularity
in the sides of the chute will check the stone and cause a
blockage. Also the concrete is more sepsitive to any slight

change of grade in the chute line, causing the stone to race .

ahead and then 1o build up on the flatter sections.

Fig, 7.——V:'u£- Looking Upml';;xm, October, 1935, Showing Valve
ouse,

It might alse be mentioned that the chuting plant is
almost equivalent to another mixer. The cozcrete is well
mixed when entering the tower skip from the mixer hopper
and it is completely turned over when empted into the

=, receiving hopper on the tower face. The chute line gives
7 very little mixing effect but the three vertical falls and

changes in direction at the trusses must do. This extra
mixing probably explains why such workable concrete is
obtained with low water-cement ratios.
.. At the present time the output of the concrete mixer
is limited by the bucket hoisting winch. At the lower levels
of the tower 4o cu. yd. per hour can be maintained com-
fortably, while at the top of the tower 32 cu. yd. per hour
is the limit. The highest yardage for one week’s con-
creting was 1,802, and for one month, 6,312.

The cost of handling and of maintenance of the chuting
plant up to September, 1935, when 90,000 cu. yd. of con-
crete had been placed, was as follows ;—

Labour cost per cu. yd. . 4d.
Materials ... . 3d.
Total . v d.

Add to the above the capital cost of §.3d., and the total

- cost of handling the concrete by means of the chuting plant

is 1s. per cu, yd. This figure does not include the cost
of winch driver, tower man, etc.—while concreting is in
progress—these are a charge on mixing and placing of
concrete,

. .

The 12 B.G. renewable steel liners last from 6,000 to-
8,000 cu. yd. of concrete. The cost of renewing these
liners is 1d. per cu. yd. and is included in the above 7d.

MixinG AND BATCHING,

In order to understand the operations conpected with.
the propertioning of the various materials which are passed
into the mixer when 2 * batch *' of concrete is made, it is
necessary briefly to describe the layout of the bins, batching
plant, and mixers. The trestieway previously referred to,.
is 2 timber runway, 130 ft. long and 34 ft. wide, constructed
at the level of the approach road and extending north as far
as the hoisting tower. At the tower end the sand and stone
bins are located, side by side and extending the’ width of
the trestle, The primary 6o ton bulk cement bin is sinu-
ated in front of these to the western side, the small secondary
2} ton container being housed in the sand bin.  The mixers,
of which there are two, are at ground level some 20 ft,
below the bottom of the bins. Midway between is the
barching floor where the apparatus controlling the doors
and the weighing gear is housed. The bag cement
storage shed is on the same level as the batching floor, so
that in the event of a breakdown occurring in the bulk
cement plant, bags may be wheeied to the mixer hopper on
hand trollies. The chief mixing unit is of 11 cu, yd. cap-
acity, the second mixer of § cu. yd. capacity only being
used in the event of a breskdown. This small mixer is
not connected with the bulk cement plant, and has to be
fed with the bagged product, of which one day’s supply is
always kept in stock.

he batching for the large concrete mixer is done by
separate weighing of the stone, sand, and cement, In the
floor of the stone bin is an opening tapering from 18 in.
square to I3 in. square. This opening is controlled by a
stee]l plate door carried on small flanged wheels running
on light rails. The plate door is connected to the piston
rod of a ¢ylinder of 10 in. internal dia. with a piston stroke
of 18 inches. This arrangement is-shown in Fig. 8.
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Fig. 8.—Detail of Stone Bin Gate and Cylinder.

The exhaust and inlet ports of this cylinder are con-
nected by 1 in. and 2 in. galvanised tubing to a piston
master valve in the operator’s cabin. This master valve,
which is moved in one direction by hand and reversed by

" the action of a solenoid, is so designed that compressed

air can be admitted to cither end of the cylinder and the
door under the stone bin thus be opened or shut. The sand
bin door is similarly controlled. The cement bin door is
cylindrical and is operated by hand.

Steel batching boxes are provided, one each for stone,
sand, and cement. Each box is suspended from its own
system of levers, the weight being transferred to its recording
beam which can be adjusted to lift when any desired weight
isin the batch box. This beam is wired so that immediately
it lifts 2 contact is made, closing the solencid circuit which
reverses immediately the relative master valve and the door
under the bin closes.




The stone,sand,and cement batch boxes ace suspended
above 2 large hopper which discharges directly into the
mixer. Thus, after the weights required have been meas-
ured into the batch boxes, the batcher man and his mate
stand by for the signal that the mixer has been emptied
when they immediately trip the doors, discharging the
contents into the mixer. The outlet doors of the barch
boxes which are counterweighted are then closed by hand,

the master valves are reversed, thus opening the doors -

under the bins, and barching proceeds again. The com-
plete process can be done easily within two minutes and the
mixer never gets ahead of the batching. It will be realised
-that there is a ‘' lag” factor in the closing of the doors.
This has been found much smaller than might be anticipated,
and extraordinarily consistent.
in the setting of the beam weight. Constant and irregular
checking of the batching against standard cast iron weights
is made, in addition to which a representative of the Toledo
Scale Co., which manufactured the weighing mechanism
locally, visits the works once 2 month to check up the
accuracy of its operation.

l THe CONCRETE.

The design provided that concrete between the up-
stream face and the 8 in. dia. drainage ducts was to be No, 1
concrete of a2 nominal mix of 1:2:4, and the balance to

e downstream face was to be No. 3 concrete of a nominal
mix of 1:3:6. The aim was to maintain a concrete of
sufficient strength, viz., 2,000 lb. per sq. in. at 28 days,

r'ith due regard for workability, i.e., 2 in. slump for No. 1
concrete and 3 in. for No, 3.*

As previously explained, crusher run is used. During
the early stages of the job the proportions were based on the
void Theory but this gave a concrete with an excess of

ortar, so proportions. based on the Fineness Modulus

heory were adopted.

. The average fineness modulus for both crusher run
lnd sand was found by taking a considerable number of
amples. The calculation, using the Fineness Modulus
Theory, gave 2 proportion of 1 : 2.06 : 6.73. Pending the
results of compression tests taken under working conditions
: was decided to test out concrete with proportons of
.76 : 5.74. These proportions gave a concrete which
4+ much too harsh so the quantity of sand was increased
ond the stone decreased giving 1 : 2 : 5.5. The propor-
lons for No. 1 concrete were altered to I 2 1.57 ¢ 4.32.
As the results of the comptession tests became known
and showed that the aim of 2,000 1b. was being comfortably
1aintained, so the quantity of cement in the No. 3 concrete
lis been reduced, each time by 10 Ib. per batch. At the
esent time the proportions for the No. 3 mixture have been
reduced to I : 2.09 : 5.75.

l It should be understood that crusher run is variable

: regards voids and fineness modulus, due to conditions
the quarry, the state of the crushing plant, etc. Fine-
ness modulus tests are taken each day and as long as the ave-
ge is maintained no alterations are made in the proportons
l’ sand and stone. The original average of 7.75 has
mained constant. _
The aggregates are all batched by weight and this
icessarily gives variations in the volume of stone ; each day
lated volumes of stone as batched are raken and recorded,

*A amall quentity of No. 2 concrete, of nominal mix 52415, was wed in

o few ponjtions. No. 4 concre:‘ef of nominal mix I ! 2 1 4, AgETCEGALE fi’n. screeningy,

orced work.,

' specified for cermin rei

I I

This factor is allowed for
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and, periodically, consecutive volumes for from one hour
up to eight hours. It is slways found that the average
does not vary one per cent., although rare single batches
may vary as much a$ seven per cent. above or below the
average,

An indirect check is also made in the following manner :

The number of batches is counted automatically and
the concrete poured each day is measured up by cross-
sectioning at 10 ft. intervals. Daily records are tabulated
and, although there may be variations of three per cent. in
any day's comparison, there is rarely a variation of more
than one per cent. at the end of a week,

In regard to the water content, it has not been found
practicable to fix the quantity of water per batch, due, very
largely, to the above variations, A minimum quantity of
water is set by means of a gauge connected electrically to
a lamp and when necessary the mixer man adds a litde more,
The water-cement ratio used is tested periodically by
averaging, over four hours, the extra time that the valve is
opened and then, later, measuring the total water. The
water-cement ratio lies between the ranges of 0,88 and 0.94.

Slump tests of the concrete in the box are taken fre-
quently—often six times a day. Unfortunately individual
slump tests are very unreliable, as the standard slump
cones are too small for the size of the aggregate used.
Quite often the same sample of concrete will give slumps of
1in., 2in.,and 3in. The tests, however, ¢nable a standard
to be maintained, and correct any tendency to become
gradually wetter or dryer.

Two 8 in. dia. by 12 in. high test cylinders are made
each day for testing at the University at seven and 28 days.
The sample is taken from the chutz and not from the mass
in the box, and very little selection is made. This method
eliminates any tendency to select the better concrete frem
the mass, and ensures that the average test block is a measure
of the concrete in the wall, '

Srump TEsTs.

Table II gives the result of daily slump tests for the
past 1o mionths. '
TABLE 11,

Orver 4in|4in. 16 3§in.{3}in. 10 3in.J zin vo 2iin)z}in. to 2in.2in. vo l}in.!Under 1in.

1t 24 41 ’ 44 34 37 ’ 22

CoMNcreTE COMPRESSION TESTS.

Tables IIT and IV give the result of compression tests
since commencement of work.

TABLE 1II
Mo. 1 CONCRETE.

Saven-day tcst—-lb.' per 5q. in.

Over 3,000 , 3,000 10 2,000 ‘ 2,000 10 1,600 I Under 1,6c0
6 , 62 l 16

l (r,sISO)

Twenty-cight-day Test—Ib. per sq. in.

Over 4,000 I 4,000 (0 3,000 | 3,000 Lo 2,000 | Under 2,000
2 } 52 | 38

I
‘ (1,865)




Cos
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TABLE 1V.
No. 3 ConcraTe

Seven-day Test—Ib, per 3q. in.

Over 2,200 | 2,300 t0 I,Sool 1,300 t0 1,400 | Under 1,400
io 42 57 4

2 — 1,390)

I — 1,350)

I — 1,340)

- The cleaning of the concrete is alwa

- Twenty-eight-day TFest—Ib. per sq. in.

_ Over 3,000 ! 3,000 10 2,000 I 2,000 10 §,000 ( tnder 1,900 i

(I - 1.1645)

2 _
{1t — 1,840)

N

FOUNDATIONS.

The wall is founded througbout on granmite. The
design provided for a minimum of § ft. of rock to be re-

moved so that the concrete wall should be well keyed into -

the granite, Everywhere the foundations have been taken
to a solid unfractured Hoor of granite ; in ope case up to
16 ft. of rock have been removed. The granite foor pro-

" vides a comparatively smooth surface on which the resistance
‘to sliding would be low. To roughen this, surface holes
are drilled 6 in. deep at 6 in, intervals in lines parallel to the
face and 24 in. apart. Each bole is joaded with one-quarter
plug of § in. gelignite and fired. This has given & well-
corrugated surface without fracturing the rock face. Exca-
vation for foundation is carried out as follows.—

- Jackhammers drill a series of holes to a depth of approxi-
mately 5 ft. and the rock.is blasted out o this depth. Light
shooting then proceeds until approaching the solid floor,
the approximate level of which is known from the adjoining
completed section of foundation. The whole area is
then carefully retouched with hammer and gad and every
drummy or loose piece of rock is knocked off. The cut-off
trench is excavated similarly with light shooting followed up
by the hammer and gad men. Careful inspection is made of
every section of the foundation before it is approved for the
placement of concrete.

After excavation is completed, holes are consistently
drilled approximately 14 ft. below the foundation, and an
attempt is made to force in grout under 8o fb. per sq. in.
pressure. In no case has this been possible in the smallest
degree. Approved rock from the foundations is broken
down into “ one man ™ stone, and placed, by hand, as spalls
in the concrete. '

GENERAL CONCRETING PRACTICE.

. Before placing new concrete on old, the surface is
scabbled, with paeumatic tools, in runs sbout 3 in. apart
and from } to } in. deep, thereby removing the old surface.
There is practically no laitance present, as the concrete,
in the firstinstance, js suficiently dry to preventits formation
1o any appreciable extent, and because the bags placed on the
concrete absorb what little there is.

The scabblings and finer rubbish are removed with a
compressed air and water jet, held about ¢ in. from the sur-

facc-,'ar.ld any loose concrete that may happen to remain is
then picked out. :

The sides and ends of the boxes are not scabbled
Standard corrugated iron forming, vertical at the ends anc
horizontal at the sides, is used. The corrugated concrete
is blown with the jet and any loose fragments are picked off.
done by a night
shift to ensure g thoroughly wet and fresh surface for the
Acw concrere. :

One half-inch layer of 1 : 2 cement-mortar is poured on
the floor and swept in with stff wire brooms immediaely
prior o pouring the concrete,

The hourly rate of pouring averages 35 cu. yd. per
hour. Five men equipped with shovels or spades have
proved sufficient for the working of the No. 3 mixture and
six men for the stiffer and richer concrete at the upstream

. face,

Spading of the concrete along the edges of the forms
is not done at the expense of the inner concrete, yet the pum-
ber of honeycombed patches exposed is exceedingly small.

The concrete is placed by the chute in g in. layers and
the chute is not allowed to deposjt the concrete nearer than
two feet ffom any angle of forming. This prevents occa-
sional Jarger falls of concrete from falling against the
formwork and then being insufficiently worked,

Immediately concreting is finished, cement bags are
placed on the surface and are then lightly watered. These
bags are left on until the surface is 1o be prepared for cew
cogcrete, During the warmer months all concrete up 1o
two weeks old is kept moist and zlso for one week prior
to concreting. In spite of these precautions vertical hair

. cracks do develop, in the richer concrete upstream, about

halfway along each bleck and also occasionally in the No. 3
concrete, Where there is any possibility of sealing these
cracks, grout holes are drilled across them. Doubtless these
cracks are caused by the initial increase in temperature, due
to chemical action while setting.

Granite spalls tzken from the foundation excavation
are stacked along the edges of the box the day previous to
pouring. Only selected spalls are used as they must ke
solid, free of quartz or decomposed material. They are
washed where necessary.

After each layer of concrete has been packed, the spalls
are spread on the concrere and two or three men trample
and press them in, turning any concave surfaces uppermost.
The next layer of concrete is then placed on top.

Twelve inches of concrete must be poured btefore
spalls are placed ; they must be 6 in. from any face and must
be 3in, apart. Up to 11 per cent. spalls, solid measurement,
are placed.

DRAINAGE SYSTEM,
The design provides for a drainage grid of 8 in, dia.

“vertical ducts, spaced § ft. apart horizontally, connecting the

lower and upper inspection galleries, These ducts were,
at first, formed by setting up pre-cast porous, toncrete pipes
and concreting ground these. This was found to ke very
costly, and a collapsible steel tube was evolved. The tuke
is constructed in three parts with vertical joints., The
centre section has a central shaft connected by hinged ribs
to the tube segments. ‘The diameter ar the foot of the
composite tube, which is 8 ft. long, is slightly jess than at
the head, so that the tube can always be stood up in a duct.
The tubes are set up and tied to the formwork to prevent
movement and the concrete, to 2 depth of 6 ft., is poured
round them. After the concrete has set, the centre shaft
of a tube is raised by hand, the hinged ribs causing the
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arcached segments to close in, similar to a closing umbrelia,

This section is withdrawn and the two side sections are then

liifted casily from the duct. The tubes are constructed
trongly, all joints being welded.

CONTRACTION JOINTS.

The design provides that to a depth of 80 ft. from the
top the wall shall be provided with vertical contraction joints,
spaced 45 ft. apart, and below that level the joints are to be

lspaccd go ft. apart.

higher in level and upstream and downstream sides overlap
3 ft. decp for a distance of from 5 to 12 feet, -

The daily blocks are, therefore, thoroughly keyed into
one. another and any water, which may tend to follow the
vertical or horizontal joints, would be compelled to change
direction through go degrees a large number of times
before appearing on the downstream face. The three-feet
overlapping tongue limits the forming required along up

- and downstream sides to 3 fi. high. Keyways are provided

in sides and top of each block.

i - — WP G
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A typical contraction joint showing cut-offs, drainage
Iand keying system is shown in Fig. ¢, also the method of
serting-up the copper cut-off strip to ensure its effective
operation. ‘This method was employed at Wyangala Dam,
'it_: NTW South Wales, and has proved most satsfzctory and
simple.
Before concrete is placed, in an adjoining monolith, the

junction face of the set concrete, at the contraction joint,

is trowelled, where necessary, with cement-mortar to give
a smooth surface., After this has set, and immediately
before the concrete is poured, the face is painted with oil.
The object is to prevent the concrete of one monolith
adhering to the concrete of the adjoining monolith ; this
l_wuuld interfere with the effective operation of the contraction
' int. The bitumen stop is filled with Trinidad asphalt
140-50) soon after the concrete has set, and care is taken to
I prevent any foreign matter getting down the duct before

the bitumen is poured. The same care is cxercised to keep -
open the space between the copper strip and the cement -
asbestos sheet, to which it is attached by means of bitumen.”

l BLOCK SYSTEM. _
A block system has been evolved which ensures that no

horizontal or vertical joint between each pouring will be .
lcontinuous through the dam. Each block contains an’
average day’s pour, varying from 240 to 330 cu. yd., depend-

ing mainly upon the distance from the tower, the quantity

of spalls available, and the class of ¢oncrete, dand must be
Icomplctcd with continuous pouring. o o

Two blocks are formed between each contraction joint

and are each of irregular, rectangular outline in plan. The

centre joint is staggered, and the leg so formed is always

alternated in consecutive lifts and also i;x adjacent blocks, '

See Fig, 10.

Each block is 6 ft. high and the two between contraction-

Ijoints are on the same level. Adjoining blocks are 3 ft.
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Fig. 10.—Profile of Dam, Showing Blocking System.

: Durin a. short period when concrete was poured by -
" double shift, the blocks were enlarged for two-shift capaaty.
Boxes were enlarged in plan and depth increased to 9 feet.
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FORMING.

Standardised panel forming is used almost entirely.
On the up and downstream face each panel is a complete
unit 1o fr, wide and is lifted by light winches and frames.
The vertical studs are 7 in. by 2} in. Karr, at 1 ft. 9 in.
centres with 6in. by Iin. t. & g. Jarrah sheeting, covered with
20 B.G. galvanised iron, to protect the sheeting from the
concrete. Top and bottom walings only are used. These
are § in. by 3 in. steel angles, back to back, spaced 1 in.
apart and curved to the radius of the dam. The botrom
waling is held by four } in. bolts set into the previous Lift
of concrete and these bolts are later screwed out and the
hole plugged with cement mortar,

The top waling is held by four { in. dia. rods at 45°, set
into the previous lift of concrete. One £ In. rod tapped
to take the } in. rod passes through the steel waling and
connects the form to the tie rod. This § in. rod serves a
dual purpose: it saves about 2 fi. of ¢ in. rod and also,
when the concrete is poured higher than the point where

. the tie rod passes through the shecting, the § in. rod is
screwed outr and the hole plugged with mortar.

~ Inorder to eliminate toms or spreaders, and to facilitate
lining up, the vertical studs are carried about 2 ft. 6 in. below

the bottom waling to a second row of bolts, thus giving a
cantilever effect. '

When used against concrete, jarrah or karri sheeting
will twist and shrink to such an extent that it can be used
only two or three times on exposed faces. It is believed
that, with the galvanised iron protection, the forms will
complete the job. Besides the saving in timber a very much
neater appearance is achieved.

Each Lift of the forming is carefully lined up by sur-
veyors to within } in.

Fig. 11.~~Box being Poured. Showing also € ed Iron
Forms and Collapsible Steel Tubes for Drainage Ducts.

, The block system, as previously described, needs only
3 ft. and 3 ft. 6 in. high forming on the east and west faces
of the inside blocks. Until recently, jarrah formwork was
used. The studs were braced-knee frames out of 4 in. by

of concrete by means of a 6 in. by 4 in. waling and a 1 in.
bolt set previously in the concrete. The sheeting was made
up in 10 fi. panels, 18 in. wide, out of 6 in. by 1 in. faced
The ends of the box were -
built generally with loose 6 in. by 2 in. studs with the above

|2 in. at 2 ft, centres, clamped near the knee to the oid lift

| §
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panel sheeting and held at the top by walings and § S.W.G.
e wire. '

The use of corrugated iron formwork completaly altered
the system. Stee]l knec frames at § ft. centres instead of
2 ft. held down as sbove arc now used. Stee! channels
4 in. by 3 in. at top and bottom act as walings, and light
3 in. by 2 in, vertical studs of jarrah are clamped loosely to
the walings. The waling fits into 2 lug welded to the knee
frames. Standard corrugated iron (16 B.G.) is then nailed
Iightly to the studs.

The interior ends from 6 ft. to 7 ft. high are constructed
in an exactly similar manner except that, as the cotrugations
are now vertical, the 3 in. by 2 in. jarrah studs are unneces-
sary and also that three waltngs are used instead of two.

Plain sheeting is necessary along the cxpansion joints.
The forming does not lend itself to standardisation, so
loose studs with 10 ft. jarrah panels are used.

CosTs.

The costs of the various items are kept in considerable
detail, and a high degree of accuracy is insisted upon.

The major itemn, mass concrete, includes all concrete
except such special work as valve house and wet well.

The cost to date of mass concrete is 38s, 3d. per cu.
yd., whereas the period costs for the past six months
average 34s. 10%d. per cu. yd., the difference being ac-
counted for, mainly, by the reduced price of cernent since
May last and also by a gradual fall in the remaining items.

The only expenditures pot ch:u_"ged_ against this item
which would, by any stretch of imagination, be considered
as a charge, are t—

1, Roads and Maintenance—[£3,400. The greater part of this
expenditure was in the construction of approach roads which will
lJater be in the narure of a national concern.

2, Water Supply for works and men—g£1,200.

3. Accommodation and sanitation—[ 11,900, 'Thig item includes
erection of weatherboard quareers for men and families, office build-
ings, provision of recreation hall, school, etc. Rent is charged
but this money is not credited to the job authomry.

The major item is divided inte 11 sub-items as follows.
All costs are per cu. yd. of concrete.

1. Forming.—Average cost over past six months, 2s. 2d., labour
cost 1. 6d. per cu, yard. This includes cost of surveys, timber and
all materials,

2. %ﬂmy and Crushing.—Average cost over past six months,
£s. 3d., Iabour, including contractor’s payments, costs 4s. 3.7d. A
detailed dissection of this item has already been given.

3. Mixing and Placing.—Aversge cost, 1s. 7d., labour cost
1s5. 1d. This includes mixer crew, winch drivers, tower men, and
those working in the box. It aiso includes costs of mixer overhauls,
proportion of power and compressed air costs,

4. Chuting.—Average cost, 7d., Labour ocost, 4.2d. Includes
all maintenance to towsr and chuting plant and costs of handling
chuting generally. Detaled costs are alrexdy given.

5. Sand.—Costs per cu. yd. of sand are already given. The cost
per cu. yd. of concrete rung out at 1s.

6. Cement—Average cost, 193, 5d. Labour cost negligible.
This item varies from period to period due largely to the ing
proportions of No, 1 to No, 3 concrete. Any maintenance to bulk
cement plant is included.

. Spalli.—Average cost, 6d. Labour cost, 6d.
handling of spalls from excavatina into box. .

8 & 9. Water Stops and Curing.—Two minor items costing
0.75d. per cu. yard.

10. Cleaning up.—Average cost, Is. rod. Labour cost, Is. 6d,
Includes cost of scabbling surfaces of concrete and preparation

Includes

‘of box ready for concrete and cleaning up generally., Carries its

proporticn of air and power Costs.
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t1. Erection of Plant.—A Plant Erection Suspense Account STAFF.
was opened and 2s. 6d. per cu. yd. is credited to this item and debited . .
against mass conerete each monthly period. The total in the ac- The priacipal officers connected with the construction

unt, including erection of the second tower, will be [46,000,  of Cynping Dam are Messes, E, Tindale, B.C.E.
d La,000 vl be credited by the conclusion of the works.” This 4 1 pauct® o 8 S0 b bl Works; R. ]. Duras, M.E.,

aves {5,000 to be covered in the value of the plam, v
: : : cod M.LE.Aust., Engincer, Metropolitan Water Supply, Sewer-
A Plant Dismantling Account is also carried in Suspense and 2, i \ g4 . +
uch credits as the return of empty cement bags are uedit?:d tothis  28¢ and Drainage Department, directing design and con-
ceount, : struction work; R. J. Cavanagh, A M.LE.Aust., Inspect-
The mass concrete item is also subdivided into No. 1 and No, 3 ing Engincer ; and V. C. Munt, B.A, BE, AM.LE.Aust,
concrete and costs to date are 418, td. and 353. 10d., respectively,  Resident Engineer.

i . APPENDIX L.

. PranT AnD ERECTION,

Purchase of IE
major plant. | Erection.
Item. : ! Grand Remarks.
Ttem. ; Total. || Wages. [Material | Total. || Total.
I g £ [ £ £ i £ | £
WHpproach 1restle, ” —_ { — 875 | 482 i 1,357 ' 1,357 ! Cost per cu. yd. concrete, o.96d.
Ik Cemenr Bin, E [
Bulk bin. 380
Elevator. 350 |
Secondary bin. 49 !
Cement batchers. 305 | Caost, cu. yd. concrete, 1.32d.
Worm gear screw. 154 | : s » Cement, 5.03d.
leprs, 7 iu.p., second-hand. I4 | I,252 336 287 | 623 1,875
ermpressors end Shed. :
Compressor. 36: Second-hand, Includes 66 h.p. motor.
i 2
l 2 : go Overhaul charges only.
Receiver 18
1 50
Motor, 65 h.p. 136 : -
»  65/70. 123 o635 112 213 328 1,290 | Cost, o yd. concrete, 0.91d. |
ranuvEyors.
1,860 ft. Belting, 18 in. ' 1,102 This item includes second-hand materia
548ft.  ,, 24in. IR ) ) ex-Wellington Dam.
- Idlers, 18 in. and pulleys, 1,042 '
» 241 5 ” FLT
Motor, 20 h.p. second~hand. 20
LY 28 h.p. I43 .
»  28hp 143 | 3039 | 1,483 | 147 | 2,63 | 5669 | Cost, cu. yd. concrere, 4d.
‘rusher Plant. “ ' ' |
2~—Jacques gyratory crushers. 1,834 i
.~Screens, 212
2—Jaw crushers, 20 by 12, say. 400 On hire.
Belt conveyor, 24 in. 124
Idlers, 24 in. 261 : *Includes approx. f6oc steel plating.
Morors, {2}, 48 h.p. 234 !
s ) 35 h~P- 200
1 3s hp. 104 | 3,370 || $332 | 2,025" | 5357 [} 8,727 | Cost, cu. yd. concrete, 6.16d.
l;:emudiau Bin. " | “ 251 | 310 l 561 ” 561 } Cost, cu. yd. conceete, o.4d.
ixer and Bins, ‘ 1
Mixer, 1% cu. yd. _ 650 Mixers second-hand.
Motor, 48 h"p , 252 '
» 37t hp, 150
Stone meas, : batcher. 29
i Wweigho:  , 187
an » LI 187 ] ) )
l 5 Meas,: » 29 1,782 872 Loos | 1,877 3,659 | Cost, cu. yd. concrete, 2.5d,
a_%wr. . . . . '
ower complete. 2,1
Rape. 1,433
Chunng._ . I,174
Steam winches, second-hend, 132
Electric hoist, including 150 h.p.| - o
mMotor. ~ 794 | S73L 936 821 ' r957 F 7.488 | Cost, cu. yd. concrete, 5.3d.

I o . ‘
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APPENDIX II..
Mass CoNeseTe,
Surunary of Cost of Work to i ;
all material, freight, transport and pogcrfh agg)?ber, 1935 (ncluding
Four Weeks Period 15/9/1935—12/10/ 1935,
Unit of Measurement——cubic yard,
Quantiry for period : No. 1 conerete—a,203 cu. yd. @ 34s. 6d,

No. 3 » 4,100 cu, yd. @ 301, 94d.
6,312 cu. yd.*
- . Ex i
Description of Work. Rate per cu. yd. fogendpemdl'mr.c
s d L s 4
1. Forming 1 7.60 15 8
2. Quarrying & <rushing ... 4 10.74 z,g.u xg 1r
3. Mu:u_xg & placing . I 5.00 447 3 o
4. Chuting 3.88 Ior 19 §
4. Sand 1L.04 290 § 2
6, Cement ... . 18 2.34 5755 10 ©
7. Spalls ... .. 742 195 5§ 1
8. Water stops 114 30 0 ©
9. Curing ... .96 25 2 7
0. Clean up I 4.48 433 7 3
1t. Erection of plant 2 &o00 789 & ©
32 ILIo 10,128 2 3
*Record yardage for single shift; usus maimcrance work.
Totals to Date,

Quamitf 1o daes:
No. 1 concrere placed to date 36,751 cu. yd. @ 41s. 4id.

No. 3 » 2 » o 57265 4, a0 35s. 104d.
Other ”» » u o L5694, 405. 4d.
95:585 15
1. Forming 2 655 12,156 11 7
2. Quarrying & crushing 5 429 25604 & 9
3. Mixing & placing 1 g¢.83 8692 o &
4. Chuting 6.79 2,704 © 3
5. Sand 1 639 7:325 18 4
6. Cement ... 2I 590 102,727 3 10
7. Spalls ... .- 707 2,314 19
8. Stops . 1.63 650 g
9. Curing ... 0.43 71 1 9
16. Clean up 1 9.56 83560 2 8
11, Erection of plant 2 207 10,384 3 o
38 o045 181,790 16 3

APPENDIX III.
ForMULA FOR DETERMINING COSTS OF No. I Axp No, 3 CONGRETE,

Let X = Net quantity of No. 3 concrete \ allowing for Io per cent,
Y =« Net quantity of No. T concrete } 8 spails.w
Based on 658 1b. and 864 Ib, per batch with allowan
cent. for bulking No. :peCmcme. ace of 3 per
11X . '
Then TS @y pmr.go;ruo?n;r totxl cernent cost to be charged
14Y

X 4 537 = protgo%i;n:t‘mml cemant cost to be charged

Cost of item for ** Spalls ™ is divided propartionately between
No. 3 and No, © with spalls. i onsey

Cost of remaining items is a

ssumed the
each separare class of concrete. ssme per cu. yd. for

DISCUSSIONS.

Discussions & Communications.

THE EFFECT OF WELDING VARIABLES
ON THE PHYSICAL PROPERTIES OF
ELECTRIC ARC WELD METALS.

By R. R. Brackwoop.*

Mr. D, V. Isaacs (Associate Member, Melbourne Divivion).—
The importance of the author’s work lay in his having demon-
strated that the physical properties of weld metal were practically
unaffected by welding variables, and that, therefore, the best weld -
was the one which coudd be
best stress distribution, '

Economy of execution of welds was usually achieved by using
heavy runs and heavy currents, and the writer's own research work,
which was a3 yet incomplete, indicated an improved stress dis-
tribution under these same conditions. On this basis the designer
of welded work was thus free to choose his runs to secure what
appeared to bhim the most desirable characteristics, with the con-
denice thar the welds, if reasonably well done, would consist of a
given quality of metal. Whether this statement appliesd however,
to clectrodes of makes other than those tested by the author was
questionable.

There was also the aspect of parent meral properdes, and this
the author had not touched. He could hardly be expected to touch
it however, considering the great extent of his work as described
in the paper. The zone of parent metal affected by the hear of
welding must be subject to guite marked variation in extent, with
variation of welding variables. With weld metal which had high
elastic limits, the parent metal properties near the weld were of
importagce, and for example, the fatigue resistance of a weld might
therefore be affected by these parent metal properties, and their
mode of variation near the weld. The writer had noted guite
definite variations in parent metal yield points and ductility.

In regard to the Izod tests which the author described as being
usuaily berter in weld metal containing gas holes, the writer was
inclined to accept Mr. W. D. Chapman's explanation 25 covering
most of the phenomenon. Mr. Chapman considered the gas holes
to imply meta] in contact with ucing gases, and therefore of
good quadity, There was also the possibility however, that the
gas holes had a geometrical effect, altering the distribution of stresses.
Since the energy absorbed per cubic inch of metal near the fracture
it1 2n Irod specymen war not constant from point to point, gas holes
might alter this energy per cubic inch and increase the test rasuit.
The gas holes might also tend, by their geomerrical distribution, to
change a bending fracture to a shear fracture.

Mr. W. M. Telford {Associate Member, Brishane Division.)=—
in the tests to determine the natural variations set out in Tables
IV and V, it must be agreed that al} the variables under the control
of the welding operator were kept as uniform #s pracriezble during
the series of tests, and that the finished test pieces were free from
obvious defects ; nevertheless there were considerable variations
berween the maximum and minimum values of ductility and Fzod
tests, while the tests further showed that tensile tests taken by them-
selves were an unreliable guide to the quality of weld metal. Com-
menting on the general results, the author stated ** these variations
are defimtely attributable to some variable condition which is at
present unknown.” The reed to determine this unkpown variable
was cvident.

During the course of investigations that the writer carried out
some years ago, he found @ number of variable factors, other than
those mentioned by the authar, had & considerable influence on the
quality of the weld metal. Such factors were the arc woltage, the
ate at which the point of the tlectrode was moved over the work,
and magnetic deflection of the are, to mention the more important,
while the time taken to complete the finished weld, after commence-
ment of the work, had sn importent bearing, particularly on heavy
sections. In the tests referred to, he butt-welded standard flex
covered el es by an automatic welding machine, in which the
arc voltage and travel ajong the seam were under accurate control,
and he suggested that this method be used in making forure tests.

In view of the permissible use of higher welding current than
had generally been used in the past, it appeared desirable that the
type of joint be modified considersbly, with a view to reducing
contraction stresses, and cheapening the cost of welding.

exscuted most economically to give the

*For text of paper, scc THr Joumnar, Vol 4§, No, 12, November, 1934,
p. 421, and Vol, 7, No. 2, Febnlary, 1933, p- 61, for discussion.



The dam’s designer

SIR RUSSELL DUMAS, K.B.E., C.M.G., M.E,, Hon. F L.E.
(Aust.) 1887-1975

Sir Russell was born in South Australia and educated at
Prince Alfred College. Adelaide. He was awarded a Bachelor of
Engineering from the University of Adelaide in 1919, and in 193
was awarded the degree of Master of Engineering for a thesis
submitted on the design of high muasonry dams.

Atller experience in the construction of the Murray River
Locks in South Australia, Sir Russell joined the Metropolitan
Water Supply, Sewerage and Drainage Department, Perth, in
[925.

In 1928 he was employed by the Public Works Department,
He was placed in charge of the construction of Canning Dam in
1933,

In 1934 he was appointed Chiel Engineer, Metropolitan Water
Supply and in 1941 was appointed Director of Warks and
Buildings and Chiel Hydraulic Enginecr for Western Australia.

In 1946, while retaining his appointment as Director of Works,
Sir Russell was appointed the first Chairman of the State
Electricity Commission.

Sir Russell was also responsible for the Goldfields and
Agriculiural Areas Comprehensive Water Scheme, constructed
between 1946 and 1962. )

He was Knighted in 1959.



“...a monument to
enterprise...”’

The Canning Dam was officially declared The start of construction was the
open by the Premier, the Hon. J. C. Wilcock, culmination of planning, extending back to
on September 6, 1940. An article in “The 1904, for a hills water scheme, which would .
West Australian™ newspaper at that time give Perth its first fully reliable supply of
declared that it was “the most ambirious good guality water.
water siorage schemie in the history of the
Srate . .. agmonumem to West Australian _The‘ﬁrst dam to serve Perth was the
enterprise.” Victoria Res‘ervon — a concrete dam

) constructed in 1891 and still in use,

It was almost exactly seven years since the .
same newspaper had reported a statement by The second hills dam was constructed on
the Director of Works { Edward Tindale) Bickley Brook n 1_92I._Thzs had only a short
that: “preliminary work on Canning Dam was career and was retired in 1936. [t now
commenced on September 8, 1933, when the provides a lake used {or recreational purposes.
first party of eight men were sent to the site, " In 1924 a dam was commenced on
Engineers and Surveyors also took up Churchman Brook. At this time, pipehead
residence at the same time.” dams were alsc built on the Canning River

T %" - 5 ) M

The then Minister for Public works, the Hon Alex McCaltum, unveiis a Photograph courtesy of “The West Ausiralian”
plaque to commemorate the commencement of construction on Canning

Dam in September 1933. The plague is now placed on a pillar at the

south end of the dam.




Some of the stalff pictured at the dam in 1335, Left to right -

Photograph courtesy of Mr H W Lance

Top row: Hugh Lance, timekeeper; Eric Stoddart, engineer; Don Munro, eéngineer; Frank Bottrell, engineer, Ciitf Sadlier, cler
Middle row: John Cohen, surveyor; Merv Whitfield, engineer; Victor Munt, resident engineer; "Mac' McAdam, storekeeger.
Bottom Row: Fred Pratt, clerical assistant; Bill Fawcelt, surveyor; Bob Collins, foreman-in- charge, workshop;

Biit Stingsby, general foreman; Harold Riva, clerk-in-charge; Bill Davidson clerk-in-charge, costing.

and Wungong Brook to divert stream flow
during the winter months directly into the
- trunk mains supplying the metropolitan area.

The pipehead dam on the Canning River
was to be replaced by the major dam within a
few years. However, ihe structure on
Wungong Brook remained in service until the
late 1970 when it was replaced by the
Wungong Dam.

The Canning Dam was designed by Russell
Dumas who had been brought from South
Australia in 1924 to supervise the construction
of Churchman Brook Dam. In 1934 Dumas
was appeinted Chief Engineer of the
Metropolitan Water Supply Sewerage &
Drainage Department.

The Resident Engineer in charge of
construction of Canning Dam, under the
direction of Dumas, was Victor Munt. His
Principal Assistant Engineer was Don Munro.

Some of the married quartars.
Photograph courtesy of Mrs A Milligan.




The. construction of Canning Dam was
commenced at the peak of the econumic
depression. Although the need for the major
storage reservoir had been recognised for
many years, the Government’s decision to
undertake such a vast project, estimated to
cost in excess of [.1 million pounds, and
continuously employ almost 500 men as well
as thousands more indirectly, was at that time
as popular as it was reassuring.

The bleakest period occurred during the
[936-37 financial year, when work was
suspended for six months because of a
shortage of funds. '

By the end of 1933 the preliminary site
clearance, and foundation excavation work
were well in hand. The once quiet valley in the
Darling Ranges, 32 kilometres from Perth,
became a scene of intense activity.

The pay queue.

]

Pholograph courlesy of Mrs P Rows,




2R g ! .
An early view of the dam. construgtion, : ] R ;
with the construction tower, concrete ' ; oty _ B T
mixipg plant, stong bin and conveyors ' '
in the background.
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Concrete pla cfg

Concrete placing commenced in April 1934,
and by the winter of 1934 a small township
had taken shape at the western end of the
valley. One of the principal objectives in
undertaking the construction of Canning Dam
was to provide useful work at a time when
unemployment was running at record levels.
Eighty per cent of the workmen on the job
were unskilled. They were engaged under
“sustenance conditions” whereby a person’s
period of employment was fixed according to
a person’s number of dependents.

The work was very hard and at times quite
dangerous, Blockages, which caused concrete
to spill from the overhead chuting system,
were a regular problem. Never the less
considering the size and duration of the job
there were surprisingly few serious accidents,

Many men came in daily from Armadale
and Kelmscott but the majority lived on site.
The initial accommodation was in tents, but
gradually wooden huts were built. A boarding
house and mess quarters were buiit, and socon
a general store and butchers shop were
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operating. By September 1934 sixty-seven
married quarters (three or four room
wooden cottages) had aiso been erected.

The growth of community spirit at the
township was [ostered by the constructicn of

a recreation hall in September 1934, 1t was
used for dances, card evenings, school

concerts, and also as a picture theatre. There
was a hall committee, which employed a
caretaker to keep the hall in order and
organize many of the activities.

A school was built in March 1934 tc serve
the 29 children, aged between 6 and 14 years,
who then lived on site. By 1935 the little
school was overflowing and the hall was used
as an annexe. The school reached its
maximum enrolment of 107 pupils in [938.
The classes in the hall operated under
difficulties, for the hall was unlined and cold
in winter.

In 1938 a small Anglican church was built
by volunteer labour. It was dedicated as the
Church of St. Michael and All Angels.



Early stages of construction.
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The Canning Dam is a concrete wall with a
total length of 466 metres and a maximum
height of 70 metres. The dam stores 91
million cubic metres of water, At the time of
its construction, Canning Dam was one of the
largest in the world.

However, it was not only its size that
caused it to be recognised as such a major
engineering achievement.

Construction techniyues were adopted
which were quite new to Australia. These
included the use of bulk cement; weight
batching of all aggregate and cement; the use
of internal vibration to compact the concrete;
and improved methods for the treatment of
construction joints,

The dam is located on an ideal site with
sound massive granite rock outcropping on
both sides of the valley.

The dam is made up of a series of large
vertical concrete monoliths forming an arch
across the valley. Each monolith is tightly
keyed into the next, while strips of copper
were used to seal the vertical joints between
the monoliths, and ensure that the dam
remains watertight.

Two galleries traverse the full length of the

wall close to the upstream face — one near
the top of the wall, and the other just above™

the foundation. These galleries collect seepage -

water and provide access for ingpection
pUTpPOSES. '

Rack used lor the concrete uggregate was
obtained from a quarry about 400 metres
downstream from the southern abutment of
the dam. The quarry face was dpploxmmtely
20 meires high.

The rock spalls from the quarry were
crushed and screened to a maximum 75mm
size, before being delivered by conveyor belts
to a concrete mixing plant which was located
close to the southern abutment of the dam.

Cement for the concrete was obtained ('rOm' .

the Rivervale works of the Swan Portland |
Cement Company. It was delivered in sleel
tanks each of 6 tons capacity to the I‘dlthcld
at Armadale and then by ro‘ld truck to the
dam site,
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Coastruction of the contour channel.

The sand was obtained [rom a pit located
on the coastal plain between Armadale and
Kelmscott,

The most outstanding feature of the plant
employed on the site, was the two massive
steel towers, each 76 metres high, to which
were fixed the cables that supported the long
chuting system.

Concrete from the mixing plant was hoisted
in skips 1o the required level on the tower and
tipped into the chutes that distributed it into
the required position on the wall below.

To convey water from the dam a concrete
lined channel was constructed during 1935-37
down the Canning Valley to a point in the
foothills above Gosnells — a total distance of
approximately 16 kilometres. From there 1t
joined the trunk main system through which
the waler passed to the service reservoir at
Mount Eliza.

Since the compiction of the work at
Canning Dam in 1942 major improvements
have taken place, In 1951 the inflow to
Cunning Dam was increased by the
construction of a concrete Imed channel to
divert stream flow (rom the adjoining
Kangaroo Gully Catchment.

In {975, the supply channel to Gosnells was
retired. It was replaced by a 2.4 metre
diamcter tunnel, 5.6 kilometres long between
the dam and Roleystone, Irom where a piped
conncction wus made to the metropolitan
trunk mains.




Y Canning Dam overflowing in 1974.




