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NIMBUS — anew metric range of standard, single entry,

. ]
[}
general purpose pumps, manufactured to 1SQ/DIS 2858
and DIN 24255 dimensions, with a single mechanical and
hydraulic concept, but having a comprehensive coverage of

duties in oulpul and head.

Capacities range up to 1000m/h {40009 p.m. approx),
W | ll I I and heads up to 120 metres {400 ft approx). The hydraulic
design of the impellers is a product of the latest research and

technology, combining maximum efficiency with good

n suction performance
Shrouded impellers are employed, having balance holes to
l I O e relieve pressure in the area of the gland/seal, and to reduce
the hydraulicend thrust. Closegrained cast iron is the

material which will normally be used for the impellers, but
the alternative of gunmetal is availatle [or certain

u
applications
Nimbus pumps are of back pull-out design and can be
dismantled without disturhing the pipework or motar when

used with a spacer coupling, thereby reducing maintenance

[
time.

' | r One nf the principal features of this new design is that
twenty seven hydraulic unils can be fitted to three basic
hearing assemblies, a clear indication of the degree of
standardisation that has been achieved.

Nimbus pumps can be used for most pumping applications
where large solids are not present. Liquids able to be
pumped range from water of varying purity in domestic
water supplies. drainage, irrigation, and general circulation
duties in induslry and agriculture, to oil, chemicals andg
petroleum products.

Nimbus pumps are manufactured by Brown Brothers
Engineers Lid of Christchurch, to the design of Allen
Gwynnes Pumps Ltd, of Bedford, England.

For further information and technical data contact:

(A |1 Brown Brothers Engineers Limited

W Il Chrislchurch: Auckland: Lower Hutl:
Humps LJIVISIOH P.C. Box 548, P.O.Beox38-228 P.O. Box 30-733

Phone 50-279 Phone 567-417 Phone 677-868
Telex NZ4941 or 565-922

For more information circle No. 42 on reader service card.
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1590 FENMER

years of

Founded in 1861, Fenner has
been a driving force in the
power transmission field for
more than 100 years. We have
been building V-Belts for forty
of these. Ever since the
pioncering days when the
short-centred V-Drive began to
take over from the line shaft.
For most of this time we have
also produced the pulleys and
bushes which complete the
drive package. Which means we
are engineers with a thorough
grasp of power transmission
problems - not just a ¥-Belt
manufacturing campany. You
can consult Fenner on all

appointed through-

information to the
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Fenner

V- Belts...

A reputation built on forty¥W.a

international leadership

aspects of drive design.

And if size is any measure of
success, Fenner can now claim
to be the largest producer of
complete V-Belt drives in the
world. It's a position we're
praud of - and one which we
mean to maintain. By making
sure that the quality of our
products and the service we
offer our customers is the best
in the business.

The Fenner standard range of

¥-Belts includes over 400 sizes,

embracing 150, DIN and BS
recommended lengths. Most of
these are available ex-stock.
Top quality compounds and

THE GENERAL

Terylene load carrying cords
are used throughout. Any belt
you buy with our name on it will
be anti-static and resistant to
oil, heat and fire, These are
just a few of the facts about
Fenner. It will pay you to find
out more.

Fenner

Fenner International Limited
Marfleet

Hull HU9 5RA

England

HEAD OFFICE
TAUPO QUAY — WANGAMNUI

p.0. BOX 293 — PHOMNE 58-315

TELEGRAMS: “'MILRIDGE"
TELEX: MILRIDGE NZI3037

MACHINERY CO

L P ML T RO

A member of the John Burns Group.

For miore information circle No. 2 on reader service card.
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Fast, accurate
response to
changes in

signal pressure.

Pneumatic pressure
actuated control valves
and other fluids.

B
.o S s T R, SR
4 |= 3

Model V250U0 with on-off plug.

In sizes from ¥2'in. to 2 in. Maximum
allowable steam pressures up to 200 p.s.i.

Both models are effective for low pressure, 1
non-critical controt systems where capacity to 1
demand ratio is high.

Modef V250U0Q shoutd be used in
applications in which demand aiternates
between no flow and full flow, and is excelient
for stearn, water and other fluids.

Eqgual Percentage Plug for high capacity
service has stem guiding for greater stability at
high flow.

On-0Off Plug for dependabie, quick opening
action uses a special taper plug that exposes
full flow area with short lifis.

Metal Seating ensures precision mating
with shutotf tight enough for the majority of
Uses,

Fugged Construction and Enhanced
Corrosion Resistance Foxboro P-Series,
vinyl-coated, die-cast aiuminium diaphragm
actuator provides fast, accurate response.
(Reversible by inverting topworks an yoke.)

Vinyl coating and enclosed spring increase
corrosion resistance. Guided by Teflon piastic
taced bronze/steel bushings. Low friction seals
for minimum hysteresis. Preformed Neoprene
plastic/nylon diaphragm retains constant area
through full stroke. Valve body is cast bronze
and rated at 250 p.s.i. at 220°C.

These valves are available in a variety of
specifications and with various optional
extra controls.

Write for full specifications to

e e
¥ Mangfactured in New Zealand by:

W.ArthurFisher Ltd

i Auckland: ® O Box 12.747 Penrose Phone £92-628

New Plymouth: 2 O Box 514 Phane 123
Wellington: ™ O 8ox 30-351. Lower Huti Phone 634-702
[ Christchurch: P (0 8oz 4158 Phone €7-692

New Zealund Madc
34666

For more information circle No. 3 on reader service card.
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We sell a lot of angles and channels and we don't know where
they all go. Some uses are cobvious - for demcuntable
partitioning, shelving supperts, angle bracing in house
construction and ducting in buildings. But some of our
customers surprise us in their ingenuity. The Dairy Board, for
instance, had problems trying tc make a suitable large
package to protect their bulk butter in transit: Now they use our
angles on corners and it's just the job - light vet rigid.

Maybe our standard angles and channels (and they come in
many sizes and gauges) will provide the answer to your present
problem? You never know 'til you think about it. By the way,
being drawn, not press-brake, our angies and channels have
no timit to length and our prices are very favourable particularly
on quantity lots. Contact us in your area. We're in the yellow
pages. We'll help vou work someathing out

Top — Inexpensive and ligh!
barbecue iegs.

Below. right — used to make
a mudscraper.

Below, left — as garden
stakes.

i B
-
e j -
-I ry T — X
o .l s
Above — The N.Z. Daiy
Board bulk packages
strengthened with Dimond
angles . ;
e vl
T iy H
» Bt
-
s,

DIMOND ANGLES & GHANNELS

THE BUILDING BLOCKS OF METAL CONSTRUCTION

@mmonn INDUSTRIES LIMITED
ALL DIMOND PRODUCTS ARE MARKETED THi ]

For more information circle No. 4 on reader service card
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phs nto Numbers

with the HP98/4A digitizer

Whenever vour graphic mformation
must be converted into numerice form,
the 9874 Digitizer makes the job easy.
Digitizing makes analysis of strip-chart
recordings casy and automatic, Electio-
cardiograms are cxamples of raw dala
that are commonly recorded on strip
charts. Point lacatons along the chaits
are measurced, converied into digital
form and entered into a computer. The
YR74 is laster and more accurate than
manually measuring each pein! loca-
tion and entering it into your computer
through the keyboard. You can digitize
recordings up 1o 53 kilomctres long.

Yith the 9874° rear projection and
tiltahlc platen featurcs, projectable
media can be easily digitized. Just set
a projector behind the digitizer and tilt
the elass platen o the vertical position.
The platen’s front surface is treated
%0 you can project exact images such
as X-rays. Another sample application
where the 9874°s rear  projection
feature might be used is in left ventri-
cular volume studies of the heart. Com-
puler analysis of this digilized informa-
ton can help determine whether a
coronary bypass operation is necessary.

Cursor. The 9874 frce cursor gives
vou pinpoint precision. Its open-cirele
target, .250mm (O.U10 in.) in diumcter,
allows you to accurately position the
cursar over a ling thinner than a human
hair. The two switches on the cursor
arc the digitize switch and the vacuum
switch.

Compatabilitv. System 45, Hoewlett-
Packard's powerful graphic desktop
compuler is an ideal pariner for the
9874. It puts graphics, c¢phanced
BASIC language, tvpewriter keyboard,
optional thermal printer, CRT display
and high-petformance.

| P R e st L et el H Rhanet ol et e |
To, Hewlelt-Packard (NLZ Fite, H
4-12 Crnickshonk Street Kilbirnse, Wellington 3.
Please sead e additional infornation un the Y8744
/ 5 5
AUCKLAND 56 9651 = S
HEWLETT PACKARD Position =
WELLINGTON 87 7199 Organisation a
Addiess ;E:E
) S— ) « Phone ;:
Sales & Service from 172 oflices in 65 countries. ki 2 i o S o e - i il

For mare information circle No. 3 on reader service card.
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technical
information
Arc you interested in the UK for the
importing of products? These detailed
buyers guides to the UK Engineering
industry are a must for those

involved in purchasing, design
or market research.

Don’t re-invent the wheel
at your plant with costly
“one-off”’ designs, find out
the alternatives,

Don’t waste vatluable
time tramping
around the UK
finding agencies. Do
your market research
from the comfort of
your own office.
Plan that trip by
picking the products
< from these Directories,
get the vendors name
then telex or phone them to see if an agent
already exists. Save dollars, time is money. Fill in the
coupen for immediate information at vour fingertips.

PLEASE SEND ONE YEAR'S SUPPLY (2 ISSUES) OF THE FOLLOWING
PRODUCT DATA BODKS.

O Chemical Engineering Index .. .. .. .. .. . .. $65.50
T Electronic Engineering Index.. .. .. .. .. .. .. $65.50
O Engineering Components & Materials Index .. $65.50
O Manufacturing & Materials Handling Index .. $65.50
O Laboratory Equipment Index (1 issue only} .. $37.50

L Py T S R

ALL CORRESPONDENCE TO:

Technical Publications Ltd | e . MBI i

P.O. BOX 3047, WELLINGTON, N.Z.
Addrass Siienpet rvminisim

e s o s i S St State Post code.........




The RAWLPLUG Check List

every name you need in fixing devices

. ' | Duplex
Spring Toggles @l | stud Anchors B

“Thrubolts [l | Masonry brins ¥

Our famous name has led us to be sltightly misunderstood.
The brand name Rawlplug has become generic.
OK, so we're the first name that comes to mind when you
think of Rawlplugs as such. But there’s a lot more
behind our famous brand name.
Rawiplug stands for a total range of fixing
devices. Each of them has a specific
product name. Together they provide
every conceivable fixing device
requirement. Use the Rawlplug check
list as an essential specifying reference.

Ask for these products by name and
you've got all the support you need.

EXPANDITE LIMITED, Head Office PO. Box 38-079 Petone, Phone 638-046
PC Box 494 Aucklang, Phone B0Q-711. PO. Box 3077 Hamilton. Phong 80-162
PO, Box 1406 Paimerston North, Phone 70-229. PO. Box 45013 Epuni, Lower Hul!, Phone 687-965. :T i
P.O. Rox 4190 Chrisichurch, Phone 68-194. P.O. Box 1474 Dunedin. Prone 67-003. E""
lelegrams EXPANJOINT. I":"ql-._

i

For mare information circle Ne. 7 on reader service card.
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AST

Amazing the things you can
cast from aluminium ingots

Aluminium has unique cast-ability. It precisely forms even the most intricate shape.
Before you make your choice of casting material, get the full — and fascinating — technical details.

COMALCO

IS aluMminium 29

For more mformation circle No. 8 on reader service card.



Specialized construction services

engineered post-tensioning

leaders in the field of

REMEDIAL ENGINEERING

© Underwater injection of
pipes. piers, piles.

Hﬂilr al#
Iiﬁ{_l Y
i

@ Bonded reinforcement to
strengthen beams, columns.

& © Straclural repails ta bridge
¥ supkrstructure Wilirarapa.

@ Structural & Architectural
repairs to BNSW Invercargill.

-

Ragierataon ol

UNPRECEDENTED ENGINEERING EXPERTISE

The SCB Process of controlled pressure injection with 5
epoxy resin has been carried oul underwater at depths

of 50m on scme of the worlds largest concrete

structures - the North Sea oil platforms.

The SCB Process has been used to reinstate 6 &7

earthquake damaged structures such as the Taueru
Bridge in Masterton.
3 The SCB repair method provides full strength repair to
cracked concrete and prevents the ingress of
corrosion promoting moisture. 8
4 SCB licencees in 52 countries have restored decaying
architectural features on many notable buildings while
at the same time improving their structural integrity.

Steel plates bonded to concrete beams and slabs
using specially formulated epoxies have greatly
extended the life of many European (and U.5))
bridges.

Equipment and expertise are immedialely available to
design. install and operate hydraulic lifting operations
of all kinds. The above photes show the lifting of 30
slorey cover slabs lor an office block in Sabah (East
Malaysia).

The Fabriform process offers a neal and economicai

soluticn to repair of timber. concrete and steel
structures both above and below waler level.

We thrive on sclving your problems

Technical Engineering Development & Export Co. Ltd =

BBR New Zealand Ltd

P.0O. Box 473 Masterton or P.O. Box 51-391 Auckland
Tel 49-259 Papatoetoe

Tel 83-450 Masterton

——— e
——;

Far more intivemarion circle Noo O on reader service card,
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This 2222

Symbol

1S your guarantee of Strength & Quality
for enigineered timber trusses. Specify it!

Throughout New Zealand and the rest of the
world, timber trusses manufactured with Gang-Nail
truss connector plates are recognised by builders,
architects and engineers for their superior quality.

Gang-Nail trusses are manufactured by
licensed Fabricators torigid standards with special
high speed production eguipment.

Gang-Nail Plates used exclusively by licensed
Fabricators in their truss manufacturing are of
patented design.

Get the best at a competitive price. Your
Gang-Nall truss Fabricator is listed opposite.

GANG-NAIL

components

For more information circle N

RORTHLAND
Carner Mercnan:s tNornlandy Lid
Pn 83-659 Wnangare:

Stewart Timber & Hardware Lid
Ph 839-15% Whangare

Carter Merchants Ltd
Dargavile {Agent)

Carter Merchanig Ltd

Kaikoha {Agenl]

AUCKEAND

Carter Merchants (Maramarua) Ltd
Ph 2899080 Papakura

Carter Merchanis (Momingside) Ltd
Ph 4123714 Kumeu

Ftelcher Timber Ca

Ph 599-979 Auckland

Manukaw Timber Co Lid

Fh §61.-169 Auckland

Neil Timber 10

Ph B76-059 Auckland

Taupe Totara Timber Co

Fh B2-109 Papatoelce

WAIKATO

Cartholomew Timbers Lid
PR 494-924 Hamillon
Cdlin Limited

Ph 79-112 Frankton
Taupo Totara Timber Co
Pn 7093 Putarury

BAY OF PLENTY

Mgount Timber & Hardware Lid
Ph 54-009 Mount Maunganui
Odin Limited

Ph 8359 whakatare.

HAWKES BAY

frobt Holl & Sons Lid
Fn 53-099 Napier
Fiobl Holt & Sons Lid
Pn B88-099 Gisbomne

TARAMAKI

Boon Bros Lid

Ph B5-152 New Plymouth
W.J Cleland & Sons Ltd
Pt 80-869 New Piymoulh

MANAWATU
Carter Mercnants (Dassens) Lid
Pn 54-134 Wanganu
Carter Merchants (Manawatu) Lid
Pn 83-029 Palmersion Morh

M SD Spers Lid
Ph. 8344 Foxlon

WELLINGTON

Fletcher Timber Co. Lid

Ph. 8382 Tawa

Hutt Timbrer & Hardwara Ltd

Ph. 573-109 Naenae, Lower Hull.

NELSON/MARLBDRDUGH
Nail Plate Trusses Nelsan Lidg
Ph 77.700 Nelson

F L Anderson Lic¢

P 83099 Blenhe:

CANTERBURY
Addinglon Tinber Co

Fh 428188 Chiisichurch
Fieicher Timber Co. Lid
Ph 45.109 Ghnsichuich
Patar Slevens Ltd

Py 595.272 Chnstchurch
Fleleher Timber Ce Lid
Ph 82-108 Timary

WESTLAND
Ngahere Pracessing Co
Ph 9B4 Ngahere

OTAGO

De Geest Bros Construction Lid
Ph 71-172 Qamaru

Fietcher Timber Co Lig

Ph 49-910 Camaru

Fletcner Timber Co LD
Ph_770-953 Duncdin

SOUTHLAND
Port Craig Timber Co Lg
Ph 82-194 Invercargiil

P.O. Box 58-014, East Tamaki, Auckland

w GANG-NAILS N.Z. LIMITED
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Behind the tap we all take for granted
is an essential commodity with

a technology of its own.

Water management to the Kent team
means
measuring and controlling supply and demand,
monitoring quality
and eliminating pollution.

At the Auckland Regional Authority’s Ardmore Filter Station Kent
instruments are working in association with Portals Water Treatment (N.Z.)
Ltd in a bulk water supply extension project. Kent Instramentation and
controls include flow meters, Deltapi E transmitters, Ilexel indicators and
controllers, FIl. pH and fluoride monitors, Foster Cambridge P250L
recorders, linked to a Kent K70 computer.

AR .
ey,
& e

L it g e

In places from Jamaica to Jahore, Inverness to Invercargill the
Kent team of instruments and controls are working daily with engineers
in the management and treatment of ever-growing volumes of water
and waste water. Kent have only had 98 years to develop
solutions to the problems of many centuries.

With our programme of continuing product evaluation and
improvement we know we’ll learn a lot more in the next 100 years.

KENT INSTRUMENTS (N.Z) LTD.

HEAD OFFICE: P.O. Box 11-264, Auckland 5. Telephone 592-133; Tetex NZ 21-265.
WELLINGTON: Telephone. TWA-7114 CHRISTCHURCH: Telephone 585-101
ALSC AT: Dunedin, Napier.

For more information circle No. 12 on reader service card.
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The advancement of engineering
science

CCORDING to our rules, advancement of

engineering science is our primary goal, All our insti-
tutional organisation is orientated to it, be it qualification,
practice, technical papers, standards activities, groups,
divisions, branches, continuing education, engineer in
society, or monitored training.

But are we “pursuing” the goal, driving forward? Is
there a sharp edge to our endeavour, related to a clear
perception that, at bottom, the only status and standing
worth having rest on the quality of our performance as
cngineers.

From John Smeaton’s “Society of Civil Engineers”,
founded more than 200 years ago, the institutions have
existed to foster discussion “between men of practical
science”, The vehicle has been, mostly, the technical paper
— a careful and thorough exposition, as befits an engineer,
for the considered discussion of fellow engineers. Paper
and discussion together provide the step forward, or the
reference which will assist and benefit other engineers.
Preparation of a paper is in itself a valuable experience in
the arts of commurication so essential to everyday work
with the profession’s clients.

The art of the technical paper seems now to be declining,
Whether this is in spite of, or because of the amount of
techmical activity is not clear. Some of our technical groups
meet for discussion. This is in the tradition. It advances
engineering science, and provides the social benefit which
should never be underestimated. It also provides
immediacy, and our present problems may indeed have to

do with the stately and extended progress of a technical
paper from preparation to branch presentation, to the
reviews and decision-making of the publications
committee, and on to annuzl conference and publication.

A discussion meeting is fine for those who are able to
attend. Increasingly, the smatller, and particularly the more
rcmote branches have become disadvantaged as the
technical range of the large urban branch programmes has
become elaborated by the developing activities of the
technical groups.

What do we need to do, then? What changes do we
need to make? The experience of the prepared technical
paper, its record, its objects, benefits, communication, are
all too good to be thrown away. Clearly we must re-
establish the art. Let us solve the problems of immediacy,
disadvantage, and sharing. Engineering science
committeg’s current consideration of a decentralised
programme committee to arrange a couple of well prepared
and relevant papers, with the interests of the mare remote
branches in mind, may well have the right direction.

Immediacy, and sharing, are questions which can be
addressed in the further working out of policy for the new
trilogy of journal, transactions, and proceedings which will
accompany the emergence of a new New Zealand
Engineering. Thus, equipped anew, let us ensure that the
path ahead continues to be at once tested and illuminated
by the high standard ofl the individual technical
contribution of members. 7

* Unless specifically indicated, stateiments or opinions in New Zealand Engineering do not necessarily reflect the views of the Institution
or the publishers. Correspondence on material published is welcome.
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Victorian building reinstated
ANZ Bank, Dunedin

DAVID G. COX*
ME, F.LE. AUST. (FELLOW)

This original building, designed by R. A. Lawson, architect for many of Otago's notablic
early buildings, was built in Princes Street, Dunedin, in 1874. It is one of the finest
examples of early Victorian architecture which has done much to influence the character
of present-day Dunedin. [t had been occupied coniinuously by the Union Bank, laier to
become the AN.Z. Bank, for a century before being vacated to allow the recent

reinstarement,

1. INTRODUCTION
HE exterior of light-coloured OQamaru stone cladding
and dark grey Port Chatmers basalt base had generally
weathered well, but the interior had deteriorated and the
double-pitch internal valley slate roof and framing were in
a poor state of repair. The first-floor ceiling showed
cvidence of severe water damage.

Furthermore, the construction of load-bearing masontry
and timber floors offered poor seismuic resistance. The
original lime mortar, commonly used in early masonry
construction, had deteriorated and calcified, with areas of
lacal fretting and failure.

The structure exhibited some signs of cracking
throughout, although the north and west walls were
generally sound. Cracking was particularly severe in the
rear or east wall, where the building is at its highest. This
wall was virtually separated from the adjoining side walls
owing largely to a lack of bonding around corners.

The existing layout was inefficient and ill suited to
modern banking reguirements. Recognition of this,
together with its inferior structural condition, led the bank
in the early 1970s to consider demolition and
redevelopment in conjunction with the adjacent site to the
east. Bank staff were very conscious of the quality of the
building and its importance to Dunedin’s heritage. but they
were growing increasingly concerned at the risk to
occupants under sevgre earthquake conditions, and also to
pedestrians on adjacent footpaths.

When strengthening and renovation were first seriously
considered as an alternative to demolition and
redevelopment, the client queried the degree of upgrading
which couid reasonably be achieved in terms of modern
seismic cade requirements. Fellowing a careful analysis of
previous earthquakes in the Dunedin area which indicated
amaximum felt intensity of MMS5 in the previous 20 years,
a preliminary examination of possible structural techniques
was undertaken, On this basis, the client was advised that
while avoidance of dumage could not be guaranteed under
moderate 1o severe earthquake conditions, it was
considered that sufficient structural integrity could be
achieved to ensure the safety of occupants and pedestrians
in earthquakes up to approximately MMS&. This was
considered acceptable in view of the lower degree of
seismic activity in the coastal Otago region (Zone C)
compared with other more active parts of the country. It
was further recognised that in the improbable event of an

* Principal, Brickell. Moss. Rankine & Hill. Consulling Engineers,
Dunedin.
This project was awarded a Certificate of Meritin the 1978 A.CE.N.Z.
Merit Award Competition. It was first reccived for publication on 22
September 1978 and in its present form on 23 May 1979,
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earthquake of greater intensity than MMSE occurring
withiri the extended life of the building, protection of staff
and public could not be assured. However, the relative
degree of risk would still be significantly less than for many
other buildings throughout the city.

This proposed level of strengthening was in line with the
then recent amendment to the Municipal Corporations Act
(301A) which required building owners to upgradc
existing buildings 1o at least 50% of current code ioading
requirements. This amendment had not in fact been
adopted by the Dunedin City Corporation, but it was used
as a basis for assessment and later discussions with the
corporation.

In April 1974, Dunedin experienced its most severe
earthquake for some 40 years, reaching a felt intensity of
MM?7. By coincidence, this occurred during the period
when the feasibility of reinstatement was being examined.
A subsequent detailed inspection revealed lhat the
structurc had suffered no obvious further damage,
although some minor movemenis had occurred along the
lines of existing cracks. This was most encouraging, and
became a significant factor in the decision which was taken
soon afterwards (o proceed with reinstatement,

2. DEVELCPMENT OF
STRENGTHENING SCHEME
In collaboration with the architects, Stephenson &
Turner, a variety of alternative structural proposats for

strengthening were investigated. One major constraint was
the timber floor construction, since the code requirements

Fig. 1. Elevation from Princes Street.
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Fig, & Pediment and cofimns 1o front facade.

for fire-resistance limited such construction 1o two storeys
only in the central commercial zone. It was considered
neither practical nor economic to introduce fire-rated
concrete floor slabs into the existing building, with
corresponding extra supporting structure. This would also
have added further heavy loads to be catered for, which
wds in turn undesirable. Since the area of the combined
sites approached the maximum code limitation for this
type of fire compartment, it was agreed to maintain the
basement and ground floors only of the existing building,
extending these levels into a new extension on the adjacceni
site. Thus the existing first floor could not be reused, which
proved to be a distinet structural advantage, allowing loads
1o be reduced at that upper level, and making available the
full height of the upper starey for part of the strengthening
system.

Some additional floor area was required by the client at a
later stage in the design development, and this was
accommaodated by including a limited area mezzanine
between ground and first floor levels. This provided an
additional intermediate level which could be utilised to
obtain extra support to front and side walls. It had been
decided at an early stage to demolish the rear east wall,
since it was obviously beyond reinslatement.

The ground floor was in reasonable condition, requiring
only local strengthening and an integration of local
stiffening members.

Internal walls below ground level were gencrally load-
bearing brick, and these, combined with the heavy basali
walls externaily, indicated that the structure could be
considered relatively stiff over this lower storey.
Architectura! requirements necessitated partial removal of
two of these internal walls.

Particular hazards were identified as:

{I) The massive pediment overhanding the front {acade
in Princes Street.

(2) The four free-standing columns beneath the pediment.

(3) The parapet and cornice o the north and west
elevations.

3. PHILOSOPHY OF DESIGN

The above architectural and client requircments,
combined with preliminary structural aspects, established
the outline parameters around which the eventual
strengthening scheme was {inalised.

The overall philosophy thus aimed at a practical and
realistic reduction of earthquake risk, while at the same
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time providing reasonable protection for occupants and
public. It was emphasised that this could not be proven in
precise mathematical terms, since finite and detailed
calculations of the ultimate strength of the building as a
whole were considered to be of little practical value. Thus
design concenirated on treating and stabilising particular
hazards, reducing weight at upper levels, examining local
elements and strengthening each of these in turn, and
finally integraiing all members into a bracing system to
transfer loads eventually into the relatively massive and
contained basement walls. The minimum basis required
for specific calculations was 50% of the loads required by
the then current code NZSS 1900:1965, Chapter 8, i.e., for
Zone C, a seismic coefficient of 0.04. However, a
coefficient of 0.08 was actually used, which, when
multiplied by appropriate factors (2 to 6) when treating
particular parts or portions, gave effective design
coefficients ranging from 0.16 to 0.48.

4. OUTLINE OF FINAL SCHEME

The final scheme thus evolved comprised the [ollowing:
(1) The removal and replacement of the existing roof
concurrent with the construction of a steel-framed
diaphragm at roof level, together with the bracing of
higher level pediment, parapet and cornices. The new
rool structure was placed considerably higher than the
original roof to provide maximum possible support to
higher level features,

(2) The post-tensioning of the four front columns, front
facade and pedimenr to achieve resistance to lateral
seismic forces.

(3) The provision of a braced steel diaphragm
immediately above the existing first floor, together
with vertical members bracing the full height of the
upper storey and the roof space. Diagonal bracing
then created deep, lightly framed steel trusses in both
directions, thus acting as a fully braced space frame.
Individual members adjacent to wall elements were
fixed at close centres to steel dowels drilled and
grouted to maximum depth into the walls hehind.
(See Figs. 7, 8)

{4) The reduction of all unnecessary heavy loads at higher
levels,

{5) The replacement of the existing cracked east wall with
a new reinforced concrete frame dowelled into and
tying together the side walls, while also providing a

junction and seismic separation joint with the future
new adjacent building. (See Fig. 3.)

Fig. 3: New frame (o east wall nearing completion; replacement of parapet
curmericed.
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Fig. 4: Internal view Jrom mezzanine showing exposed steel after
complerion.

(6) The construction of braced stiffening frames in precast
reinforced concrete and structural steel inside the
other three external walls.

{7) The construction of a new mezzanine floor between
existing ground floor and new first floor diaphragm
levels, together with associated cxposed ' sieel
stiffening members around remaining walls. This
created an additional intermediate level of support,
since all perimeter members were dowelled into
adjacent wall elements.

(8) The construction of a new concrete ring beam at
ground floor level anchoring the base of precast wall
columns, thus tying the whole system into floor and
lower walls at ground level.

(9) The provision of two stiff reinforced concrete portal
frames replacing masonry walls in basement, removed
to accommodate revised planning requirements.

5. PARTICULAR FEATURES,
CONSTRUCTION ASPECTS
5.1 Pediment

This is large, heavy and partly overhangs Princes Street
(see Fig. 2). It was possible neither to reduce the weight
nor to remove any part of it without seriously detracting
from the external appearance. Accordingly, steel RSJs
were fixed to anchor dowels drilled in and grouted to
maximum depth within the pediment itself at both upper
and lower levels. Upper steel beams followed the triangular
shape and were then firmly braced back into the new roof
structure.

5.2 Columns to front facade

The four sculptured columns to the front colonnade
were composed ol several large blocks of Oamaru stone
stacked one on top of the other. Thus the whole front
facade, together with the pediment over, relied solely on
gravity for stability {see Fig. 2).

Early ideas suggested drilling down through the centre
of these inte the basement buitress walls and post-
stressing. This would have meant drilling some 13 to 15 m,
maintaining precise verticality, while access at the top was
extremely awkward. There was also the possibility of small
steel dowels at the junctions of blocks which could have
created severe disruptions to drilling operations.

This was discarded in favour of drilling down between
columns and corresponding piers in the front wall. This
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required only 600 10 900 mm of drilling thraugh limestone
at the top, and some 1800 1o 2400 mm into basalt boulders
in the basement buttress walls below. The need lor precise
verticality was not critical, and stressing cables could be
more easily installed. Another major benefit was that the
whole front facade was by this means effectively post-
tensioned, further enhancing its overall lateral resistance.
Large holes were opened up in the basement walls and
dead end anchors concreted into anchor blocks. High
tensile Freyssinet cables were then encased in steel pipes
and sleeved through new upper level concrete beams cast
into the rear of the pediment and over the front wall. They
were later stressed from the top and left ungrouted for a
period of more than 2 vears to allow actual stresses to be
checked prior to final grouting. In fact, relaxation in the
central two columns averaged between 10 and 19%, and
these were retensioned.

The level of prestress aimed at an average of at least
690 kPa over the whole arsa of column in front and pier
behind. [t was noticed when stressing approached this level
in the central two columns that some minor cracking
appeared in the flutes at joints. Originally it was assumed
that all joints between blocks were fully bedded. but
subsequernt holes drilled into the joints proved they were
only about one-third full around the outside. Thus high
stresses were being concentrated around the outer edges,
particularly to the Nutes.

Stressing was partially relaxed while joints were grouted
up, and although this was done under pressure it was not
wholly successful. The surface area to be grouted in any
ong joint was large, with very dry adjacent stonc surfaces.
Despite presoaking with water through several holes, grout
lost its moisture, and thus maobility, very quickly. It was
estimated after grouting that joints were at least three-
quarters full, and this was considered acceplabie. Cracking
was not significant to the two outer columns, largely owing
to a greater spread of load with a corresponding lower level
of effective prestress. Relaxation of stress in these was
virtually negligible.

5.3 Parapet and cornice

Original design required the upper portion of the parapet
10 be removed to reduce height and weight, and the
remainder dowelled with large-diameter deformed bars at
close centres grouted into oversize holes drilled vertically
down into solid masonry below the cornice. Afler the old
-00f had been removed it became apparent that some of
the brickwork above the cornice was severely eroded and
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Fig. 5: Mezzanine floor plan.
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weathering away. Lime mortar was also severely fretted at
this level. Cornice stones were held in place solely by the
dead weight of the brick and stonc above them, and they
were showing some cracking. Thus the whole cornice and
parapet were on the verge of instability.

I was quickly concluded that the existing parapet would
have to be removed down te cornice Ievel, but not untit the
outer edges of the cornice stones had been temporarily
supported from exterior scaffolding. Vertical dowels were
then grouted down into the lower level masonry as
planned, and a new reinforced concrete parapet was
tormed and placed. This in turn meant that it was possible
to return the new parapet to its original height, which was
most acceptable architecturally. An added structural
advantage was that the new concrete parapet around the
front elevation anchored on to each end of the pediment
and also served as the anchor beams for post-tensioning
cables over the two end columns. In this way the pediment
derived additional stability.

5.4 Steel space frame

Steel supporting columns from first floor w upper roof
level were first anchored to dowels grouted into walls. The
main N-S trusses were fabricated off-site in one piece,
being some 16.5m long by 5.8 m high. They were
transported to the site during a weekend and erected with
the tower crane, which was by that time fully operational.
This was a distinct advantage over erection in sections.

Owing to the complexity of joints where up w0 10
members coincided, the structural steel fabricator elected
to site-weld all connections for members in an E-W
direction. Original joint details required some boelted and
some welded connections, but fully welded joints with all
rectangular hollow section members were readily
acceptable. Thus the upper levels became a fully welded,
braced threc-dimensional space frame.

5.5 Internal columns

Internal concrete columns to wall elements between
windows from ground to first floor levels were orignally
planned to be placed in situ. However, the contractor
requested that these be precast if possible. He advised that
they would in fact be cheaper, since the confined working
space made it very awkward to place concrete in sit. It
was still essential that these be dowelled to the walls.
Accordingly, slecves were cast into the columns and
corresponding dowels were grouted into the walls before
precast columns were erected. These were done in two lifts
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for ease of handling, the intermediate junctions being
covered by main structural steelwork at mezzanine level,
Plate washers were placed over the dowels in recesses in
the column faces, welded all round, cut off and ground
down, and recesses were then plastered. The locations of
dowels are not now obvious without careful inspection.

6. CONTRACT CONSIDERATIONS

Naylor Love Construction Ltd, a local construction
company, was sclected as the contractor because of
previous experience in the renovation of older buildings.
The contract was negotiated on the basis of cost plus fixed
fee, together with a total target price. Such work is highly
labour-intensive, working within the constraints of existing
structure and walls, and hence tends to attract higher than
normal unit rates.

No specific construction difficulties were experienced
apart from some of the inevitable unknowns connected
with old buildings. It is essential to retain sufficient
flexibility to modify detils where necessitated by actual
conditions once exposed. Likewise, a reasonable level of
contingency is necessary for such contracts, since existing
details often vary markedly from those indicated even on
original drawings if these are still available.

The contractor elected to provide a tower crane on the
adjacent site which proved far more satisfactory than
frequent use of large mobile cranes operating from public
thoroughtares, He also decided to retain the existing first
floor until late in the contract period, which afforded him a
convenient working platform for all upper level steelwork
and roofing. This had the added structural advantage of
providing some stability 1o external walls until the roof
framing was virtually completed. (See Fig. 7.)

The overall scheme proved practicable and did not
create unrcasonable requirements of the contractor. [t was
recognised that this was a progressive upgrading and that,
while each step added some strength locally, the scheme
could not be considered satisfactory until all stages had
been successfully completed. This is an inevitable
consequence of this type of reinstatement. 1.ocal members
or portions of the building may thus be more vulnerable
over short periods, but when viewed in the light of a recent
estimate that the return period for an earthquake of MM?7
intensity in the Dunedin area is approximately 800 vears,!
it is a low risk. Consequently, the contractor was not
required to go to elaborate lengths of temporary bracing for
short periods umtl permanent members were fixed in
place,
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