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Foreword 
John Nutt 
The Aus t ra l i an prac t ice aga in p resen ts a 
samp le of work s i n c e an i s sue of The Arup 
Journal on Aus t ra l i a w a s last compi led. 
T h o s e f ive y e a r s have been a busy and ex
c i t ing t ime, and the s u b s t a n c e of the pro
jec ts re f lec ts the charac te r of th is pract ice . 
We are del ighted to have built a major pro
ject in Wash ing ton DC with an arch i tect of 
the ca l ib re of J o h n And rews — an urban 
bui lding of qual i ty in the cap i ta l of the 
wor ld 's largest democracy . Con t ras t that 
with the sens i t iv i ty of the Yu lura project by 
Phi l ip C o x . Set in the desert in the heart of 
Aus t ra l i a , an iso la ted locat ion of ha rsh en
v i ronmenta l ex t remes , the resu l ts are s imp le 
bui ld ings and s t ruc tu res of great beauty. 

Then there is the R&l Tower, a project put 
together by A lan Bond , winner of the 
A m e r i c a ' s Cup yach t ing event — an exci t 
ing high r ise project in wh ich the techn ica l 
a s s e s s m e n t of wind- induced problems w a s 
demand ing . T h e a rch i tec ts , Cameron Ch i s -
holm & Nicol have a f ine reputat ion for s u c h 
bui ld ings. There is a thril l about contr ibut ing 
to good arch i tec ture wh ich in f luences us a l l . 

F ina l ly , there are the civi l engineer ing pro
jec ts of wh ich we are mas te rs . 

We have grown subs tan t ia l l y in those five 
yea rs . In i tself, s i ze is unimportant. Never
the less , engineer ing works of magni tude 
frequent ly c a n only be under taken by f i rms 
of s u b s t a n c e , d ivers i ty of r esou rces and 
f inanc ia l s t rength, and we w ish to prac t ice 
at that level . However, our real reason for 
growth is to ex tend people pro fess iona l ly , to 
at t ract s ta f f of talent so that the future is 
a s s u r e d , to f ind su i tab le ro les for people a s 
they age, and to have the appropr iate re
s o u r c e s to work on the type of pro jec ts that 

interest us . We have re jected the phi losophy 
of remain ing s ta t i c in s ize . We do not bel ieve 
it is poss ib le in the long term, and we do not 
w i sh to shr ink b e c a u s e of the connota t ions 
a s s o c i a t e d wi th a dec reas ing organizat ion. 
A nat ional p rac t ice in Aus t ra l i a h a s cer ta in 
c h a r a c t e r i s t i c s . E a c h of the S t a t e s h a s 
sovere ign r ights, many ceded to the Com
monwea l th Government at t he t imeo f Feder
at ion. T h o s e s t a t e s are an important source 
of work, and if we w i s h to do that work, we 
must have a st rong p resence in e a c h s ta te 
cap i ta l led by men of s ta ture resident there, 
highly respec ted by the communi t ies they 
serve. The Aus t ra l i an prac t ice is decentral iz
ed a s a resul t , knit ted together through 
bonds of common interest and f r iendship. A 
paral le l is a univers i ty of st rong depart
ments where the reputat ion and ski l l is 
vested in the s ta f f and the facu l t ies . 
Tha t decent ra l iza t ion h a s good and bad in
f l uences . S o it b reeds an independence of 
mind and a s t rength of charac ter . But it a l so 
f ragments our r esou rces into comparat ive ly 
sma l l pocke ts . On ba lance however th is 
diversi ty of background and the direct con
t inuing re la t ionship between the individual, 
h is c l ien ts and the communi ty h a s served us 
wel l and given us great s t rength. 
Future plans 

We plan to under take a new init iat ive every 
two y e a r s — a procedure a imed at taking us 
where we w ish to go rather than responding 
freely to market fo rces . In the last five year 
period, Arup G e o t e c h n i c s h a s been p laced 
in a sound techn ica l and commerc ia l posi
t ion, the C a n b e r r a o f f i ce h a s been star ted 
and is now operat ing s u c c e s s f u l l y , and we 
have opened in Auck land , New Zea land . We 
have not yet comple ted the network of 
Aus t ra l i an s ta te o f f i ces and p lans are afoot 
to open in Ade la ide. 
P ro fess i ons are chang ing , and the con
sul t ing engineer ing b u s i n e s s is chang ing 
too. At one t ime, the pro fess iona l en
deavoured to under take the work personal ly . 

That c a n no longer be the c a s e , nor does the 
communi ty expect it of him. Never the less , a 
soundly based consu l t ing prac t ice requires 
a persona l commi tment on the part of in
d iv iduals to a c l ient . 
P r a c t i c e s are becoming more cap i ta l inten
s ive , and a s they do, outs ide investors are 
being invited to sha re in the ownersh ip of 
f i rms. T h i s wor ldwide trend in our industry 
wi l l bring about a commerc ia l i sm wh ich 
cou ld readi ly overshadow the idea ls of a f irm 
s u c h a s ours where qual i ty of work, breadth 
of v is ion , s o c i a l u s e f u l n e s s and a humane 
organizat ion are important pr inc ip les. The 
b u s i n e s s world demands a return on cap i ta l 
and e f f i c iency in a compet i t ive environment 
but t hose goa ls and ours are not mutual ly 
exc lus i ve . 
New departures 
The Aus t ra l i an prac t ice moves in r esponses 
to these techno log ica l and communi ty 
c h a n g e s . We now adver t ise on o c c a s i o n s 
and act ive ly promote our sk i l l s . We have 
appointed a s Director of B u s i n e s s Develop
ment one of our number, a senior man of 
ca l ib re w h o s e role is to fol low those pro jects 
of long gesta t ion t ime, or c l ien ts in f ie lds 
where our c o n t a c t s are weakes t . It is a 
depar ture from our past . The cha l lenge for 
us wi l l be to keep an appropr iate ba lance . 
Be ing a s ta f f -owned f i rm, we enjoy the 
privi lege of set t ing our own targets. 
The s h a m e of a se lec t ion such a s we have 
made in th is i s s u e is that many good pro
jec ts are omit ted and that only some of the 
people who have made s ign i f icant contr ibu
t ions to the jobs and the wel l-being of our 
p rac t ice are acknowledged . Hopeful ly, 
another i s s u e wi l l be for thcoming when the 
r i c h n e s s and divers i ty of our work can aga in 
be recorded. Pe rhaps we c a n wri te on our 
work in developing count r ies , or on embas
s i e s o v e r s e a s or our b icentennia l s t ruc tu res , 
or on more of the d isc ip l ines wh ich go to 
make our p rac t ice . 
Maybe — if we have the s t rength! 
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5. Connec t i cu t Avenue e levat ion dur ing cons t ruc t ion (Photo: B i l l T h o m a s ) 

some 35 ft and c a i s s o n s were n e c e s s a r y in 
th is a rea . A bearing capac i t y of 30 tons / f t 2 

w a s recommended for end bearing with no 
a l l owance for sk in fr ict ion, and c a i s s o n s of 
36 in d iameter with belled ends were se l 
ec ted to support major pod co lumns . 
Di f ferent ia l set t lement of foot ings support
ing the major pod co lumns founded in differ
ing rock s t ra ta w a s a l lowed for in the des ign. 
Groundwater w a s encountered at heights 
vary ing up to 5 ft above basement leve ls . A 
sub-dra inage s y s t e m w a s insta l led to 
reduce hydros ta t ic head on basement wa l l s 
and f loors. 

In S t a g e 2 the building conf igurat ion 
developed somewha t di f ferent ly to that 
or iginal ly ant ic ipated and we found our
se l ves excava t i ng a reasonab ly deep base
ment immediate ly ad jacent to and below 
some of the S t a g e 1 c a i s s o n s . G iven the 
highly f rac tured nature of the rock we were 
concerned , but with prodigious amoun ts of 
ground anchor ing the problem w a s over
come. 
Energy design 
Although not within our te rms of re ference 
a s s t ruc tura l eng ineers , some ment ion 
should be made of the bui ld ing 's energy sav
ing des ign . 
The bui lding h a s a util ity bill l e s s than 4 0 % 
of the norm for comparab le Wash ing ton 
bui ld ings. T h e s e sav i ngs are ach ieved 
through a combinat ion of pass i ve and act ive 
s y s t e m s . 
The key to the p a s s i v e s y s t e m is the sp ine of 
l inked a t r ia . Air enter ing at the b a s e of the 
serv ice towers is drawn over planted ter
r a c e s and cool ing ponds then sp ray -washed 
and mixed with condi t ioned air before enter
ing the atr ium by way of interior pools. 
At the bui lding f ace the full height g laz ing is 
sh ie lded by s u n s c r e e n s mounted on a s p a c e 
f rame of 1 in d iameter s t a i n l e s s s tee l . 
The ac t ive m e c h a n i c a l s y s t e m s emphas ize 
the recovery and reuse of w a s t e heat. 
Su rp lus energy is stored in ice and warm 
water t anks . During hours of peak demand 
the bui ld ing 's s tandby plant augments util
ity suppl ied power. 
Joint venture arrangements 
T h e cond i t ions of appointment required that 
e a c h d isc ip l ine be represented in Wash ing
ton by local f i rms. Af ter ta lk ing to var ious 
organ iza t ions we entered into an arrange
ment with MMP Internat ional who had 
star ted life a s an of fshoot of R M J M — wel l 
known in the UK. The work w a s shared . We 
provided al l des ign func t ions throughout 
the project p lus d raw ings to des ign develop
ment phase and genera l l ia ison with other 
consu l tan ts . 
MMP adv ised during des ign on local condi
t ions and mores, provided const ruc t ion 
documenta t ion , c h e c k e d s h o p d r a w i n g s and 

26 car r ied out s i te inspec t ions . A s des igners 

we a s s u m e d overal l responsib i l i ty for the 
s t ruc tura l su f f i c iency . 
MMP a l so provide cos t planning and evalua
tion s e r v i c e s and were employed by the 
arch i tect in th is role. 
E a c h individual S ta te in the U S A requires 
that s t ruc tura l documen ts be at tested by a 
pro fess iona l engineer registered in that 
S ta te . It is poss ib le in Wash ington DC to 
obtain d ispensa t ion for a spec i f i c project, 
par t icular ly one of a d ip lomat ic nature but, 
in our c a s e MMP provided th is serv ice. 
At the complet ion of des ign development for 
S t a g e 1, Bi l l T h o m a s took himsel f and al l 
documen ts to Wash ing ton for s ix months to 
complete the des ign and superv ise docu
mentat ion in MMP 's of f ice. To make him feel 
at home and l ighten h is work load we in
sta l led in Wash ing ton s imi lar desktop com
puter fac i l i t ies to our own in Sydney. T h e s e 
were repatr iated to Aus t ra l i a at the end of 
h is s tay . 

For S t a g e 2 the p r o c e s s w a s repeated wi th 
Ian A inswor th s topping over in Washington 
for three months , whi ls t en route for a two 
year s tay in London of f ice. 
Throughout the des ign and const ruc t ion 
p h a s e s addi t ional v is i t s were made from 
Aus t ra l i a at about s ix monthly intervals. 
To date our re la t ionship with MMP has been 
mutual ly benef ic ia l and a fair sha re of credit 
for the s u c c e s s f u l ou tcome of the project is 
due to them for their e f for ts . 
Construction 

After a lengthy se lec t ion p rocess one of 
North A m e r i c a ' s largest cont rac t ing organi
za t ions , G i lbane Bui ld ing Co. , w a s ap
pointed to provide const ruc t ion advice dur
ing des ign development and documenta
tion. T h i s company w a s eventual ly awarded 
a cont rac t a s const ruc t ion manager for 
S t a g e 1 for a f ixed lump sum price of $54 M 
with a cons t ruc t ion period of 27 months. 
The S t a g e 1 cont rac t w a s completed on t ime 
and budget without any major problems and 
a grand opening at tended by the Dip lomat ic 
Co rps and de lega tes from I N T E L S A T 
member count r ies took p lace in April 1985. 
S tage 2 c o m m e n c e d in the autumn of 1985 
but for r easons known only to the cl ient, a 
cont rac t w a s negot iated with a much 
smal le r cont ractor , W.P. L ipscomb for a 
f ixed lump s u m price of $26 M over a 24 
month period. T h i s cont ract is progress ing 
sa t is fac tor i l y . 
The American system 
We learned someth ing from our brief en
counter with the Amer i can sys tem, parti
cu lar ly in the a rea of documentat ion. 
Al though direct c om pa r i s ons are di f f icul t , it 
is c lear that we tend to over-document our 
work and not take advantage of industry 
capab i l i t i es . In the U S , bi l ls of quant i ty are 
rarely n e c e s s a r y with a consequent reduc
tion in documenta t ion . In most i ns tances 

bui lders are prepared to give a G M P — 
Guaran teed Max imum Pr ice — for a con
tract based upon a prel iminary set of layout 
d raw ings , schedu le for f i n i shes and a perfor
m a n c e spec i f i ca t ion for se rv i ces theoreti
ca l ly reduc ing the overal l documenta
t ion/const ruct ion t ime and cos t to the 
owner. 
Shop d raw ings for s t ruc tura l s teel and con
crete re in forcement are the responsib i l i ty of 
the cont rac tor with the consu l tant respon
s ib le for check ing that h is requi rements 
have been incorporated within these docu
ments — s imi la r to the procedure used in 
Aus t ra l i a for s tee l shop drawings. The 
resul t ing reduct ion in draft ing effort m e a n s 
that the average consu l t ing eng ineer 's 
o f f i ce in the U S h a s a higher rat io of 
eng ineers to d ra f t smen than is normal here, 
of ten a s high a s five to one. In addit ion a 
cons iderab le amount of drawings, par
t icular ly deta i ls , is done on sma l l 
ca lcu la t ion-s ize s h e e t s by engineers . 
Superv is ion of cons t ruc t ion is handled dif
ferently in the U S . During th is phase of the 
work the consu l t ing engineer per forms a ser
v ice termed ' occas i ona l observat ion ' , 
c h e c k s shop d raw ings , a s s e s s e s reports 
from inspect ion compan ies and rema ins 
ava i lab le for consu l ta t ion . 
Detai led superv is ion of foundat ion works , 
concre te and re inforcement p lacement , find 
s t ruc tura l s tee lwork is carr ied out by 
spec ia l i s t c o m p a n i e s who combine inspec
tion with laboratory test ing and who work to 
a spec i f i ca t ion prepared by the consu l t ing 
engineer. 

Al l in al l we feel the Amer ican consu l t ing 
engineer, being more design-or ientated, is 
more ef f ic ient . G iven the prevai l ing fee-
s c a l e s he h a s to be. The average fee payable 
to a s t ruc tu ra l engineer would be of the 
order of 0 . 5 % - 0 .75% of total cost with the 
total fee for arch i tect and s t ruc tura l and ser
v i ces eng ineers in the range 5 .5% - 6 % . In a 
highly compet i t ive s i tuat ion th is fee percen
tage c a n be forced down to the 4 % - 5 % 
level. 
Epilogue 
Our brief foray into the North Amer i can 
market c a m e about in except iona l and un
p lanned c i r c u m s t a n c e s . Af ter our init ial 
surge of euphor ia fol lowing the compet i t ion 
s u c c e s s we had some apprehens ion a s to 
how we would manage a project so far away 
but we were helped by the arch i tec t , J o h n 
Andrews , who had pract iced in North 
Amer i ca for some y e a r s previously, and w a s 
fami l iar with the ground ru les. 
After a coup le of v i s i t s we had red iscovered 
that engineer ing is a fairly un iversa l 
language and the project h a s become one of 
our most s u c c e s s f u l in al l respec ts . 
The bui lding h a s been wel l - received by the 
cl ient and the arch i tec tura l fraternity. It h a s 
won some a w a r d s and shou ld serve a s a use
ful market ing tool in the present Arup con
quest of North Amer i ca . 
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Yulara tourist resort 
Peter Thompson 
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Introduction 
T h e ma ins t ream of our work is located 
a lmost ent irely in Urb ia and Suburb ia . We 
rarely venture out to the surrounding coun
trys ide, let a lone the outback. To the average 
Aus t ra l i an the outback is a mys te r ious and 
unknown somewhere , sparse ly populated 
by unconvent iona l C a u c a s i a n s and Aborigi
nes outnumbered by hordes of kangaroos 
and rabbi ts . 
Quite by c h a n c e , a s a result of being in the 
right p lace at the right t ime, we were given 
the opportunity to par t ic ipate in the develop
ment from s c r a t c h of a townsh ip in the red 
centre of Aus t ra l i a — the real outback. The 
town w a s Yu la ra . 
Yu la ra is the ga teway to the Uluru Nat ional 
Park in the hear,t of Cent ra l Aus t ra l i a . T h e 
Park cove rs s o m e 1,325km 2 and is s i tuated 
460km by road south wes t of A l ice Spr ings . 
Con ta ined in the Park are a number of 
unique geolog ica l format ions including 
Aye rs Rock and the O lgas . The eco log ica l 
s y s t e m c o m p r i s e s p lants and an ima l s uni
que to the deser t environment. 
The a rea h a s been inhabi ted by Abor ig ines 
for many t housands of yea rs . They have a 
deep and mys t i ca l a t tachment to the land 
and i ts fea tu res . 

Aye rs Rock is the P a r k ' s most popular 
a t t ract ion, second only in nat ional tourist 
appeal to the Sydney Opera House. Tour ist 
demand to the a rea i n c r e a s e s by more than 
100% e a c h five yea rs with 150,000 v is i tors to 
the Park in 1985. 
In the past v is i tors were accommoda ted in 
mote ls and a camp ing ground in c l ose proxi
mity to the Rock . T h e s e fac i l i t ies were no 
longer able to cater for the growing demand 
and were general ly unsa t is fac to ry , given the 
s tandard of ameni ty demanded by the aver
age present-day travel ler. In addit ion de
velopment had not been properly control led 
or co-ord inated, leading to a general 
deter iorat ion of the natural environment 
around the Rock . 
It w a s dec ided in 1973 to re locate the a c c o m -

Legend 
1. Vis i tors ' Centre 
2. Four S e a s o n s Hotel 
3. Resident ia l Mall 
4. Shopping Centre 
5. S t a l l F l a t s 
6. Communi ty Fac i l i t ies 
7. Sheraton Hotel 
8. C a m p i n g Grounds 
9. Housing. S c h o o l . 

Pol ice Stat ion etc . 
10. Aboriginal Hous ing 

Y u l a r a tour ist resort : s i te plan 

modat ion and airst r ip outs ide the Park 
boundary and restore the envi ronmenta l ly 
damaged a r e a s . The new vi l lage thus formed 
w a s to be named Yu la ra . 
Var ious a t tempts were made throughout the 
late 1970s to develop Yu la ra on a p iecemeal 
or individual component b a s i s and some 
in f rast ructure, main ly roadworks, had been 
insta l led to a not ional town plan. T h e s e 
a t tempts fa i led bas ica l l y through lack of 
developer interest . However, fo l lowing an 
invitat ion f rom the Northern Terri tory 
Government , Whi te Indust r ies Ltd. , a large 
developer /const ructor , put forward a for
mula based on a town plan prepared by the 
arch i tect Phi l ip Cox for the const ruc t ion of a 
complete tour ist resort wh ich w a s accep ted . 
A joint venture company known a s Yu la ra 
Development C o . w a s set up by the N T . 
Government and Whi te Indust r ies Ltd. and 
became the c l ient . 

Whi te Indust r ies Ltd. were appointed pro
ject and const ruc t ion managers and a s we 
had a s s i s t e d them in their presentat ion to 
the N.T. Government we became consu l t ing 
civi l and s t ruc tura l engineers to the project. 
Arup G e o t e c h n i c s were in turn appointed to 
provide so i l s invest igat ion and mater ia l 
evaluat ion se rv i ces . 
The resort w a s to cater for a mixed tourist 
populat ion of 5,000 per day and 500 perma
nent res idents . The project w a s es t imated to 
cos t some A$120 M and w a s to be des igned 
and built in a 120-week period. 

The site 
The s i te is an a rea of about 2km x 2km 
located about 16km to the north west of 
Aye rs Rock . 
The c l imate of the region is arid with l e s s 
than 250mm of rainfal l per annum and a total 
evaporat ion of about 2800mm per annum. 
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Atria roofs 
Roofs to the covered cour ts are dome-l ike 
with a hor izontal 50 ft x 50 ft cent ra l a rea 
and 50 ft x 20 ft s i des s loping at 57°. Due to 
the d i f fe rence in pod roof levels, each roof 
h a s a ver t ica l component of a floor height on 
three s i des . 
A s p a c e f rame based on a 5 ft module is 
used to support double glazing wh ich forms 
the outer sk in of the roof. 
Apart from dead , wind and snow loads the 
s p a c e f rame is required to support loads 
such a s hanging planter boxes , window 
wash ing equipment p lus a load of 1501b at 
the cent re of e a c h member for m isce l lan 
eous purposes . A temperature var iat ion of 
54 °F is a l so taken into cons idera t ion . 
E a c h roof connect ing four pods a c t s in
dependent ly and is supported at eight peri
meter co lumns . Suppor t r e l eases have been 
provided s u c h that only vert ical load and 
wind fo rces are t ransmi t ted to the pod struc
tures. A total of 25 separa te loading com
binat ions were cons idered in the des ign. 
After prel iminary des ign to prove the s y s t e m 
viabi l i ty, and to es tab l i sh a budget cos t , a 
per formance spec i f i ca t ion w a s wri t ten to 
enab le tenders to be ca l led from manufac
turers of proprietary s p a c e f rame s y s t e m s . 
Many s y s t e m s are ava i lab le in the US and 
the scope and s ize of the roofs exc i ted much 
interest from supp l ie rs . The s y s t e m event
ually adopted is known a s Spherobat, a West 
Ge rman s y s t e m manufac tu red under 
l i cence in the U S . T h i s is s imi lar in appear
ance to the better known Mero s y s t e m but 
ut i l izes spl i t s tee l hemispheres bolted 
together to form coupl ing at nodes and s tee l 
tubes between node points. 
Detai l des ign ca l cu la t i ons were prepared by 
the suppl ier and checked by us . Load test ing 
of the node a s s e m b l y w a s required prior to 
erect ion wh ich proved to be a w i se precau
tion a s a s ign i f icant amount of fa i lu res were 
recorded in nodes first suppl ied. 

Substructure 
The ca r park and plantroom s t ruc tu res step
ping up the s i te act a s podia to support the 
pods. The re inforced concre te beam and 
s lab cons t ruc t ion provides a t ransi t ion be
tween the pod s tee l co lumns and the park
ing requi rements at basement level. Re
inforced concre te co lumns are located to 
suit both the requi rements of the pods and 
that of park ing. lOVi in s l a b s spann ing a 
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max imum of 28 ft onto beams 36 in deep 
running normal to parking bays is the 
general form of cons t ruc t ion . 48 in x 18 in 
re inforced concre te co lumns support the 
major s tee l co l umns above. 
Foundations 
Bedrock at the s i te is a gne i ss belonging to 
the W i s s a h i c k s o n format ion. T h i s is a meta
morphosed sed imentary rock general ly 
moderately folded with bedrock elevat ion 
varying s ign i f i cant ly over short hor izontal 
d i s t ances . 

Test bor ings carr ied out pre- and post-
compet i t ion general ly indicated d is integ
rated rock or rock about 12 ft below grade, 
these being weathered res idual mater ia ls 
derived from the underly ing parent bedrock. 
Both mater ia ls were su i tab le for founding of 
pad foot ings with an a l lowable bear ing 
capac i t y of 5 tons / f t 2 for the d is in tegrated 
rock and 20 tons / f t 2 for the s l ight ly 
weathered rock. 
At the southern part of the s i te towards 
Ti lden Street the depth to rock inc reased to 25 
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Introduction* 
I N T E L S A T is an internat ional organizat ion 
owned by 110 member nat ions wh ich pro
v ides in ternat ional sate l l i te commun ica t ion 
fac i l i t i es to most of the wes te rn world. T h e 
organizat ion is based in Wash ing ton DC and 
in 1979 it w a s dec ided to hold a compet i t ion 
for the des ign of a new headquar ters com
plex in that ci ty. 
Arch i tec tura l inst i tu t ions of member coun
tr ies were invited to register the c reden t ia ls 
of o rgan iza t ions who in their opinion were 
qual i f ied to carry out the work. About 400 
reg is t ra t ions were received wh ich were 
reduced in three s t a g e s by se lec t ion pane ls 
to s i x , one e a c h from West Germany , Nor
way, C a n a d a , Aus t ra l i a and two from the 
United S t a t e s . E a c h f inal is t w a s to be paid a 
fee on presentat ion of an entry ful f i l l ing the 
compet i t ion requ i rements . A br ief ing/si te 
visi t for two pe rsons w a s a l so inc luded. 
The compet i t ion, judged by an internat ional 
jury, w a s won by the f irm of J o h n And rews 
Internat ional of Sydney , who subsequent ly 
were appointed to further their des ign, 
prepare cons t ruc t ion documen ts and super
v ise cons t ruc t ion . We a s s i s t e d J o h n 
A n d r e w s with h is entry and were subse 
quent ly appointed a s consu l t ing s t ruc tura l 
eng ineers . 

Th i s ar t ic le brief ly desc r i bes the arch i tec
tural p lanning and s t ruc tura l form of the 
complex , together with s o m e of our experi
e n c e s of work ing in the United S t a t e s . Imper
ial un i ts are used throughout. 
Architectural planning 
T h e s i te of 12 a c r e s is on Connec t i cu t 
Avenue between T i lden Street and Van N e s s 
Street and fo rms the eas te rn boundary of a 
new internat ional cent re being developed to 
augment the d ip lomat ic fac i l i t ies of 
Wash ing ton . Immediate ly to the north l ies 
the Univers i ty of the Distr ict of Co lumb ia . 
The s i te is heavi ly wooded on a s loping 
terrain and r i ses 40 ft above Connec t i cu t 
Avenue at its h ighest point (F ig . 1). 
The I N T E L S A T building programme w a s 
s taged with about 600,000 f t 2 g ross a rea 
being built in S tage 1 and a further 
150,000 f t 2 in S tage 2. 

S p a c e requ i rements inc luded accommoda
tion for sa te l l i te contro l , operat ion, s imu la
tion and ma in tenance , convent ion fac i l i t ies 
and o f f i ce s p a c e al l with their respect ive 
anc i l la ry fac i l i t ies conta ined within a mix
ture of sepa ra te o f f i ces and large f lexib le 
a r e a s . F a c t o r s wh ich were to be max imized 
inc luded exposu re of s ta f f to sunl ight , 
bui lding e f f i c i ency and energy e f f i c iency . 
P lann ing res t ra in ts d ic ta ted that the 
bui ld ings be accommoda ted on 8 of the 12 
a c r e s wi th the remainder des igna ted a s 
publ ic park land and the Wash ing ton build
ing height limit of 392ft above s e a level w a s 
to be observed . 
A n a l y s i s of the c l ien t ' s brief ind icated that 
a r e a s requir ing per imeter locat ion ac
counted for 7 0 % of the total . To max im ize 

" E d i t o r ' s Note: 
A s th i s project w a s des igned in imper ia l un i ts w e 
have not conver ted them into metr ic . 

the exter ior zone and minimize corr idor 
s p a c e , modu les of 90 ft square plan form 
were developed incorporat ing a 20 ft ex
terior zone. C o l u m n s were p laced at the 
periphery and on the perimeter of the inner 
and outer zones to give max imum f lexibi l i ty 
of part i t ioning. 
The module w a s modif ied to an oc tagon to 
c rea te rec tangu la rconnec t i ng l i nkscon ta in -
ing duct r i sers and to i lets and for connec
tion to s ta i r towers (F i g . 2). 
Nine four-level modu les sa t i s f ied the s p a c e 
requ i rements for S t a g e 1 and four s ix- level 
modu les for S t a g e 2. 
The module/ l ink c o m p l e x e s are ar ranged in 
a chequerboard pat tern and , when inter
l inked with a roof s t ruc ture , form interior 
cour tya rds or a t r ia . Pedes t r ian movement in 
the v ic in i ty is concen t ra ted on Connec t i cu t 
Avenue , par t icu lar ly at the Van N e s s in
te rsect ion where there are both subway and 
bus s tops . Modules and cour tyards are 
therefore ar ranged to c rea te a pedest r ian 
a c c e s s sp ine s tepping up the s lope connec
t ing the Connec t i cu t /Van N e s s in tersect ion 
wi th the In ternat ional Cent re . 
The sp ine of a t r ia , apart from act ing a s the 
bui ld ing 's ax ia l s t reet , p rov idea s o u r c e o f in
terior dayl ight ing and c l imate control . They 
a l so conta in ver t ica l and lateral c i rcu la t ion . 
E levator towers enc i rc led by a s ta i r are 
located wi th in the cour tya rds with a c c e s s to 
modu les v ia bridge l inks. 
The cour tya rds are l andscaped with water 
fea tu res and p lant ing. 
Be low-grade park ing for 500 c a r s and plant-
rooms are provided at three levels s tepping 
up the h i l ls ide, l inked by a feeder road off 
Van N e s s St reet . 
Structure 
Arch i tec tura l requ i rements for co lumn-f ree 
s p a c e s wi th in the modules , economy and 
speed of cons t ruc t ion resul ted in the cho i ce 
of s t ruc tu ra l s tee l / concre te compos i te con
st ruct ion for o f f i ce modu les , serv ice l inks 
and connect ing br idges above grade. Re in
forced concre te w a s used for cons t ruc t ion 
below grade p lus s ta i r and elevator towers . 
T h e a t r ia roofs are of tubular s tee l space -
f rame cons t ruc t ion . Ex te rna l concre te is 
fa i r - faced. 
Bui ld ing cons t ruc t ion in Wash ington is car
ried out to the requirement of the Bui ld ing 
Code of the Distr ic t of Co lumb ia . Re in forced 
concre te and s t ruc tu ra l s tee lwork des ign 
are car r ied out to the recommenda t ions of 
the Amer i can Conc re te Inst i tute and 
Amer i can Inst i tute of S tee l Cons t ruc t ion . 
In addi t ion al l cons t ruc t ion must conform to 
the requ i rements of the F i re I nsu rance In
dustry. T h i s in e f fec t m e a n s that u n l e s s a 
very expens ive test is car r ied out, only a 
combinat ion of s t ruc tu ra l e lements wh ich 
have previously been tested and given a fire 
r e s i s t a n c e rat ing may be used . R e s u l t s of 
t es t s are given in a document known a s the 
Underwr i te rs Labora to r ies Inc. F i re 
R e s i s t a n c e Directory. 

Statutory load ings and permiss ib le reduc
t ions are s im i la r to Aus t ra l i an and Br i t i sh 
C o d e s . Wind loading is however ex t remely 
b a s i c in compa r i son , the requirement being 
that bui ld ings where the height e x c e e d s 2Vi 
t imes the width sha l l be des igned to res is t a 
uniform load of 20lb/ f t 2 . Roo fs are general ly 
des igned for a s n o w loading of 30lb/ f t 2 . 
However , in a r e a s where snow drift w a s con
s idered to be a poss ib i l i ty a local ized 
loading of 60 lb / f t 2 w a s adopted. 
Typical module structure 
The typ ica l module or pod floor is repeated a 
great number of t imes and much effort w a s 
put into c rea t ing an ef f ic ient and economic 
layout ( F i g s . 3 and 4). 

A typ ica l floor h a s 5V4 in s lab spann ing 
8 ft 4 in onto a seconda ry beam s y s t e m . The 

s lab is a R o b e r t s o n s Q-Lock metal pan with 
2 in deep r ibs ac t ing compos i te ly with 3 1 /4 in 
of l ightweight concre te . The l ightweight 
concre te is used not only for load benefit but 
for i ts super ior f i re-resist ing qual i t ies . 
The s l a b is supported by and a c t s com
posi te ly v i a s h e a r s t u d s wi th 12 indeep stee l 
beams spann ing 20 ft and 14 in deep b e a m s 
spann ing 25 ft. The secondary beams are 
ar ranged to ensure equal loading on the 
pr imary b e a m s and thus equal loading on 
co lumns . T h e large range of s tee l sec t i ons 
ava i lab le in the U S lends i tself to economic 
des ign . 
The pr imary beams of 30 in depth and maxi 
mum s p a n 50 ft are des igned a s part ial com
posi te s e c t i o n s and are con t inuous with the 
internal c o l u m n s . T h e s e b e a m s have either 
web penet ra t ions or are notched at the ends 
connec ted to the perimeter co l umns , to 
al low p a s s a g e of se r v i ces . Al l b e a m s are 
grade 36 ksi s tee l . 
The four internal major co l umns are 19 in 
square s e c t i o n s of welded plate, grade 
50 ks i , vary ing in t h i c k n e s s from 1Vs in to 
Ve in depending on level. F i re rating is 
ach ieved by concre te enc as emen t resul t ing 
in a c i r cu la r co lumn 30 in in d iameter . 
The eight ex terna l co l umns are 16 in 
d iameter made up of a 12 in d iameter tube, 
grade 46 ks i , of wal l t h i c k n e s s Vi in, sur
rounded by 2 in of f ire proofing conta ined by 
a thin s tee l tube. T h i s who le a s s e m b l y is a 
propr ietary sec t ion in the U S . The co lumn is 
fi l led wi th concre te of 5 ,000lb/ in 2 ac t ing 
compos i te ly with the s t ruc tura l tube. 

Cont inu i ty between b e a m s and internal 
co l umns is ach ieved by s i te butt weld ing. 
T h i s procedure, wh ich at f irst appeared to us 
to be a r isky one, w a s the unan imous cho i ce 
of the loca l s tee l fabr ica tors whose opinion 
w a s sought . A fu l l -sca le mock up w a s con
s t ruc ted by the s u c c e s s f u l fabr icator wi th 
al l w e l d s u l t rason ica l l y tes ted. S a m p l e sec 
t ions were taken from the mock-up and etch-
tested for corre lat ion with the u l t rason ic 
test resu l t s . 

The pod roofs are landscaped wi th paving 
and low plant ing and used for recreat ional 
purposes . Due to th is the loading is higher 
than for a typ ica l floor wi th a consequent in
c r e a s e in s t ruc tu ra l s i zes . Roof members are 
ar ranged to provide a fal l in al l d i rec t ions to 
the cent re co l umns . 
E a c h pod is separa ted from its neighbour 
not only by a link block but by movement 
jo ints. Tempera tu re range is par t icu lar ly 
severe on the eas te rn coas t of the U S and it 
is s tandard prac t ice to provide jo in ts much 
more of ten than we would in Aus t ra l i a . Con
sequent ly , e a c h pod is des igned a s a two-
way mul t i -s torey portal f rame providing its 
own stab i l i ty aga ins t w ind and out-of-
ba lance load ings. 
Br idge l i nks between elevator towers and 
the pod floor l inks span a max imum of 50 ft 
and are des igned a s compos i te s tee l /con
crete m e m b e r s with vibrat ion cr i ter ia con
troll ing member s i z e s . E x p a n s i o n jo ints are 
provided at the end supported on the ele
vator tower. 
The towers , a s with al l exposed ver t ica l sur
f a c e s are smooth fa i r faced concre te . 
At the end of des ign development the c l ient , 
wi thout our knowledge, obta ined a techn ica l 
audit of the pod s t ruc ture from Be th lehem 
S tee l . T h i s is of fered a s a free serv ice in the 
US . Wh i l s t not d isagree ing direct ly with our 
des ign app roach , Be th lehem were not too 
happy with the cont inui ty in the floor s y s t e m 
and put fo rward an a l ternat ive us ing simply-
suppor ted b e a m s throughout, p lus d iagonal 
brac ing for stabi l i ty . We, in turn, were a s k e d 
to comment on their p roposa ls and after 
submi t t ing a carefu l ly worded adverse 
report, the mat ter w a s dropped. 

/ 

/ 
/ 

The al t i tude is around the 500m mark con
tr ibuting to the ex t reme diurnal temperature 
c h a n g e s . Tempera tu res of 50°C are not 
unusua l dur ing summer , whi lst winter 
tempera tu res of - 5 ° C have been recorded. 
Much of the a r e a ' s topography c o n s i s t s of 
sand r idges o r d u n e s averag ing about 13min 
height above an o therw ise flat p la in. T h e 
vegetat ion c o n s i s t s of p lants expert at 
res is t ing long per iods of drought either by 
remain ing dormant , or by ad jus t ing their l i fe 
c y c l e s u c h that they ex is t only wh i le 
mois ture is present . About 390 s p e c i e s of 
plant have been ident i f ied and these provide 
habi tat for 22 s p e c i e s of m a m m a l s and 151 
s p e c i e s of b i rds. During the past century a 
number of medium-s ized m a m m a l s have 
become ex t inc t , main ly due to the ravages of 
imported s p e c i e s s u c h a s c a t s . 

Arr iv ing at what w a s to be Yu la ra for the first 
t ime, it w a s di f f icul t not to be overawed with 
the t ask in front of us a l l . E n d l e s s s a n d 
p la ins s t re tched in al l d i rect ions, s a v e for 
the overwhe lming p resence of A y e r s Rock 
about 16km a w a y . It w a s hard to bel ieve that 
s u c h a large development w a s to happen in 
s u c h a deso la te spot. 
On tak ing s tock however, th ings got better. 
An airport capab le of landing Fokker F28 
type a i rc ra f t had just opened about 5km 
from the s i te , a 2.8 Mva oil-fired power 
s ta t ion w a s about 2/3 complete, and what 
w a s eventua l ly to become the vi l lage se rv i ce 
a rea w a s in embryo form a s a depot for Park 
rangers . 
The main road from A l i ce Spr ings w a s 
a lmos t complete ly b i tumenized and on the 
s i te proper there w a s a s y s t e m of b i tumen 
roads going seeming ly to nowhere but com
plete with s top and give way s igns . G iven the 
topography these ex is t ing roads b e c a m e a 
major determinant in the evolut ion of the 
cent ra l town a rea a s bui lding w a s only to be 
poss ib le in the flat a rea between the roads 
and the dunes . 

The resort 
Yu la ra can cater for about 5,000 v is i tors per 
day and h a s a permanent populat ion of 
about 500. The permanent populat ion is 
largely conce rned wi th the resort funct ion 
but i nc ludes Nat ional Park s taf f p lus their 
fami l ies . 
The resort h a s three main components : 
(1) T h e cent ra l sp ine 
(2) Per iphera l development around the ma in 
ring road 
(3) Se rv i ce a rea . 
(1) T h e cent ra l sp ine is moulded to the dune 
format ions in an S s h a p e and con ta ins most 
of the major resort componen ts inc luding 
the V is i t o rs ' Cent re , two hote ls , one of 100 
rooms, one of 250 rooms, retai l a rea , s ta f f 
accommoda t i on and communi ty fac i l i t ies . 
The bu i ld ings are ar ranged in c l u s t e r s 
around c iv ic s q u a r e s and s p a c e s . The hote ls 
are p laced at e a c h end of the sp ine and 
l inked to e a c h other by a se r i es of pedest r ian 
s t ree ts def ined by one and two-storey build
ings. T h e whole of the sp ine is built on an 
e levated podium of vary ing levels def ined by 
a per imeter wa l l . A cent ra l energy plantroom 
is located beneath the V is i to rs ' Cent re and 
s e r v i c e s the total fac i l i ty . 

(2) T h e per ipheral development inc ludes 
componen ts s u c h a s de tached hous ing , 
schoo l , po l ice s ta t ion , camping grounds, 
Abor ig ina l hous ing and se rv i ce s ta t ion . T h e 
camp ing grounds ca te r for up to 3,600 at 
four s i t es . T h e s i t e s are fully serv iced and 
have s w i m m i n g pools. C a r a v a n s and bunk 
house accommoda t i on are ava i lab le for 
c a m p e r s wi thout tents . 
(3) T h e se rv i ce a rea eas t of the resort con
ta ins the water t reatment and sewage treat
ment plant a s wel l a s the major s to rage and 
m a i n t e n a n c e fac i l i t ies . 

Shera ton Hote l : 
Top: V i e w of cen t ra l fac i l i t i es 
Cen t re : G e n e r a l v iew of main en t rance 
Bot tom: Main e n t r a n c e show ing fabr ic s h a d e s and roof e l e m e n t s 

F a c i n g page: V i e w of ma in resort fac i l i t i es and A y e r s R o c k (Photo: J o h n Go l l i ngs ) 
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The main water supply is from the Dune 
P la ins Aqui fer located about 10km from the 
resort and wh ich , it is es t imated , can supply 
about 400 ,000m 3 per annum. The raw water 
h a s a total d isso lved sal t content of around 
2,500mg/l and a fully au tomat ic electro-
d ia l ys i s desa l ina t ion plant h a s been instal l 
ed wh ich reduces the sal t content to 
500mg/l . S to rage is provided for 200,0001 of 
t reated water , about two d a y s supply at 
peak per iods. 
Four b lends of sa l i ne , t reated and rec la imed 
water are ret icu lated through the resort for 
di f fer ing purposes : fully t reated for dr inking 
and bathing, untreated for c i s te rns and fire 
hydrants , and blended for t r ick le irr igation 
to every tree and shrub planted within the 
resort. 
S e w a g e is car r ied by a s y s t e m of gravity and 
r is ing m a i n s to a high speed extended aera
tion act iva ted s ludge p rocess plant. Ef f luent 
is t reated in a s ing le p rocess with the resul
tant s ludge pumped into drying beds from 
wh ich it is d istr ibuted to landfi l l a r e a s . 
The t reated water is held in an ar t i f ic ia l 
lagoon from where it is recyc led to spray irri
gate the main spor ts oval and to water a 5ha 
red gum plantat ion wh ich is to be the sou rce 
of f i rewood for f i res in the camping grounds. 

Foundations and ground works 
Yu la ra is built in the s w a l e s between a l inear 
s y s t e m of sand dunes . The dunes are formed 
by wind blown s a n d s and in the immediate 
a rea of the s i te are relat ively s tab le , support
ing quite dense sp in i fex growth, bushes and 
desert o a k s . However, d is tu rbance of wind 
pat terns and removal of vegetable cover 
could ini t iate a new eros ional phase and 
const ruc t ion w a s therefore kept away from 
the dunes proper. 
The built s i te cove rs an a rea of 1500m x 
1000m with the cent ra l sp ine occupy ing 
1000m x 400m. 20 trial pits were dug at what 
were cons idered to be s ign i f icant locat ions. 
Penetrometer probes were used to obtain 
densi ty prof i les part icular ly through the 
higher leve ls of dune s a n d s where backhoe 
pi ts were env i ronmenta l ly inappropriate. 
The invest igat ion revealed a cons is ten t 
geology a c r o s s the s i te with a 3m layer of 
sand over ly ing a layer of later i t ic gravel 
wh ich became cemented within a few hund
red mi l l imetres of i ts upper su r f ace into a 
low st rength, coarse-gra ined sands tone . 
The sand mater ia l w a s very uniform a c r o s s 
the s i te and fell into two ca tegor ies , a wel l 
graded s w a l e sand and a f iner dune s a n d , 
blending into e a c h other with e levat ion. 
T e s t s were car r ied out on the s a n d s to deter
mine in s i tu densi ty , compac ted dens i t i es at 
natural and opt imum moisture con ten ts , 
C B R va lues and the internal fr ict ion angle. 
Design va lues resul t ing from these t es t s 
were a s fo l lows: 

compac ted densi ty 1.7 T / m 3 

C B R value 2 0 % 
angle 0 33° 

A l lowab le bear ing pressure derived from 
these va lues var ied from 150kPa for a 
600mm wide footing to 300kPa for a 2m wide 
foot ing. 
The penetrometer probe va lues were used in 
con junct ion with the dens i ty resu l ts to cor
relate footing capac i t y with blow count for 
future s i te superv is ion . 
The cent ra l sp ine complex is built on a 
se r ies of ra ised soi l p la t forms. It w a s con
s idered economica l to undertake an early 
ea r thworks cont ract for the whole complex; 
one of the r easons being the long d i s tance 
for mobi l izat ion of heavy ear thmoving plant. 
Th i s meant however that the s u r f a c e (cover
ing some 200,000m 2 ) and s i des of p la t forms 
had to be protected from wind and rain ero
s ion over a one year period. It w a s c lea r that 

th is could only be done by uti l izing some 
form of s u r f a c e treatment and a variety of 
a l te rnat ives were invest igated. The cheap
est and in fact the most appropriate w a s 
found to be a 150mm layer of compac ted 
lateri t ic gravel spread over the total a rea . 
Given the s i te contours , a cut to fill solut ion 
for the p la t forms w a s not poss ib le and it 
w a s important that there w a s min imum dis
ruption to the sand dune regime. Locat ion of 
borrow pi ts w a s cr i t ica l yet some 50 ,000m 3 

of fill w a s required. A source of sand fill w a s 
f inal ly es tab l i shed quite c l ose to the s i te ser
v ice a rea and the resul t ing excava t i ons were 
eventual ly used for san i ta ry landf i l l . 
Loca l gravel w a s ava i lab le from borrow pits 
previously used for the roads. T h e s e pits 
were therefore ex tended to produce some 
80 ,000m 3 of mater ia l required for the protec
tive gravel layer and for basecou rse to roads 
and parking a r e a s . 

Before ear thworks commenced the spin i fex 
and deser t vegetat ion w a s harvested and 
s tockp i led for future use a s mulch. The top 
200mm of soi l wh ich con ta ins dormant 
s e e d s w a s s imi lar ly removed and stock
pi led. Both mulch and soi l were used a s 
important ingredients of the desert zone 
restorat ion work carr ied out where damage 
from cons t ruc t ion w a s unavoidable. 
The plat form fi l l ing and compact ion w a s 
part icular ly e f fec t ive , a l lowing t renches 

with 2m high ver t ica l s i des to s tand open for 
quite lengthy per iods. Contro l of compac
tion w a s ach ieved by constant field densi ty 
test ing p lus penetrometer and nuc lear den
si ty tes t ing. 

S i te survey da ta w a s given in 1:500 map 
form. T h i s w a s digi t ized and co l la ted to form 
a digi tal terra in model su i tab le for computer 
des ign and volume ca lcu la t ion of roads, 
hard s t a n d s and ear thworks general ly. 

The buildings 
In general the bui ld ings are of s imple 
domest i c s c a l e and are masonry s t ruc tu res 
with p i tched metal roofs. Minor e lements 
s u c h a s ve randahs , s ta i r s and pergolas are 
of light metal cons t ruc t ion . 

The s t ruc tura l phi losophy w a s developed 
around a min imum of bas i c e lements wh ich 
would af ford some measure of s tandard iza
tion whi ls t a l lowing f lexibi l i ty in bui lding 
des ign. A s it w a s n e c e s s a r y to house al l 
labour in an on-si te const ruc t ion vi l lage, 
s y s t e m s wh ich minimized labour were more 
than ever important. 

For th is reason masonry const ruc t ion w a s 
at f irst d i scoun ted and a precast wal l ing 
s y s t e m invest igated. T h i s w a s quickly ruled 
out due to the high b a s i c cost of concre te 
and the cos t and t ime involved in set t ing up 
an on-si te factory. Other s y s t e m s , incor
porat ing meta l or compressed cement 
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s p l i c e s used in l ieu of laps up to Level 4 
when reduct ion in the numbers of bars 
enabled convent iona l laps to be used . 
65MPa ( F ' c cy l inder strength) concre te w a s 
used in the co l umns up to Level 18 when the 
strength is progress ive ly reduced to 50, 40, 
30 then 25MPa above Level 36. 
The core wa l l s are 40MPa concre te at lower 
levels reducing to 30 then 25MPa at Level 10. 
The core wa l l s are being cons t ruc ted by s l ip 
form and can proceed up to f ive levels above 
floor cons t ruc t ion , a l though th is can be ex
ceeded if the lobby portion of the floor s lab 
is advanced not l e s s than five f loors below 
the top of the s l ip. To date, the builder h a s 
e lec ted to pour the f loors complete and 
main ta in the s l ip for five f loors. 

Typical floors 
The floor to floor height of typ ica l f loors is 
3.6m with a floor to cei l ing height of 2.7m. 
Air-condit ioning is provided by a var iab le 
vo lume air s y s t e m with two f resh air hand
ling p lants on e a c h floor providing f lexibi l i ty 
for tenan ts . Cool ing is provided by chi l led 
water d ist r ibuted to e a c h floor from cent ra l 
chi l l ing uni ts located in a ground floor plant-
room. Heat ing requi rements are not s igni f i 
cant and a sma l l base load g a s boiler is used 
and hot water c i rcu la ted in the s a m e piping 
s y s t e m used for ch i l led water . 
E lec t r i ca l , te lecom and computer cab l ing 
runs in three channe l skir t ing duc ts around 
the per imeter of f loors, supplemented by 
40mm deep floor duc ts in l imited se lec ted 
locat ions. 
F loors are f in ished monol i th ical ly . 

Floor construction 
The s t ruc tura l s y s t e m is reinforced concre te 
beam and s lab . There is general ly a 130mm 
thick s lab . Over the main floor sect ion there 
are beams 600mm deep by 350mm at 4.243m 
cen t res (i.e. 3 x \ / 2 ) spann ing 10.5m. T h e 
beams reduce to 400mm depth by 600mm at 
the south wes t end to provide adequate 
s p a c e for air-condi t ioning duc ts . T h e 400mm 
x 600mm sec t ion cant i levers out from the 
main 740mm x 1300mm framing beam to 
support the 'bay window'. The lobby s l ab is 
a l so 130mm thick with beams 550mm x 
350mm and 400mm x 400mm. 
The f loors are des igned for a general o f f ice 
loading of 3 k P a wi th a 1kPa provis ion for 
l ightweight part i t ions, cei l ing loads and 
f i n i shes . A 2.4m wide th ickened s lab sec t ion 
is provided on the south west s ide of the low 
r ise lift core (or upper level co lumns) for a 
uniform heavy load of 7 .5kPaor 12.5kPa con
cent ra ted over a 1.6m width. 
The nominated concre te strength is 25MPa 
al though the spec i f ied min imum O P C 
cement content of 280kg /m 3 general ly 
ach ieves a min imum of 23MPa at seven 
days . 

The builder is us ing a table form s y s t e m for 
the f loors and ach ieves a complete floor 
cyc le of nine work ing d a y s with two pours. 
Leve ls 43 to 48 within the tr iangular pyramid 
sec t ion at the top of the bui lding are execu 
tive su i t es and p lant rooms, and are a l so 
beam and s lab cons t ruc t ion , but with the 
layout vary ing from the typical f loors to 
a c c o m m o d a t e the stepped f acade and 
var ious vo ids and s e t b a c k s . 
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al lowed the st ra t igraphy below the si te to be 
genera l ized a s fo l lows: 

• from ex is t ing ground level at about R L 14 
to about R L 6 : S a n d vary ing from loose to 
very dense with inc reas ing depth 

• from R L 6 to about R L - 1 3 : interbedded 
layers of s i l ty c lay , c layey sand and s a n d ; 
c layey mate r ia l s st i f f to very st i f f , sandy 
mater ia ls dense to very dense 

• from R L - 1 3 t o b e t w e e n R L - 1 7 a n d - 2 1 : 
s a n d , dense to very d e n s e 

• between the sand and the s i l ts tone a 
layer of s i l ty c lay about 1 m th ick 

• from between R L - 1 8 and - 2 2 to the 
depth invest igated ( R L - 4 3 ) : s i l ts tone, thin
ly bedded vary ing from ext remely weathered 
to s l ight ly weathered . 

The bedrock beneath the ci ty a rea is a 
c a l c a r e o u s sands tone , s i l t s tone or sha le 
known a s the K i n g ' s Park sha le . F o s s i l 
a n a l y s e s of th is mater ia l conf i rm that it w a s 
formed dur ing the ear ly Tert iary Age under 
mar ine condi t ions. Subsequen t c h a n g e s in 
relat ive leve ls between land and ocean ex
posed it a s a land su r f ace during the late 
Tert iary period. There w a s then a break in 
further sed imentary act ion unti l the start of 
the deposi t ion of the younger uncon
so l idated a l luv ium during the Quaternary 
period. T h e K i n g ' s Park sha le o c c u r s fair ly 
cons is ten t l y throughout the metropol i tan 
area and h a s been proved to a max imum 
depth of about 300m. 
In colour the mater ia l ranges from dark grey 
to b lack; in compos i t ion a c layey sands tone , 
s i l t s tone or sha le — al l c a l c a r e o u s ; it con
ta ins f o s s i l s , l ime nodules and is laminated 
or thinly bedded. 
The rock tends to break readi ly a long the 
weak bedding p lanes , wh ich m a k e s hand
ling and laboratory test ing ext remely diffi
cul t . 
Perched groundwater levels were measured 
at about R L 9 in the upper sand , with arte
s ian p iezometr ic heads in the lower sand 
layers at about R L 2. 
Substructure 
The ex is t ing ground level on the two street 
f rontages var ied from R L 13.40 to R L 14.50, 
and the unders ide of the lower basement 
level is R L 4.00. T h e ex is t ing P a l a c e Hotel , 
wh ich is founded at R L 10.20, and a new s ix 
storey bui lding on the North boundary 
founded on a raft at R L 10.26 had to be 
sa fe ly suppor ted so an anchored in si tu dia
phragm wal l w a s cons idered the most 
economica l and rel iable m e a n s of support
ing the adjo in ing bui ld ings and the e x c a v a 
t ion. The d iaphragm wa l l , a nominal 500mm 
thick, w a s c a s t in pane ls varying in length 
from 4.5m adjoin ing the rather de l ica te 
P a l a c e Bui ld ing, to 7.0m where sensi t iv i ty to 
movement w a s not a s c r i t i ca l . The pane ls ex
tended to a max imum depth of R L 1.75. T h e 
s ingle depth basement wa l l s on the street 
boundar ies to the or iginal bui lding on the 
si te were left in p lace and stabi l ized by 
ground ancho rs . T h e d iaphragm wa l l s were 
cons t ruc ted ins ide of these and from the 
ex is t ing basement level R L 11.25. On com
pletion of the d iaphragm wa l l s a 250mm 
thick retaining wal l w a s cons t ruc ted up to 
Ground Floor P l a z a level. 
P res t r essed ground ancho rs to s tab i l ize the 
wa l l s were insta l led a s excava t ion pro
ceeded . 

P rec i se survey monitor ing points were 
es tab l i shed on the top of the wa l l s to check 
for poss ib le movement during excava t ion 
and s t ress ing of ground ancho rs . The maxi 
mum movements recorded were 2mm hori
zontal ly and an upward heave of 5mm. 
The basement s l ab is 300mm thick on blind
ing over a 400mm thick blue metal drained 
subgrade. 

Piled foundations 
Init ial ly a raft foundat ion a s h a s been used 
on other high r ise bui ld ings in Perth w a s 
cons idered , but the average bearing pres
sure of about 5 0 0 k P a would have resul ted in 
unaccep tab le se t t lements . There fore a 
number of deep foundat ion opt ions were 
cons idered : 

(1) P i l es or barre t tes founded in the s i l ts tone 

(2) P i l es founded in the lower s a n d s 

(3) Raf t shar ing the load with pi les founded 
in the lower s a n d . 

It w a s cons idered that the des ign of pi les 
founded in the lower s a n d s should ignore 
the end-bear ing capac i t y due to the diffi
cul ty of ensur ing that the pile base res ts on 
undis turbed mater ia l . T h e sk in fr ict ion avai l 
able for a pile founding just above the silt
s tone w a s not su f f ic ien t to al low a prac t ica l 
conf igurat ion of p i les of the required capa
ci ty. Even shar ing the load with a raft they 
would have had to extend nearly to the 
s i l ts tone, so th is would not have been v iab le 
when the cos t of the raft w a s inc luded. 
It w a s therefore dec ided that p i les or bar
ret tes founded in the s i l ts tone and us ing a 
combinat ion of s ide fr ict ion and end-bearing 
would be the most su i tab le type of founda
t ion. 

The min imum va lue of shear strength of the 
c layey layers obta ined from the direct shea r 
tes ts and unconf ined compress ion tes ts 
w a s 2 l 9 k P a , but shea r s t rengths a s low a s 
140kPa were es t ima ted using the pocket 
penetrometer. Therefore , a conserva t ive 
va lue of 150kPa w a s a s s u m e d for des ign 
purposes. 
In al l of the in s i tu pressuremeter t es ts on 
the s i l t s tone, the p ressure required to initi
ate fa i lure in the rock w a s greater than the 
capac i t y of the pressuremeter (7MPa). F rom 
th is it w a s deduced that the shear st rength 
of the rock is greater than about 2MPa. 

However, the unconf ined compress ion t es t s 
showed much lower va lues of strength and 
cons iderab le var iabi l i ty , therefore a des ign 
shear s t rength for the s i l ts tone of 1 M P a w a s 
chosen . 
Though th is va lue w a s bel ieved to be reason
ably conserva t i ve when the pressuremeter 
test resu l ts are taken into account , it w a s 
dec ided that p i les or barret tes should be 
founded at least 2m below the su r face of the 
s i l ts tone to avoid the possib i l i ty of founding 
on loca l a r e a s of sof ter mater ia l wh ich might 
be present c l ose to the rock su r face . 

A letter of invitat ion w a s i ssued to f ive 
se lec ted con t rac to rs giving foundat ion 
des ign loads and des ign cr i ter ia for 
p i les/barret tes and exp la in ing that, init ial ly, 
tender documen ts based on a s y s t e m of bar
ret tes would be prepared, but that alter
nat ive barrette s h a p e s or c as t in s i tu pi les 
would be cons idered . 
Frank ip i le Aus t ra l i a Pty Ltd. were the suc 
c e s s f u l tenderers wi th a proposal for forty-
three 1.5m diameter c as t in s i tu pi les with 
var ious d iameter bel led b a s e s up to 2.9m 
founded a min imum of 4m below the s u r f a c e 
of the s i l t s tone. The pi les were to be con
s t ruc ted ins ide a temporary s tee l c a s i n g and 
drained to a l low inspect ion of the b a s e s . 
The s t ruc tura l des ign of the pi les w a s based 
on an ul t imate ( factored) load method us ing 
the S A A Conc re te Code (ASU80- 1982). 
Ult imate compress i ve loads var ied from 
18MN to 49MN. 
Only 12 p i les had tens ion loads, thegrea tes t 
of wh ich required 34 C36 bars , bundled in 
pai rs . 
A typ ica l compress ion pile had 0 . 5 % longi
tudinal re inforcement (9 C36 bars) and the 
concre te s t rength w a s either 30,35 or 40MPa 
depending on the load. Al l concre te used 

70/30 blend of OPC/b las t fu rnace s lag with a 
min imum cement content of 400kg /m 3 , a 
water cement rat io of 0.6, s lump of 
1 8 0 m m ± 3 0 m m and 20mm max imum aggre
gate s ize . Re ta rders were used to ensu re a 
min imum of 4 hours to init ial set . 
In half of the p i les integrity test ing w a s car
ried out us ing g a m m a ray back scat ter ing 
equipment. 
Four 50mm internal d iameter s tee l p ipes 
were t ied to the ins ide of the re inforcement 
cage , equal ly s p a c e d , and c as t into the pile. 
The test inst rument cons is ted of a radio
act ive sou rce and a detector of g a m m a 
radiat ion, a s s e m b l e d in a waterproof con
tainer, 600mm long and 48mm in diameter, 
connec ted to the s u r f a c e e lec t ron ics by a 
cab le . 
One pile on wh ich the reinforcement cage 
had l i f ted dur ing pouring w a s found to have 
suspec t concre te . T h i s w a s conf i rmed by 
cor ing and an addi t ional pile w a s con
s t ruc ted. 
Set t lement of the p i les is being monitored by 
prec ise level l ing onto re ference points on 
the s t ruc tu rs immediate ly above e a c h pile 
group us ing a bench mark remote from the 
si te. 
Three of the p i les have been inst rumented in 
an attempt to compare their per formance 
aga ins t the des ign . 
In e a c h of the p i les to be monitored, three 
s t ra in g a u g e s have been insta l led about 
1.0m above the pile b a s e and three s t ra in 
gauges immediate ly under the pile cap . 
The s t ra in gauges are the acous t i c type 
manu fac tu red by Soi l Instrument L td . and 
are connec ted to a vibrat ing wire readout 
unit. 
It is hoped that it wi l l be poss ib le to compare 
the load in e a c h pile with the des ign load and 
a lso the proport ions carr ied by sk in fr ict ion 
and end bear ing. 

Core walls: frame structure 
Latera l f o rces and tors ions are res is ted by a 
combinat ion of coup led core wa l l s on the 
north and eas t f a c a d e s act ing wi th the 
co lumn-beam f rame a c r o s s the hypotenuse 
and the beam-coupled internal low-r ise lift 
shaf t (wh ich becomes blade co lumns above 
Level 17). 
The core w a l l s to the north and eas t f a c a d e s 
compr i se the medium and high r ise lift 
s h a f t s coup led to the e s c a p e s ta i r w a l l s and 
air-handl ing p lant rooms wh ich are s i tuated 
on e a c h floor. The inner and outer wa l l s are 
450mm thick from the Lower Basemen t to 
Level 15, reduc ing to 350mm to Level 31 then 
to 250mm to the top level. The coupl ing 
beams are 1150mm deep and the s a m e 
width a s the w a l l s . 
The cent ra l low r ise lift s h a f t s extend from 
Lower B a s e m e n t to Level 17 with s ide wa l l s 
350mm thick. T h e s e are coupled to the sta i r 
and main lift shaf t w a l l s with 740mm deep 
beams by 350mm wide. Above th is level, f ive 
in termedia te-shaped co lumns support the 
floor b e a m s and are coupled to the s ide 
co res by 740mm deep x 700mm wide beams. 
The co l umns on the d iagonal f acade are 
spaced at 8.5m cen t res and are coupled with 
a beam 740mm deep by 1300mm wide. The 
co lumns are 1300mm square from Lower 
Basemen t to Ground, 1200mm square from 
Ground to Level 1, then reduce to 1140mm 
square from there to the top of the bui lding. 
The co lumn s ize is to retain both arch i tec
tural requ i rements and to mainta in stiff
n e s s , a l though a cent ra l 600mm diameter 
void is in t roduced at Level 33 to reduce the 
concre te volume. 

The co l umns are heavi ly reinforced at the 
lower leve ls with up to 7 .5% Grade 410 re
in forcement . B a r s up to 36mm diameter are 
used in bund les of four with s taggered G-/oc 
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pane ls , were adjudged to be too temporary 
in appea rance and thus arch i tectura l ly un
sa t i s fac to ry . 
The pr inc ipal wa l l e lement thus became the 
hol low concre te block, a s i ts larger dimen
s ion , compared to br ickwork, ensured 
speedier erect ion p lus superior thermal 
qual i t ies . 
Al though s o m e t imber w a s used for roof 
t r u s s e s to h o u s e s , light s tee l f rames and 
t r u s s e s were genera l ly used to minimize 
t ranspor ta t ion damage and reduce long-
term ma in tenance c o s t s . Most s tee lwork is 
exposed and tubular sec t i ons , bent to 
cu rves rather than cut and welded, were 
used to c rea te accep tab le forms. 
Founda t ions and ground floor s l a b s were 
general ly cas t integral ly on the compac ted 
sand base . Where suspended s l a b s were re
quired these were built, whenever appro
priate, without fa lsework us ing prof i led 
meta l deck ing a s formwork and reinforce
ment. 
The s c o p e for s t ruc tura l engineer ing in
genuity w a s st r ic t ly l imited and most of our 
endeavour went into 'gett ing the deta i ls 
right' both v isua l ly and const ruc t iona l ly . 
Concrete 
A pre-mix concre te suppl ier w a s appointed 
to es tab l i sh a cent ra l we ighbatch faci l i ty in 
the se rv i ce a rea and from whom cont rac to rs 
bought concre te at predetermined pr ices. 

The batch ing plant capac i t y w a s 60m 3 /h r 
and averaged about 45m 3 /hr . The concre te 
w a s del ivered from the serv ice a rea to indivi
dual s i t es by a fleet of s ix 5 m 3 agi tator 
t rucks . 
Aggrega tes were won and t ransported from 
a sou rce 80km a w a y and cement suppl ied 
from Ade la ide v ia A l i ce Spr ings . Untreated 
bore water w a s chemica l l y sa t i s fac to ry . A s 
could be expec ted the cost of concre te w a s 
prohibit ive, being three t imes the average 
rate for major cen t res and consequent ly w a s 
used spar ing ly . 
An independent test ing laboratory w a s 
es tab l i shed on s i te . T h i s carr ied out 
whatever t es t s were required, main ly for 
concre te and so i l s dens i ty and compac t ion . 
One major problem with concre te w a s 
shr inkage due to a var iety of c a u s e s . The 
aggregates suppl ied were invar iably at the 
' f ine' end of the a l lowable range and the very 
f ine mater ia l tended to bulk up in the 
s tockp i les . Consequen t l y the amount of 
water in the mix var ied daily and w a s often 
e x c e s s i v e , wh ich did not worry us too much 
a s far a s st rength w a s concerned but aggra
vated the sh r inkage problem. 
Al though concre te w a s p laced very ear ly in 
the morning during the hot months, the 
temperature never the less rose very quick ly 
and u n l e s s cur ing w a s init iated promptly, 
p las t ic sh r inkage resul ted. T h i s w a s parti

cu lar ly bad over the r ibs of the profi le deck 
floor where concre te t h i c kness w a s only 
30mm and no reasonab le amount of re
in forcement w a s ef fect ive. In these condi
t ions the only posi t ive method of cur ing is 
water inundat ion or spray ing . T h i s of cou rse 
is not a par t icu lar ly at t ract ive proposit ion 
for a bui lder in a hurry and cur ing or the lack 
of it b e c a m e our major superv isory problem 
throughout the job. 
Fabric membrane structures 
S h a d e is a very important commodi ty in an 
Aus t ra l i an summer and hard to come by in 
the cent ra l desert . It h a s been c rea ted at 
Yu la ra by ex tens i ve use of tens ioned fabr ic 
membranes over publ ic a r e a s and bui ld ings 
in the cent ra l sp ine. 

The fabr ic membranes or ' s a i l s ' not only pro
vide shade , but generate a s ign i f icant v isua l 
impact and s e n s e of three-d imensional 
enc losu re ; they have become the resor t ' s 
most dominant arch i tec tura l feature and 
a l lowed us to exhibi t some engineer ing in
genui ty. 
Tens ioned fabr ic is a l so used a s a roof to the 
res tau ran ts and publ ic s p a c e s wi th in the 
major hote ls cent ra l fac i l i t ies bui lding. 
Of the total fabr ic a rea of 11,000m 2 , the 
major part, 8 ,000m 2 , is in the form of hypars . 
T h e s e are based on a 10.8m square plan 
module with e a c h shade having a r ise of 
2.6m between high and low points. 
The second b a s i c form used in an inverted 
cone on a 7.2m module. Both the hypar and 
cone have boundary c a b l e s . 
The third bas i c form is a sadd le or barrel 
vault wh ich w a s used to form the roof to the 
Shera ton Hotel . Preformed arch r ibs and box 
gut ters provided support for the fabr ic and 
boundary c a b l e s were not necessa ry . The 
barrel vau l t s have a s y s t e m of hypars 
mounted above them to c rea te a double 
fabr ic roof s y s t e m . 

The largest s ing le s h a d e is 20m x 10m and 
covers the amphi theat re forming part of the 
communi ty fac i l i t ies . The shade is in sadd le 
form and is supported by four m a s t s stabi
l ized by c a b l e s . Unl ike the other fabr ic 
e lemen ts on the project in wh ich the sup
porting s t ruc ture is independent of fabr ic , in 
th is c a s e fabr ic and suppor ts are mutual ly 
dependent . 
At an ear ly s tage cons idera t ion w a s given to 
the way in wh ich the hypar e lements were to 
be erected and if n e c e s s a r y replaced dur ing 
the project l i fe. T h e fabr ic pane ls are 
a spec ia l i s t suppl ied item from outs ide 
Aus t ra l i a and it w a s recognized that for a 
number of r easons the support s t ruc tu res 
should be independent and not rely on the 
fabr ic for stabi l i ty in any way. 
The arch i tect required that the support 
m a s t s be a s light a s poss ib le and it w a s ini
t ial ly env isaged that the shade force of 
about 80kN at each hypar support point be 
res is ted by bending in m a s t s wh ich were 
f rees tand ing . The magni tude of bending 
fo rces w a s s u c h that a f ree-standing st ruc
ture w a s not poss ib le and horizontal s tabi 
l izing c a b l e s were provided between m a s t s 
located at upper and lower shade support 
points and c r o s s e d to form an X pattern. 
At the boundar ies , support c a b l e s are taken 
to the ground at a 45° plan or ientat ion to the 
main grid. In th is way , out-of-balance fo rces 
were accommoda ted c l ose to the point of 
appl icat ion rather than being a l lowed to 
a c c u m u l a t e over a number of modules. T h i s 
a l so a l lowed the min imum mast d iameter 
(168mm) to be used throughout. The support 
and stabi l iz ing c a b l e s are pretens ioned 
us ing tu rnbuck les to avoid s lacken ing under 
f requent ly occur r ing loads and to reduce 
mast d i sp lacement under wind loads. 
Uplift f o rces were ca te red for by s imply bury
ing a concre te pad and mobil iz ing soi l m a s s 
a s r es i s t ance . Tens ion pi les or ground 



Four S e a s o n s Hote l cen t ra l fac i l i t i es 

ancho rs were cons idered but re jected due to 
the l imited number required and poss ib le 
geometr ica l prob lems. 
Load ings cons idered in des ign were those 
a s s o c i a t e d with pretensioning and wind 
e f fec ts . Sel f -weight and ma in tenance loads 
were neg lec ted with the except ion of the 
roof barrel vau l t s where a c c e s s loadings 
were cons ide red . S u r f a c e p r e s s u r e s on the 
s h a d e s were determined from wind tunnel 
t es t s on s imi lar ly shaped rigid bodies. T h i s 
w a s cons idered to be a conserva t ive but 
accep tab le approach . 

At the outset a detai led invest igat ion w a s 
inst igated to identi fy su i tab le fabr ic 
mater ia ls . For the roof e lements a coated 
fabr ic w a s essen t i a l but uncoated or open 
weave fab r i cs were init ial ly cons idered a 
possib i l i ty for the s h a d e s . However we very 
quick ly c a m e to the conc lus ion that these 
were not su i tab le on strength and durabi l i ty 
grounds and we concent ra ted our at tent ion 
on coa ted fab r i cs . 
We c a n v a s s e d (no pun intended!) known 
fabr ic supp l ie rs on a wor ldwide b a s i s and a 
number of su i tab le fab r i cs were ident i f ied. 
T h e s e inc luded pvc-coated polyester, s i l i -
cone-coated f ib reg lass and tef lon-coated 
f ib reg lass . A spec i f i ca t ion w a s developed 
on the b a s i s of t hese mater ia ls and we 
ca l led tenders . A s could be expec ted the 
f ib reg lass a l te rnat ives , whi ls t of fer ing the 
most durab le so lut ion, were s ign i f icant ly 
more expens ive than the pvc-coated poly
es ter wh i ch w a s c h o s e n . The mater ia l w a s 
suppl ied by S a r n a Kunsto f f from Switzer
land. 
The required s h a p e s of shade were deter
mined wh ich sa t i s f i ed min imum su r face 
with uniform tens ion cr i ter ia . T h i s p rocess , 
known a s ' form f inding' , ut i l izes f inite ele
ment and the dynamic re laxat ion method of 
a n a l y s i s developed by Arups in London. The 
method is based on the fact that to go from 
one s ta te of equi l ibr ium to another a struc
ture must move. By wri t ing equat ions of 
motion for the s t ruc ture and apply ing damp
ing to make the s t ruc ture come to rest, the 
computer methods fol low the procedure 
that happens in nature (I th ink!) . 
Having es tab l i shed the ' form found ' shape , 
loadings def ined a s p ressu res and fabr ic 
and cab le p re tens ions were appl ied and the 
f inal def lec ted shape , fabr ic s t r e s s e s and 
border fo rces determined. 

T h e support s t ruc tu res were ana lyzed in two 
s tages . F i rs t l y the c a b l e s were a s s u m e d not 
to y ie ld and a serv iceab i l i ty loading appl ied. 

C o m p r e s s i v e cab le fo rces were thus identi
f ied and these v a l u e s used a s a bas i s for 
cab le pre tens ion. Al l c a b l e s were a s s u m e d 
to be s t r e s s e d to the max imum value ob
ta ined. 
Second ly cab le pre tens ions and externa l 
appl ied loads were ana lyzed to es tab l i sh 
cab le and mas t fo rces and assoc i a t ed re
ac t i ons . T h i s w a s an i terat ive p rocess , with 
the number of i terat ions suf f ic ient to limit 
out-of-balance fo rces at any node to accept
able l imits. 
Fa i r l y ear ly on, a s c a l e d down prototype 
(7.2m x 7.2m) w a s erected over the camping 
grounds ' sw imming pool to check the 
s y s t e m and develop an erect ion procedure. 

Th i s s h a d e stood happi ly for some months 
but af ter a night of very strong w inds one 
corner b e c a m e de tached , much to the con
s ternat ion of al l conce rned . The problem 
w a s due to fa i lure of a U-bolt connect ing the 
fabr ic to the support s t ructure. Th i s w a s 
ab le to rotate in a ver t ica l p lane but not 
hor izontal p lane, and the very sma l l in-plane 
fo rces from the fabr ic had eventual ly 
fat igued the bolt, wh ich fa i led in the thread 
a rea . For tunate ly the problem w a s fair ly 
quick ly so lved by inc reas ing the bolt dia
meter and chang ing the detai l so that bear
ing did not occu r in the thread plane. 
The use of fabr ic e lements for shade h a s 
proved very s u c c e s s f u l and al though indivi
dual ly sma l l in s c a l e , the overal l use h a s 
helped give the resort i ts unique archi tec
tural charac te r . 

Construction 
T h e 120-week des ign and const ruc t ion pro
gramme a l lowed for the project would have 
been ambi t ious for a project in or near a 
major cent re , let a lone one of s u c h s c a l e and 
remote locat ion. 
T h e project w a s divided into 24 major 
e lemen ts or p a c k a g e s , e a c h with its own 
des ign and cons t ruc t programme within an 
overal l p rogramme for the work. Tenders 
were ca l led by the const ruc t ion manager 
from c o m p a n i e s wh ich had registered inter
est and had at tended briefing meet ings in 
A l i ce Sp r i ngs and Darwin where the scope, 
locat ions, log is t i cs and s i te condi t ions and 
cons t ra in t s had been fully exp la ined. 

The cons t ruc t ion programme got under way 
in J u n e 1982, 14 w e e k s af ter des ign com
mencement , wi th the const ruc t ion of a 500 
man cons t ruc t ion camp . Once under way 
const ruc t ion w a s programmed to keep 
camp populat ion at a cons tan t level. 
All ma te r ia l s were brought in by double 
trai ler road t ra ins having a capac i t y of 50 T 
at an average of s ix a r r i va ls per day and 12 at 
peak per iods. 
In order to give the project a c a s h f low, 
fac i l i t ies were opened to the publ ic when 
comple ted, commenc ing with the camp 
grounds after 14 months and the first of the 
hote ls in 17 months . To ach ieve th is the 
water s e w a g e and centra l energy plant were 
a l so comple ted within th is t ime. The f inal 
component , the Shera ton Hotel , w a s ad
judged prac t ica l l y complete in September 
1984. 
Quite remarkab ly the total project w a s com
pleted on t ime, on budget and with only the 
loss of 2,000 man hours out of a total of 1.6m 
through industr ia l d isputat ion. 
During the cons t ruc t ion period we had two 
personnel s ta t ioned on s i te , one engineer 
and one superv isor . Direct superv is ion of the 
work w a s car r ied out by the cons t ruc t ion 
manager wi th our people adv is ing , th is 
s y s t e m crea t ing a few d i f fe rences of opinion 
until a work ing re lat ionship evolved. 
C o m m u n i c a t i o n s by te lephone or telex from 
the s i te were not part icular ly good, compr is
ing one only radio-telephone c i rcui t wh i ch 
'dropped out' cont inuous ly during the hot 
months . The s i te s ta f f were therefore fair ly 
au tonomous and dealt with the check ing of 
shop de ta i l s and m ino ramendmen ts in addi
t ion to regular superv is ion . 
Conclusion 
Yu la ra w a s a demanding project even 
though not techn ica l l y complex . T h e short 
t ime-sca le for des ign and cons t ruc t ion , 
coup led wi th s i te locat ion and poor com
munica t ion , made it n e c e s s a r y fo rdocumen-
tat ion to be abso lu te ly spot on, a s sma l l 
errors eas i l y dealt with in the city took on the 
appea rance of major d i sas te r s in the deser t ! 
It would be true to s a y however that most of 
us a s s o c i a t e d with the project and part icu
larly those lucky enough to go to the s i te, ex
per ienced a real s e n s e of ach ievement for a 
job wel l done. 
The pe rsons respons ib le in our o f f i ce for 
var ious s e c t i o n s of the work must not go 
unment ioned: 

Bi l l T h o m a s : S t ruc tu res 
Col in Math ison : C iv i l s 
A lan S a x o n : Fab r i c s t ruc tu res 

Tony Phi l l ips : G e o t e c h n i c s 
Walter Mclvor: S i te engineer 

Harry Ca lver ley : S i te superv isor 

A s one would expect Yu la ra h a s had much 
publ ic i ty and h a s gained the coun t ry ' s 
highest a w a r d s for arch i tec ture, l andscape 
and cons t ruc t ion . A l a s no engineer ing 
a w a r d s to date, but we remain in hope. 
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Architect: 
Phi l ip C o x & Pa r tne rs 
Consulting engineers: 
Ove Arup & Pa r tne rs 
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Whi te Indus t r ies L td . 

Pho tographs : Cou r t esy of Phi l ip Cox & Pa r tne rs 

The model l ing of the tors ional behaviour 
becomes par t icu lar ly important for obtain
ing representa t ive es t ima tes of the wind-
induced acce le ra t i ons near the perimeter of 
the s t ruc ture . In addit ion the wind des ign 
p ressu res determined from the wind code re
quire s o m e ver i f icat ion a s there is little 
publ ished informat ion on drag coe f f i c i en ts 
for t r iangular bui ld ings. 
A programme of ae roe las t i c model test ing 
on a 1:400 model w a s carr ied out in the 
450kW Boundary Layer Wind Tunnel at the 
Department of Mechan ica l Eng ineer ing , 
Monash Univers i ty , during February and 
March 1982. 

So that the model would reproduce the 
s t ruc tura l ac t ion a s c lose ly a s poss ib le to 
that of the fu l l -sca le s t ructure, two a lu
min ium s h e e t s were used for the north and 
eas t core w a l l s , and , the south west f acade 
w a s model led us ing moment- res is t ing col
umns and b e a m s , ca l cu la ted to give a cor
rect ly s c a l e d f acade s w a y s t i f f ness . For the 
test s e r i e s th is f acade s t i f f ness w a s var ied 
over an order of magni tude to determine the 
bui lding response cha rac te r i s t i c s a s a func
tion of the overal l bui lding tors ional stiff
n e s s . T h e model w a s mounted on a s t ra in 
gauge ba lance wh ich could measu re base 
overturning moments about the x and y 
a x e s , and a tors ion ba lance w a s fitted to 
measu re the torque produced by a rotat ional 
d i sp lacement of Leve l 43 about the b a s e 
about the z a x i s wh ich w a s f ixed at the 
es t imated mean posi t ion of the shear 
cent re . 
The mean wind veloci ty and turbulence in
tensi ty prof i les were des igned to approxi
mate Terra in Category 3. The ef fect of the 
city bui ld ings (Terrain Category 4) w a s taken 
direct ly into account by including the sur
rounding ci ty bui ld ings on the model . 
The s t ruc tura l damping w a s var ied between 
0 . 5 % and 2 % of c r i t ica l dampings . 

Comparison of code 
and tunnel derived design forces 
For t r iangular bui ld ings AS 1170 g ives the 
fol lowing p ressu re coe f f i c ien ts : 

(1) For a wind direct ion of Q = 180° 
C p = +0.85 on the windward wal l su r face 
C p = - 0 . 5 0 on the leeward wal l su r f ace 

(2) For a wind direct ion of 0 = 45° 
Cp = + 0.85 on the windward wal l su r face 
C p = - 0 . 7 0 on the s ide wal l s u r f a c e 
C p = - 0 . 5 0 on the leeward wal l su r f ace . 

T h e s e va lues of Cp for a wind direct ion of 
180° are cons is ten t with the drag coef f ic ient 
of 1.30 recommended for a tower-l ike s t ruc
ture of t r iangular c ross -sec t i on . 
For a b a s i c regional des ign speed of 40m/s 
in Terra in Category 3, the base moments 
determined in a c c o r d a n c e with the Peak 
Gus t Method, Gus t Fac to r Method and the 
Wind Tunnel T e s t s are compared in Tab le 1 
for a wind direct ion of 180° and 45°. 
Cont rary to code da ta , the mean response of 
the s t ruc ture is s imi la r for wind d i rec t ions of 

0 °C and 180°. The corresponding va lue of 
the drag coef f ic ient for the tes ts is approxi
mate ly 1.25, w h e r e a s CP3 , S A B R , E S D U and 
AS 1170 recommend va lues of 1.3 for w ind 
on the flat f ace and 1.1 for wind on the apex . 
It h a s been sugges ted that in turbulent f low, 
reat tachment does not occur and conse
quent ly the va lue of Cp for a tr iangle in either 
or ientat ion app roaches that of a flat plate. 
The ae roe las t i c model t es t s indicate that 
the Peak Gus t and Gus t Fac to r methods 
overes t imate the along-wind response . 
Where the wind f low is not paral le l to the 
p lane of symmet ry , however, the s t ruc ture is 
suscep t ib le to c ross-w ind e f fec ts , thereby 
s ign i f icant ly inc reas ing the overal l f o r c e s o n 
the s t ruc ture . Consequent ly the wind direc
t ions producing the highest moments are 
0 = 45V 2 and 135°. 

The overal l e f fect of the surrounding ci ty 
bui ld ings is relat ively sma l l . A l though there 
is some change in the wind direct ion for 
wh ich the m a x i m a occur exc lud ing the sur
rounding s t ruc tu res , there is no s ign i f icant 
change in the magni tude of the b a s e 
moments . 
Aerodynamic coupling 
Cross-coup l ing e f fec t s of the s w a y into the 
tors ional mode were shown to be negl igible 
even when the f requenc ies of the tors ional 
Mode 1 and s w a y Mode 2 were co inc ident . 
T h i s is b e c a u s e the out of ba lance m a s s is in 
the p lane of the s w a y osc i l la t ion . 
In the or thogonal plane the cen t reo f m a s s is 
o f fset from the shear cent re , resul t ing in 
s ign i f icant superpos i t ion of the tors iona l 
Mode 1 into the b a s e moment for Mode 4. If 
the f requenc ies of Modes 1 and 4 became 
co inc ident , s ign i f i cant c ross-coup l ing of the 
s w a y mode into the tors ional mode would be 
expec ted . 

Displacements and accelerations 
B a s e d on a 50-year return period, the maxi 
mum hor izontal d i sp lacemen ts and twis t for 
the uppermost floor level are a s fo l lows: 

Table 2: Max imum d i sp lacemen ts 
for a 50-year return period 

Y- X-
Wind D i s p l a c e m e n t D i sp lacemen t Rotat ion 

d i rec t ion (mm) (mm) ( rad ians) 

0 = 4 5 ° 115 23 - 0 . 0 0 6 4 

0 = 1 3 5 ° - 1 7 6 45 - 0 . 0 0 4 3 

A n a l y s i s of the peak acce lera t ion levels in
d i ca tes an annua l max imum tors ional acce l 
erat ion of 0 .7%g and an annua l m a x i m u m 
s w a y acce le ra t ion of 0 .9%g. B a s e d on an in
tegrat ion of the response da ta with wind 
speed da ta , it can be shown that the horizon
tal acce le ra t i ons near the human percept ion 
limit of 1%g wil l occur only once in a return 
period of between two and five y e a r s wh i ch 
is wel l wi thin accep tab le l imits. 
Sub-soil conditions 
Golder A s s o c i a t e s carr ied out a s i te in
vest igat ion of s ix boreholes. The resu l ts , 
together wi th those from an ear l ier borehole, 

Table 1: Compar i son of Code and wind tunnel-derived des ign moments 

B a s e moments (MN - m) 
W ind d i rec t ion Des ign method 

Mx My Mz 

1 Peak gust method 1870 — — 
0 = 180° 2 G u s t factor method 1674 — — 

3 Wind tunnel t e s t s 1397 500 118 
(1614) (700) (206) 

» = 4 5 ° 
1 Peak gust method 
2 G u s t factor method 
3 W ind tunnel t e s t s 

- 7 1 0 
- 6 9 1 

- 1 0 8 8 

1028 
1016 
1122 

- 2 1 2 
- 2 1 4 
- 2 2 6 

Notes: 
1 T h e b a s e m o m e n t s determined by the P e a k gust method have been reduced in a c c o r d a n c e wi th 

Tab le 5 . 2 - ^ S 1170. 
2 The v a l u e s in b racke t s are the m a x i m u m b a s e m o m e n t s for w ind d i rect ion of 0 = - 1 3 5 V i . 



The R&l Bank tower 
Dan Ryan 
Architect: Cameron, Chisholm & Nicol 

The brief 
In Augus t 1980 the Bond Corporat ion i s s u e d 
te rms of re fe rence to s tudy and eva lua te the 
des ign of an o f f ice tower on the P a l a c e Hotel 
S i te , S t . G e o r g e ' s Te r race , Per th , whi le re
ta in ing the or ig inal three storey P a l a c e 
Hotel Bu i ld ing wh ich ca r r i es a Nat ional 
Trust C l a s s i f i c a t i o n . 
The a rch i t ec t s , C a m e r o n Ch i sho lm & Nico l , 
and the consu l tan t team, developed a 
d ramat i c 48 s torey bui lding wh ich sa t i s f i ed 
the major parameter that al l o f f i ces shou ld 
face the exce l len t v i e w s of the S w a n River, 

VZZ22. 
• / / / / / / / / / 

Clay ? , / / / / / ; ? , 

S i l tstone 

1. S e c t i o n through the bui ld ing 

down i ts length to F remant le Harbour and 
the Indian O c e a n . At the s a m e t ime it 
responds to the Old P a l a c e Hotel and the 
two major roads wh ich in tersect at the cor
ner of the s i te . 
The site 
The s i te is on the north eas t corner of the 
in tersect ion of Wi l l i am Street and St . 
Geo rge ' s T e r r a c e in cent ra l Perth and is 
67.1 x 58m. T h e or ig inal P a l a c e Hotel occu
pies the front corner of the s i te . Cons t ruc ted 
during the hec t i c go ldrush d a y s in 1894 for 
J o h n de B a u n , it h a s been a landmark for 
Western A u s t r a l i a n s for many y e a r s . 
The design 
The so lut ion adopted w a s to provide a build
ing wi th a t r iangular floor p lan, that f aced 
south wes t t owards the predominant v i ews 
and the Old P a l a c e Hotel . A s e r i e s of bay 
w indows on a 6m module were formed on the 
main f acade to provide s i x 'corner w indow' 
o f f i ces in the pr ime posi t ion on e a c h floor. 
Al l se rv ice a r e a s , l i f ts, s t a i r s , to i le ts and air 
handl ing rooms are located on the northern 
and eas te rn f a c a d e s where the out look is 
much l e s s in terest ing. 
The bui lding at 207m high above ground 
floor level wil l be the ta l lest in Perth and the 
third ta l lest in Aus t ra l i a . T h e t r iangular 
f loors have a s ide d imens ion of 42m, giving 
net let table floor a r e a s of 8 6 6 m 2 for med ium 
and high r ise and 7 8 2 m 2 for low r ise f loors. 
There are two b a s e m e n t s for car -park ing 
and an open pedest r ian p laza a rea at ground 
floor. 
The ground floor foyer is 20m high so that 
the f irst f loor is above the roof level of the 
P a l a c e Hote l . An ac ry l i c canopy wil l l ink the 
tower ground floor and p laza a rea wi th the 
Old P a l a c e Bu i ld ing . 
Above ground floor, there are 48 s to reys of 
o f f i ce and execu t i ve accommoda t i on . The 
three topmost f loors in the t r iangular sp i re 
wi l l house the pr inc ipal execu t i ve su i t es . 
The c ladd ing to the bui lding c o n s i s t s of 
double-pane g l a s s and f luoropolymer-
coated a lumin ium panel cur ta in wa l l i ng . 

Programme 
Cons t ruc t ion of the d iaphragm w a l l s com
menced in Augus t 1981. E x c a v a t i o n and in
s ta l la t ion of ground a n c h o r s fo l lowed, then 
p i les were ins ta l led from basement level. 
Cons t ruc t i on cont inued unti l the ground 
floor w a s comple te in Apri l 1983 then c e a s e d 
whi le a pr inc ipal tenant w a s sought for the 
bui lding. 
The Rura l and Industry B a n k of Western 
Aus t ra l i a jo ined wi th the Bond Corporat ion 

a s a joint venturer and pr inc ipal tenant in 
March 1985 and cons t ruc t ion recommenced 
in May 1985. The bui lding i s due for comple
t ion in December 1987. 
General description of the structure 
T h e bui lding is a re in forced concre te s t ruc
ture. It is t r iangular in p lan with concre te 
shea r w a l l s on the two shor ter s ides and 
c o l u m n s and f raming beam along the hypo
tenuse. A s the cent re of rigidity is eccen t r i c 
from the cent re of m a s s and it is a reason
ably s lender tower, there w a s concern that 
s ide wind fo rces cou ld resul t in unaccept 
ab le tors iona l v ibrat ions. 
A wind tunnel test w a s under taken to es tab
l ish and conf i rm wind p r e s s u r e s to be used 
for the s ta t i c and dynam ic a n a l y s i s , wi th 
par t icu lar at tent ion being given to the tor
s iona l c h a r a c t e r i s t i c s of the bui lding. 
The typ ica l f loors are of convent iona l in s i tu 
re in forced concre te beam and s lab con
s t ruc t ion . Var ious f loor s y s t e m s inc luding 
s tee l b e a m s were cons ide red but the in s i tu 
beam and s lab proved the most p rac t i ca l 
and economica l for th is bui lding. 
The bui ld ing is founded on forty-three 1.5m 
d iameter p i les bel led out at the b a s e to 
found on conso l ida ted s i l t s tone approxi
mate ly 30m below basemen t level. 
The basemen t w a l l s are in s i tu concre te 
d iaphragm w a l l s cons t ruc ted from the ori
g inal basemen t level . T h e s e were reta ined 
by p res t ressed ground a n c h o r s insta l led a s 
excava t i on p roceeded. Diaphragm w a l l s 
were se lec ted to min imize poss ib le damage 
to the ad jo in ing perched bui ld ings. 
Structural analysis for lateral loads 
The f inal s t ruc tura l a n a l y s i s for lateral l oads 
w a s car r ied out in the fo l lowing sequence : 

(1) S t a t i c a n a l y s i s with unit loads of a 54 
storey half model fully f i xed at pile cap level 
(2) T h e de f lec t ions due to the unit loads were 
used to cons t ruc t a f lexibi l i ty matr ix for a 6 
node model on wh ich one model a n a l y s i s 
w a s car r ied out to determine per iods of 
v ibrat ion 
(3) T h e w ind loads from the wind tunnel test 
were app l ied to the s ta t i c a n a l y s i s model to 
give d i s p l a c e m e n t s and member fo rces . 
Wind tunnel testing 
T h e s hea r cent re of the s t ruc tura l arrange
ment is very c l o s e to the right angled corner 
and the cent re of m a s s a cons iderab le dis
t ance a w a y at about the cent re of the tri
angle. T h e potent ial for s ign i f i cant tors ional 
coupl ing wi th the s w a y modes with the 
cent re of m a s s s ign i f i can t ly o f fset from the 
shea r cent re is cons iderab le . 
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3. T y p i c a l low r i se floor 

The Sydney Cove 
Bicentennial Project 
marine hydraulic 
studies 
John Nutt 

Architects: 
New South Wales Government Architect in 
associat ion with Hall, Bowe & Webber 

S y d n e y Cove , in the cent re of Sydney , is the 
c rad le of whi te set t lement in Aus t r a l i a . 
A lmos t 200 y e a r s ago, c l ose to a f resh water 
s t ream, Sydney w a s founded by a party of 
so ld ie rs and conv i c t s , sent from Eng land in 
the F i rs t F lee t . T h e Tank S t ream c a n no 
longer be seen but a p laque on the s h o r e s of 
Sydney Cove wil l soon mark i ts loca t ions in 
one of the many ac t i ons that, in 1988, wil l 
ce lebra te the b icentenary of A u s t r a l i a ' s 
founding (F i g . 2). 
H is tory abounds around th is sma l l inlet 
wh i ch h a s changed i ts cha rac te r so great ly 
over the y e a r s . Now a bust l ing metropo l is 
f l anks its shore . Ta l l bui ld ings s tand 
proudly. T h e Sydney Opera House g l i s tens 
in the bright sun on i ts eas te rn promontory, 
the S y d n e y Harbour Br idge spr ings ma jes t i 
ca l ly from the wes te rn . Fe r r i es and hydro
fo i ls hurry to the C i rcu la r Quay te rmina l , so-
ca l led b e c a u s e in sa i l ing sh ip d a y s the cove 
w a s shaped in a sem ic i r c l e to berth the wool 
and grain squa re r iggers (F ig . 1). Many of the 
old co lon ia l s to res and w a r e h o u s e s are st i l l 
to be seen in T h e R o c k s a rea wh ich f r inges 
the wes te rn shore , and wh ich h a s become a 
f lour ish ing tour ist prec inct . 
Tha t now is the set t ing for an exc i t ing and 
techn ica l l y cha l leng ing project for the 
B i cen tenn ia l Year in wh ich we take part. 

F i rs t , there is the complet ion of the Opera 
House forecourt and sur rounds . When open
ed in 1973 th is a rea w a s subs tan t ia l l y un
f in ished, wi th a c r e s of b i tumen total ly out of 
cha rac te r with the e legance of the bui ld ing. 
That wi l l be repaved wi th more appropr iate 
mate r ia ls . The temporary covered w a l k w a y 
connec t ing the Opera House to the ci ty wi l l 
be demo l i shed and another built below 
ground, s o that the forecourt h a s v i sua l 
l inkage wi th the water . A wonder fu l water
front p romenade wil l be cons t ruc ted around 
the who le length of the cove. There wi l l be 
pa rks and p lazas , pontoons and je t t ies. 
Di lap idated bui ld ings wi l l be demol i shed 
and t hose that are kept wi l l be re furb ished. 

1. S y d n e y C o v e circa 1880 

(C i r cu la r Quay v iewed from Dar l ing Harbour , f rom a 
hand co loured wood engrav ing by S . Ca lve r t in the 
Nat Wes t A u s t r a l i a B a n k co l lec t ion) . 

2. Sydney C o v e . T h e S y d n e y Opera H o u s e is on the 
left, the O v e r s e a s P a s s e n g e r Te rm ina l (right) i s par
t ia l ly r econs t ruc ted , T h e R o c k s a rea wi th the 
southern a p p r o a c h e s to the Harbour Br idge is on 
the right, w i th the cen t re of S y d n e y at the head of 
the cove (Photo : Hor izon/Nei l Duncan ) 



3. S y d n e y Opera H o u s e a p p r o a c h e s 
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4. Upper and lower c o n c o u r s e leve ls 

(M
ET

RE
S 

£ 14 -5 
2 
£ o « 

| „ . 

0 It 00? 0.06 o i 02 OS i 1 0 10 »0 00 t 0 
RETURN PERIOD (VEARS) 

6. Wave height probabi l i ty 

7. Hydrofo i l ferry (Photo: J o h n Nutt) 

8. Water R e s e a r c h Laboratory wave f lume test 
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5. Return per iod of recorded water leve ls at Fort Den ison (AHD) 

The ra i lway stat ion and ferry terminal are 
rep lanned. Part of the ove rseas shipping 
passenger termina l , built in the d a y s of 
m a s s migrat ion to Aus t ra l i a and now too 
large for i ts cru ise-re la ted act iv i t ies , wi l l be 
demol ished to make way for a park; and ex
panded to a c c o m m o d a t e res tauran ts . The 
Mari t ime S e r v i c e s Bui ld ing, headquar ters 
for S y d n e y ' s port author i ty, wil l become the 
home for the Power Col lect ion of Art. Camp
bel l 's Cove , a sma l l indentat ion c l ose to the 
tourist a rea of The R o c k s , wil l be str ipped of 
its ageing t imber wha rves , bui ld ings and car 
parks and re juvenated by landscap ing and 
paving. F i rs t F leet Park wil l be reshaped and 
replanted. T h e resu l ts of haphazard develop
ment wil l be put right. 
Our role e n c o m p a s s e s coordinat ion, man
agement and engineer ing. There are seven 
d is t inct p rec inc ts in the project involving 
four a rch i tec tura l f i rms ac t ing under the 
direct ion of Andrew Andersons , the A s s i s 
tant Government Arch i tec t . In addit ion to be
ing lead consu l tan t on the Opera House 
forecourt prec inct , we are providing the civi l 
engineer ing on three others , s t ruc tura l 

3 
7. C o n v e y o r s 10. Gene ra l v iew of N e w l a n d s coa l w a s h plant 

8. Set t l ing c o n e s 

Surge bin 
The surge bin is located in the main washery 
bui lding at the start of the coa l wash ing pro
c e s s . A s wi th the raw s m a l l s bin, the surge 
bin is in fact a pair of b ins to sa t i s f y each 
p r o c e s s l ine. The b ins are 7.2m wide, 4m 
deep and 7.5m high. A s with the raw s m a l l s 
bin, e a c h bin h a s a s ing le charg ing hopper 
and dual d i scha rge chu tes . 
The nominal work ing capac i t y of each bin is 
100 tonnes with a capac i t y for s t ruc tura l pur
poses of 170 tonnes. 

The bin s i des are p lanar and made up from 
p la tes ranging in t h i c kness from 8mm to 
16mm suppor ted on 2 3 0 x 7 6 channe l 
secondary beams . Aga in pr imary b e a m s act 
a s ring b e a m s and are fabr icated from 
310 U C sec t i ons . 
The b ins are suppor ted from the main f rame 
members in the washe ry bui lding and are 
total ly integrated into i ts s t ructure. 
Settling cone 
The set t l ing cone (or pair of cones) are 
located outs ide the washery bui lding at the 
end of the wash ing p rocess (F ig . 8). A s the 
name impl ies they are used to set t le so l ids 
from what is bas ica l l y a l iquid and hence the 
loading is di f ferent from the bin s t ruc tu res 
desc r ibed . 
E a c h inverted cone is 16m in diameter, 14m 
high with the top of the cone located 24m 
above ground level. The operat ing capac i t y 
of e a c h cone is 160 tonnes , the sel f weight 
approx imate ly 60 tonnes and the support 
f rame 40 tonnes. 
To give a p leas ing form to such large st ruc
tures, c ross -b rac ing between the support ing 
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9. Re jec t b ins 

co lumns w a s e l iminated and v ierendeel 
ac t ion rel ied upon between tubular beams 
and co l umns to provide stabi l i ty. 
P la te t h i c k n e s s wi th in the cone var ied from 
12mm to 20mm at the ring beam, with the 
support f rame fabr ica ted from 813mm dia
meter tubes with 508mm diameter hori
zontal brac ing members . 
Reject bin 
The reject bin is a se l f -conta ined cy l indr ica l 
s t ruc ture wi th cone-shaped roof and hopper 
e lemen ts supported at four points on a 
braced f rame (F ig . 9). 
The bin is 9m in d iameter wi th an overal l 
height of 15m. The nominal capac i t y of the 
bin w a s 300 tonnes with a capac i ty for struc
tural pu rposes of 450 tonnes. It w a s con
s t ruc ted from 10 to 12mm plate and the sup
port f rame w a s fabr icated from 310 U C and 
630 U B sec t i ons . 
P R O J E C T C O N T R O L 
A s wi th al l pro jects in the natural resource 
development industry, project control pro
cedu res on t ime and cos t were comprehen
sively def ined in the brief. 
The proposal on wh ich we were commis
s ioned con ta ined a complete schedu le of 
the d raw ings and documen ts to be produced 
together with an out l ine programme detai l
ing engineer ing and draft ing a s s i g n m e n t s 
over the durat ion of the project. T h e s e were 
e x p r e s s e d a s cumula t i ve man w e e k s 
S-cu rves and formed the b a s i s for monitor
ing our p rogress at four-weekly in tervals , co
inciding with the c l ien t ' s overal l project 
monitor ing. 

At the end of e a c h so-cal led cost period, the 
brief ca l led for a s t ructura l eng ineer 's report 
detai l ing the ach ievemen ts in the per iod, the 
current approved budgeted manhours for 
the ent ire project, any c l a i m s for i nc reased 
manhours due to change of scope , and a 
progress report compar ing ac tua l p rogress 
aga ins t the S-curve. Correct ive p roposa ls 
were required for any short fa l l . 
T ime b a s i s fee c l a i m s were submit ted at the 
end of e a c h cost period supported by cop ies 
of project t ime s h e e t s drawn up to co inc ide 
with the period da tes . 

C O N C L U S I O N 
Mobil izat ion for the Newlands Mine Project 
— Coa l W a s h Plant had c o m m e n c e d in 
November 1981. In J u n e 1982 the commis 
s ion w a s formal ly conc luded. In that period 
we had des igned and detai led some 1,400 
tonnes of s t ruc tura l s teelwork, ex tens ive 
concre te works and accepted ex tens ions of 
our c o m m i s s i o n to lead the bui lding des ign 
team on the four-storey control bui lding and 
other per iphera ls . 
We had worked wi th p rocess eng ineers a s 
our pr inc ipal consu l tan t and contr ibuted to 
a des ign where s t ructure is total ly subor
dinate to the p rocess itself. We had made 
judgements to ensu re rel iable operat ing per
fo rmance, for any mal funct ion caus ing par
t ial or total shut-down involved l o s s e s far in 
e x c e s s of any sav ings acc rued by ref ined 
des ign. New lands had required a sound f irst 
pr inc ip les approach to i ts unique set of 
des ign prob lems. 
On 3 December 1983, the Governor of 
Queens land , S i r J a m e s R a m s a y , o f f ic ia l ly 
opened the New lands Mine Project . In 
mid-1984 New lands produced i ts f irst coa l , 
on schedu le . It is now operat ing at full 
capac i t y ach iev ing outputs in e x c e s s of 
targets , the ha l lmark of a s u c c e s s f u l enter
pr ise. 
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Structural engineers: 
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COMPONENT PARTS 
Buildings 
The raw coa l bui lding is a seven level struc
ture s o m e 28.5m in height over a plan a rea ot 
28.7m x 23.8m (F ig . 3). It is set out on a 
regular grid vary ing in spac ing from 
3 . 7 m - 8 . 3 m to suit plant layout. Genera l l y 
310 U C c o l u m n s were used with b e a m s rang
ing from 200 U B - 760 U B depending on load 
and s p a n . The major i tems of plant con
ta ined in the bui lding and their operat ing 
loads are tert iary c r u s h e r s (92 tonnes) , raw 
coa l b ins (300 tonnes) and dedus te rs (196 
tonnes) . R a w coa l s c r e e n s and raw s m a l l s 
feeders imposed loads at 1 4 H £ and 3 3 H £ re
spect ive ly . 
The washe ry is a larger s t ruc ture measur ing 
39m x 40.4m in plan but r is ing to approxi
mately the s a m e height (F ig . 5). A s with the 
raw coa l bui lding it is complete ly open at the 
s ides but does have roof c ladd ing, a detai l 
most su i ted to the high temperature, low 
rainfal l c l imate . Gr id spac ing var ied from 
3 . 8 m - 6 . 0 m with 310 U C and the complete 
range of U B s being employed for co lumns 
and beams . Major loads carr ied in the build
ing were from surge b ins (170 tonnes) and 
ba tac j igs (240 tonnes) . S c r e e n s and feeders 
imposed loads of s imi la r f requency to the 
raw coa l bui lding. 
B e a m s were general ly des igned a s s imply 
supported with cont inuous two span beams 
only used to meet headroom requi rements 
or avoid plate gi rders. In al l c a s e s these were 
beams sub jec t to dynamic or except iona l ly 
heavy loading. Where ef fec t ive lengths were 
e x c e s s i v e , hor izontal floor brac ing w a s pro
vided to reduce beam s i zes . 
B e a m end connec t ions were rat ional ized by 
adopt ing a s imple fin plate detai l a s s tand
ard for the s ta t i c load c a s e (F ig . 6). Where 
the shea r exceeded the fin plate capac i t y , 
th is w a s rep laced by an end plate detai l 
bolt ing to the beam or co lumn a s the c a s e 
may be. For dynamica l l y or tors ional ly 
loaded b e a m s , full depth end p la tes with 
lowered f lange p la tes on coped beams were 
adopted a s s tandard deta i l . 
M20 bol ts were adopted a s s tandard with 
some M24 used in larger connec t ions . Al l 
bol ts were torqued to avoid nuts v ibrat ing 
loose. T B (bearing) w a s spec i f ied a s the 
bolt ing s y s t e m with T F (fr ict ion) used only 
where non-sl ip jo ints were required. 
3 1 0 U C 9 7 worked wel l a s the s tandard 
co lumn s ize with h e a v i e r 3 1 0 U C s used a s re
quired. End-bear ing co lumn sp l i ces were 
spec i f ied , with M24 and M30 HD bolts used 
in a s e r i e s of s tandard base plate deta i ls . 
Angle X-brac ing w a s used a s a first 
preference, with S H S A-brace or K-brace 
conf igura t ions adopted where X-brac ing 
cou ld not be coord inated with p rocess or ac
c e s s requ i rements . Cent re l ines of brac ing 
members were made coinc ident with the 
face of the co lumn web or f lange. In th is way 
brac ing c l ea t s were a l w a y s welded to the 
beam and hence the beam end connect ion 
w a s required to t ransfer shear (and t r iax ia l 
where these occurred) fo rces only. Resul t 
ing eccen t r i c load bending moments about 
co lumn major a x e s were quite low and eas i l y 
accommoda ted . 

Hor izontal ' in floor' brac ing w a s used where 
concre te f loors were not present to t ransfer 
horizontal f o rces to ver t ica l brac ing. T h e s e 
were detai led a s pre-welded horizontal 
t r u s s e s bolted into posi t ion to avoid the 
need to fit numerous sma l l members and so 
s low down the erect ion p rocess . 

Conveyors 
The conveyors within the w a s h plant are all 
e levated and supported from a se r i es of 
t rest le f r ames (F ig . 7). E a c h conveyor either 
te rminates at a bui lding or t ransfer tower at 
wh i ch the conveyor is supported both verti
ca l ly and lateral ly. 

4. C o a l preparat ion plant 

5. W a s h e r y 

During the ear ly s t a g e s of des ign develop
ment, e f for ts were made to rat ional ize the 
conveyor support ing s t ructure to s impl i fy 
cons t ruc t ion and reduce cos t s . Typ ica l ly 
e a c h conveyor is supported by a box t russ 
wh ich genera l ly s p a n s 12 to 18m. The trus
s e s are 1.34m wide and 1m deep and fab
r icated from ang le members with R H S end 
f rames , al l being ful ly welded cons t ruc t ion . 
The support t res t les are bas ica l l y plane 
f rame s t ruc tu res ranging in height from 3m 
to 21m. T h e t res t les were rat ional ized into 
three fami l ies and were fabr icated from 
un iversa l beam sec t ion legs between 410 
and 250mm in depth with angle K or 
X-brac ing and bolted connec t ions . 

Raw smal ls bin 
The raw s m a l l s bin is located in the raw coa l 
bui lding and inc ludes a se r ies of s c r e e n s 
within the bin i tself . The bin is in fact one of a 
pair cons is ten t wi th the two paral le l produc
t ion l ines wh ich run through the w a s h plant 
complex. E a c h bin is 7.1m w i d e x 6 m deep 
wi th an overal l height of 13m. Charg ing is 
through a s ingle hopper over the full width 
with two d i scha rge hoppers at the b a s e of 
each bin. The nominal wash ing capac i t y of 
e a c h bin is 175 tonnes and for s t ruc tura l 
ca lcu la t ion the b ins were rated at 300 
tonnes e a c h . 
The bin s i des are planar and cons t ruc ted 
from flat p la tes with t h i c kness vary ing from 
10mm to 20mm. The p la tes are supported on 
a se r i es of seconda ry suppor ts from 127 x 64 
channe l , and pr imary suppor ts act ing a s 
ring b e a m s ranging in s ize from 200 U B to 
760 U B . 

Sta t i c load 

S t a t i c load 
High s h e a r 

D y n a m i c load 
Tors iona l load 

F a c e ol l lange 
or web 

B r a c i n g setout 

6. B e a m end s tanda rd de ta i l s 
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9. S e l e c t e d wave def lec tor prof i le 

WAVES WAVE HEIGHT (ml 

RUNUP HEIGHT fm 

INDEPENDENT PROBABILITY TIDES 
0 000 

1 

NO 
OVERTOPPING 

/ 

< 0 » .1370 

•i • 

0 o 2*3 
•v. 

' 4 

/ 
OVER TOPPING ZONE 

FOR PROPOSED C R E S T 

' 4 

o : • 

10. Probabi l i ty of over topping 
for wave and tide comb ina t ion 

engineer ing for the reconst ruct ion of the 
O v e r s e a s P a s s e n g e r Termina l , and we act a s 
coordinator between the lead consu l t an t s 
for three prec inc ts in C i rcu la r Quay West . 
Pe rhaps the most techn ica l l y cha l leng ing 
h a s been the mar ine work a s s o c i a t e d with 
the Opera House forecourt . 
Jo rn Utzon 's concept of the Opera House 
she l l s s tand ing on a grani te pl inth, to be 
approached by the monumenta l s ta i rs from 
the forecourt , has been the star t ing point. A 
covered wa lkway , above ground, would 
separa te the forecourt from the harbour. In 
an enl ightened solut ion, Ande rsons ins tead 
h a s posi t ioned it below ex is t ing ground level 
a long the wa te r ' s edge. But those ground 
levels are very low, only 1.5m above the 
highest t ides, and to avoid the p a s s a g e 
becoming an enc losed tunnel , it h a s been 
left open on the s e a w a r d s ide. The result is a 
new concou rse on two levels, one covered 
and the other open, along wh ich pedes t r ians 
can walk (F ig . 3). T h e lower level wil l provide 
shel ter and accommodat ion for c a f e s and 
shops , the upper concou rse wil l be ter raced 
to permit outdoor sea t ing and eat ing. 

The demanding techn ica l cha l lenge c a m e 
from two a r e a s . F i rs t ly , having to p lace the 
parapet , wh ich inc ludes a wave def lector, at 
an appropr iate level — not too high so a s to 
block light and air f rom the lower concou rse 
wa lkway , not too low s o that on o c c a s i o n s 
'green water ' would overtop the parapet. 

Second ly , dev is ing a const ruc t ion tech
nique for the lower s l ab wh ich w a s to be con
s t ruc ted beyond the ex is t ing s e a wal l at a 
level of 2m below the highest of t ides. 

The genera l ar rangement , now somewha t 
changed in detai l but not in pr inciple, is 
shown in F i g . 4. 

Water levels and waves 
The invest igat ions wh ich resul ted in the 
determinat ion of the height of the wave 
def lector developed over a s ix-month period 
with major parameters chang ing from t ime 
to t ime a s the des ign developed. 
Water leve ls a long a s e a wal l are determined 
by the height of the t ides and the interact ion 
of w a v e s impinging on the wa l l . In the ex
t reme c a s e of a ver t ica l wa l l , the ref lected 
wave in ter feres with the approaching wave 
so that a s tand ing wave of double the height 
resu l ts . A wave def lector would turn th is 
back on i tself and permit a lowering of the 
wal l c res t . 

1 1 . Probabi l i ty of s e l e c t e d wave generat ing even ts overtopping a des igna ted c res t level 

C res t level C o m b i n e d High tide level A H D Hydrofoi l wave (m) Ferry wave (m) Wind wave (m) 
(m AHD) f requency frequency f requency f requency f requency 

2.5 A H D Once /100y rs 1.50 0.90 0.30 — 

Once/100yrs Highest73hrs Average 

2.4 A H D Once/20 yrs 1.25 0.90 0.30 0 15 
Once /5y rs H ighes t /3hrs Average Once /week 

2.3 A H D Once/5 y rs 1.15 0.90 0.30 0.15 
Once/year H ighes t /3hrs Average Once /week 

2.2 A H D Once/year 1.10 0.90 0.30 0.15 
Twice/year H ighes t /3hrs Average Once /week 

2.1 A H D Once/month 1.0 0.90 0.30 0.15 
Once/f 'night H ighes t /3hrs Average Once /week 
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T ide levels in Sydney Harbour have been 
observed for nearly a century at nearby Fort 
Denison. T h e t idal range is not great — 
about 2m annua l ly , and the highest ob
served level of s torm surge and t ide, at 
1.48m Aus t ra l ian Height Datum (AHD), is 
approx imate ly 0.3m above highest astro
nomica l tide. T h i s recorded da ta gave a sol id 
base from wh ich predic t ions can be made 
(F i g . 5). 
Wave heights are not so readi ly deter
minable and were the sub jec t of both theore
t ica l s tudy and s i te observat ion. 
Waves are c a u s e d by both wind and boat 
t ra f f ic . 
Wind waves were determined by the method 
of Bre tschne ider from wind da ta provided by 
Pro fessor W. Melbourne of Monash Univer
si ty who had resu l t s of a comprehens ive 
a s s e s s m e n t of the wind c l imate of Sydney 
based upon the anemometer records of 
meteorological s ta t i ons and terrain model
ling in a boundary layer wind tunnel . The s i te 
is she l tered, the fe tches were not great and 
the peak w a v e s for the relevant d i rect ions 
are of the order of 1m for a 50-year return 
period (F ig . 6). 
Severa l invest igat ions were under taken to 
determine the height of w a v e s generated by 
di f ferent c l a s s e s of boat t raf f ic . T h e Water 
R e s e a r c h Laboratory of the Univers i ty of 
New South Wa les , together with the N S W 
Department of Pub l ic Works , were commis
s ioned to m e a s u r e w a v e s generated by 
hydrofoi l , ferr ies and other t raf f ic near the 
s i te and e l sewhere . Other movements were 
taken on a wave s t ick a t tached to the 
Sydney Opera House skir t ing pane ls , and 
back ca l cu la t i ons carr ied out to give inci
dent wave ampl i tude. Br ief ly , hydrofoi ls 
generate the h ighest w a v e s (F i g . 7), parti
cu lar ly the outward bound hydrofoi l a s it 
c l imbs onto the p lane. C a t a m a r a n ferr ies 
and heavy d isp lacement ferr ies, a l though 
more frequent than the hydrofoi l (one 
p a s s a g e every two minutes at rush hour), 
generate markedly lower w a v e s . 
A b a s i c des ign interval of 200 minutes w a s 
adopted for examina t ion . T h i s w a s se lec ted 
because , wi thin the t idal cyc le , the water 
level rema ins within 0.2m of high water for 
approx imate ly three hours. In th is interval , 
there will be on average 30 hydrofoi l pass 
ages , 100 ferry p a s s a g e s and 6,000 wind 
w a v e s . The combinat ion techn ique adopted 
is known a s Tu rkes t ra ' s Ru le and t akes an 
appropr iate peak wave from one sou rce and 
comb ines it wi th the mean w a v e s from other 
s o u r c e s . The peak boat wave w a s taken a s 
2.0 s tandard dev ia t ions above the mean for 
the hydrofoi l , and 2.3 s tandard dev ia t ions 
for the ferr ies. The peak wind wave w a s 
taken a s 1.7 t imes the s ign i f icant wave 
predicted (the average of the highest one 
third of al l waves ) . T h e v a r i o u s c o m b i n a t i o n s 
were determined and a des ign probabil i ty 
es tab l i shed (F ig . 6). 

Wave deflector 
Var ious conf igura t ions of wave def lector 
were tested in the f lume at the Univers i ty of 
New South Wa les . The geometr ic arrange
ment of a wave def lector is for an overhang 
to turn the wave back on itself during reflec
t ion, wh ich is i l lustrated by the photograph 
of one of the tes ts in F ig . 8. Both the angle 
and d imens ions of the overhang c a n be 
changed , and exper iments were carr ied out 
on varying combina t ions to f ind the most 
su i tab le wi th in an accep tab le arch i tec tura l 
profi le. The f inal se lec ted shape is shown in 
F ig . 9. 
The per formance of th is wave def lector 
under the in f luence of predicted w a v e s for 
var ious probabi l i t ies could then be deter
mined. It w a s es tab l i shed that at overtop
ping there w a s a ratio between the height of 
the incident wave to the height of the c res t 

13. Cons t ruc t i on in J u l y 1986 (photo: J o h n Nutt) 

above st i l l water . T h i s rat io permitted the in
dependent probabi l i t ies of incident w a v e s 
and sti l l water levels to be combined to 
develop the inter-related probabil i ty of over
topping, wh ich is represented in F ig . 10. 
There are a number of w a y s of exp ress ing 
the r isk of overtopping, one method being to 
ca l cu la te the f requency of overtopping for 
var ious c res t leve ls and related wave 
generat ing events . A se lec t ion of these is 
shown in F ig . 11 . 

An a s s e s s m e n t w a s made of the vo lumes of 
'g reen ' water wh i ch would surge over the 
c res t if ex t raord inary wave even ts occur red , 
so a s to des ign an appropr iate dra inage 
s y s t e m . 

Construction techniques 
Being over the water , the concou rse is in 
many w a y s l ike a wharf , except for one 
cr i t ica l factor — it cannot be cons t ruc ted 
us ing the s a m e techn iques s ince the deck 
level is wi thin the intert idal range. Under 
both temporary and permanent condi t ions, 
uplift fo rces act on the unders ide. T h o s e 
hydrosta t ic fo rces are both s ta t i c and 
dynamic being due to t ides and w a v e s . 
A number of cons t ruc t ion opt ions were 
developed and cos ted . One w a s to build the 
s lab high above water level and lower large 
f in ished deck a r e a s down onto the pi les and 
lock into p lace — a reverse lift s lab tech
nique. Another w a s to build the s lab within a 

dewatered sheet pile c a i s s o n . The adopted 
procedure is shown in F i g s . 12(a) to (d). 
The s l ab is built on rec la imed ground behind 
a m a s s concre te s e a wal l . Init ial ly, two 
paral le l l ines of s tee l sheet pi l ing, 4m apart , 
are driven a long the line of the concou rse 
edge. The mar ine sed imen ts are dredged out 
to rock level , a depth of up to 5m in p laces , 
but averag ing 3m. A m a s s concre te gravity 
wal l is cons t ruc ted by tremie methods to 
just below low water level, after wh ich the 
top is dewatered so that the upper wal l sec
t ions and the wave def lector c a n be con
s t ruc ted in the dry. Be tween th is seawa l l 
and the land the area is f i l led to the under
s ide of the s lab so that, when dewatered, the 
s lab c a n be c as t on the fill su r f ace in the dry. 
P i l es at approx imate ly 8m cen t res carry the 
loads to the under ly ing rock. 
The work is current ly wel l advanced (F ig . 13) 
and it is an t ic ipa ted that const ruc t ion wi l l be 
completed by J u l y 1987. 
Credits: 
Client: 

N S W Depar tment of Pub l i c Works 
Architect: 
N S W Government Arch i tec t . 
S p e c i a l P r o j e c t s B r a n c h , in a s s o c i a t i o n wi th 
Ha l l , B o w e & Webber 
Construction manager: 
J o h n Ho l land C o n s t r u c t i o n s Pty L td. 
Seawall contractor: 
C o s t a i n - A u s t r a l i a L td . 
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3. R a w coa l bui ld ing 

mesh floor layouts tor minor f loors and plat
forms. 
Interim mi les tones inc luded a prel iminary 
s tee l order of major sec t i ons and p lates to 
of fset long lead t imes with s tee l delivery, 
and load d iag rams for the civi l eng ineers to 
des ign foundat ions for our s t ruc tures . 

Structural planning 
The s t ruc tura l componen ts of the w a s h 
plant could be broken down into a number of 
d isc re te des ign packages . There w a s the 
raw coa l bui lding and the washery l inked by 
a se r i es of conveyors t ransport ing coa l in 
var ious s t a g e s of preparat ion (F ig . 4). With in 
the raw coa l bui lding and washery were raw 
s m a l l s b ins and surge b ins respect ive ly , 
e a c h a separa te des ign package a s were the 
set t l ing c o n e s and th ickener t anks beyond 
the washery on the 'product ' s ide. There w a s 
a lso the s tand a lone reject bin. 

We therefore set up two des ign teams , one 
under J o h n Ryder respons ib le for both the 
raw coa l and w a s h e r y bui ld ings, the other 
under A lan S a x o n for conveyors , b ins, sett
ling c o n e s and th ickener tanks . 
Ian Mackenz ie w a s consu l ted on the most 
appropr iate way to plan des ign and docu
mentat ion, for he had led the des ign team on 
two previous heavy medium coal w a s h e r y s 
at S a x o n v a l e and S tock ton Borehole in the 
Hunter Val ley of New South Wa les . We 
resolved that p lans and e levat ions for each 
level and e a c h grid l ine longitudinal ly and 
lateral ly would be drawn for both bui ld ings 
in order to give us f lexibi l i ty to document 
c h a n g e s to any deta i l , wh ich invar iably 
a rose given the i terat ive nature of th is type 
of des ign . 

We were not s tar t ing from s c r a t c h . Mitchel l 
Co t ts G A d raw ings were set out around an 
orthogonal spac ing for co lumns and beams 
that, by exper ience , could be quickly worked 
into a support ing s t ructure. We were thus 
able to c o m m e n c e draf t ing p lans and eleva
t ions concur rent wi th f rame a n a l y s i s for 
overal l load support and stabi l i ty. 
It w a s n e c e s s a r y at th is t ime, to agree upon 
a brac ing pr incip le so that the distr ibut ion of 
horizontal force through the s t ruc ture could 
be a s s e s s e d . Despi te the d isadvantage of 
low dead load to counteract uplift, we 
agreed al l brac ing be p laced in outs ide bays 
c lear of the main p r o c e s s itself. 

Storage structures 
The raw s m a l l s b ins, surge b ins, set t l ing 
c o n e s and reject bin compr ised the s torage 
s t ruc tu res of our commiss i on . In al l c a s e s 
these were of s tee l plate const ruc t ion 
a l though the form and s t ructura l s y s t e m 
var ied. 
The pr inc ipal load ings on these s t ruc tu res 
resul ted from the stored mater ia l , th is being 
coa l at var ious s t a g e s of the p rocess 
through the plant. Current des ign methods 
for th is type of s t ruc ture recognize two b a s i c 
loading cond i t ions during charg ing and dis
charg ing, these general ly being referred to 
a s s ta t i c and dynamic loadings. Genera l l y 
the dynamic load ings are more onerous than 
the s ta t i c c a s e . 
A number of methods for the determinat ion 
of p r e s s u r e s wi th in the bin are ava i lab le , 
wh ich , to a lesse r or greater extent, recog
nize the e f f ec t s of s ta t i c and dynamic 
loadings. In Aus t ra l i a , at the Univers i t ies of 
Newcas t l e and Wol longong, cons iderab le 
resea rch effort h a s been d i rected to 
at tempt ing to rat ional ize the var ious des ign 
app roaches and identify su i tab le methods 
in an a rea of engineer ing a n a l y s i s wh ich is 
st i l l somewha t empi r ica l . 
Af ter a review of the ava i lab le methods we 
fo l lowed the approach identi f ied by the 
above-ment ioned un ivers i t ies and th is 
resu l ted in p ressure determinat ion us ing the 
methods proposed by J a n s s e n , J e n i k e , 
Walker and Wal te rs . The bas i c input to the 
a n a l y s i s w a s the bin geometry, wh ich w a s 
def ined by Mitchel l Co t ts , and coa l proper
t ies. T e s t s were carr ied out on what w a s con
s idered to be representat ive s a m p l e s to 
es tab l i sh the n e c e s s a r y propert ies. F rom 
th is da ta , us ing the methods ment ioned, 
p ressu res were es tab l i shed . T h e s e var ied 
with locat ion and s t ruc ture up to a max imum 
of around 300 kpa a s a local p ressure con
cent rat ion. 

The s t ruc tura l a n a l y s i s methods adopted 
var ied wi th the s t ruc tu res b e c a u s e of their 
geometry and form. The raw s m a l l s and 
surge b ins, being p lane-s ided, cons i s ted of a 
se r i es of two-way p la tes supported by 
beams , and the approach adopted w a s to 
use s tandard formulae for p la tes together 
with ske le ta l f rame a n a l y s i s where neces
sary . T h e reject bin and set t l ing cone were 
cy l indr ica l and con ica l in shape and the 

f inite e lement method w a s used with 2D 
membrane or plate bending e lements . The 
a n a l y s i s w a s carr ied out us ing the f inite ele
ment program P A F E C . 
In the c a s e of the set t l ing cone, an a x i s y m -
metr ic model w a s used and for the reject bin 
a V* sec to r w a s ana lyzed . 
Design sequence 
St ruc tu ra l des ign commenced by s tudy ing 
the G A s and locat ing loads from the equip
ment load s c h e d u l e s . Prel iminary beam 
s i z e s were determined for the purpose of 
check ing headroom and c l e a r a n c e s for 
equipment, a c c e s s , chu tes and pipework. 
At tent ion w a s f o c u s s e d on a r e a s car ry ing 
vibrat ing mach inery and al though much of 
the load informat ion w a s prel iminary at th is 
s tage, wi th s o m e knowledge of the imposed 
f requency, a reasonab ly accu ra te es t ima te 
of beam s ize could be determined and future 
problems avoided in these cr i t ica l a r e a s . 
A s y s t e m ot s imp le c r o s s brac ing w a s 
developed for e a c h grid l ine in a c c o r d a n c e 
with the pr inciple to avoid the main plant 
a rea , and c h e c k s made that adequate c lear
ance ex i s ted for a c c e s s , pipework and 
chu tes . Where c l a s h e s occur red , the brac
ing w a s conver ted to K or A brac ing to avoid 
the conf l ic t . 

Des ign then proceeded on an i terat ive b a s i s 
between s t ruc tura l and p rocess / se rv i ces 
engineer unti l it w a s complete for the f inal 
cho ice of equipment type and load. Marking 
p lans and e levat ions were completed for 
e a c h level and grid and c ross- re fe renced to 
connect ion deta i ls for each dif ferent node 
type. 
Concurrent with bui lding des ign, separa te 
des igns were prepared for the conveyor 
s y s t e m , raw s m a l l s and surge b ins, set t l ing 
c o n e s , th ickener t anks and reject bin. 
The des ign programme ca l led for a prelimi
nary s tee l order (PSO) to be p laced at the end 
of week 15 so that the majori ty of s tee l 
would be ava i lab le to the fabr icator at the 
start of h is cont ract . The P S O w a s to conta in 
al l sec t ion and plate that had been des igned 
to that date, espec ia l l y those s i zes not nor
mal ly held by s tock i s t s . Cont rac t docu
ments were wri t ten that the s u c c e s s f u l fab
r icator would take p o s s e s s i o n of the order 
from the cl ient and be respons ib le for a se
cond order enabl ing complete fabr icat ion in 
a c c o r d a n c e with the working d rawings . 17 



Newlands 
coal wash plant, 
Queensland 
Ron Bergin 
INTRODUCTION 
Coa l mining in A u s t r a l i a is by far the largest 
export earner wi th rece ip ts of A$5 bil l ion in 
1985, accoun t i ng for more than 1 5 % of the 
coun t ry ' s total export revenue. The record 88 
mil l ion tonnes of coa l exported in 1985 
p laced it more than 10 mil l ion annua l tonnes 
ahead of second-p laced United S t a t e s . 
In 1981 MIM Hold ings Ltd. became a major 
force in the industry when it announced 
p lans that its N e w l a n d s export coa l project 
w a s to proceed with p lanned operat ion by 
mid-1984. 

A total of 5 mil l ion tonnes of coa l per year 
w a s to be expor ted through a new coa l port 
at Abbott Point (F i g . 1). T h i s would compr i se 
4 mil l ion tonnes of s teaming coa l by 1985 
from the New lands open cut mine, and 1 
mil l ion tonnes of cok ing coa l a year from the 
Co l l insv i l le cok ing coa l project. The ra i lway 
would be ex tended from Col l insv i l le to 
New lands and the new town of G lenden con
s t ruc ted to house 1,000 people. 
Abbott Point would have a s tockp i le and 
s tacker - rec la imer fac i l i t i es for 6.5 mil l ion 
tonnes per year wi th provision to ex tend . 
The port would be capab le of accommo
dat ing v e s s e l s up to 160,000 dwt and , under 
cer ta in cond i t ions , 190,000 dwt. 

T H E C O A L WASH PLANT 
In Augus t 1981, Mimets Deve lopments Pty 
Ltd. , the project a rm of MIM, engaged 
Mitchel l Co t t s P ro jec t s Pty Ltd. to des ign the 
w a s h plant, a major component of the mine 
in f rast ructure. 
Quoting from the brief to Mitchell Cotts: 
' In e s s e n c e the work wi l l involve the prepara
t ion of al l n e c e s s a r y des ign d rawings , c a l c u 
la t ions, spec i f i ca t i ons and bi l ls of quan
t i t ies to enab le the Company (Mimets) , to 
cont ract o thers for the supply and cons t ruc 
tion of the total w a s h plant faci l i ty. 
Whi le the object ive of the work def ined by 
th is brief is to des ign a w a s h plant to pro
duce 4 x 1 0 6 t/a of w a s h e d coa l (measured 
on an air dried bas i s ) the des ign must take 
account of poss ib le future product ion ex
pans ion . In par t icu lar s p a c e provis ion, and 
other provis ion a s spec i f i ed from t ime to 
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t ime by the Company , must be made for the 
addit ion of a s im i la r 4 x 1 0 6 t / a w a s h plant to 
give a total capac i t y of 8 x 1 0 6 t / a . 1 

Ove Arup & Par tne rs had built up a strong 
re la t ionship with Mitchel l Co t t s over the 
yea rs on iron ore and coa l pro jects in 
Wes te rn A u s t r a l i a and New South Wa les . We 
were therefore invited to put in a proposal 
for the s t ruc tu ra l engineer ing of the w a s h 
plant and were s u c c e s s f u l . 
We were not respons ib le for civ i l engineer
ing or foundat ions . T h e s e were to be done by 
the consu l tan t respons ib le for the overal l 
c iv i l eng ineer ing of the mine in f ras t ructure. 
Mitchel l Co t t s were respons ib le for al l pro
c e s s and s e r v i c e s engineer ing, with Arups 
respons ib le for al l support ing s t ruc ture in 
concre te and s t ruc tura l s tee l f rom the 
unders ide of b a s e p lates upwards . 
In addi t ion to the w a s h plant bui ld ings, our 
brief inc luded al l Conveyo rs and t ransfer 
towers p lus the s t ruc tura l des ign of b ins, 
set t l ing c o n e s and th ickener t anks wh ich 
formed an integral part of the p rocess itself. 

P R O C E S S DESCRIPT ION 
The raw coa l is t reated in two separa te sec 
t ions, a dry t reatment sec t i on and a wet 
t reatment sec t i on (F ig . 2). 
The run-of-mine (ROM) coa l , af ter pr imary 
c rush ing to - 7 5 m m , is stored in a raw coa l 
bin and is dry-treated by further c rush ing , 
sc reen ing and dedust ing to produce a suit
able feed for the wet t reatment sec t ion a s 
wel l a s remove a m a x i m u m of - 0 . 5 m m f ines 
wh ich are sent direct to product. A control l 
ed amount of raw sma l l coa l , 20mm to zero, 
is b y p a s s e d around the wet t reatment sec 
tion to be b lended with the wet t reatment 
product and the dry f ines, to produce a con
s is tent f ina l product. 

Raw coa l for the wet t reatment is s tored in a 
surge bin, where it is w i thdrawn at a con
trol led rate by vibrat ing feeders to undergo 
des l im ing , j igging, sc reen ing and centr i fug-
ing to produce c l ean coa l whi le s l i m e s are 
t reated in a th ickener before being dis
carded to a s l i m e s dam. T h e reject mater ia l 
from the wet t reatment is s tored in a reject 
bin for d i s p o s a l by a 77 tonne rear tip t ruck. 

DESIGN 
Design brief 
The des ign brief i ssued by Mitchel l Co t t s 
ca l led upon A rups to des ign al l s t ruc ture 
and c ladd ing of the w a s h plant for pre
scr ibed dead , live and wind loads, tak ing 
into accoun t ' dynamic loading from plant 
and equ ipment without undue vibrat ion and 
wi th in reasonab le def lect ion l imi tat ions ' . 

S A A and MIM s tanda rds were to apply 
u n l e s s spec i f i ca l l y a l tered by the brief. 

Mitchel l Co t t s would provide loading sche 
du les giving dead, l ive and dynamic cha rac 
te r i s t i cs of al l equipment to be ins ta l led . 
Mach ine vo lumes and bulk dens i t ies would 
be provided a long wi th b lockage and spi l 
lage a l l o w a n c e s for cer ta in i tems of equip
ment. 
The w a s h plant would be represented by a 
set of genera l a r rangement (GA) d raw ings 
showing p rocess , a c c e s s and ma in tenance 
s p a c e requ i rements in plan and e levat ion. 

T h e s e would form the b a s i s for the s t ruc
tural engineer to put an or thogonal s t ruc tu re 
of b e a m s , co l umns and brac ing about the 
p r o c e s s in the f irst of many des ign itera
t ions, leading to a f ina l solut ion a s the total 
des ign evolved. 
The brief inc luded des ign cr i ter ia for b e a m s 
and c o l u m n s support ing vibrat ing loads. To 
avoid r esonance dur ing start up and opera
t ion, the natural f requency of b e a m s w a s to 
be not l e s s than 1.5 t imes the imposed fre
quency . Due to the nature of the s t ruc ture , 
zero damping w a s a s s u m e d and the max i 
mum permiss ib le bending s t r e s s l imited to 
the range 48-88 M P a , the upper va lues apply
ing to low ra t ios of imposed f requency: 
natura l f requency. 

In addi t ion to v ibrat ing load ca l cu la t i ons , al l 
b e a m s were, of cou rse , to be des igned for 
dead and live load with mandatory def lec
t ion c h e c k s prescr ibed for span : depth 
ra t ios in e x c e s s of 16.5. 
C o l u m n s support ing vibrat ing loads were to 
have a m a x i m u m s l e n d e r n e s s ratio of 80 
commenc ing from the level immedia te ly 
above exc i ta t ion and terminat ing at co lumn 
base . Al l s t ruc tura l s tee l w a s to be grade 250 
in a c c o r d a n c e wi th AS1204 S t ruc tura l S tee l 
Ordinary Weldab le G r a d e s . 
Wind loading w a s to be in a c c o r d a n c e with 
AS1170: Part 2 'Wind Loads ' , a s s u m i n g a 
return period of 50 y e a r s , Terra in Category 2 
and b a s i c wind speed of 45 m/sec . In 
genera l , an impact factor of tw ice the dead 
load and/or torque react ion w a s to apply to 
se lec ted equipment and conveyor head and 
drive pu l leys , and the full e f f ec t s of 
temperature movement taken into accoun t . 
L ive load on genera l floor a r e a s w a s to be 
7.5 k P a u n l e s s spec i f i ca l l y al tered for in
s ta l la t ion or ma in tenance . 
Our work w a s to cu lm ina te with a full set of 
d imens ioned work ing d raw ings su i tab le for 
s tee l shop d raw ings to be prepared, re
in forced concre te d raw ings for sol id f loors 
comple te with kerbs and dra inage, and open 
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New Brisbane 
International Airport 
terminal access roads 
and car parks 
Clive Humphries 
Approx imate ly 13km north eas t of the city 
centre, work is current ly under way to con
struct a new internat ional airport for Br is 
bane. Serv ing one of the most rapidly develo
ping reg ions on the cont inent , the new faci 
l i t ies are schedu led to open in 1987, in t ime 
for the World E x p o to be held in B r i s b a n e in 
1988 — the year of A u s t r a l i a ' s B i cen tenn ia l . 
The dec is ion to cons t ruc t a new airport 
a rose a s a resul t of inc reas ing passenge r 
t raf f ic and the trend towards larger a i rcraf t 
in the 1970s. T h e outmoded te rmina ls , 
l imited runway length and no ise fac to rs 
served to restr ic t the extent of opera t ions at 
the ex is t i ng airport . 
The locat ion se lec ted for the new airport l ies 
immediate ly eas t of the ex is t ing main run
way and ex tends to the fr inge of Moreton 
Bay . Much of the s i te w a s an es tuar ine a rea 
of mangrove s w a m p with some low lying 
fa rmland. Work began on s i te in 1980 with 
the cons t ruc t ion of a f loodway to rep lace 
natura l d ra inage c h a n n e l s . T h e s e would be 
lost under later s t a g e s of airport cons t ruc
t ion. A m a s s i v e rec lamat ion programme 
fo l lowed, involving the p lacement of 
15,000,000m 3 of whi te sand dredged from 
the 'Middle B a n k s ' a rea of the bay. 
The ent ire project , current ly es t imated at 
A$380 M, is the responsib i l i ty of the Federa l 
Department of Hous ing and Cons t ruc t ion . 
The work is being under taken on behalf of 
the Depar tment of Av iat ion who wi l l own and 
operate the comple ted fac i l i t ies . 
Arups' involvement 
Ove Arup and Par tne rs h a s been a s s o c i a t e d 
with severa l a s p e c t s of the new interna
t ional airport . T h e most s ign i f i cant of these 
are the roads , ca r parks , s e r v i c e s and other 
lands ide fac i l i t i es a s s o c i a t e d with the main 
terminal a rea . T h i s is the s ing le largest and 
most comp lex c iv i l engineer ing consu l t ancy 
a s s o c i a t e d wi th the project. 
The s i te of the car park complex l ies at the 
north eas te rn end of Airport Drive, a new 
dual ca r r i ageway l inking with the G a t e w a y 
Arter ia l — part of the Nat ional H ighway net
work present ly being built through Br is 
bane ' s eas te rn suburbs . 
Our t ranspor t p lanning involvement at 
B r i s b a n e Airport c o m m e n c e d in 1981, some 
two y e a r s prior to the first of our commis 
s ions from D H C . At that t ime, the Depart
ment of Av ia t ion (then the Department of 
Transpor t Aus t ra l i a ) c o m m i s s i o n e d the 
B r i s b a n e Airport Transpor t S tudy , in wh ich 
a i rs ide and lands ide t ransport movements 
at the ex is t i ng airport were s tud ied. S u r v e y s 
were conduc ted of t raf f ic movements , park
ing demand , airport terminal o c c u p a n c y , 
apron o c c u p a n c y , general av iat ion move
ments and air freight act iv i ty. A n a l y s i s of 
th is da ta y ie lded important p lanning 
paramete rs subsequen t l y used by the 
Depar tment in the p lanning of the new air
port. 
In late 1982, D H C invited us to under take a 
review of ca r park ing and a s s o c i a t e d a c c e s s 
a r rangemen ts proposed for the New Br is 
bane In ternat ional Airport. T h e s e p lans had 
been prepared by D H C in response to the 
func t iona l brief prepared by DoA and dealt 
bas i ca l l y wi th the roads, car parks and ter
minal f rontage a r e a s immediate ly ad jacent 
to the domes t i c termina l . 

Our brief required us to review the then 'cur
rent' s c h e m e and two a l ternat ives , and to 
develop one of t hese s c h e m e s (or an addi
t ional , preferred ar rangement) to s k e t c h 
plan s tage . A s s e s s m e n t cr i ter ia inc luded 
t ra f f ic c i rcu la t ion , in tersect ion perfor
m a n c e , ca r park a c c e s s / e g r e s s , termina l 
kerbs ide opera t ions , pedest r ian-veh icu lar 
in teract ion and implementat ion feasib i l i ty , 
and cos t . 
A S c h e d u l e Impact Model (SCIM) w a s 
developed to determine the lands ide t rans
port d e m a n d s generated by a l ternat ive air 
p a s s e n g e r arr iva l /departure and a i rc ra f t 
movement s c h e d u l e s . S C I M used informa
tion f rom the Func t i ona l Brief to generate a 
d ist r ibut ion of passenge r movements by 
t ime of day for the terminal 'busy day ' in 
1995, ' the des ign year ' (7.091 M annua l 
p a s s e n g e r movements through an a s s u m e d 
Jo in t User Fac i l i t y ) . T h e model w a s ver i f ied 
by app l ica t ion to a 1981 a i rcraf t and 
p a s s e n g e r movement schedu le and com
par ison with da ta co l lec ted in the 1981 
B r i s b a n e Airport Transpor t Study. 

S C I M permi ts the user to spec i fy a range of 
lands ide travel pa ramete rs : a c c e s s modal 
spl i t , proport ional use of terminal kerbs ide, 
proport ion of sel f -dr ive air p a s s e n g e r s , air 
p a s s e n g e r veh ic le o c c u p a n c y and t imes of 
arr ival before and depar ture after the f l ight. 
A s the Func t i ona l Br ief did not provide infor
mat ion on some of these cr i ter ia , a f eas ib le 
range of va lues w a s tes ted for each factor , in 
order to determine the sensi t iv i ty of land-
s ide t ra f f i c movements to var iat ion in t h e s e 
key i n f l uences . 

A second computer model w a s developed to 
s imu la te the park ing d e m a n d s occur r ing at 
the terminal kerbs ide. T h i s model u s e s the 
' busy day ' air passenge r arr iva l /departure 
distr ibut ion and lands ide travel pa ramete rs 
to s imu la te peak period kerbs ide parking 
demands . Addi t iona l da ta inputs are propor
t ions of air p a s s e n g e r s wi th baggage and 
distr ibut ion of ca r and tax i drop-off and pick
up t imes at kerbs ide. 

The review of the var ious s c h e m e s led to the 
recommendat ion of an a l ternat ive layout 
wh i ch d i sp layed improved per fo rmance with 
respect to the nominated a s s e s s m e n t cri
ter ia. In par t icu lar , the a n a l y s i s of terminal 
kerbs ide park ing demands had ind icated an 
inadequacy in kerbs ide capac i t y ; a twin car
r iageway termina l f rontage road w a s there
fore proposed, e f fec t ive ly doubl ing kerbs ide 
capac i t y . 
By the t ime the des ign development s tage 
c o m m e n c e d in Apri l 1984, s a n d f i l l ing, vary
ing from 2 to 3m in depth had been p laced 
over the major i ty of the s i te. A n a l y s i s , under
taken by Arup G e o t e c h n i c s , involved a re
view of the numerous inves t iga t ions under
taken by D H C s i n c e the start of the project. 
T h e s e inc luded subso i l da ta , conso l ida t ion 
predic t ions, and cons t ruc t ion and sett le
ment moni tor ing. F rom the pa ramete rs iden
t i f ied, a s s e s s m e n t s were made of short-
term and l i fet ime set t lement and other 
des ign cr i te r ia . 

In addi t ion to the des ign of termina l a c c e s s , 
p lanning cons ide ra t i ons inc luded provis ion 
for: a through road to serve the genera l av ia
tion a rea and ai r l ine freight and cater ing 
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fac i l i t ies ; parking for approx imate ly 1,700 
short- term, 1,200 long-term and 1,000 s ta f f 
c a r s ; s torage and queueing a r e a s for t ax i s , 
rental and valet c a r s and buses ; and a se r ies 
of pedest r ian routes. Termina l des ign con
s idera t ions d ic ta ted that both ar r i va ls and 
depar tures be ca te red for at-grade. The 
sweep ing a rc of the building frontage, 
extending over 400m, provides undercover 
pick-up and drop-off a reas , tax i ranks and 
bus s tops . 
At the commencemen t of the des ign de
velopment s tage improvements were made 
to the S C I M model , in par t icu lar to a c c o m 
modate an enhanced vers ion of the Tax i ' ca l l 
up' s y s t e m so a s to s imu la te the de lays 
wh ich might occu r if insuf f ic ient t a x i s were 
queued on the airport. In addi t ion, the model 
w a s ref ined so a s to incorporate d i f fe rences 
in peak and off-peak travel cha rac te r i s t i c s , 
ref lect ing d i f fe rences between b u s i n e s s 
and non-bus iness t ravel lers . 

Traffic control system 
Fur ther a n a l y s i s occur red immediate ly prior 
to the commencemen t of deta i led des ign . 
A s s e s s m e n t of the operat ions of var ious key 
s y s t e m componen ts w a s undertaken in 
some deta i l , wi th the requi rements of the 
des ign phase in mind. Peak period t ra f f ic 
movements for al l l inks of the road s y s t e m 
were genera ted, a s an a id to the h ighway 
detai l ing. The operat ions of car park entry 
and exit fac i l i t ies were ana lyzed in parti
cu la r depth, in order to determine the ade
quacy of control s y s t e m proposa ls and of 
queueing a r e a s and to determine the appro
p r ia teness of the level of se rv ice to be 
of fered to the consumer . The use of 
graph ica l output from the ca r park entry/exi t 
submode l of S C I M proved invaluable in just i 
fying the need for cer ta in numbers of entry 
and exit ga tes if consumer levels of se rv i ce 
were to be adequate in peak per iods. 
The des ign w a s general ly based on the draft 
Aus t ra l i an S tandard for car parking and 
where appropr ia te the Queens land Main 
R o a d s Depar tment ' s h ighway des ign cri
ter ia. S p e c i a l m e a s u r e s were n e c e s s a r y in a 
number of i n s t a n c e s , e.g. to cope with long 
flat g rades in the terminal f rontage a rea and 
the irregular shape of the major short-term 
car park. 

An aim of the des ign h a s been to separa te 
the publ ic, bound for the terminal env i rons, 
from serv i ce and del ivery veh ic les , s ta f f 
use rs , e tc . A c c e s s to al l publ ic car parks and 
the set down/p ick up a rea is from the ter
minal loop road. T h i s a l so provides for recir
cu la t ion to ca r parks and the terminal front
age. Sepa ra te a c c e s s roads have been incor
porated for goods and commerc ia l t ra f f ic 
serv ic ing the termina l i tself. 
Use of computers 
T h e detai l layout w a s ca l cu la ted us ing pro
g rams developed in house for the f i rm's 
H P 9845 and H P 200 se r i es computers . 
P l a n s were subsequen t l y d rawn us ing an 
H P 9850 AO plotter. T h e abi l i ty to provide 
accu ra te base p lans to a var iety of s c a l e s for 
use by ou rse l ves and the var ious subcon
su l tan ts w a s of cons iderab le advantage in 
meet ing the tight documenta t ion t imetable. 
The mas te r p lanning of the fac i l i t ies had 
nominated reserves for the main a c c e s s 
road and trunk ut i l i t ies. However, numerous 
underground s e r v i c e s had to be accom
modated wi th in the s i te inc luding high and 
low vol tage e lec t r i ca l re t icu 'at ion ( involving 
separa te essen t i a l and non essen t ia l cir
cu i ts ) , commun ica t i on cab l ing , DoA cab l ing , 
s e w e r s , s tormwater , water ma ins , land
s c a p e irr igation and te lephone cab l ing . Con
s iderab le co-ordinat ion of t hese se rv i ces 
and the temporary supp l ies wh i ch c r o s s e d 
the s i te w a s involved. 

B e c a u s e of the low lying nature of the a rea 
and t idal in f luence it w a s n e c e s s a r y to 
des ign s to rmwater on the b a s i s of near mini
mum grades . P ipe s i z e s were l imited by the 
depth of cover ava i lab le and a des i re to re
ta in the e x c a v a t i o n s in sand wherever pos
s ib le rather than the sof t underly ing 
mater ia ls . A s a result of t hese cons t ra in ts 
the s i te w a s divided into a se r i es of paral le l 
c a t c h m e n t s . S u r f a c e levels were des igned 
to permit over land f low to occu r in an ex
t reme storm event. 
The main p ressu re sewerage line p a s s e s 
through the ca r park complex . Cons t ruc t ion 
involved s ink ing a 7m diameter c a i s s o n 11m 
deep to form the major pumping s ta t ion for 
th is part of the airport complex . 
Severa l pavement cons t ruc t ion a l ternat ives 
were cons idered prior to the se lec t ion of 

granular base /sub -base with aspha l t i c con
crete su r fac ing a s the preferred option. 
Des igns were produced for in serv ice load
ing cond i t ions ranging incrementa l ly from 
car parks to the main a c c e s s road. The 
t h i c k n e s s e s nominated were checked 
aga ins t va r ious des ign methods in current 
use . For pavements built init ial ly to serve 
cons t ruc t ion t ra f f i c a b i tuminous spray sea l 
h a s been used a s a temporary su r fac ing , 
later to be over la id by an aspha l t i c wear ing 
course . 
Approx imate ly 50 ,000m 3 of high qual i ty 
c rushed rock w a s p repurchased by D H C . A 
large s tockp i le w a s formed ad jacent to the 
main a c c e s s road s o m e 1 to 2km from the 
s i te . The aggregates were brought to a con
trolled mois ture content in a pugmil l prior to 
use . Wherever p rac t i ca l , p lac ing h a s been by 
paving mach ine . 
For the su r fac ing of the terminal f rontage 
road, inter locking concre te b locks have 
been c h o s e n both to harmonize in colour 
with the t reatment of the bui lding and to 
enhance driver percept ion of the pedestr ian 
environment of th is a rea . A cons is ten t 
se r i es of footpath f i n i shes developed by the 
a rch i tec ts for the terminal have been fol
lowed through into the car park a rea . 
R o a d w a y and car park l ighting has been an 
integral part of the des ign . A l ternat ives have 
been ana lyzed both on the b a s i s of dayt ime 
appea rance and night-t ime i l luminat ion 
cha rac te r i s t i c s . L ight ing co l umns through
out the c a r parks have been kept relat ively 
low and given the appea rance of being ran
domly p laced to blend in with the overal l 
s t ree tscape . Fu l ly cut-off f i t t ings are being 
uti l ized throughout to min imize glare 
e f fec ts . 

Landscaping 
E x t e n s i v e l andscap ing us ing predominant ly 
nat ive s p e c i e s h a s been an inherent part of 
the des ign . T rees have been se lec ted on the 
b a s i s of their sui tabi l i ty for the s i te exposu re 
and dra inage condi t ions and to provide 
shade wi th in the ca r parks . A par t icu lar re
quirement h a s been that they shou ld not 
at t ract b i rds for feeding or nest ing. To break 
up the flat appea rance of the car parks , a 
se r i es of l andscaped mounds h a s been in
corporated in the des ign . 

3. C a r park and internal a c c e s s roads under cons t ruc t ion 5. Roundabout under cons t ruc t ion 
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One of the init ial con t rac ts w a s for the 
es tab l i shment of an on-si te nursery, in
c luding p lant ings. T h i s h a s been done with 
the a im of acc l imat i z ing the var ious p lants 
during their ear ly growth in the f ield. 

B e c a u s e of the ar id and exposed nature of 
the locat ion and the potent ial for sa l twa te r 
ingress , an ex tens i ve s y s t e m of drip feed irri
gat ion and pop-up s u r f a c e spr ink le rs h a s 
been des igned to provide water ing to most 
planted a r e a s . 

To enab le par ts of the s i te to be used for 
temporary fac i l i t i es a s s o c i a t e d with the ter
minal bui lding and control tower, and to 
a l low a c c e s s for other ongoing work, the 
cons t ruc t ion s tage w a s subdiv ided into 
seven separa te and s taged contract pack
ages . T h e f irst of t hese , the Genera l Aviat ion 
a c c e s s road, went to tender in ear ly 1984 
whi ls t des ign of the remaining works w a s 
underway. 

The sequent ia l cons t ruc t ion of the major 
underground s e r v i c e s and s tormwater l ines, 
together wi th the need to mainta in a c c e s s 
routes a c r o s s the s i te for concurrent con
t rac ts , were the major fac to rs in determining 
the make-up of the var ious s tages . Detai l 
des ign and draft documentat ion of the s i x 
subsequent cont rac t p a c k a g e s were under
taken on a four-week cyc le . The first s tage , 
cons i s t i ng of road and ca r park works at the 
southern end of the s i te , w a s completed in 

late 1984. P a c k a g e two, wh ich included the 
major i ty of the underground se rv i ces and 
main s to rmwater l ines, w a s completed dur
ing ear ly 1985. S t a g e s 3,4 and 6, wh ich make 
up the major i ty of the ca r park and road
works componen ts , are being cons t ruc ted . 

Works a s s o c i a t e d with the terminal f rontage 
a rea have been t imed to co inc ide with the 
re lease of work ing s p a c e adjo in ing the main 
bui ld ings and are about to go to tender (May 
1986). T h i s a rea con ta ins numerous perma
nent and temporary se rv i ces . Co-ordinat ion 
of t hese , together with the sequence of 
foundat ion and pavement const ruc t ion h a s 
been a s ign i f i cant cons iderat ion in the 
documenta t ion p rocess . 

During 1985, we were asked to examine the 
possib i l i ty of incorporat ing an automated 
' P a y on Foot ' ca r park payment s y s t e m into 
the development . Fo l lowing an init ial evalu
at ion of the concept , a more detai led study 
w a s under taken to a s s e s s the sui tabi l i ty for 
adapt ing s u c h a s y s t e m to the fac i l i t ies a s 
then des igned (and under const ruct ion) . The 
study involved an a s s e s s m e n t of var ious 
s y s t e m s ava i lab le in Aus t ra l i a and inc luded 
v is i t s to operat ional s i t es in Aus t ra l i a and 
the UK. T h e introduct ion of a Pay on Foot 
s y s t e m w a s seen a s having operat ional and 
user advan tages over a convent ional 'pay 
cash ie r on exi t ' a r rangement . 

A dec is ion w a s made ear l ier th is year to pro

ceed to detai l des ign and documenta t ion of 
a Pay on Foot s y s t e m . The opportunity pro
vided by a complete ly new faci l i ty is being 
used to es tab l i sh a fully automated opera
t ion wh ich wi l l be the f irst on th is s c a l e in 
Aus t ra l i a . Seven au tomat ic pay s ta t ions wi l l 
be provided on the pedest r ian routes into 
the ca r pa rks . The equipment wil l accep t 
notes and co ins a s wel l a s providing change . 
Intercom and TV monitor ing wil l be l inked to 
a cent ra l contro l . 

Al though the ' P a y on Foot ' concept is not 
new to B r i sbane , at tent ion to a s p e c t s s u c h 
a s s ignage, equipment label l ing and pre-
publ ic i ty are cons idered essen t i a l if the 
s y s t e m is to gain ear ly publ ic a c c e p t a n c e . 
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fac i l i t ies ; parking for approx imate ly 1,700 
short- term, 1,200 long-term and 1,000 s ta f f 
c a r s ; s torage and queueing a r e a s for t ax i s , 
rental and valet c a r s and buses ; and a se r ies 
of pedest r ian routes. Termina l des ign con
s idera t ions d ic ta ted that both ar r i va ls and 
depar tures be ca te red for at-grade. The 
sweep ing a rc of the building frontage, 
extending over 400m, provides undercover 
pick-up and drop-off a reas , tax i ranks and 
bus s tops . 
At the commencemen t of the des ign de
velopment s tage improvements were made 
to the S C I M model , in par t icu lar to a c c o m 
modate an enhanced vers ion of the Tax i ' ca l l 
up' s y s t e m so a s to s imu la te the de lays 
wh ich might occu r if insuf f ic ient t a x i s were 
queued on the airport. In addi t ion, the model 
w a s ref ined so a s to incorporate d i f fe rences 
in peak and off-peak travel cha rac te r i s t i c s , 
ref lect ing d i f fe rences between b u s i n e s s 
and non-bus iness t ravel lers . 

Traffic control system 
Fur ther a n a l y s i s occur red immediate ly prior 
to the commencemen t of deta i led des ign . 
A s s e s s m e n t of the operat ions of var ious key 
s y s t e m componen ts w a s undertaken in 
some deta i l , wi th the requi rements of the 
des ign phase in mind. Peak period t ra f f ic 
movements for al l l inks of the road s y s t e m 
were genera ted, a s an a id to the h ighway 
detai l ing. The operat ions of car park entry 
and exit fac i l i t ies were ana lyzed in parti
cu la r depth, in order to determine the ade
quacy of control s y s t e m proposa ls and of 
queueing a r e a s and to determine the appro
p r ia teness of the level of se rv ice to be 
of fered to the consumer . The use of 
graph ica l output from the ca r park entry/exi t 
submode l of S C I M proved invaluable in just i 
fying the need for cer ta in numbers of entry 
and exit ga tes if consumer levels of se rv i ce 
were to be adequate in peak per iods. 
The des ign w a s general ly based on the draft 
Aus t ra l i an S tandard for car parking and 
where appropr ia te the Queens land Main 
R o a d s Depar tment ' s h ighway des ign cri
ter ia. S p e c i a l m e a s u r e s were n e c e s s a r y in a 
number of i n s t a n c e s , e.g. to cope with long 
flat g rades in the terminal f rontage a rea and 
the irregular shape of the major short-term 
car park. 

An aim of the des ign h a s been to separa te 
the publ ic, bound for the terminal env i rons, 
from serv i ce and del ivery veh ic les , s ta f f 
use rs , e tc . A c c e s s to al l publ ic car parks and 
the set down/p ick up a rea is from the ter
minal loop road. T h i s a l so provides for recir
cu la t ion to ca r parks and the terminal front
age. Sepa ra te a c c e s s roads have been incor
porated for goods and commerc ia l t ra f f ic 
serv ic ing the termina l i tself. 
Use of computers 
T h e detai l layout w a s ca l cu la ted us ing pro
g rams developed in house for the f i rm's 
H P 9845 and H P 200 se r i es computers . 
P l a n s were subsequen t l y d rawn us ing an 
H P 9850 AO plotter. T h e abi l i ty to provide 
accu ra te base p lans to a var iety of s c a l e s for 
use by ou rse l ves and the var ious subcon
su l tan ts w a s of cons iderab le advantage in 
meet ing the tight documenta t ion t imetable. 
The mas te r p lanning of the fac i l i t ies had 
nominated reserves for the main a c c e s s 
road and trunk ut i l i t ies. However, numerous 
underground s e r v i c e s had to be accom
modated wi th in the s i te inc luding high and 
low vol tage e lec t r i ca l re t icu 'at ion ( involving 
separa te essen t i a l and non essen t ia l cir
cu i ts ) , commun ica t i on cab l ing , DoA cab l ing , 
s e w e r s , s tormwater , water ma ins , land
s c a p e irr igation and te lephone cab l ing . Con
s iderab le co-ordinat ion of t hese se rv i ces 
and the temporary supp l ies wh i ch c r o s s e d 
the s i te w a s involved. 

B e c a u s e of the low lying nature of the a rea 
and t idal in f luence it w a s n e c e s s a r y to 
des ign s to rmwater on the b a s i s of near mini
mum grades . P ipe s i z e s were l imited by the 
depth of cover ava i lab le and a des i re to re
ta in the e x c a v a t i o n s in sand wherever pos
s ib le rather than the sof t underly ing 
mater ia ls . A s a result of t hese cons t ra in ts 
the s i te w a s divided into a se r i es of paral le l 
c a t c h m e n t s . S u r f a c e levels were des igned 
to permit over land f low to occu r in an ex
t reme storm event. 
The main p ressu re sewerage line p a s s e s 
through the ca r park complex . Cons t ruc t ion 
involved s ink ing a 7m diameter c a i s s o n 11m 
deep to form the major pumping s ta t ion for 
th is part of the airport complex . 
Severa l pavement cons t ruc t ion a l ternat ives 
were cons idered prior to the se lec t ion of 

granular base /sub -base with aspha l t i c con
crete su r fac ing a s the preferred option. 
Des igns were produced for in serv ice load
ing cond i t ions ranging incrementa l ly from 
car parks to the main a c c e s s road. The 
t h i c k n e s s e s nominated were checked 
aga ins t va r ious des ign methods in current 
use . For pavements built init ial ly to serve 
cons t ruc t ion t ra f f i c a b i tuminous spray sea l 
h a s been used a s a temporary su r fac ing , 
later to be over la id by an aspha l t i c wear ing 
course . 
Approx imate ly 50 ,000m 3 of high qual i ty 
c rushed rock w a s p repurchased by D H C . A 
large s tockp i le w a s formed ad jacent to the 
main a c c e s s road s o m e 1 to 2km from the 
s i te . The aggregates were brought to a con
trolled mois ture content in a pugmil l prior to 
use . Wherever p rac t i ca l , p lac ing h a s been by 
paving mach ine . 
For the su r fac ing of the terminal f rontage 
road, inter locking concre te b locks have 
been c h o s e n both to harmonize in colour 
with the t reatment of the bui lding and to 
enhance driver percept ion of the pedestr ian 
environment of th is a rea . A cons is ten t 
se r i es of footpath f i n i shes developed by the 
a rch i tec ts for the terminal have been fol
lowed through into the car park a rea . 
R o a d w a y and car park l ighting has been an 
integral part of the des ign . A l ternat ives have 
been ana lyzed both on the b a s i s of dayt ime 
appea rance and night-t ime i l luminat ion 
cha rac te r i s t i c s . L ight ing co l umns through
out the c a r parks have been kept relat ively 
low and given the appea rance of being ran
domly p laced to blend in with the overal l 
s t ree tscape . Fu l ly cut-off f i t t ings are being 
uti l ized throughout to min imize glare 
e f fec ts . 

Landscaping 
E x t e n s i v e l andscap ing us ing predominant ly 
nat ive s p e c i e s h a s been an inherent part of 
the des ign . T rees have been se lec ted on the 
b a s i s of their sui tabi l i ty for the s i te exposu re 
and dra inage condi t ions and to provide 
shade wi th in the ca r parks . A par t icu lar re
quirement h a s been that they shou ld not 
at t ract b i rds for feeding or nest ing. To break 
up the flat appea rance of the car parks , a 
se r i es of l andscaped mounds h a s been in
corporated in the des ign . 
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One of the init ial con t rac ts w a s for the 
es tab l i shment of an on-si te nursery, in
c luding p lant ings. T h i s h a s been done with 
the a im of acc l imat i z ing the var ious p lants 
during their ear ly growth in the f ield. 

B e c a u s e of the ar id and exposed nature of 
the locat ion and the potent ial for sa l twa te r 
ingress , an ex tens i ve s y s t e m of drip feed irri
gat ion and pop-up s u r f a c e spr ink le rs h a s 
been des igned to provide water ing to most 
planted a r e a s . 

To enab le par ts of the s i te to be used for 
temporary fac i l i t i es a s s o c i a t e d with the ter
minal bui lding and control tower, and to 
a l low a c c e s s for other ongoing work, the 
cons t ruc t ion s tage w a s subdiv ided into 
seven separa te and s taged contract pack
ages . T h e f irst of t hese , the Genera l Aviat ion 
a c c e s s road, went to tender in ear ly 1984 
whi ls t des ign of the remaining works w a s 
underway. 

The sequent ia l cons t ruc t ion of the major 
underground s e r v i c e s and s tormwater l ines, 
together wi th the need to mainta in a c c e s s 
routes a c r o s s the s i te for concurrent con
t rac ts , were the major fac to rs in determining 
the make-up of the var ious s tages . Detai l 
des ign and draft documentat ion of the s i x 
subsequent cont rac t p a c k a g e s were under
taken on a four-week cyc le . The first s tage , 
cons i s t i ng of road and ca r park works at the 
southern end of the s i te , w a s completed in 

late 1984. P a c k a g e two, wh ich included the 
major i ty of the underground se rv i ces and 
main s to rmwater l ines, w a s completed dur
ing ear ly 1985. S t a g e s 3,4 and 6, wh ich make 
up the major i ty of the ca r park and road
works componen ts , are being cons t ruc ted . 

Works a s s o c i a t e d with the terminal f rontage 
a rea have been t imed to co inc ide with the 
re lease of work ing s p a c e adjo in ing the main 
bui ld ings and are about to go to tender (May 
1986). T h i s a rea con ta ins numerous perma
nent and temporary se rv i ces . Co-ordinat ion 
of t hese , together with the sequence of 
foundat ion and pavement const ruc t ion h a s 
been a s ign i f i cant cons iderat ion in the 
documenta t ion p rocess . 

During 1985, we were asked to examine the 
possib i l i ty of incorporat ing an automated 
' P a y on Foot ' ca r park payment s y s t e m into 
the development . Fo l lowing an init ial evalu
at ion of the concept , a more detai led study 
w a s under taken to a s s e s s the sui tabi l i ty for 
adapt ing s u c h a s y s t e m to the fac i l i t ies a s 
then des igned (and under const ruct ion) . The 
study involved an a s s e s s m e n t of var ious 
s y s t e m s ava i lab le in Aus t ra l i a and inc luded 
v is i t s to operat ional s i t es in Aus t ra l i a and 
the UK. T h e introduct ion of a Pay on Foot 
s y s t e m w a s seen a s having operat ional and 
user advan tages over a convent ional 'pay 
cash ie r on exi t ' a r rangement . 

A dec is ion w a s made ear l ier th is year to pro

ceed to detai l des ign and documenta t ion of 
a Pay on Foot s y s t e m . The opportunity pro
vided by a complete ly new faci l i ty is being 
used to es tab l i sh a fully automated opera
t ion wh ich wi l l be the f irst on th is s c a l e in 
Aus t ra l i a . Seven au tomat ic pay s ta t ions wi l l 
be provided on the pedest r ian routes into 
the ca r pa rks . The equipment wil l accep t 
notes and co ins a s wel l a s providing change . 
Intercom and TV monitor ing wil l be l inked to 
a cent ra l contro l . 

Al though the ' P a y on Foot ' concept is not 
new to B r i sbane , at tent ion to a s p e c t s s u c h 
a s s ignage, equipment label l ing and pre-
publ ic i ty are cons idered essen t i a l if the 
s y s t e m is to gain ear ly publ ic a c c e p t a n c e . 
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Newlands 
coal wash plant, 
Queensland 
Ron Bergin 
INTRODUCTION 
C oa l mining in A u s t r a l i a is by far the largest 
export earner wi th rece ip ts of A$5 bil l ion in 
1985, accoun t i ng for more than 1 5 % of the 
coun t ry ' s total export revenue. The record 88 
mil l ion tonnes of coa l exported in 1985 
p laced it more than 10 mil l ion annua l tonnes 
ahead of second-p laced United S t a t e s . 
In 1981 MIM Hold ings Ltd. became a major 
force in the industry when it announced 
p lans that its N e w l a n d s export coa l project 
w a s to proceed with p lanned operat ion by 
mid-1984. 

A total of 5 mil l ion tonnes of coa l per year 
w a s to be expor ted through a new coa l port 
at Abbott Point (F i g . 1). T h i s would compr i se 
4 mil l ion tonnes of s teaming coa l by 1985 
from the New lands open cut mine, and 1 
mil l ion tonnes of cok ing coa l a year from the 
Co l l insv i l le cok ing coa l project. The ra i lway 
would be ex tended from Col l insv i l le to 
New lands and the new town of G lenden con
s t ruc ted to house 1,000 people. 
Abbott Point would have a s tockp i le and 
s tacker - rec la imer fac i l i t i es for 6.5 mil l ion 
tonnes per year wi th provision to ex tend . 
The port would be capab le of accommo
dat ing v e s s e l s up to 160,000 dwt and , under 
cer ta in cond i t ions , 190,000 dwt. 

T H E C O A L WASH PLANT 
In Augus t 1981, Mimets Deve lopments Pty 
Ltd. , the project a rm of MIM, engaged 
Mitchel l Co t t s P ro jec t s Pty Ltd. to des ign the 
w a s h plant, a major component of the mine 
in f rast ructure. 
Quoting from the brief to Mitchell Cotts: 
' In e s s e n c e the work wi l l involve the prepara
t ion of al l n e c e s s a r y des ign d rawings , c a l c u 
la t ions, spec i f i ca t i ons and bi l ls of quan
t i t ies to enab le the Company (Mimets) , to 
cont ract o thers for the supply and cons t ruc 
tion of the total w a s h plant faci l i ty. 
Whi le the object ive of the work def ined by 
th is brief is to des ign a w a s h plant to pro
duce 4 x 1 0 6 t/a of w a s h e d coa l (measured 
on an air dried bas i s ) the des ign must take 
account of poss ib le future product ion ex
pans ion . In par t icu lar s p a c e provis ion, and 
other provis ion a s spec i f i ed from t ime to 
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t ime by the Company , must be made for the 
addit ion of a s im i la r 4 x 1 0 6 t / a w a s h plant to 
give a total capac i t y of 8 x 1 0 6 t / a . 1 

Ove Arup & Par tne rs had built up a strong 
re la t ionship with Mitchel l Co t t s over the 
yea rs on iron ore and coa l pro jects in 
Wes te rn A u s t r a l i a and New South Wa les . We 
were therefore invited to put in a proposal 
for the s t ruc tu ra l engineer ing of the w a s h 
plant and were s u c c e s s f u l . 
We were not respons ib le for civ i l engineer
ing or foundat ions . T h e s e were to be done by 
the consu l tan t respons ib le for the overal l 
c iv i l eng ineer ing of the mine in f ras t ructure. 
Mitchel l Co t t s were respons ib le for al l pro
c e s s and s e r v i c e s engineer ing, with Arups 
respons ib le for al l support ing s t ruc ture in 
concre te and s t ruc tura l s tee l f rom the 
unders ide of b a s e p lates upwards . 
In addi t ion to the w a s h plant bui ld ings, our 
brief inc luded al l Conveyo rs and t ransfer 
towers p lus the s t ruc tura l des ign of b ins, 
set t l ing c o n e s and th ickener t anks wh ich 
formed an integral part of the p rocess itself. 

P R O C E S S DESCRIPT ION 
The raw coa l is t reated in two separa te sec 
t ions, a dry t reatment sec t i on and a wet 
t reatment sec t i on (F ig . 2). 
The run-of-mine (ROM) coa l , af ter pr imary 
c rush ing to - 7 5 m m , is stored in a raw coa l 
bin and is dry-treated by further c rush ing , 
sc reen ing and dedust ing to produce a suit
able feed for the wet t reatment sec t ion a s 
wel l a s remove a m a x i m u m of - 0 . 5 m m f ines 
wh ich are sent direct to product. A control l 
ed amount of raw sma l l coa l , 20mm to zero, 
is b y p a s s e d around the wet t reatment sec 
tion to be b lended with the wet t reatment 
product and the dry f ines, to produce a con
s is tent f ina l product. 

Raw coa l for the wet t reatment is s tored in a 
surge bin, where it is w i thdrawn at a con
trol led rate by vibrat ing feeders to undergo 
des l im ing , j igging, sc reen ing and centr i fug-
ing to produce c l ean coa l whi le s l i m e s are 
t reated in a th ickener before being dis
carded to a s l i m e s dam. T h e reject mater ia l 
from the wet t reatment is s tored in a reject 
bin for d i s p o s a l by a 77 tonne rear tip t ruck. 

DESIGN 
Design brief 
The des ign brief i ssued by Mitchel l Co t t s 
ca l led upon A rups to des ign al l s t ruc ture 
and c ladd ing of the w a s h plant for pre
scr ibed dead , live and wind loads, tak ing 
into accoun t ' dynamic loading from plant 
and equ ipment without undue vibrat ion and 
wi th in reasonab le def lect ion l imi tat ions ' . 

S A A and MIM s tanda rds were to apply 
u n l e s s spec i f i ca l l y a l tered by the brief. 

Mitchel l Co t t s would provide loading sche 
du les giving dead, l ive and dynamic cha rac 
te r i s t i cs of al l equipment to be ins ta l led . 
Mach ine vo lumes and bulk dens i t ies would 
be provided a long wi th b lockage and spi l 
lage a l l o w a n c e s for cer ta in i tems of equip
ment. 
The w a s h plant would be represented by a 
set of genera l a r rangement (GA) d raw ings 
showing p rocess , a c c e s s and ma in tenance 
s p a c e requ i rements in plan and e levat ion. 

T h e s e would form the b a s i s for the s t ruc
tural engineer to put an or thogonal s t ruc tu re 
of b e a m s , co l umns and brac ing about the 
p r o c e s s in the f irst of many des ign itera
t ions, leading to a f ina l solut ion a s the total 
des ign evolved. 
The brief inc luded des ign cr i ter ia for b e a m s 
and c o l u m n s support ing vibrat ing loads. To 
avoid r esonance dur ing start up and opera
t ion, the natural f requency of b e a m s w a s to 
be not l e s s than 1.5 t imes the imposed fre
quency . Due to the nature of the s t ruc ture , 
zero damping w a s a s s u m e d and the max i 
mum permiss ib le bending s t r e s s l imited to 
the range 48-88 M P a , the upper va lues apply
ing to low ra t ios of imposed f requency: 
natura l f requency. 

In addi t ion to v ibrat ing load ca l cu la t i ons , al l 
b e a m s were, of cou rse , to be des igned for 
dead and live load with mandatory def lec
t ion c h e c k s prescr ibed for span : depth 
ra t ios in e x c e s s of 16.5. 
C o l u m n s support ing vibrat ing loads were to 
have a m a x i m u m s l e n d e r n e s s ratio of 80 
commenc ing from the level immedia te ly 
above exc i ta t ion and terminat ing at co lumn 
base . Al l s t ruc tura l s tee l w a s to be grade 250 
in a c c o r d a n c e wi th AS1204 S t ruc tura l S tee l 
Ordinary Weldab le G r a d e s . 
Wind loading w a s to be in a c c o r d a n c e with 
AS1170: Part 2 'Wind Loads ' , a s s u m i n g a 
return period of 50 y e a r s , Terra in Category 2 
and b a s i c wind speed of 45 m/sec . In 
genera l , an impact factor of tw ice the dead 
load and/or torque react ion w a s to apply to 
se lec ted equipment and conveyor head and 
drive pu l leys , and the full e f f ec t s of 
temperature movement taken into accoun t . 
L ive load on genera l floor a r e a s w a s to be 
7.5 k P a u n l e s s spec i f i ca l l y al tered for in
s ta l la t ion or ma in tenance . 
Our work w a s to cu lm ina te with a full set of 
d imens ioned work ing d raw ings su i tab le for 
s tee l shop d raw ings to be prepared, re
in forced concre te d raw ings for sol id f loors 
comple te with kerbs and dra inage, and open 
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New Brisbane 
International Airport 
terminal access roads 
and car parks 
Clive Humphries 
Approx imate ly 13km north eas t of the city 
centre, work is current ly under way to con
struct a new internat ional airport for Br is 
bane. Serv ing one of the most rapidly develo
ping reg ions on the cont inent , the new faci 
l i t ies are schedu led to open in 1987, in t ime 
for the World E x p o to be held in B r i s b a n e in 
1988 — the year of A u s t r a l i a ' s B i cen tenn ia l . 
The dec is ion to cons t ruc t a new airport 
a rose a s a resul t of inc reas ing passenge r 
t raf f ic and the trend towards larger a i rcraf t 
in the 1970s. T h e outmoded te rmina ls , 
l imited runway length and no ise fac to rs 
served to restr ic t the extent of opera t ions at 
the ex is t i ng airport. 
The locat ion se lec ted for the new airport l ies 
immediate ly eas t of the ex is t ing main run
way and ex tends to the fr inge of Moreton 
Bay . Much of the s i te w a s an es tuar ine a rea 
of mangrove s w a m p with some low lying 
fa rmland. Work began on s i te in 1980 with 
the cons t ruc t ion of a f loodway to rep lace 
natura l d ra inage c h a n n e l s . T h e s e would be 
lost under later s t a g e s of airport cons t ruc
t ion. A m a s s i v e rec lamat ion programme 
fo l lowed, involving the p lacement of 
15,000,000m 3 of whi te sand dredged from 
the 'Middle B a n k s ' a rea of the bay. 
The ent ire project , current ly es t imated at 
A$380 M, is the responsib i l i ty of the Federa l 
Department of Hous ing and Cons t ruc t ion . 
The work is being under taken on behalf of 
the Depar tment of Av iat ion who wi l l own and 
operate the comple ted fac i l i t ies . 
Arups' involvement 
Ove Arup and Par tne rs h a s been a s s o c i a t e d 
with severa l a s p e c t s of the new interna
t ional airport . T h e most s ign i f i cant of these 
are the roads , ca r parks , s e r v i c e s and other 
lands ide fac i l i t i es a s s o c i a t e d with the main 
terminal a rea . T h i s is the s ing le largest and 
most comp lex c iv i l engineer ing consu l t ancy 
a s s o c i a t e d wi th the project. 
The s i te of the car park complex l ies at the 
north eas te rn end of Airport Drive, a new 
dual ca r r i ageway l inking with the G a t e w a y 
Arter ia l — part of the Nat ional H ighway net
work present ly being built through Br is 
bane ' s eas te rn suburbs . 
Our t ranspor t p lanning involvement at 
B r i s b a n e Airport c o m m e n c e d in 1981, some 
two y e a r s prior to the first of our commis 
s ions from D H C . At that t ime, the Depart
ment of Av ia t ion (then the Department of 
Transpor t Aus t ra l i a ) c o m m i s s i o n e d the 
B r i s b a n e Airport Transpor t S tudy , in wh ich 
a i rs ide and lands ide t ransport movements 
at the ex is t i ng airport were s tud ied. S u r v e y s 
were conduc ted of t raf f ic movements , park
ing demand , airport terminal o c c u p a n c y , 
apron o c c u p a n c y , general av iat ion move
ments and air freight act iv i ty. A n a l y s i s of 
th is da ta y ie lded important p lanning 
paramete rs subsequen t l y used by the 
Depar tment in the p lanning of the new air
port. 
In late 1982, D H C invited us to under take a 
review of ca r park ing and a s s o c i a t e d a c c e s s 
a r rangemen ts proposed for the New Br is 
bane In ternat ional Airport. T h e s e p lans had 
been prepared by D H C in response to the 
func t iona l brief prepared by DoA and dealt 
bas i ca l l y wi th the roads, car parks and ter
minal f rontage a r e a s immediate ly ad jacent 
to the domes t i c termina l . 

Our brief required us to review the then 'cur
rent' s c h e m e and two a l ternat ives , and to 
develop one of t hese s c h e m e s (or an addi
t ional , preferred ar rangement) to s k e t c h 
plan s tage . A s s e s s m e n t cr i ter ia inc luded 
t ra f f ic c i rcu la t ion , in tersect ion perfor
m a n c e , ca r park a c c e s s / e g r e s s , termina l 
kerbs ide opera t ions , pedest r ian-veh icu lar 
in teract ion and implementat ion feasib i l i ty , 
and cos t . 
A S c h e d u l e Impact Model (SCIM) w a s 
developed to determine the lands ide t rans
port d e m a n d s generated by a l ternat ive air 
p a s s e n g e r arr iva l /departure and a i rc ra f t 
movement s c h e d u l e s . S C I M used informa
tion f rom the Func t i ona l Brief to generate a 
d ist r ibut ion of passenge r movements by 
t ime of day for the terminal 'busy day ' in 
1995, ' the des ign year ' (7.091 M annua l 
p a s s e n g e r movements through an a s s u m e d 
Jo in t User Fac i l i t y ) . T h e model w a s ver i f ied 
by app l ica t ion to a 1981 a i rcraf t and 
p a s s e n g e r movement schedu le and com
par ison with da ta co l lec ted in the 1981 
B r i s b a n e Airport Transpor t Study. 

S C I M permi ts the user to spec i fy a range of 
lands ide travel pa ramete rs : a c c e s s modal 
spl i t , proport ional use of terminal kerbs ide, 
proport ion of sel f -dr ive air p a s s e n g e r s , air 
p a s s e n g e r veh ic le o c c u p a n c y and t imes of 
arr ival before and depar ture after the f l ight. 
A s the Func t i ona l Br ief did not provide infor
mat ion on some of these cr i ter ia , a f eas ib le 
range of va lues w a s tes ted for each factor , in 
order to determine the sensi t iv i ty of land-
s ide t ra f f i c movements to var iat ion in t h e s e 
key i n f l uences . 

A second computer model w a s developed to 
s imu la te the park ing d e m a n d s occur r ing at 
the terminal kerbs ide. T h i s model u s e s the 
' busy day ' air passenge r arr iva l /departure 
distr ibut ion and lands ide travel pa ramete rs 
to s imu la te peak period kerbs ide parking 
demands . Addi t iona l da ta inputs are propor
t ions of air p a s s e n g e r s wi th baggage and 
distr ibut ion of ca r and tax i drop-off and pick
up t imes at kerbs ide. 

The review of the var ious s c h e m e s led to the 
recommendat ion of an a l ternat ive layout 
wh i ch d i sp layed improved per fo rmance with 
respect to the nominated a s s e s s m e n t cri
ter ia. In par t icu lar , the a n a l y s i s of terminal 
kerbs ide park ing demands had ind icated an 
inadequacy in kerbs ide capac i t y ; a twin car
r iageway termina l f rontage road w a s there
fore proposed, e f fec t ive ly doubl ing kerbs ide 
capac i t y . 
By the t ime the des ign development s tage 
c o m m e n c e d in Apri l 1984, s a n d f i l l ing, vary
ing from 2 to 3m in depth had been p laced 
over the major i ty of the s i te. A n a l y s i s , under
taken by Arup G e o t e c h n i c s , involved a re
view of the numerous inves t iga t ions under
taken by D H C s i n c e the start of the project. 
T h e s e inc luded subso i l da ta , conso l ida t ion 
predic t ions, and cons t ruc t ion and sett le
ment moni tor ing. F rom the pa ramete rs iden
t i f ied, a s s e s s m e n t s were made of short-
term and l i fet ime set t lement and other 
des ign cr i te r ia . 

In addi t ion to the des ign of termina l a c c e s s , 
p lanning cons ide ra t i ons inc luded provis ion 
for: a through road to serve the genera l av ia
tion a rea and ai r l ine freight and cater ing 
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T ide levels in Sydney Harbour have been 
observed for nearly a century at nearby Fort 
Denison. T h e t idal range is not great — 
about 2m annua l ly , and the highest ob
served level of s torm surge and t ide, at 
1.48m Aus t ra l ian Height Datum (AHD), is 
approx imate ly 0.3m above highest astro
nomica l tide. T h i s recorded da ta gave a sol id 
base from wh ich predic t ions can be made 
(F i g . 5). 
Wave heights are not so readi ly deter
minable and were the sub jec t of both theore
t ica l s tudy and s i te observat ion. 
Waves are c a u s e d by both wind and boat 
t ra f f ic . 
Wind waves were determined by the method 
of Bre tschne ider from wind da ta provided by 
Pro fessor W. Melbourne of Monash Univer
si ty who had resu l t s of a comprehens ive 
a s s e s s m e n t of the wind c l imate of Sydney 
based upon the anemometer records of 
meteorological s ta t i ons and terrain model
ling in a boundary layer wind tunnel . The s i te 
is she l tered, the fe tches were not great and 
the peak w a v e s for the relevant d i rect ions 
are of the order of 1m for a 50-year return 
period (F ig . 6). 
Severa l invest igat ions were under taken to 
determine the height of w a v e s generated by 
di f ferent c l a s s e s of boat t raf f ic . T h e Water 
R e s e a r c h Laboratory of the Univers i ty of 
New South Wa les , together with the N S W 
Department of Pub l ic Works , were commis
s ioned to m e a s u r e w a v e s generated by 
hydrofoi l , ferr ies and other t raf f ic near the 
s i te and e l sewhere . Other movements were 
taken on a wave s t ick a t tached to the 
Sydney Opera House skir t ing pane ls , and 
back ca l cu la t i ons carr ied out to give inci
dent wave ampl i tude. Br ief ly , hydrofoi ls 
generate the h ighest w a v e s (F i g . 7), parti
cu lar ly the outward bound hydrofoi l a s it 
c l imbs onto the p lane. C a t a m a r a n ferr ies 
and heavy d isp lacement ferr ies, a l though 
more frequent than the hydrofoi l (one 
p a s s a g e every two minutes at rush hour), 
generate markedly lower w a v e s . 
A b a s i c des ign interval of 200 minutes w a s 
adopted for examina t ion . T h i s w a s se lec ted 
because , wi thin the t idal cyc le , the water 
level rema ins within 0.2m of high water for 
approx imate ly three hours. In th is interval , 
there will be on average 30 hydrofoi l pass 
ages , 100 ferry p a s s a g e s and 6,000 wind 
w a v e s . The combinat ion techn ique adopted 
is known a s Tu rkes t ra ' s Ru le and t akes an 
appropr iate peak wave from one sou rce and 
comb ines it wi th the mean w a v e s from other 
s o u r c e s . The peak boat wave w a s taken a s 
2.0 s tandard dev ia t ions above the mean for 
the hydrofoi l , and 2.3 s tandard dev ia t ions 
for the ferr ies. The peak wind wave w a s 
taken a s 1.7 t imes the s ign i f icant wave 
predicted (the average of the highest one 
third of al l waves ) . T h e v a r i o u s c o m b i n a t i o n s 
were determined and a des ign probabil i ty 
es tab l i shed (F ig . 6). 

Wave deflector 
Var ious conf igura t ions of wave def lector 
were tested in the f lume at the Univers i ty of 
New South Wa les . The geometr ic arrange
ment of a wave def lector is for an overhang 
to turn the wave back on itself during reflec
t ion, wh ich is i l lustrated by the photograph 
of one of the tes ts in F ig . 8. Both the angle 
and d imens ions of the overhang c a n be 
changed , and exper iments were carr ied out 
on varying combina t ions to f ind the most 
su i tab le wi th in an accep tab le arch i tec tura l 
profi le. The f inal se lec ted shape is shown in 
F ig . 9. 
The per formance of th is wave def lector 
under the in f luence of predicted w a v e s for 
var ious probabi l i t ies could then be deter
mined. It w a s es tab l i shed that at overtop
ping there w a s a ratio between the height of 
the incident wave to the height of the c res t 

13. Cons t ruc t i on in J u l y 1986 (photo: J o h n Nutt) 

above st i l l water . T h i s rat io permitted the in
dependent probabi l i t ies of incident w a v e s 
and sti l l water levels to be combined to 
develop the inter-related probabil i ty of over
topping, wh ich is represented in F ig . 10. 
There are a number of w a y s of exp ress ing 
the r isk of overtopping, one method being to 
ca l cu la te the f requency of overtopping for 
var ious c res t leve ls and related wave 
generat ing events . A se lec t ion of these is 
shown in F ig . 11 . 

An a s s e s s m e n t w a s made of the vo lumes of 
'g reen ' water wh i ch would surge over the 
c res t if ex t raord inary wave even ts occur red , 
so a s to des ign an appropr iate dra inage 
s y s t e m . 

Construction techniques 
Being over the water , the concou rse is in 
many w a y s l ike a wharf , except for one 
cr i t ica l factor — it cannot be cons t ruc ted 
us ing the s a m e techn iques s ince the deck 
level is wi thin the intert idal range. Under 
both temporary and permanent condi t ions, 
uplift fo rces act on the unders ide. T h o s e 
hydrosta t ic fo rces are both s ta t i c and 
dynamic being due to t ides and w a v e s . 
A number of cons t ruc t ion opt ions were 
developed and cos ted . One w a s to build the 
s lab high above water level and lower large 
f in ished deck a r e a s down onto the pi les and 
lock into p lace — a reverse lift s lab tech
nique. Another w a s to build the s lab within a 

dewatered sheet pile c a i s s o n . The adopted 
procedure is shown in F i g s . 12(a) to (d). 
The s l ab is built on rec la imed ground behind 
a m a s s concre te s e a wal l . Init ial ly, two 
paral le l l ines of s tee l sheet pi l ing, 4m apart , 
are driven a long the line of the concou rse 
edge. The mar ine sed imen ts are dredged out 
to rock level , a depth of up to 5m in p laces , 
but averag ing 3m. A m a s s concre te gravity 
wal l is cons t ruc ted by tremie methods to 
just below low water level, after wh ich the 
top is dewatered so that the upper wal l sec
t ions and the wave def lector c a n be con
s t ruc ted in the dry. Be tween th is seawa l l 
and the land the area is f i l led to the under
s ide of the s lab so that, when dewatered, the 
s lab c a n be c as t on the fill su r f ace in the dry. 
P i l es at approx imate ly 8m cen t res carry the 
loads to the under ly ing rock. 
The work is current ly wel l advanced (F ig . 13) 
and it is an t ic ipa ted that const ruc t ion wi l l be 
completed by J u l y 1987. 
Credits: 
Client: 

N S W Depar tment of Pub l i c Works 
Architect: 
N S W Government Arch i tec t . 
S p e c i a l P r o j e c t s B r a n c h , in a s s o c i a t i o n wi th 
Ha l l , B o w e & Webber 
Construction manager: 
J o h n Ho l land C o n s t r u c t i o n s Pty L td. 
Seawall contractor: 
C o s t a i n - A u s t r a l i a L td . 
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3. R a w coa l bui ld ing 

mesh floor layouts tor minor f loors and plat
forms. 
Interim mi les tones inc luded a prel iminary 
s tee l order of major sec t i ons and p lates to 
of fset long lead t imes with s tee l delivery, 
and load d iag rams for the civi l eng ineers to 
des ign foundat ions for our s t ruc tures . 

Structural planning 
The s t ruc tura l componen ts of the w a s h 
plant could be broken down into a number of 
d isc re te des ign packages . There w a s the 
raw coa l bui lding and the washery l inked by 
a se r i es of conveyors t ransport ing coa l in 
var ious s t a g e s of preparat ion (F ig . 4). With in 
the raw coa l bui lding and washery were raw 
s m a l l s b ins and surge b ins respect ive ly , 
e a c h a separa te des ign package a s were the 
set t l ing c o n e s and th ickener t anks beyond 
the washery on the 'product ' s ide. There w a s 
a lso the s tand a lone reject bin. 

We therefore set up two des ign teams , one 
under J o h n Ryder respons ib le for both the 
raw coa l and w a s h e r y bui ld ings, the other 
under A lan S a x o n for conveyors , b ins, sett
ling c o n e s and th ickener tanks . 
Ian Mackenz ie w a s consu l ted on the most 
appropr iate way to plan des ign and docu
mentat ion, for he had led the des ign team on 
two previous heavy medium coal w a s h e r y s 
at S a x o n v a l e and S tock ton Borehole in the 
Hunter Val ley of New South Wa les . We 
resolved that p lans and e levat ions for each 
level and e a c h grid l ine longitudinal ly and 
lateral ly would be drawn for both bui ld ings 
in order to give us f lexibi l i ty to document 
c h a n g e s to any deta i l , wh ich invar iably 
a rose given the i terat ive nature of th is type 
of des ign . 

We were not s tar t ing from s c r a t c h . Mitchel l 
Co t ts G A d raw ings were set out around an 
orthogonal spac ing for co lumns and beams 
that, by exper ience , could be quickly worked 
into a support ing s t ructure. We were thus 
able to c o m m e n c e draf t ing p lans and eleva
t ions concur rent wi th f rame a n a l y s i s for 
overal l load support and stabi l i ty. 
It w a s n e c e s s a r y at th is t ime, to agree upon 
a brac ing pr incip le so that the distr ibut ion of 
horizontal force through the s t ruc ture could 
be a s s e s s e d . Despi te the d isadvantage of 
low dead load to counteract uplift, we 
agreed al l brac ing be p laced in outs ide bays 
c lear of the main p r o c e s s itself. 

Storage structures 
The raw s m a l l s b ins, surge b ins, set t l ing 
c o n e s and reject bin compr ised the s torage 
s t ruc tu res of our commiss i on . In al l c a s e s 
these were of s tee l plate const ruc t ion 
a l though the form and s t ructura l s y s t e m 
var ied. 
The pr inc ipal load ings on these s t ruc tu res 
resul ted from the stored mater ia l , th is being 
coa l at var ious s t a g e s of the p rocess 
through the plant. Current des ign methods 
for th is type of s t ruc ture recognize two b a s i c 
loading cond i t ions during charg ing and dis
charg ing, these general ly being referred to 
a s s ta t i c and dynamic loadings. Genera l l y 
the dynamic load ings are more onerous than 
the s ta t i c c a s e . 
A number of methods for the determinat ion 
of p r e s s u r e s wi th in the bin are ava i lab le , 
wh ich , to a lesse r or greater extent, recog
nize the e f f ec t s of s ta t i c and dynamic 
loadings. In Aus t ra l i a , at the Univers i t ies of 
Newcas t l e and Wol longong, cons iderab le 
resea rch effort h a s been d i rected to 
at tempt ing to rat ional ize the var ious des ign 
app roaches and identify su i tab le methods 
in an a rea of engineer ing a n a l y s i s wh ich is 
st i l l somewha t empi r ica l . 
Af ter a review of the ava i lab le methods we 
fo l lowed the approach identi f ied by the 
above-ment ioned un ivers i t ies and th is 
resu l ted in p ressure determinat ion us ing the 
methods proposed by J a n s s e n , J e n i k e , 
Walker and Wal te rs . The bas i c input to the 
a n a l y s i s w a s the bin geometry, wh ich w a s 
def ined by Mitchel l Co t ts , and coa l proper
t ies. T e s t s were carr ied out on what w a s con
s idered to be representat ive s a m p l e s to 
es tab l i sh the n e c e s s a r y propert ies. F rom 
th is da ta , us ing the methods ment ioned, 
p ressu res were es tab l i shed . T h e s e var ied 
with locat ion and s t ruc ture up to a max imum 
of around 300 kpa a s a local p ressure con
cent rat ion. 

The s t ruc tura l a n a l y s i s methods adopted 
var ied wi th the s t ruc tu res b e c a u s e of their 
geometry and form. The raw s m a l l s and 
surge b ins, being p lane-s ided, cons i s ted of a 
se r i es of two-way p la tes supported by 
beams , and the approach adopted w a s to 
use s tandard formulae for p la tes together 
with ske le ta l f rame a n a l y s i s where neces
sary . T h e reject bin and set t l ing cone were 
cy l indr ica l and con ica l in shape and the 

f inite e lement method w a s used with 2D 
membrane or plate bending e lements . The 
a n a l y s i s w a s carr ied out us ing the f inite ele
ment program P A F E C . 
In the c a s e of the set t l ing cone, an a x i s y m -
metr ic model w a s used and for the reject bin 
a V* sec to r w a s ana lyzed . 
Design sequence 
St ruc tu ra l des ign commenced by s tudy ing 
the G A s and locat ing loads from the equip
ment load s c h e d u l e s . Prel iminary beam 
s i z e s were determined for the purpose of 
check ing headroom and c l e a r a n c e s for 
equipment, a c c e s s , chu tes and pipework. 
At tent ion w a s f o c u s s e d on a r e a s car ry ing 
vibrat ing mach inery and al though much of 
the load informat ion w a s prel iminary at th is 
s tage, wi th s o m e knowledge of the imposed 
f requency, a reasonab ly accu ra te es t ima te 
of beam s ize could be determined and future 
problems avoided in these cr i t ica l a r e a s . 
A s y s t e m ot s imp le c r o s s brac ing w a s 
developed for e a c h grid l ine in a c c o r d a n c e 
with the pr inciple to avoid the main plant 
a rea , and c h e c k s made that adequate c lear
ance ex i s ted for a c c e s s , pipework and 
chu tes . Where c l a s h e s occur red , the brac
ing w a s conver ted to K or A brac ing to avoid 
the conf l ic t . 

Des ign then proceeded on an i terat ive b a s i s 
between s t ruc tura l and p rocess / se rv i ces 
engineer unti l it w a s complete for the f inal 
cho ice of equipment type and load. Marking 
p lans and e levat ions were completed for 
e a c h level and grid and c ross- re fe renced to 
connect ion deta i ls for each dif ferent node 
type. 
Concurrent with bui lding des ign, separa te 
des igns were prepared for the conveyor 
s y s t e m , raw s m a l l s and surge b ins, set t l ing 
c o n e s , th ickener t anks and reject bin. 
The des ign programme ca l led for a prelimi
nary s tee l order (PSO) to be p laced at the end 
of week 15 so that the majori ty of s tee l 
would be ava i lab le to the fabr icator at the 
start of h is cont ract . The P S O w a s to conta in 
al l sec t ion and plate that had been des igned 
to that date, espec ia l l y those s i zes not nor
mal ly held by s tock i s t s . Cont rac t docu
ments were wri t ten that the s u c c e s s f u l fab
r icator would take p o s s e s s i o n of the order 
from the cl ient and be respons ib le for a se
cond order enabl ing complete fabr icat ion in 
a c c o r d a n c e with the working d rawings . 17 



18 

COMPONENT PARTS 
Buildings 
The raw coa l bui lding is a seven level struc
ture s o m e 28.5m in height over a plan a rea ot 
28.7m x 23.8m (F ig . 3). It is set out on a 
regular grid vary ing in spac ing from 
3 . 7 m - 8 . 3 m to suit plant layout. Genera l l y 
310 U C c o l u m n s were used with b e a m s rang
ing from 200 U B - 760 U B depending on load 
and s p a n . The major i tems of plant con
ta ined in the bui lding and their operat ing 
loads are tert iary c r u s h e r s (92 tonnes) , raw 
coa l b ins (300 tonnes) and dedus te rs (196 
tonnes) . R a w coa l s c r e e n s and raw s m a l l s 
feeders imposed loads at 1 4 H £ and 3 3 H £ re
spect ive ly . 
The washe ry is a larger s t ruc ture measur ing 
39m x 40.4m in plan but r is ing to approxi
mately the s a m e height (F ig . 5). A s with the 
raw coa l bui lding it is complete ly open at the 
s ides but does have roof c ladd ing, a detai l 
most su i ted to the high temperature, low 
rainfal l c l imate . Gr id spac ing var ied from 
3 . 8 m - 6 . 0 m with 310 U C and the complete 
range of U B s being employed for co lumns 
and beams . Major loads carr ied in the build
ing were from surge b ins (170 tonnes) and 
ba tac j igs (240 tonnes) . S c r e e n s and feeders 
imposed loads of s imi la r f requency to the 
raw coa l bui lding. 
B e a m s were general ly des igned a s s imply 
supported with cont inuous two span beams 
only used to meet headroom requi rements 
or avoid plate gi rders. In al l c a s e s these were 
beams sub jec t to dynamic or except iona l ly 
heavy loading. Where ef fec t ive lengths were 
e x c e s s i v e , hor izontal floor brac ing w a s pro
vided to reduce beam s i zes . 
B e a m end connec t ions were rat ional ized by 
adopt ing a s imple fin plate detai l a s s tand
ard for the s ta t i c load c a s e (F ig . 6). Where 
the shea r exceeded the fin plate capac i t y , 
th is w a s rep laced by an end plate detai l 
bolt ing to the beam or co lumn a s the c a s e 
may be. For dynamica l l y or tors ional ly 
loaded b e a m s , full depth end p la tes with 
lowered f lange p la tes on coped beams were 
adopted a s s tandard deta i l . 
M20 bol ts were adopted a s s tandard with 
some M24 used in larger connec t ions . Al l 
bol ts were torqued to avoid nuts v ibrat ing 
loose. T B (bearing) w a s spec i f ied a s the 
bolt ing s y s t e m with T F (fr ict ion) used only 
where non-sl ip jo ints were required. 
3 1 0 U C 9 7 worked wel l a s the s tandard 
co lumn s ize with h e a v i e r 3 1 0 U C s used a s re
quired. End-bear ing co lumn sp l i ces were 
spec i f ied , with M24 and M30 HD bolts used 
in a s e r i e s of s tandard base plate deta i ls . 
Angle X-brac ing w a s used a s a first 
preference, with S H S A-brace or K-brace 
conf igura t ions adopted where X-brac ing 
cou ld not be coord inated with p rocess or ac
c e s s requ i rements . Cent re l ines of brac ing 
members were made coinc ident with the 
face of the co lumn web or f lange. In th is way 
brac ing c l ea t s were a l w a y s welded to the 
beam and hence the beam end connect ion 
w a s required to t ransfer shear (and t r iax ia l 
where these occurred) fo rces only. Resul t 
ing eccen t r i c load bending moments about 
co lumn major a x e s were quite low and eas i l y 
accommoda ted . 

Hor izontal ' in floor' brac ing w a s used where 
concre te f loors were not present to t ransfer 
horizontal f o rces to ver t ica l brac ing. T h e s e 
were detai led a s pre-welded horizontal 
t r u s s e s bolted into posi t ion to avoid the 
need to fit numerous sma l l members and so 
s low down the erect ion p rocess . 

Conveyors 
The conveyors within the w a s h plant are all 
e levated and supported from a se r i es of 
t rest le f r ames (F ig . 7). E a c h conveyor either 
te rminates at a bui lding or t ransfer tower at 
wh i ch the conveyor is supported both verti
ca l ly and lateral ly. 

4. C o a l preparat ion plant 

5. W a s h e r y 

During the ear ly s t a g e s of des ign develop
ment, e f for ts were made to rat ional ize the 
conveyor support ing s t ructure to s impl i fy 
cons t ruc t ion and reduce cos t s . Typ ica l ly 
e a c h conveyor is supported by a box t russ 
wh ich genera l ly s p a n s 12 to 18m. The trus
s e s are 1.34m wide and 1m deep and fab
r icated from ang le members with R H S end 
f rames , al l being ful ly welded cons t ruc t ion . 
The support t res t les are bas ica l l y plane 
f rame s t ruc tu res ranging in height from 3m 
to 21m. T h e t res t les were rat ional ized into 
three fami l ies and were fabr icated from 
un iversa l beam sec t ion legs between 410 
and 250mm in depth with angle K or 
X-brac ing and bolted connec t ions . 

Raw smal ls bin 
The raw s m a l l s bin is located in the raw coa l 
bui lding and inc ludes a se r ies of s c r e e n s 
within the bin i tself . The bin is in fact one of a 
pair cons is ten t wi th the two paral le l produc
tion l ines wh ich run through the w a s h plant 
complex. E a c h bin is 7.1m w i d e x 6 m deep 
wi th an overal l height of 13m. Charg ing is 
through a s ingle hopper over the full width 
with two d i scha rge hoppers at the b a s e of 
each bin. The nominal wash ing capac i t y of 
e a c h bin is 175 tonnes and for s t ruc tura l 
ca lcu la t ion the b ins were rated at 300 
tonnes e a c h . 
The bin s i des are planar and cons t ruc ted 
from flat p la tes with t h i c kness vary ing from 
10mm to 20mm. The p la tes are supported on 
a se r i es of seconda ry suppor ts from 127 x 64 
channe l , and pr imary suppor ts act ing a s 
ring b e a m s ranging in s ize from 200 U B to 
760 U B . 

Sta t i c load 

S t a t i c load 
High s h e a r 

D y n a m i c load 
Tors iona l load 

F a c e ol l lange 
or web 

B r a c i n g setout 

6. B e a m end s tanda rd de ta i l s 
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9. S e l e c t e d wave def lec tor prof i le 
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10. Probabi l i ty of over topping 
for wave and tide comb ina t ion 

engineer ing for the reconst ruct ion of the 
O v e r s e a s P a s s e n g e r Termina l , and we act a s 
coordinator between the lead consu l t an t s 
for three prec inc ts in C i rcu la r Quay West . 
Pe rhaps the most techn ica l l y cha l leng ing 
h a s been the mar ine work a s s o c i a t e d with 
the Opera House forecourt . 
Jo rn Utzon 's concept of the Opera House 
she l l s s tand ing on a grani te pl inth, to be 
approached by the monumenta l s ta i rs from 
the forecourt , has been the star t ing point. A 
covered wa lkway , above ground, would 
separa te the forecourt from the harbour. In 
an enl ightened solut ion, Ande rsons ins tead 
h a s posi t ioned it below ex is t ing ground level 
a long the wa te r ' s edge. But those ground 
levels are very low, only 1.5m above the 
highest t ides, and to avoid the p a s s a g e 
becoming an enc losed tunnel , it h a s been 
left open on the s e a w a r d s ide. The result is a 
new concou rse on two levels, one covered 
and the other open, along wh ich pedes t r ians 
can walk (F ig . 3). T h e lower level wil l provide 
shel ter and accommodat ion for c a f e s and 
shops , the upper concou rse wil l be ter raced 
to permit outdoor sea t ing and eat ing. 

The demanding techn ica l cha l lenge c a m e 
from two a r e a s . F i rs t ly , having to p lace the 
parapet , wh ich inc ludes a wave def lector, at 
an appropr iate level — not too high so a s to 
block light and air f rom the lower concou rse 
wa lkway , not too low s o that on o c c a s i o n s 
'green water ' would overtop the parapet. 

Second ly , dev is ing a const ruc t ion tech
nique for the lower s l ab wh ich w a s to be con
s t ruc ted beyond the ex is t ing s e a wal l at a 
level of 2m below the highest of t ides. 

The genera l ar rangement , now somewha t 
changed in detai l but not in pr inciple, is 
shown in F i g . 4. 

Water levels and waves 
The invest igat ions wh ich resul ted in the 
determinat ion of the height of the wave 
def lector developed over a s ix-month period 
with major parameters chang ing from t ime 
to t ime a s the des ign developed. 
Water leve ls a long a s e a wal l are determined 
by the height of the t ides and the interact ion 
of w a v e s impinging on the wa l l . In the ex
t reme c a s e of a ver t ica l wa l l , the ref lected 
wave in ter feres with the approaching wave 
so that a s tand ing wave of double the height 
resu l ts . A wave def lector would turn th is 
back on i tself and permit a lowering of the 
wal l c res t . 

1 1 . Probabi l i ty of s e l e c t e d wave generat ing even ts overtopping a des igna ted c res t level 

C res t level C o m b i n e d High tide level A H D Hydrofoi l wave (m) Ferry wave (m) Wind wave (m) 
(m AHD) f requency frequency f requency f requency f requency 

2.5 A H D Once /100y rs 1.50 0.90 0.30 — 

Once/100yrs Highest73hrs Average 

2.4 A H D Once/20 yrs 1.25 0.90 0.30 0 15 
Once /5y rs H ighes t /3hrs Average Once /week 

2.3 A H D Once/5 y rs 1.15 0.90 0.30 0.15 
Once/year H ighes t /3hrs Average Once /week 

2.2 A H D Once/year 1.10 0.90 0.30 0.15 
Twice/year H ighes t /3hrs Average Once /week 

2.1 A H D Once/month 1.0 0.90 0.30 0.15 
Once/f 'night H ighes t /3hrs Average Once /week 

Whal ings Struts 
Exist ing 
structure 

OOOmAHD 

Sheet 

Struts it required 

Marine 
deposit 

Rock 
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12(b). T remie m a s s conc re te wa l l 
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and pour upper wa l l sec t i on 

S a n d s t o n e 

12(d) R e m o v e sheet pi l ing, p lace fil l behind wa l l 
dewater to below s l a b level and pour floor s l a b 



3. S y d n e y Opera H o u s e a p p r o a c h e s 
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4. Upper and lower c o n c o u r s e leve ls 
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6. Wave height probabi l i ty 

7. Hydrofo i l ferry (Photo: J o h n Nutt) 

8. Water R e s e a r c h Laboratory wave f lume test 
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5. Return per iod of recorded water leve ls at Fort Den ison (AHD) 

The ra i lway stat ion and ferry terminal are 
rep lanned. Part of the ove rseas shipping 
passenger termina l , built in the d a y s of 
m a s s migrat ion to Aus t ra l i a and now too 
large for i ts cru ise-re la ted act iv i t ies , wi l l be 
demol ished to make way for a park; and ex
panded to a c c o m m o d a t e res tauran ts . The 
Mari t ime S e r v i c e s Bui ld ing, headquar te rs 
for S y d n e y ' s port author i ty, wil l become the 
home for the Power Col lect ion of Art. Camp
bel l 's Cove , a sma l l indentat ion c l ose to the 
tourist a rea of The R o c k s , wil l be str ipped of 
its ageing t imber wha rves , bui ld ings and car 
parks and re juvenated by landscap ing and 
paving. F i rs t F leet Park wil l be reshaped and 
replanted. T h e resu l ts of haphazard develop
ment wil l be put right. 
Our role e n c o m p a s s e s coordinat ion, man
agement and engineer ing. There are seven 
d is t inct p rec inc ts in the project involving 
four a rch i tec tura l f i rms ac t ing under the 
direct ion of Andrew Andersons , the A s s i s 
tant Government Arch i tec t . In addit ion to be
ing lead consu l tan t on the Opera House 
forecourt prec inct , we are providing the civi l 
engineer ing on three others , s t ruc tura l 

3 
7. C o n v e y o r s 10. Gene ra l v iew of N e w l a n d s coa l w a s h plant 

8. Set t l ing c o n e s 

Surge bin 
The surge bin is located in the main washery 
bui lding at the start of the coa l wash ing pro
c e s s . A s wi th the raw s m a l l s bin, the surge 
bin is in fact a pair of b ins to sa t i s f y each 
p r o c e s s l ine. The b ins are 7.2m wide, 4m 
deep and 7.5m high. A s with the raw s m a l l s 
bin, e a c h bin h a s a s ing le charg ing hopper 
and dual d i scha rge chu tes . 
The nominal work ing capac i t y of each bin is 
100 tonnes with a capac i t y for s t ruc tura l pur
poses of 170 tonnes. 

The bin s i des are p lanar and made up from 
p la tes ranging in t h i c kness from 8mm to 
16mm suppor ted on 2 3 0 x 7 6 channe l 
secondary beams . Aga in pr imary b e a m s act 
a s ring b e a m s and are fabr icated from 
310 U C sec t i ons . 
The b ins are suppor ted from the main f rame 
members in the washe ry bui lding and are 
total ly integrated into i ts s t ructure. 
Settling cone 
The set t l ing cone (or pair of cones) are 
located outs ide the washery bui lding at the 
end of the wash ing p rocess (F ig . 8). A s the 
name impl ies they are used to set t le so l ids 
from what is bas ica l l y a l iquid and hence the 
loading is di f ferent from the bin s t ruc tu res 
desc r ibed . 
E a c h inverted cone is 16m in diameter, 14m 
high with the top of the cone located 24m 
above ground level. The operat ing capac i t y 
of e a c h cone is 160 tonnes , the sel f weight 
approx imate ly 60 tonnes and the support 
f rame 40 tonnes. 
To give a p leas ing form to such large st ruc
tures, c ross -b rac ing between the support ing 

7 

9. Re jec t b ins 

co lumns w a s e l iminated and v ierendeel 
ac t ion rel ied upon between tubular beams 
and co l umns to provide stabi l i ty. 
P la te t h i c k n e s s wi th in the cone var ied from 
12mm to 20mm at the ring beam, with the 
support f rame fabr ica ted from 813mm dia
meter tubes with 508mm diameter hori
zontal brac ing members . 
Reject bin 
The reject bin is a se l f -conta ined cy l indr ica l 
s t ruc ture wi th cone-shaped roof and hopper 
e lemen ts supported at four points on a 
braced f rame (F ig . 9). 
The bin is 9m in d iameter wi th an overal l 
height of 15m. The nominal capac i t y of the 
bin w a s 300 tonnes with a capac i ty for struc
tural pu rposes of 450 tonnes. It w a s con
s t ruc ted from 10 to 12mm plate and the sup
port f rame w a s fabr icated from 310 U C and 
630 U B sec t i ons . 
P R O J E C T C O N T R O L 
A s wi th al l pro jects in the natural resource 
development industry, project control pro
cedu res on t ime and cos t were comprehen
sively def ined in the brief. 
The proposal on wh ich we were commis
s ioned con ta ined a complete schedu le of 
the d raw ings and documen ts to be produced 
together with an out l ine programme detai l
ing engineer ing and draft ing a s s i g n m e n t s 
over the durat ion of the project. T h e s e were 
e x p r e s s e d a s cumula t i ve man w e e k s 
S-cu rves and formed the b a s i s for monitor
ing our p rogress at four-weekly in tervals , co
inciding with the c l ien t ' s overal l project 
monitor ing. 

At the end of e a c h so-cal led cost period, the 
brief ca l led for a s t ructura l eng ineer 's report 
detai l ing the ach ievemen ts in the per iod, the 
current approved budgeted manhours for 
the ent ire project, any c l a i m s for i nc reased 
manhours due to change of scope , and a 
progress report compar ing ac tua l p rogress 
aga ins t the S-curve. Correct ive p roposa ls 
were required for any short fa l l . 
T ime b a s i s fee c l a i m s were submit ted at the 
end of e a c h cost period supported by cop ies 
of project t ime s h e e t s drawn up to co inc ide 
with the period da tes . 

C O N C L U S I O N 
Mobil izat ion for the Newlands Mine Project 
— Coa l W a s h Plant had c o m m e n c e d in 
November 1981. In J u n e 1982 the commis 
s ion w a s formal ly conc luded. In that period 
we had des igned and detai led some 1,400 
tonnes of s t ruc tura l s teelwork, ex tens ive 
concre te works and accepted ex tens ions of 
our c o m m i s s i o n to lead the bui lding des ign 
team on the four-storey control bui lding and 
other per iphera ls . 
We had worked wi th p rocess eng ineers a s 
our pr inc ipal consu l tan t and contr ibuted to 
a des ign where s t ructure is total ly subor
dinate to the p rocess itself. We had made 
judgements to ensu re rel iable operat ing per
fo rmance, for any mal funct ion caus ing par
t ial or total shut-down involved l o s s e s far in 
e x c e s s of any sav ings acc rued by ref ined 
des ign. New lands had required a sound f irst 
pr inc ip les approach to i ts unique set of 
des ign prob lems. 
On 3 December 1983, the Governor of 
Queens land , S i r J a m e s R a m s a y , o f f ic ia l ly 
opened the New lands Mine Project . In 
mid-1984 New lands produced i ts f irst coa l , 
on schedu le . It is now operat ing at full 
capac i t y ach iev ing outputs in e x c e s s of 
targets , the ha l lmark of a s u c c e s s f u l enter
pr ise. 
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The R&l Bank tower 
Dan Ryan 
Architect: Cameron, Chisholm & Nicol 

The brief 
In Augus t 1980 the Bond Corporat ion i s s u e d 
te rms of re fe rence to s tudy and eva lua te the 
des ign of an o f f i ce tower on the P a l a c e Hotel 
S i te , S t . G e o r g e ' s Te r race , Per th , whi le re
ta in ing the or ig inal three storey P a l a c e 
Hotel Bu i ld ing wh ich ca r r i es a Nat ional 
Trust C l a s s i f i c a t i o n . 
The a rch i t ec t s , C a m e r o n Ch i sho lm & Nico l , 
and the consu l tan t team, developed a 
d ramat i c 48 s torey bui lding wh ich sa t i s f i ed 
the major parameter that al l o f f i ces shou ld 
face the exce l len t v i e w s of the S w a n River, 

VZZ22. 
• / / / / / / / / / 

Clay ? , / / / / / ; ? , 

S i l tstone 

1. S e c t i o n through the bui ld ing 

down i ts length to F remant le Harbour and 
the Indian O c e a n . At the s a m e t ime it 
responds to the Old P a l a c e Hotel and the 
two major roads wh ich in tersect at the cor
ner of the s i te . 
The site 
The s i te is on the north eas t corner of the 
in tersect ion of Wi l l i am Street and St . 
Geo rge ' s T e r r a c e in cent ra l Perth and is 
67.1 x 58m. T h e or ig inal P a l a c e Hotel occu
pies the front corner of the s i te . Cons t ruc ted 
during the hec t i c go ldrush d a y s in 1894 for 
J o h n de B a u n , it h a s been a landmark for 
Western A u s t r a l i a n s for many y e a r s . 
The design 
The so lut ion adopted w a s to provide a build
ing wi th a t r iangular floor p lan, that f aced 
south wes t t owards the predominant v i ews 
and the Old P a l a c e Hotel . A s e r i e s of bay 
w indows on a 6m module were formed on the 
main f acade to provide s i x 'corner w indow' 
o f f i ces in the pr ime posi t ion on e a c h floor. 
Al l se rv ice a r e a s , l i f ts, s t a i r s , to i le ts and air 
handl ing rooms are located on the northern 
and eas te rn f a c a d e s where the out look is 
much l e s s in terest ing. 
The bui lding at 207m high above ground 
floor level wil l be the ta l lest in Perth and the 
third ta l lest in Aus t ra l i a . T h e t r iangular 
f loors have a s ide d imens ion of 42m, giving 
net let table floor a r e a s of 8 6 6 m 2 for med ium 
and high r ise and 7 8 2 m 2 for low r ise f loors. 
There are two b a s e m e n t s for car -park ing 
and an open pedest r ian p laza a rea at ground 
floor. 
The ground floor foyer is 20m high so that 
the f irst f loor is above the roof level of the 
P a l a c e Hote l . An ac ry l i c canopy wil l l ink the 
tower ground floor and p laza a rea wi th the 
Old P a l a c e Bu i ld ing . 
Above ground floor, there are 48 s to reys of 
o f f i ce and execu t i ve accommoda t i on . The 
three topmost f loors in the t r iangular sp i re 
wi l l house the pr inc ipal execu t i ve su i t es . 
The c ladd ing to the bui lding c o n s i s t s of 
double-pane g l a s s and f luoropolymer-
coated a lumin ium panel cur ta in wa l l i ng . 

Programme 
Cons t ruc t ion of the d iaphragm w a l l s com
menced in Augus t 1981. E x c a v a t i o n and in
s ta l la t ion of ground a n c h o r s fo l lowed, then 
p i les were ins ta l led from basement level. 
Cons t ruc t i on cont inued unti l the ground 
floor w a s comple te in Apri l 1983 then c e a s e d 
whi le a pr inc ipal tenant w a s sought for the 
bui lding. 
The Rura l and Industry B a n k of Western 
Aus t ra l i a jo ined wi th the Bond Corporat ion 

a s a joint venturer and pr inc ipal tenant in 
March 1985 and cons t ruc t ion recommenced 
in May 1985. The bui lding i s due for comple
t ion in December 1987. 
General description of the structure 
T h e bui lding is a re in forced concre te s t ruc
ture. It is t r iangular in p lan with concre te 
shea r w a l l s on the two shor ter s ides and 
c o l u m n s and f raming beam along the hypo
tenuse. A s the cent re of rigidity is eccen t r i c 
from the cent re of m a s s and it is a reason
ably s lender tower, there w a s concern that 
s ide wind fo rces cou ld resul t in unaccept 
ab le tors iona l v ibrat ions. 
A wind tunnel test w a s under taken to es tab
l ish and conf i rm wind p r e s s u r e s to be used 
for the s ta t i c and dynam ic a n a l y s i s , wi th 
par t icu lar at tent ion being given to the tor
s iona l c h a r a c t e r i s t i c s of the bui lding. 
The typ ica l f loors are of convent iona l in s i tu 
re in forced concre te beam and s lab con
s t ruc t ion . Var ious f loor s y s t e m s inc luding 
s tee l b e a m s were cons ide red but the in s i tu 
beam and s lab proved the most p rac t i ca l 
and economica l for th is bui lding. 
The bui ld ing is founded on forty-three 1.5m 
d iameter p i les bel led out at the b a s e to 
found on conso l ida ted s i l t s tone approxi
mate ly 30m below basemen t level. 
The basemen t w a l l s are in s i tu concre te 
d iaphragm w a l l s cons t ruc ted from the ori
g inal basemen t level . T h e s e were reta ined 
by p res t ressed ground a n c h o r s insta l led a s 
excava t i on p roceeded. Diaphragm w a l l s 
were se lec ted to min imize poss ib le damage 
to the ad jo in ing perched bui ld ings. 
Structural analysis for lateral loads 
The f inal s t ruc tura l a n a l y s i s for lateral l oads 
w a s car r ied out in the fo l lowing sequence : 

(1) S t a t i c a n a l y s i s with unit loads of a 54 
storey half model fully f i xed at pile cap level 
(2) T h e de f lec t ions due to the unit loads were 
used to cons t ruc t a f lexibi l i ty matr ix for a 6 
node model on wh ich one model a n a l y s i s 
w a s car r ied out to determine per iods of 
v ibrat ion 
(3) T h e w ind loads from the wind tunnel test 
were app l ied to the s ta t i c a n a l y s i s model to 
give d i s p l a c e m e n t s and member fo rces . 
Wind tunnel testing 
T h e s hea r cent re of the s t ruc tura l arrange
ment is very c l o s e to the right angled corner 
and the cent re of m a s s a cons iderab le dis
t ance a w a y at about the cent re of the tri
angle. T h e potent ial for s ign i f i cant tors ional 
coupl ing wi th the s w a y modes with the 
cent re of m a s s s ign i f i can t ly o f fset from the 
shea r cent re is cons iderab le . 
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The Sydney Cove 
Bicentennial Project 
marine hydraulic 
studies 
John Nutt 

Architects: 
New South Wales Government Architect in 
associat ion with Hall, Bowe & Webber 

S y d n e y Cove , in the cent re of Sydney , is the 
c rad le of whi te set t lement in Aus t r a l i a . 
A lmos t 200 y e a r s ago, c l ose to a f resh water 
s t ream, Sydney w a s founded by a party of 
so ld ie rs and conv i c t s , sent from Eng land in 
the F i rs t F lee t . T h e Tank S t ream c a n no 
longer be seen but a p laque on the s h o r e s of 
Sydney Cove wil l soon mark i ts loca t ions in 
one of the many ac t i ons that, in 1988, wil l 
ce lebra te the b icentenary of A u s t r a l i a ' s 
founding (F i g . 2). 
H is tory abounds around th is sma l l inlet 
wh i ch h a s changed i ts cha rac te r so great ly 
over the y e a r s . Now a bust l ing metropo l is 
f l anks its shore . Ta l l bui ld ings s tand 
proudly. T h e Sydney Opera House g l i s tens 
in the bright sun on i ts eas te rn promontory, 
the S y d n e y Harbour Br idge spr ings ma jes t i 
ca l ly from the wes te rn . Fe r r i es and hydro
fo i ls hurry to the C i rcu la r Quay te rmina l , so-
ca l led b e c a u s e in sa i l ing sh ip d a y s the cove 
w a s shaped in a sem ic i r c l e to berth the wool 
and grain squa re r iggers (F ig . 1). Many of the 
old co lon ia l s to res and w a r e h o u s e s are st i l l 
to be seen in T h e R o c k s a rea wh ich f r inges 
the wes te rn shore , and wh ich h a s become a 
f lour ish ing tour ist prec inct . 
Tha t now is the set t ing for an exc i t ing and 
techn ica l l y cha l leng ing project for the 
B i cen tenn ia l Year in wh ich we take part. 

F i rs t , there is the complet ion of the Opera 
House forecourt and sur rounds . When open
ed in 1973 th is a rea w a s subs tan t ia l l y un
f in ished, wi th a c r e s of b i tumen total ly out of 
cha rac te r with the e legance of the bui ld ing. 
That wi l l be repaved wi th more appropr iate 
mate r ia ls . The temporary covered w a l k w a y 
connec t ing the Opera House to the ci ty wi l l 
be demo l i shed and another built below 
ground, s o that the forecourt h a s v i sua l 
l inkage wi th the water . A wonder fu l water
front p romenade wil l be cons t ruc ted around 
the who le length of the cove. There wi l l be 
pa rks and p lazas , pontoons and je t t ies. 
Di lap idated bui ld ings wi l l be demol i shed 
and t hose that are kept wi l l be re furb ished. 

1. S y d n e y C o v e circa 1880 

(C i r cu la r Quay v iewed from Dar l ing Harbour , f rom a 
hand co loured wood engrav ing by S . Ca lve r t in the 
Nat Wes t A u s t r a l i a B a n k co l lec t ion) . 

2. Sydney C o v e . T h e S y d n e y Opera H o u s e is on the 
left, the O v e r s e a s P a s s e n g e r Te rm ina l (right) i s par
t ia l ly r econs t ruc ted , T h e R o c k s a rea wi th the 
southern a p p r o a c h e s to the Harbour Br idge is on 
the right, w i th the cen t re of S y d n e y at the head of 
the cove (Photo : Hor izon/Nei l Duncan ) 



Four S e a s o n s Hote l cen t ra l fac i l i t i es 

ancho rs were cons idered but re jected due to 
the l imited number required and poss ib le 
geometr ica l prob lems. 
Load ings cons idered in des ign were those 
a s s o c i a t e d with pretensioning and wind 
e f fec ts . Sel f -weight and ma in tenance loads 
were neg lec ted with the except ion of the 
roof barrel vau l t s where a c c e s s loadings 
were cons ide red . S u r f a c e p r e s s u r e s on the 
s h a d e s were determined from wind tunnel 
t es t s on s imi lar ly shaped rigid bodies. T h i s 
w a s cons idered to be a conserva t ive but 
accep tab le approach . 

At the outset a detai led invest igat ion w a s 
inst igated to identi fy su i tab le fabr ic 
mater ia ls . For the roof e lements a coated 
fabr ic w a s essen t i a l but uncoated or open 
weave fab r i cs were init ial ly cons idered a 
possib i l i ty for the s h a d e s . However we very 
quick ly c a m e to the conc lus ion that these 
were not su i tab le on strength and durabi l i ty 
grounds and we concent ra ted our at tent ion 
on coa ted fab r i cs . 
We c a n v a s s e d (no pun intended!) known 
fabr ic supp l ie rs on a wor ldwide b a s i s and a 
number of su i tab le fab r i cs were ident i f ied. 
T h e s e inc luded pvc-coated polyester, s i l i -
cone-coated f ib reg lass and tef lon-coated 
f ib reg lass . A spec i f i ca t ion w a s developed 
on the b a s i s of t hese mater ia ls and we 
ca l led tenders . A s could be expec ted the 
f ib reg lass a l te rnat ives , whi ls t of fer ing the 
most durab le so lut ion, were s ign i f icant ly 
more expens ive than the pvc-coated poly
es ter wh i ch w a s c h o s e n . The mater ia l w a s 
suppl ied by S a r n a Kunsto f f from Switzer
land. 
The required s h a p e s of shade were deter
mined wh ich sa t i s f i ed min imum su r face 
with uniform tens ion cr i ter ia . T h i s p rocess , 
known a s ' form f inding' , ut i l izes f inite ele
ment and the dynamic re laxat ion method of 
a n a l y s i s developed by Arups in London. The 
method is based on the fact that to go from 
one s ta te of equi l ibr ium to another a struc
ture must move. By wri t ing equat ions of 
motion for the s t ruc ture and apply ing damp
ing to make the s t ruc ture come to rest, the 
computer methods fol low the procedure 
that happens in nature (I th ink!) . 
Having es tab l i shed the ' form found ' shape , 
loadings def ined a s p ressu res and fabr ic 
and cab le p re tens ions were appl ied and the 
f inal def lec ted shape , fabr ic s t r e s s e s and 
border fo rces determined. 

T h e support s t ruc tu res were ana lyzed in two 
s tages . F i rs t l y the c a b l e s were a s s u m e d not 
to y ie ld and a serv iceab i l i ty loading appl ied. 

C o m p r e s s i v e cab le fo rces were thus identi
f ied and these v a l u e s used a s a bas i s for 
cab le pre tens ion. Al l c a b l e s were a s s u m e d 
to be s t r e s s e d to the max imum value ob
ta ined. 
Second ly cab le pre tens ions and externa l 
appl ied loads were ana lyzed to es tab l i sh 
cab le and mas t fo rces and assoc i a t ed re
ac t i ons . T h i s w a s an i terat ive p rocess , with 
the number of i terat ions suf f ic ient to limit 
out-of-balance fo rces at any node to accept
able l imits. 
Fa i r l y ear ly on, a s c a l e d down prototype 
(7.2m x 7.2m) w a s erected over the camping 
grounds ' sw imming pool to check the 
s y s t e m and develop an erect ion procedure. 

Th i s s h a d e stood happi ly for some months 
but af ter a night of very strong w inds one 
corner b e c a m e de tached , much to the con
s ternat ion of al l conce rned . The problem 
w a s due to fa i lure of a U-bolt connect ing the 
fabr ic to the support s t ructure. Th i s w a s 
ab le to rotate in a ver t ica l p lane but not 
hor izontal p lane, and the very sma l l in-plane 
fo rces from the fabr ic had eventual ly 
fat igued the bolt, wh ich fa i led in the thread 
a rea . For tunate ly the problem w a s fair ly 
quick ly so lved by inc reas ing the bolt dia
meter and chang ing the detai l so that bear
ing did not occu r in the thread plane. 
The use of fabr ic e lements for shade h a s 
proved very s u c c e s s f u l and al though indivi
dual ly sma l l in s c a l e , the overal l use h a s 
helped give the resort i ts unique archi tec
tural charac te r . 

Construction 
T h e 120-week des ign and const ruc t ion pro
gramme a l lowed for the project would have 
been ambi t ious for a project in or near a 
major cent re , let a lone one of s u c h s c a l e and 
remote locat ion. 
T h e project w a s divided into 24 major 
e lemen ts or p a c k a g e s , e a c h with its own 
des ign and cons t ruc t programme within an 
overal l p rogramme for the work. Tenders 
were ca l led by the const ruc t ion manager 
from c o m p a n i e s wh ich had registered inter
est and had at tended briefing meet ings in 
A l i ce Sp r i ngs and Darwin where the scope, 
locat ions, log is t i cs and s i te condi t ions and 
cons t ra in t s had been fully exp la ined. 

The cons t ruc t ion programme got under way 
in J u n e 1982, 14 w e e k s af ter des ign com
mencement , wi th the const ruc t ion of a 500 
man cons t ruc t ion camp . Once under way 
const ruc t ion w a s programmed to keep 
camp populat ion at a cons tan t level. 
All ma te r ia l s were brought in by double 
trai ler road t ra ins having a capac i t y of 50 T 
at an average of s ix a r r i va ls per day and 12 at 
peak per iods. 
In order to give the project a c a s h f low, 
fac i l i t ies were opened to the publ ic when 
comple ted, commenc ing with the camp 
grounds after 14 months and the first of the 
hote ls in 17 months . To ach ieve th is the 
water s e w a g e and centra l energy plant were 
a l so comple ted within th is t ime. The f inal 
component , the Shera ton Hotel , w a s ad
judged prac t ica l l y complete in September 
1984. 
Quite remarkab ly the total project w a s com
pleted on t ime, on budget and with only the 
loss of 2,000 man hours out of a total of 1.6m 
through industr ia l d isputat ion. 
During the cons t ruc t ion period we had two 
personnel s ta t ioned on s i te , one engineer 
and one superv isor . Direct superv is ion of the 
work w a s car r ied out by the cons t ruc t ion 
manager wi th our people adv is ing , th is 
s y s t e m crea t ing a few d i f fe rences of opinion 
until a work ing re lat ionship evolved. 
C o m m u n i c a t i o n s by te lephone or telex from 
the s i te were not part icular ly good, compr is
ing one only radio-telephone c i rcui t wh i ch 
'dropped out' cont inuous ly during the hot 
months . The s i te s ta f f were therefore fair ly 
au tonomous and dealt with the check ing of 
shop de ta i l s and m ino ramendmen ts in addi
t ion to regular superv is ion . 
Conclusion 
Yu la ra w a s a demanding project even 
though not techn ica l l y complex . T h e short 
t ime-sca le for des ign and cons t ruc t ion , 
coup led wi th s i te locat ion and poor com
munica t ion , made it n e c e s s a r y fo rdocumen-
tat ion to be abso lu te ly spot on, a s sma l l 
errors eas i l y dealt with in the city took on the 
appea rance of major d i sas te r s in the deser t ! 
It would be true to s a y however that most of 
us a s s o c i a t e d with the project and part icu
larly those lucky enough to go to the s i te, ex
per ienced a real s e n s e of ach ievement for a 
job wel l done. 
The pe rsons respons ib le in our o f f i ce for 
var ious s e c t i o n s of the work must not go 
unment ioned: 

Bi l l T h o m a s : S t ruc tu res 
Col in Math ison : C iv i l s 
A lan S a x o n : Fab r i c s t ruc tu res 

Tony Phi l l ips : G e o t e c h n i c s 
Walter Mclvor: S i te engineer 

Harry Ca lver ley : S i te superv isor 

A s one would expect Yu la ra h a s had much 
publ ic i ty and h a s gained the coun t ry ' s 
highest a w a r d s for arch i tec ture, l andscape 
and cons t ruc t ion . A l a s no engineer ing 
a w a r d s to date, but we remain in hope. 

Credits 
Client: 
Northern Terr i tory Government 
Architect: 
Phi l ip C o x & Pa r tne rs 
Consulting engineers: 
Ove Arup & Pa r tne rs 
Project and construction managers: 
Whi te Indus t r ies L td . 

Pho tographs : Cou r t esy of Phi l ip Co x & Pa r tne rs 

The model l ing of the tors ional behaviour 
becomes par t icu lar ly important for obtain
ing representa t ive es t ima tes of the wind-
induced acce le ra t i ons near the perimeter of 
the s t ruc ture . In addit ion the wind des ign 
p ressu res determined from the wind code re
quire s o m e ver i f icat ion a s there is little 
publ ished informat ion on drag coe f f i c i en ts 
for t r iangular bui ld ings. 
A programme of ae roe las t i c model test ing 
on a 1:400 model w a s carr ied out in the 
450kW Boundary Layer Wind Tunnel at the 
Department of Mechan ica l Eng ineer ing , 
Monash Univers i ty , during February and 
March 1982. 

So that the model would reproduce the 
s t ruc tura l ac t ion a s c lose ly a s poss ib le to 
that of the fu l l -sca le s t ructure, two a lu
min ium s h e e t s were used for the north and 
eas t core w a l l s , and , the south west f acade 
w a s model led us ing moment- res is t ing col
umns and b e a m s , ca l cu la ted to give a cor
rect ly s c a l e d f acade s w a y s t i f f ness . For the 
test s e r i e s th is f acade s t i f f ness w a s var ied 
over an order of magni tude to determine the 
bui lding response cha rac te r i s t i c s a s a func
tion of the overal l bui lding tors ional stiff
n e s s . T h e model w a s mounted on a s t ra in 
gauge ba lance wh ich could measu re base 
overturning moments about the x and y 
a x e s , and a tors ion ba lance w a s fitted to 
measu re the torque produced by a rotat ional 
d i sp lacement of Leve l 43 about the b a s e 
about the z a x i s wh ich w a s f ixed at the 
es t imated mean posi t ion of the shear 
cent re . 
The mean wind veloci ty and turbulence in
tensi ty prof i les were des igned to approxi
mate Terra in Category 3. The ef fect of the 
city bui ld ings (Terrain Category 4) w a s taken 
direct ly into account by including the sur
rounding ci ty bui ld ings on the model . 
The s t ruc tura l damping w a s var ied between 
0 . 5 % and 2 % of c r i t ica l dampings . 

Comparison of code 
and tunnel derived design forces 
For t r iangular bui ld ings AS 1170 g ives the 
fol lowing p ressu re coe f f i c ien ts : 

(1) For a wind direct ion of Q = 180° 
C p = +0.85 on the windward wal l su r face 
C p = - 0 . 5 0 on the leeward wal l su r f ace 

(2) For a wind direct ion of 0 = 45° 
Cp = + 0.85 on the windward wal l su r face 
C p = - 0 . 7 0 on the s ide wal l s u r f a c e 
C p = - 0 . 5 0 on the leeward wal l su r f ace . 

T h e s e va lues of Cp for a wind direct ion of 
180° are cons is ten t with the drag coef f ic ient 
of 1.30 recommended for a tower-l ike s t ruc
ture of t r iangular c ross -sec t i on . 
For a b a s i c regional des ign speed of 40m/s 
in Terra in Category 3, the base moments 
determined in a c c o r d a n c e with the Peak 
Gus t Method, Gus t Fac to r Method and the 
Wind Tunnel T e s t s are compared in Tab le 1 
for a wind direct ion of 180° and 45°. 
Cont rary to code da ta , the mean response of 
the s t ruc ture is s imi la r for wind d i rec t ions of 

0 °C and 180°. The corresponding va lue of 
the drag coef f ic ient for the tes ts is approxi
mate ly 1.25, w h e r e a s CP3 , S A B R , E S D U and 
AS 1170 recommend va lues of 1.3 for w ind 
on the flat f ace and 1.1 for wind on the apex . 
It h a s been sugges ted that in turbulent f low, 
reat tachment does not occur and conse
quent ly the va lue of Cp for a tr iangle in either 
or ientat ion app roaches that of a flat plate. 
The ae roe las t i c model t es t s indicate that 
the Peak Gus t and Gus t Fac to r methods 
overes t imate the along-wind response . 
Where the wind f low is not paral le l to the 
p lane of symmet ry , however, the s t ruc ture is 
suscep t ib le to c ross-w ind e f fec ts , thereby 
s ign i f icant ly inc reas ing the overal l f o r c e s o n 
the s t ruc ture . Consequent ly the wind direc
t ions producing the highest moments are 
0 = 45V 2 and 135°. 

The overal l e f fect of the surrounding ci ty 
bui ld ings is relat ively sma l l . A l though there 
is some change in the wind direct ion for 
wh ich the m a x i m a occur exc lud ing the sur
rounding s t ruc tu res , there is no s ign i f icant 
change in the magni tude of the b a s e 
moments . 
Aerodynamic coupling 
Cross-coup l ing e f fec t s of the s w a y into the 
tors ional mode were shown to be negl igible 
even when the f requenc ies of the tors ional 
Mode 1 and s w a y Mode 2 were co inc ident . 
T h i s is b e c a u s e the out of ba lance m a s s is in 
the p lane of the s w a y osc i l la t ion . 
In the or thogonal plane the cen t reo f m a s s is 
o f fset from the shear cent re , resul t ing in 
s ign i f icant superpos i t ion of the tors iona l 
Mode 1 into the b a s e moment for Mode 4. If 
the f requenc ies of Modes 1 and 4 became 
co inc ident , s ign i f i cant c ross-coup l ing of the 
s w a y mode into the tors ional mode would be 
expec ted . 

Displacements and accelerations 
B a s e d on a 50-year return period, the maxi 
mum hor izontal d i sp lacemen ts and twis t for 
the uppermost floor level are a s fo l lows: 

Table 2: Max imum d i sp lacemen ts 
for a 50-year return period 

Y- X-
Wind D i s p l a c e m e n t D i sp lacemen t Rotat ion 

d i rec t ion (mm) (mm) ( rad ians) 

0 = 4 5 ° 115 23 - 0 . 0 0 6 4 

0 = 1 3 5 ° - 1 7 6 45 - 0 . 0 0 4 3 

A n a l y s i s of the peak acce lera t ion levels in
d i ca tes an annua l max imum tors ional acce l 
erat ion of 0 .7%g and an annua l m a x i m u m 
s w a y acce le ra t ion of 0 .9%g. B a s e d on an in
tegrat ion of the response da ta with wind 
speed da ta , it can be shown that the horizon
tal acce le ra t i ons near the human percept ion 
limit of 1%g wil l occur only once in a return 
period of between two and five y e a r s wh i ch 
is wel l wi thin accep tab le l imits. 
Sub-soil conditions 
Golder A s s o c i a t e s carr ied out a s i te in
vest igat ion of s ix boreholes. The resu l ts , 
together wi th those from an ear l ier borehole, 

Table 1: Compar i son of Code and wind tunnel-derived des ign moments 

B a s e moments (MN - m) 
W ind d i rec t ion Des ign method 

Mx My Mz 

1 Peak gust method 1870 — — 
0 = 180° 2 G u s t factor method 1674 — — 

3 Wind tunnel t e s t s 1397 500 118 
(1614) (700) (206) 

» = 4 5 ° 
1 Peak gust method 
2 G u s t factor method 
3 W ind tunnel t e s t s 

- 7 1 0 
- 6 9 1 

- 1 0 8 8 

1028 
1016 
1122 

- 2 1 2 
- 2 1 4 
- 2 2 6 

Notes: 
1 T h e b a s e m o m e n t s determined by the P e a k gust method have been reduced in a c c o r d a n c e wi th 

Tab le 5 . 2 - ^ S 1170. 
2 The v a l u e s in b racke t s are the m a x i m u m b a s e m o m e n t s for w ind d i rect ion of 0 = - 1 3 5 V i . 



al lowed the st ra t igraphy below the si te to be 
genera l ized a s fo l lows: 

• from ex is t ing ground level at about R L 14 
to about R L 6 : S a n d vary ing from loose to 
very dense with inc reas ing depth 

• from R L 6 to about R L - 1 3 : interbedded 
layers of s i l ty c lay , c layey sand and s a n d ; 
c layey mate r ia l s st i f f to very st i f f , sandy 
mater ia ls dense to very dense 

• from R L - 1 3 t o b e t w e e n R L - 1 7 a n d - 2 1 : 
s a n d , dense to very d e n s e 

• between the sand and the s i l ts tone a 
layer of s i l ty c lay about 1 m th ick 

• from between R L - 1 8 and - 2 2 to the 
depth invest igated ( R L - 4 3 ) : s i l ts tone, thin
ly bedded vary ing from ext remely weathered 
to s l ight ly weathered . 

The bedrock beneath the ci ty a rea is a 
c a l c a r e o u s sands tone , s i l t s tone or sha le 
known a s the K i n g ' s Park sha le . F o s s i l 
a n a l y s e s of th is mater ia l conf i rm that it w a s 
formed dur ing the ear ly Tert iary Age under 
mar ine condi t ions. Subsequen t c h a n g e s in 
relat ive leve ls between land and ocean ex
posed it a s a land su r f ace during the late 
Tert iary period. There w a s then a break in 
further sed imentary act ion unti l the start of 
the deposi t ion of the younger uncon
so l idated a l luv ium during the Quaternary 
period. T h e K i n g ' s Park sha le o c c u r s fair ly 
cons is ten t l y throughout the metropol i tan 
area and h a s been proved to a max imum 
depth of about 300m. 
In colour the mater ia l ranges from dark grey 
to b lack; in compos i t ion a c layey sands tone , 
s i l t s tone or sha le — al l c a l c a r e o u s ; it con
ta ins f o s s i l s , l ime nodules and is laminated 
or thinly bedded. 
The rock tends to break readi ly a long the 
weak bedding p lanes , wh ich m a k e s hand
ling and laboratory test ing ext remely diffi
cul t . 
Perched groundwater levels were measured 
at about R L 9 in the upper sand , with arte
s ian p iezometr ic heads in the lower sand 
layers at about R L 2. 
Substructure 
The ex is t ing ground level on the two street 
f rontages var ied from R L 13.40 to R L 14.50, 
and the unders ide of the lower basement 
level is R L 4.00. T h e ex is t ing P a l a c e Hotel , 
wh ich is founded at R L 10.20, and a new s ix 
storey bui lding on the North boundary 
founded on a raft at R L 10.26 had to be 
sa fe ly suppor ted so an anchored in si tu dia
phragm wal l w a s cons idered the most 
economica l and rel iable m e a n s of support
ing the adjo in ing bui ld ings and the e x c a v a 
t ion. The d iaphragm wa l l , a nominal 500mm 
thick, w a s c a s t in pane ls varying in length 
from 4.5m adjoin ing the rather de l ica te 
P a l a c e Bui ld ing, to 7.0m where sensi t iv i ty to 
movement w a s not a s c r i t i ca l . The pane ls ex
tended to a max imum depth of R L 1.75. T h e 
s ingle depth basement wa l l s on the street 
boundar ies to the or iginal bui lding on the 
si te were left in p lace and stabi l ized by 
ground ancho rs . T h e d iaphragm wa l l s were 
cons t ruc ted ins ide of these and from the 
ex is t ing basement level R L 11.25. On com
pletion of the d iaphragm wa l l s a 250mm 
thick retaining wal l w a s cons t ruc ted up to 
Ground Floor P l a z a level. 
P res t r essed ground ancho rs to s tab i l ize the 
wa l l s were insta l led a s excava t ion pro
ceeded . 

P rec i se survey monitor ing points were 
es tab l i shed on the top of the wa l l s to check 
for poss ib le movement during excava t ion 
and s t ress ing of ground ancho rs . The maxi 
mum movements recorded were 2mm hori
zontal ly and an upward heave of 5mm. 
The basement s l ab is 300mm thick on blind
ing over a 400mm thick blue metal drained 
subgrade. 

Piled foundations 
Init ial ly a raft foundat ion a s h a s been used 
on other high r ise bui ld ings in Perth w a s 
cons idered , but the average bearing pres
sure of about 5 0 0 k P a would have resul ted in 
unaccep tab le se t t lements . There fore a 
number of deep foundat ion opt ions were 
cons idered : 

(1) P i l es or barre t tes founded in the s i l ts tone 

(2) P i l es founded in the lower s a n d s 

(3) Raf t shar ing the load with pi les founded 
in the lower s a n d . 

It w a s cons idered that the des ign of pi les 
founded in the lower s a n d s should ignore 
the end-bear ing capac i t y due to the diffi
cul ty of ensur ing that the pile base res ts on 
undis turbed mater ia l . T h e sk in fr ict ion avai l 
able for a pile founding just above the silt
s tone w a s not su f f ic ien t to al low a prac t ica l 
conf igurat ion of p i les of the required capa
ci ty. Even shar ing the load with a raft they 
would have had to extend nearly to the 
s i l ts tone, so th is would not have been v iab le 
when the cos t of the raft w a s inc luded. 
It w a s therefore dec ided that p i les or bar
ret tes founded in the s i l ts tone and us ing a 
combinat ion of s ide fr ict ion and end-bearing 
would be the most su i tab le type of founda
t ion. 

The min imum va lue of shear strength of the 
c layey layers obta ined from the direct shea r 
tes ts and unconf ined compress ion tes ts 
w a s 2 l 9 k P a , but shea r s t rengths a s low a s 
140kPa were es t ima ted using the pocket 
penetrometer. Therefore , a conserva t ive 
va lue of 150kPa w a s a s s u m e d for des ign 
purposes. 
In al l of the in s i tu pressuremeter t es ts on 
the s i l t s tone, the p ressure required to initi
ate fa i lure in the rock w a s greater than the 
capac i t y of the pressuremeter (7MPa). F rom 
th is it w a s deduced that the shear st rength 
of the rock is greater than about 2MPa. 

However, the unconf ined compress ion t es t s 
showed much lower va lues of strength and 
cons iderab le var iabi l i ty , therefore a des ign 
shear s t rength for the s i l ts tone of 1 M P a w a s 
chosen . 
Though th is va lue w a s bel ieved to be reason
ably conserva t i ve when the pressuremeter 
test resu l ts are taken into account , it w a s 
dec ided that p i les or barret tes should be 
founded at least 2m below the su r face of the 
s i l ts tone to avoid the possib i l i ty of founding 
on loca l a r e a s of sof ter mater ia l wh ich might 
be present c l ose to the rock su r face . 

A letter of invitat ion w a s i ssued to f ive 
se lec ted con t rac to rs giving foundat ion 
des ign loads and des ign cr i ter ia for 
p i les/barret tes and exp la in ing that, init ial ly, 
tender documen ts based on a s y s t e m of bar
ret tes would be prepared, but that alter
nat ive barrette s h a p e s or c as t in s i tu pi les 
would be cons idered . 
Frank ip i le Aus t ra l i a Pty Ltd. were the suc 
c e s s f u l tenderers wi th a proposal for forty-
three 1.5m diameter c as t in s i tu pi les with 
var ious d iameter bel led b a s e s up to 2.9m 
founded a min imum of 4m below the s u r f a c e 
of the s i l t s tone. The pi les were to be con
s t ruc ted ins ide a temporary s tee l c a s i n g and 
drained to a l low inspect ion of the b a s e s . 
The s t ruc tura l des ign of the pi les w a s based 
on an ul t imate ( factored) load method us ing 
the S A A Conc re te Code (ASU80- 1982). 
Ult imate compress i ve loads var ied from 
18MN to 49MN. 
Only 12 p i les had tens ion loads, thegrea tes t 
of wh ich required 34 C36 bars , bundled in 
pai rs . 
A typ ica l compress ion pile had 0 . 5 % longi
tudinal re inforcement (9 C36 bars) and the 
concre te s t rength w a s either 30,35 or 40MPa 
depending on the load. Al l concre te used 

70/30 blend of OPC/b las t fu rnace s lag with a 
min imum cement content of 400kg /m 3 , a 
water cement rat io of 0.6, s lump of 
1 8 0 m m ± 3 0 m m and 20mm max imum aggre
gate s ize . Re ta rders were used to ensu re a 
min imum of 4 hours to init ial set . 
In half of the p i les integrity test ing w a s car
ried out us ing g a m m a ray back scat ter ing 
equipment. 
Four 50mm internal d iameter s tee l p ipes 
were t ied to the ins ide of the re inforcement 
cage , equal ly s p a c e d , and c as t into the pile. 
The test inst rument cons is ted of a radio
act ive sou rce and a detector of g a m m a 
radiat ion, a s s e m b l e d in a waterproof con
tainer, 600mm long and 48mm in diameter, 
connec ted to the s u r f a c e e lec t ron ics by a 
cab le . 
One pile on wh ich the reinforcement cage 
had l i f ted dur ing pouring w a s found to have 
suspec t concre te . T h i s w a s conf i rmed by 
cor ing and an addi t ional pile w a s con
s t ruc ted. 
Set t lement of the p i les is being monitored by 
prec ise level l ing onto re ference points on 
the s t ruc tu rs immediate ly above e a c h pile 
group us ing a bench mark remote from the 
si te. 
Three of the p i les have been inst rumented in 
an attempt to compare their per formance 
aga ins t the des ign . 
In e a c h of the p i les to be monitored, three 
s t ra in g a u g e s have been insta l led about 
1.0m above the pile b a s e and three s t ra in 
gauges immediate ly under the pile cap . 
The s t ra in gauges are the acous t i c type 
manu fac tu red by Soi l Instrument L td . and 
are connec ted to a vibrat ing wire readout 
unit. 
It is hoped that it wi l l be poss ib le to compare 
the load in e a c h pile with the des ign load and 
a lso the proport ions carr ied by sk in fr ict ion 
and end bear ing. 

Core walls: frame structure 
Latera l f o rces and tors ions are res is ted by a 
combinat ion of coup led core wa l l s on the 
north and eas t f a c a d e s act ing wi th the 
co lumn-beam f rame a c r o s s the hypotenuse 
and the beam-coupled internal low-r ise lift 
shaf t (wh ich becomes blade co lumns above 
Level 17). 
The core w a l l s to the north and eas t f a c a d e s 
compr i se the medium and high r ise lift 
s h a f t s coup led to the e s c a p e s ta i r w a l l s and 
air-handl ing p lant rooms wh ich are s i tuated 
on e a c h floor. The inner and outer wa l l s are 
450mm thick from the Lower Basemen t to 
Level 15, reduc ing to 350mm to Level 31 then 
to 250mm to the top level. The coupl ing 
beams are 1150mm deep and the s a m e 
width a s the w a l l s . 
The cent ra l low r ise lift s h a f t s extend from 
Lower B a s e m e n t to Level 17 with s ide wa l l s 
350mm thick. T h e s e are coupled to the sta i r 
and main lift shaf t w a l l s with 740mm deep 
beams by 350mm wide. Above th is level, f ive 
in termedia te-shaped co lumns support the 
floor b e a m s and are coupled to the s ide 
co res by 740mm deep x 700mm wide beams. 
The co l umns on the d iagonal f acade are 
spaced at 8.5m cen t res and are coupled with 
a beam 740mm deep by 1300mm wide. The 
co lumns are 1300mm square from Lower 
Basemen t to Ground, 1200mm square from 
Ground to Level 1, then reduce to 1140mm 
square from there to the top of the bui lding. 
The co lumn s ize is to retain both arch i tec
tural requ i rements and to mainta in stiff
n e s s , a l though a cent ra l 600mm diameter 
void is in t roduced at Level 33 to reduce the 
concre te volume. 

The co l umns are heavi ly reinforced at the 
lower leve ls with up to 7 .5% Grade 410 re
in forcement . B a r s up to 36mm diameter are 
used in bund les of four with s taggered G-/oc 
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pane ls , were adjudged to be too temporary 
in appea rance and thus arch i tectura l ly un
sa t i s fac to ry . 
The pr inc ipal wa l l e lement thus became the 
hol low concre te block, a s i ts larger dimen
s ion , compared to br ickwork, ensured 
speedier erect ion p lus superior thermal 
qual i t ies . 
Al though s o m e t imber w a s used for roof 
t r u s s e s to h o u s e s , light s tee l f rames and 
t r u s s e s were genera l ly used to minimize 
t ranspor ta t ion damage and reduce long-
term ma in tenance c o s t s . Most s tee lwork is 
exposed and tubular sec t i ons , bent to 
cu rves rather than cut and welded, were 
used to c rea te accep tab le forms. 
Founda t ions and ground floor s l a b s were 
general ly cas t integral ly on the compac ted 
sand base . Where suspended s l a b s were re
quired these were built, whenever appro
priate, without fa lsework us ing prof i led 
meta l deck ing a s formwork and reinforce
ment. 
The s c o p e for s t ruc tura l engineer ing in
genuity w a s st r ic t ly l imited and most of our 
endeavour went into 'gett ing the deta i ls 
right' both v isua l ly and const ruc t iona l ly . 
Concrete 
A pre-mix concre te suppl ier w a s appointed 
to es tab l i sh a cent ra l we ighbatch faci l i ty in 
the se rv i ce a rea and from whom cont rac to rs 
bought concre te at predetermined pr ices. 

The batch ing plant capac i t y w a s 60m 3 /h r 
and averaged about 45m 3 /hr . The concre te 
w a s del ivered from the serv ice a rea to indivi
dual s i t es by a fleet of s ix 5 m 3 agi tator 
t rucks . 
Aggrega tes were won and t ransported from 
a sou rce 80km a w a y and cement suppl ied 
from Ade la ide v ia A l i ce Spr ings . Untreated 
bore water w a s chemica l l y sa t i s fac to ry . A s 
could be expec ted the cost of concre te w a s 
prohibit ive, being three t imes the average 
rate for major cen t res and consequent ly w a s 
used spar ing ly . 
An independent test ing laboratory w a s 
es tab l i shed on s i te . T h i s carr ied out 
whatever t es t s were required, main ly for 
concre te and so i l s dens i ty and compac t ion . 
One major problem with concre te w a s 
shr inkage due to a var iety of c a u s e s . The 
aggregates suppl ied were invar iably at the 
' f ine' end of the a l lowable range and the very 
f ine mater ia l tended to bulk up in the 
s tockp i les . Consequen t l y the amount of 
water in the mix var ied daily and w a s often 
e x c e s s i v e , wh ich did not worry us too much 
a s far a s st rength w a s concerned but aggra
vated the sh r inkage problem. 
Al though concre te w a s p laced very ear ly in 
the morning during the hot months, the 
temperature never the less rose very quick ly 
and u n l e s s cur ing w a s init iated promptly, 
p las t ic sh r inkage resul ted. T h i s w a s parti

cu lar ly bad over the r ibs of the profi le deck 
floor where concre te t h i c kness w a s only 
30mm and no reasonab le amount of re
in forcement w a s ef fect ive. In these condi
t ions the only posi t ive method of cur ing is 
water inundat ion or spray ing . T h i s of cou rse 
is not a par t icu lar ly at t ract ive proposit ion 
for a bui lder in a hurry and cur ing or the lack 
of it b e c a m e our major superv isory problem 
throughout the job. 
Fabric membrane structures 
S h a d e is a very important commodi ty in an 
Aus t ra l i an summer and hard to come by in 
the cent ra l desert . It h a s been c rea ted at 
Yu la ra by ex tens i ve use of tens ioned fabr ic 
membranes over publ ic a r e a s and bui ld ings 
in the cent ra l sp ine. 

The fabr ic membranes or ' s a i l s ' not only pro
vide shade , but generate a s ign i f icant v isua l 
impact and s e n s e of three-d imensional 
enc losu re ; they have become the resor t ' s 
most dominant arch i tec tura l feature and 
a l lowed us to exhibi t some engineer ing in
genui ty. 
Tens ioned fabr ic is a l so used a s a roof to the 
res tau ran ts and publ ic s p a c e s wi th in the 
major hote ls cent ra l fac i l i t ies bui lding. 
Of the total fabr ic a rea of 11,000m 2 , the 
major part, 8 ,000m 2 , is in the form of hypars . 
T h e s e are based on a 10.8m square plan 
module with e a c h shade having a r ise of 
2.6m between high and low points. 
The second b a s i c form used in an inverted 
cone on a 7.2m module. Both the hypar and 
cone have boundary c a b l e s . 
The third bas i c form is a sadd le or barrel 
vault wh ich w a s used to form the roof to the 
Shera ton Hotel . Preformed arch r ibs and box 
gut ters provided support for the fabr ic and 
boundary c a b l e s were not necessa ry . The 
barrel vau l t s have a s y s t e m of hypars 
mounted above them to c rea te a double 
fabr ic roof s y s t e m . 

The largest s ing le s h a d e is 20m x 10m and 
covers the amphi theat re forming part of the 
communi ty fac i l i t ies . The shade is in sadd le 
form and is supported by four m a s t s stabi
l ized by c a b l e s . Unl ike the other fabr ic 
e lemen ts on the project in wh ich the sup
porting s t ruc ture is independent of fabr ic , in 
th is c a s e fabr ic and suppor ts are mutual ly 
dependent . 
At an ear ly s tage cons idera t ion w a s given to 
the way in wh ich the hypar e lements were to 
be erected and if n e c e s s a r y replaced dur ing 
the project l i fe. T h e fabr ic pane ls are 
a spec ia l i s t suppl ied item from outs ide 
Aus t ra l i a and it w a s recognized that for a 
number of r easons the support s t ruc tu res 
should be independent and not rely on the 
fabr ic for stabi l i ty in any way. 
The arch i tect required that the support 
m a s t s be a s light a s poss ib le and it w a s ini
t ial ly env isaged that the shade force of 
about 80kN at each hypar support point be 
res is ted by bending in m a s t s wh ich were 
f rees tand ing . The magni tude of bending 
fo rces w a s s u c h that a f ree-standing st ruc
ture w a s not poss ib le and horizontal s tabi 
l izing c a b l e s were provided between m a s t s 
located at upper and lower shade support 
points and c r o s s e d to form an X pattern. 
At the boundar ies , support c a b l e s are taken 
to the ground at a 45° plan or ientat ion to the 
main grid. In th is way , out-of-balance fo rces 
were accommoda ted c l ose to the point of 
appl icat ion rather than being a l lowed to 
a c c u m u l a t e over a number of modules. T h i s 
a l so a l lowed the min imum mast d iameter 
(168mm) to be used throughout. The support 
and stabi l iz ing c a b l e s are pretens ioned 
us ing tu rnbuck les to avoid s lacken ing under 
f requent ly occur r ing loads and to reduce 
mast d i sp lacement under wind loads. 
Uplift f o rces were ca te red for by s imply bury
ing a concre te pad and mobil iz ing soi l m a s s 
a s r es i s t ance . Tens ion pi les or ground 
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The main water supply is from the Dune 
P la ins Aqui fer located about 10km from the 
resort and wh ich , it is es t imated , can supply 
about 400 ,000m 3 per annum. The raw water 
h a s a total d isso lved sal t content of around 
2,500mg/l and a fully au tomat ic electro-
d ia l ys i s desa l ina t ion plant h a s been instal l 
ed wh ich reduces the sal t content to 
500mg/l . S to rage is provided for 200,0001 of 
t reated water , about two d a y s supply at 
peak per iods. 
Four b lends of sa l i ne , t reated and rec la imed 
water are ret icu lated through the resort for 
di f fer ing purposes : fully t reated for dr inking 
and bathing, untreated for c i s te rns and fire 
hydrants , and blended for t r ick le irr igation 
to every tree and shrub planted within the 
resort. 
S e w a g e is car r ied by a s y s t e m of gravity and 
r is ing m a i n s to a high speed extended aera
tion act iva ted s ludge p rocess plant. Ef f luent 
is t reated in a s ing le p rocess with the resul
tant s ludge pumped into drying beds from 
wh ich it is d istr ibuted to landfi l l a r e a s . 
The t reated water is held in an ar t i f ic ia l 
lagoon from where it is recyc led to spray irri
gate the main spor ts oval and to water a 5ha 
red gum plantat ion wh ich is to be the sou rce 
of f i rewood for f i res in the camping grounds. 

Foundations and ground works 
Yu la ra is built in the s w a l e s between a l inear 
s y s t e m of sand dunes . The dunes are formed 
by wind blown s a n d s and in the immediate 
a rea of the s i te are relat ively s tab le , support
ing quite dense sp in i fex growth, bushes and 
desert o a k s . However, d is tu rbance of wind 
pat terns and removal of vegetable cover 
could ini t iate a new eros ional phase and 
const ruc t ion w a s therefore kept away from 
the dunes proper. 
The built s i te cove rs an a rea of 1500m x 
1000m with the cent ra l sp ine occupy ing 
1000m x 400m. 20 trial pits were dug at what 
were cons idered to be s ign i f icant locat ions. 
Penetrometer probes were used to obtain 
densi ty prof i les part icular ly through the 
higher leve ls of dune s a n d s where backhoe 
pi ts were env i ronmenta l ly inappropriate. 
The invest igat ion revealed a cons is ten t 
geology a c r o s s the s i te with a 3m layer of 
sand over ly ing a layer of later i t ic gravel 
wh ich became cemented within a few hund
red mi l l imetres of i ts upper su r f ace into a 
low st rength, coarse-gra ined sands tone . 
The sand mater ia l w a s very uniform a c r o s s 
the s i te and fell into two ca tegor ies , a wel l 
graded s w a l e sand and a f iner dune s a n d , 
blending into e a c h other with e levat ion. 
T e s t s were car r ied out on the s a n d s to deter
mine in s i tu densi ty , compac ted dens i t i es at 
natural and opt imum moisture con ten ts , 
C B R va lues and the internal fr ict ion angle. 
Design va lues resul t ing from these t es t s 
were a s fo l lows: 

compac ted densi ty 1.7 T / m 3 

C B R value 2 0 % 
angle 0 33° 

A l lowab le bear ing pressure derived from 
these va lues var ied from 150kPa for a 
600mm wide footing to 300kPa for a 2m wide 
foot ing. 
The penetrometer probe va lues were used in 
con junct ion with the dens i ty resu l ts to cor
relate footing capac i t y with blow count for 
future s i te superv is ion . 
The cent ra l sp ine complex is built on a 
se r ies of ra ised soi l p la t forms. It w a s con
s idered economica l to undertake an early 
ea r thworks cont ract for the whole complex; 
one of the r easons being the long d i s tance 
for mobi l izat ion of heavy ear thmoving plant. 
Th i s meant however that the s u r f a c e (cover
ing some 200,000m 2 ) and s i des of p la t forms 
had to be protected from wind and rain ero
s ion over a one year period. It w a s c lea r that 

th is could only be done by uti l izing some 
form of s u r f a c e treatment and a variety of 
a l te rnat ives were invest igated. The cheap
est and in fact the most appropriate w a s 
found to be a 150mm layer of compac ted 
lateri t ic gravel spread over the total a rea . 
Given the s i te contours , a cut to fill solut ion 
for the p la t forms w a s not poss ib le and it 
w a s important that there w a s min imum dis
ruption to the sand dune regime. Locat ion of 
borrow pi ts w a s cr i t ica l yet some 50 ,000m 3 

of fill w a s required. A source of sand fill w a s 
f inal ly es tab l i shed quite c l ose to the s i te ser
v ice a rea and the resul t ing excava t i ons were 
eventual ly used for san i ta ry landf i l l . 
Loca l gravel w a s ava i lab le from borrow pits 
previously used for the roads. T h e s e pits 
were therefore ex tended to produce some 
80 ,000m 3 of mater ia l required for the protec
tive gravel layer and for basecou rse to roads 
and parking a r e a s . 

Before ear thworks commenced the spin i fex 
and deser t vegetat ion w a s harvested and 
s tockp i led for future use a s mulch. The top 
200mm of soi l wh ich con ta ins dormant 
s e e d s w a s s imi lar ly removed and stock
pi led. Both mulch and soi l were used a s 
important ingredients of the desert zone 
restorat ion work carr ied out where damage 
from cons t ruc t ion w a s unavoidable. 
The plat form fi l l ing and compact ion w a s 
part icular ly e f fec t ive , a l lowing t renches 

with 2m high ver t ica l s i des to s tand open for 
quite lengthy per iods. Contro l of compac
tion w a s ach ieved by constant field densi ty 
test ing p lus penetrometer and nuc lear den
si ty tes t ing. 

S i te survey da ta w a s given in 1:500 map 
form. T h i s w a s digi t ized and co l la ted to form 
a digi tal terra in model su i tab le for computer 
des ign and volume ca lcu la t ion of roads, 
hard s t a n d s and ear thworks general ly. 

The buildings 
In general the bui ld ings are of s imple 
domest i c s c a l e and are masonry s t ruc tu res 
with p i tched metal roofs. Minor e lements 
s u c h a s ve randahs , s ta i r s and pergolas are 
of light metal cons t ruc t ion . 

The s t ruc tura l phi losophy w a s developed 
around a min imum of bas i c e lements wh ich 
would af ford some measure of s tandard iza
tion whi ls t a l lowing f lexibi l i ty in bui lding 
des ign. A s it w a s n e c e s s a r y to house al l 
labour in an on-si te const ruc t ion vi l lage, 
s y s t e m s wh ich minimized labour were more 
than ever important. 

For th is reason masonry const ruc t ion w a s 
at f irst d i scoun ted and a precast wal l ing 
s y s t e m invest igated. T h i s w a s quickly ruled 
out due to the high b a s i c cost of concre te 
and the cos t and t ime involved in set t ing up 
an on-si te factory. Other s y s t e m s , incor
porat ing meta l or compressed cement 
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s p l i c e s used in l ieu of laps up to Level 4 
when reduct ion in the numbers of bars 
enabled convent iona l laps to be used . 
65MPa ( F ' c cy l inder strength) concre te w a s 
used in the co l umns up to Level 18 when the 
strength is progress ive ly reduced to 50, 40, 
30 then 25MPa above Level 36. 
The core wa l l s are 40MPa concre te at lower 
levels reducing to 30 then 25MPa at Level 10. 
The core wa l l s are being cons t ruc ted by s l ip 
form and can proceed up to f ive levels above 
floor cons t ruc t ion , a l though th is can be ex
ceeded if the lobby portion of the floor s lab 
is advanced not l e s s than five f loors below 
the top of the s l ip. To date, the builder h a s 
e lec ted to pour the f loors complete and 
main ta in the s l ip for five f loors. 

Typical floors 
The floor to floor height of typ ica l f loors is 
3.6m with a floor to cei l ing height of 2.7m. 
Air-condit ioning is provided by a var iab le 
vo lume air s y s t e m with two f resh air hand
ling p lants on e a c h floor providing f lexibi l i ty 
for tenan ts . Cool ing is provided by chi l led 
water d ist r ibuted to e a c h floor from cent ra l 
chi l l ing uni ts located in a ground floor plant-
room. Heat ing requi rements are not s igni f i 
cant and a sma l l base load g a s boiler is used 
and hot water c i rcu la ted in the s a m e piping 
s y s t e m used for ch i l led water . 
E lec t r i ca l , te lecom and computer cab l ing 
runs in three channe l skir t ing duc ts around 
the per imeter of f loors, supplemented by 
40mm deep floor duc ts in l imited se lec ted 
locat ions. 
F loors are f in ished monol i th ical ly . 

Floor construction 
The s t ruc tura l s y s t e m is reinforced concre te 
beam and s lab . There is general ly a 130mm 
thick s lab . Over the main floor sect ion there 
are beams 600mm deep by 350mm at 4.243m 
cen t res (i.e. 3 x \ / 2 ) spann ing 10.5m. T h e 
beams reduce to 400mm depth by 600mm at 
the south wes t end to provide adequate 
s p a c e for air-condi t ioning duc ts . T h e 400mm 
x 600mm sec t ion cant i levers out from the 
main 740mm x 1300mm framing beam to 
support the 'bay window'. The lobby s l ab is 
a l so 130mm thick with beams 550mm x 
350mm and 400mm x 400mm. 
The f loors are des igned for a general o f f ice 
loading of 3 k P a wi th a 1kPa provis ion for 
l ightweight part i t ions, cei l ing loads and 
f i n i shes . A 2.4m wide th ickened s lab sec t ion 
is provided on the south west s ide of the low 
r ise lift core (or upper level co lumns) for a 
uniform heavy load of 7 .5kPaor 12.5kPa con
cent ra ted over a 1.6m width. 
The nominated concre te strength is 25MPa 
al though the spec i f ied min imum O P C 
cement content of 280kg /m 3 general ly 
ach ieves a min imum of 23MPa at seven 
days . 

The builder is us ing a table form s y s t e m for 
the f loors and ach ieves a complete floor 
cyc le of nine work ing d a y s with two pours. 
Leve ls 43 to 48 within the tr iangular pyramid 
sec t ion at the top of the bui lding are execu 
tive su i t es and p lant rooms, and are a l so 
beam and s lab cons t ruc t ion , but with the 
layout vary ing from the typical f loors to 
a c c o m m o d a t e the stepped f acade and 
var ious vo ids and s e t b a c k s . 
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INTELSAT 
Headquarters 
Building, 
Washington DC 
Peter Thompson 
Architects: 
John Andrews International 
Anderson, Notter, Finegold 

Introduction* 
I N T E L S A T is an internat ional organizat ion 
owned by 110 member nat ions wh ich pro
v ides in ternat ional sate l l i te commun ica t ion 
fac i l i t i es to most of the wes te rn world. T h e 
organizat ion is based in Wash ing ton DC and 
in 1979 it w a s dec ided to hold a compet i t ion 
for the des ign of a new headquar ters com
plex in that ci ty. 
Arch i tec tura l inst i tu t ions of member coun
tr ies were invited to register the c reden t ia ls 
of o rgan iza t ions who in their opinion were 
qual i f ied to carry out the work. About 400 
reg is t ra t ions were received wh ich were 
reduced in three s t a g e s by se lec t ion pane ls 
to s i x , one e a c h from West Germany , Nor
way, C a n a d a , Aus t ra l i a and two from the 
United S t a t e s . E a c h f inal is t w a s to be paid a 
fee on presentat ion of an entry ful f i l l ing the 
compet i t ion requ i rements . A br ief ing/si te 
visi t for two pe rsons w a s a l so inc luded. 
The compet i t ion, judged by an internat ional 
jury, w a s won by the f irm of J o h n And rews 
Internat ional of Sydney , who subsequent ly 
were appointed to further their des ign, 
prepare cons t ruc t ion documen ts and super
v ise cons t ruc t ion . We a s s i s t e d J o h n 
A n d r e w s with h is entry and were subse 
quent ly appointed a s consu l t ing s t ruc tura l 
eng ineers . 

Th i s ar t ic le brief ly desc r i bes the arch i tec
tural p lanning and s t ruc tura l form of the 
complex , together with s o m e of our experi
e n c e s of work ing in the United S t a t e s . Imper
ial un i ts are used throughout. 
Architectural planning 
T h e s i te of 12 a c r e s is on Connec t i cu t 
Avenue between T i lden Street and Van N e s s 
Street and fo rms the eas te rn boundary of a 
new internat ional cent re being developed to 
augment the d ip lomat ic fac i l i t ies of 
Wash ing ton . Immediate ly to the north l ies 
the Univers i ty of the Distr ict of Co lumb ia . 
The s i te is heavi ly wooded on a s loping 
terrain and r i ses 40 ft above Connec t i cu t 
Avenue at its h ighest point (F ig . 1). 
The I N T E L S A T building programme w a s 
s taged with about 600,000 f t 2 g ross a rea 
being built in S tage 1 and a further 
150,000 f t 2 in S tage 2. 

S p a c e requ i rements inc luded accommoda
tion for sa te l l i te contro l , operat ion, s imu la
tion and ma in tenance , convent ion fac i l i t ies 
and o f f i ce s p a c e al l with their respect ive 
anc i l la ry fac i l i t ies conta ined within a mix
ture of sepa ra te o f f i ces and large f lexib le 
a r e a s . F a c t o r s wh ich were to be max imized 
inc luded exposu re of s ta f f to sunl ight , 
bui lding e f f i c i ency and energy e f f i c iency . 
P lann ing res t ra in ts d ic ta ted that the 
bui ld ings be accommoda ted on 8 of the 12 
a c r e s wi th the remainder des igna ted a s 
publ ic park land and the Wash ing ton build
ing height limit of 392ft above s e a level w a s 
to be observed . 
A n a l y s i s of the c l ien t ' s brief ind icated that 
a r e a s requir ing per imeter locat ion ac
counted for 7 0 % of the total . To max im ize 

" E d i t o r ' s Note: 
A s th i s project w a s des igned in imper ia l un i ts w e 
have not conver ted them into metr ic . 

the exter ior zone and minimize corr idor 
s p a c e , modu les of 90 ft square plan form 
were developed incorporat ing a 20 ft ex
terior zone. C o l u m n s were p laced at the 
periphery and on the perimeter of the inner 
and outer zones to give max imum f lexibi l i ty 
of part i t ioning. 
The module w a s modif ied to an oc tagon to 
c rea te rec tangu la rconnec t i ng l i nkscon ta in -
ing duct r i sers and to i lets and for connec
tion to s ta i r towers (F i g . 2). 
Nine four-level modu les sa t i s f ied the s p a c e 
requ i rements for S t a g e 1 and four s ix- level 
modu les for S t a g e 2. 
The module/ l ink c o m p l e x e s are ar ranged in 
a chequerboard pat tern and , when inter
l inked with a roof s t ruc ture , form interior 
cour tya rds or a t r ia . Pedes t r ian movement in 
the v ic in i ty is concen t ra ted on Connec t i cu t 
Avenue , par t icu lar ly at the Van N e s s in
te rsect ion where there are both subway and 
bus s tops . Modules and cour tyards are 
therefore ar ranged to c rea te a pedest r ian 
a c c e s s sp ine s tepping up the s lope connec
t ing the Connec t i cu t /Van N e s s in tersect ion 
wi th the In ternat ional Cent re . 
The sp ine of a t r ia , apart from act ing a s the 
bui ld ing 's ax ia l s t reet , p rov idea s o u r c e o f in
terior dayl ight ing and c l imate control . They 
a l so conta in ver t ica l and lateral c i rcu la t ion . 
E levator towers enc i rc led by a s ta i r are 
located wi th in the cour tya rds with a c c e s s to 
modu les v ia bridge l inks. 
The cour tya rds are l andscaped with water 
fea tu res and p lant ing. 
Be low-grade park ing for 500 c a r s and plant-
rooms are provided at three levels s tepping 
up the h i l ls ide, l inked by a feeder road off 
Van N e s s St reet . 
Structure 
Arch i tec tura l requ i rements for co lumn-f ree 
s p a c e s wi th in the modules , economy and 
speed of cons t ruc t ion resul ted in the cho i ce 
of s t ruc tu ra l s tee l / concre te compos i te con
st ruct ion for o f f i ce modu les , serv ice l inks 
and connect ing br idges above grade. Re in
forced concre te w a s used for cons t ruc t ion 
below grade p lus s ta i r and elevator towers . 
T h e a t r ia roofs are of tubular s tee l space -
f rame cons t ruc t ion . Ex te rna l concre te is 
fa i r - faced. 
Bui ld ing cons t ruc t ion in Wash ington is car
ried out to the requirement of the Bui ld ing 
Code of the Distr ic t of Co lumb ia . Re in forced 
concre te and s t ruc tu ra l s tee lwork des ign 
are car r ied out to the recommenda t ions of 
the Amer i can Conc re te Inst i tute and 
Amer i can Inst i tute of S tee l Cons t ruc t ion . 
In addi t ion al l cons t ruc t ion must conform to 
the requ i rements of the F i re I nsu rance In
dustry. T h i s in e f fec t m e a n s that u n l e s s a 
very expens ive test is car r ied out, only a 
combinat ion of s t ruc tu ra l e lements wh ich 
have previously been tested and given a fire 
r e s i s t a n c e rat ing may be used . R e s u l t s of 
t es t s are given in a document known a s the 
Underwr i te rs Labora to r ies Inc. F i re 
R e s i s t a n c e Directory. 

Statutory load ings and permiss ib le reduc
t ions are s im i la r to Aus t ra l i an and Br i t i sh 
C o d e s . Wind loading is however ex t remely 
b a s i c in compa r i son , the requirement being 
that bui ld ings where the height e x c e e d s 2Vi 
t imes the width sha l l be des igned to res is t a 
uniform load of 20lb/ f t 2 . Roo fs are general ly 
des igned for a s n o w loading of 30lb/ f t 2 . 
However , in a r e a s where snow drift w a s con
s idered to be a poss ib i l i ty a local ized 
loading of 60 lb / f t 2 w a s adopted. 
Typical module structure 
The typ ica l module or pod floor is repeated a 
great number of t imes and much effort w a s 
put into c rea t ing an ef f ic ient and economic 
layout ( F i g s . 3 and 4). 

A typ ica l floor h a s 5V4 in s lab spann ing 
8 ft 4 in onto a seconda ry beam s y s t e m . The 

s lab is a R o b e r t s o n s Q-Lock metal pan with 
2 in deep r ibs ac t ing compos i te ly with 3 1 /4 in 
of l ightweight concre te . The l ightweight 
concre te is used not only for load benefit but 
for i ts super ior f i re-resist ing qual i t ies . 
The s l a b is supported by and a c t s com
posi te ly v i a s h e a r s t u d s wi th 12 indeep stee l 
beams spann ing 20 ft and 14 in deep b e a m s 
spann ing 25 ft. The secondary beams are 
ar ranged to ensure equal loading on the 
pr imary b e a m s and thus equal loading on 
co lumns . T h e large range of s tee l sec t i ons 
ava i lab le in the U S lends i tself to economic 
des ign . 
The pr imary beams of 30 in depth and maxi 
mum s p a n 50 ft are des igned a s part ial com
posi te s e c t i o n s and are con t inuous with the 
internal c o l u m n s . T h e s e b e a m s have either 
web penet ra t ions or are notched at the ends 
connec ted to the perimeter co l umns , to 
al low p a s s a g e of se r v i ces . Al l b e a m s are 
grade 36 ksi s tee l . 
The four internal major co l umns are 19 in 
square s e c t i o n s of welded plate, grade 
50 ks i , vary ing in t h i c k n e s s from 1Vs in to 
Ve in depending on level. F i re rating is 
ach ieved by concre te enc as emen t resul t ing 
in a c i r cu la r co lumn 30 in in d iameter . 
The eight ex terna l co l umns are 16 in 
d iameter made up of a 12 in d iameter tube, 
grade 46 ks i , of wal l t h i c k n e s s Vi in, sur
rounded by 2 in of f ire proofing conta ined by 
a thin s tee l tube. T h i s who le a s s e m b l y is a 
propr ietary sec t ion in the U S . The co lumn is 
fi l led wi th concre te of 5 ,000lb/ in 2 ac t ing 
compos i te ly with the s t ruc tura l tube. 

Cont inu i ty between b e a m s and internal 
co l umns is ach ieved by s i te butt weld ing. 
T h i s procedure, wh ich at f irst appeared to us 
to be a r isky one, w a s the unan imous cho i ce 
of the loca l s tee l fabr ica tors whose opinion 
w a s sought . A fu l l -sca le mock up w a s con
s t ruc ted by the s u c c e s s f u l fabr icator wi th 
al l w e l d s u l t rason ica l l y tes ted. S a m p l e sec 
t ions were taken from the mock-up and etch-
tested for corre lat ion with the u l t rason ic 
test resu l t s . 

The pod roofs are landscaped wi th paving 
and low plant ing and used for recreat ional 
purposes . Due to th is the loading is higher 
than for a typ ica l floor wi th a consequent in
c r e a s e in s t ruc tu ra l s i zes . Roof members are 
ar ranged to provide a fal l in al l d i rec t ions to 
the cent re co l umns . 
E a c h pod is separa ted from its neighbour 
not only by a link block but by movement 
jo ints. Tempera tu re range is par t icu lar ly 
severe on the eas te rn coas t of the U S and it 
is s tandard prac t ice to provide jo in ts much 
more of ten than we would in Aus t ra l i a . Con
sequent ly , e a c h pod is des igned a s a two-
way mul t i -s torey portal f rame providing its 
own stab i l i ty aga ins t w ind and out-of-
ba lance load ings. 
Br idge l i nks between elevator towers and 
the pod floor l inks span a max imum of 50 ft 
and are des igned a s compos i te s tee l /con
crete m e m b e r s with vibrat ion cr i ter ia con
troll ing member s i z e s . E x p a n s i o n jo ints are 
provided at the end supported on the ele
vator tower. 
The towers , a s with al l exposed ver t ica l sur
f a c e s are smooth fa i r faced concre te . 
At the end of des ign development the c l ient , 
wi thout our knowledge, obta ined a techn ica l 
audit of the pod s t ruc ture from Be th lehem 
S tee l . T h i s is of fered a s a free serv ice in the 
US . Wh i l s t not d isagree ing direct ly with our 
des ign app roach , Be th lehem were not too 
happy with the cont inui ty in the floor s y s t e m 
and put fo rward an a l ternat ive us ing simply-
suppor ted b e a m s throughout, p lus d iagonal 
brac ing for stabi l i ty . We, in turn, were a s k e d 
to comment on their p roposa ls and after 
submi t t ing a carefu l ly worded adverse 
report, the mat ter w a s dropped. 

/ 

/ 
/ 

The al t i tude is around the 500m mark con
tr ibuting to the ex t reme diurnal temperature 
c h a n g e s . Tempera tu res of 50°C are not 
unusua l dur ing summer , whi lst winter 
tempera tu res of - 5 ° C have been recorded. 
Much of the a r e a ' s topography c o n s i s t s of 
sand r idges o r d u n e s averag ing about 13min 
height above an o therw ise flat p la in. T h e 
vegetat ion c o n s i s t s of p lants expert at 
res is t ing long per iods of drought either by 
remain ing dormant , or by ad jus t ing their l i fe 
c y c l e s u c h that they ex is t only wh i le 
mois ture is present . About 390 s p e c i e s of 
plant have been ident i f ied and these provide 
habi tat for 22 s p e c i e s of m a m m a l s and 151 
s p e c i e s of b i rds. During the past century a 
number of medium-s ized m a m m a l s have 
become ex t inc t , main ly due to the ravages of 
imported s p e c i e s s u c h a s c a t s . 

Arr iv ing at what w a s to be Yu la ra for the first 
t ime, it w a s di f f icul t not to be overawed with 
the t ask in front of us a l l . E n d l e s s s a n d 
p la ins s t re tched in al l d i rect ions, s a v e for 
the overwhe lming p resence of A y e r s Rock 
about 16km a w a y . It w a s hard to bel ieve that 
s u c h a large development w a s to happen in 
s u c h a deso la te spot. 
On tak ing s tock however, th ings got better. 
An airport capab le of landing Fokker F28 
type a i rc ra f t had just opened about 5km 
from the s i te , a 2.8 Mva oil-fired power 
s ta t ion w a s about 2/3 complete, and what 
w a s eventua l ly to become the vi l lage se rv i ce 
a rea w a s in embryo form a s a depot for Park 
rangers . 
The main road from A l i ce Spr ings w a s 
a lmos t complete ly b i tumenized and on the 
s i te proper there w a s a s y s t e m of b i tumen 
roads going seeming ly to nowhere but com
plete with s top and give way s igns . G iven the 
topography these ex is t ing roads b e c a m e a 
major determinant in the evolut ion of the 
cent ra l town a rea a s bui lding w a s only to be 
poss ib le in the flat a rea between the roads 
and the dunes . 

The resort 
Yu la ra can cater for about 5,000 v is i tors per 
day and h a s a permanent populat ion of 
about 500. The permanent populat ion is 
largely conce rned wi th the resort funct ion 
but i nc ludes Nat ional Park s taf f p lus their 
fami l ies . 
The resort h a s three main components : 
(1) T h e cent ra l sp ine 
(2) Per iphera l development around the ma in 
ring road 
(3) Se rv i ce a rea . 
(1) T h e cent ra l sp ine is moulded to the dune 
format ions in an S s h a p e and con ta ins most 
of the major resort componen ts inc luding 
the V is i t o rs ' Cent re , two hote ls , one of 100 
rooms, one of 250 rooms, retai l a rea , s ta f f 
accommoda t i on and communi ty fac i l i t ies . 
The bu i ld ings are ar ranged in c l u s t e r s 
around c iv ic s q u a r e s and s p a c e s . The hote ls 
are p laced at e a c h end of the sp ine and 
l inked to e a c h other by a se r i es of pedest r ian 
s t ree ts def ined by one and two-storey build
ings. T h e whole of the sp ine is built on an 
e levated podium of vary ing levels def ined by 
a per imeter wa l l . A cent ra l energy plantroom 
is located beneath the V is i to rs ' Cent re and 
s e r v i c e s the total fac i l i ty . 

(2) T h e per ipheral development inc ludes 
componen ts s u c h a s de tached hous ing , 
schoo l , po l ice s ta t ion , camping grounds, 
Abor ig ina l hous ing and se rv i ce s ta t ion . T h e 
camp ing grounds ca te r for up to 3,600 at 
four s i t es . T h e s i t e s are fully serv iced and 
have s w i m m i n g pools. C a r a v a n s and bunk 
house accommoda t i on are ava i lab le for 
c a m p e r s wi thout tents . 
(3) T h e se rv i ce a rea eas t of the resort con
ta ins the water t reatment and sewage treat
ment plant a s wel l a s the major s to rage and 
m a i n t e n a n c e fac i l i t ies . 

Shera ton Hote l : 
Top: V i e w of cen t ra l fac i l i t i es 
Cen t re : G e n e r a l v iew of main en t rance 
Bot tom: Main e n t r a n c e show ing fabr ic s h a d e s and roof e l e m e n t s 

F a c i n g page: V i e w of ma in resort fac i l i t i es and A y e r s R o c k (Photo: J o h n Go l l i ngs ) 
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Atria roofs 
Roofs to the covered cour ts are dome-l ike 
with a hor izontal 50 ft x 50 ft cent ra l a rea 
and 50 ft x 20 ft s i des s loping at 57°. Due to 
the d i f fe rence in pod roof levels, each roof 
h a s a ver t ica l component of a floor height on 
three s i des . 
A s p a c e f rame based on a 5 ft module is 
used to support double glazing wh ich forms 
the outer sk in of the roof. 
Apart from dead , wind and snow loads the 
s p a c e f rame is required to support loads 
such a s hanging planter boxes , window 
wash ing equipment p lus a load of 1501b at 
the cent re of e a c h member for m isce l lan 
eous purposes . A temperature var iat ion of 
54 °F is a l so taken into cons idera t ion . 
E a c h roof connect ing four pods a c t s in
dependent ly and is supported at eight peri
meter co lumns . Suppor t r e l eases have been 
provided s u c h that only vert ical load and 
wind fo rces are t ransmi t ted to the pod struc
tures. A total of 25 separa te loading com
binat ions were cons idered in the des ign. 
After prel iminary des ign to prove the s y s t e m 
viabi l i ty, and to es tab l i sh a budget cos t , a 
per formance spec i f i ca t ion w a s wri t ten to 
enab le tenders to be ca l led from manufac
turers of proprietary s p a c e f rame s y s t e m s . 
Many s y s t e m s are ava i lab le in the US and 
the scope and s ize of the roofs exc i ted much 
interest from supp l ie rs . The s y s t e m event
ually adopted is known a s Spherobat, a West 
Ge rman s y s t e m manufac tu red under 
l i cence in the U S . T h i s is s imi lar in appear
ance to the better known Mero s y s t e m but 
ut i l izes spl i t s tee l hemispheres bolted 
together to form coupl ing at nodes and s tee l 
tubes between node points. 
Detai l des ign ca l cu la t i ons were prepared by 
the suppl ier and checked by us . Load test ing 
of the node a s s e m b l y w a s required prior to 
erect ion wh ich proved to be a w i se precau
tion a s a s ign i f icant amount of fa i lu res were 
recorded in nodes first suppl ied. 

Substructure 
The ca r park and plantroom s t ruc tu res step
ping up the s i te act a s podia to support the 
pods. The re inforced concre te beam and 
s lab cons t ruc t ion provides a t ransi t ion be
tween the pod s tee l co lumns and the park
ing requi rements at basement level. Re
inforced concre te co lumns are located to 
suit both the requi rements of the pods and 
that of park ing. lOVi in s l a b s spann ing a 
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max imum of 28 ft onto beams 36 in deep 
running normal to parking bays is the 
general form of cons t ruc t ion . 48 in x 18 in 
re inforced concre te co lumns support the 
major s tee l co l umns above. 
Foundations 
Bedrock at the s i te is a gne i ss belonging to 
the W i s s a h i c k s o n format ion. T h i s is a meta
morphosed sed imentary rock general ly 
moderately folded with bedrock elevat ion 
varying s ign i f i cant ly over short hor izontal 
d i s t ances . 

Test bor ings carr ied out pre- and post-
compet i t ion general ly indicated d is integ
rated rock or rock about 12 ft below grade, 
these being weathered res idual mater ia ls 
derived from the underly ing parent bedrock. 
Both mater ia ls were su i tab le for founding of 
pad foot ings with an a l lowable bear ing 
capac i t y of 5 tons / f t 2 for the d is in tegrated 
rock and 20 tons / f t 2 for the s l ight ly 
weathered rock. 
At the southern part of the s i te towards 
Ti lden Street the depth to rock inc reased to 25 



5. Connec t i cu t Avenue e levat ion dur ing cons t ruc t ion (Photo: B i l l T h o m a s ) 

some 35 ft and c a i s s o n s were n e c e s s a r y in 
th is a rea . A bearing capac i t y of 30 tons / f t 2 

w a s recommended for end bearing with no 
a l l owance for sk in fr ict ion, and c a i s s o n s of 
36 in d iameter with belled ends were se l 
ec ted to support major pod co lumns . 
Di f ferent ia l set t lement of foot ings support
ing the major pod co lumns founded in differ
ing rock s t ra ta w a s a l lowed for in the des ign. 
Groundwater w a s encountered at heights 
vary ing up to 5 ft above basement leve ls . A 
sub-dra inage s y s t e m w a s insta l led to 
reduce hydros ta t ic head on basement wa l l s 
and f loors. 

In S t a g e 2 the building conf igurat ion 
developed somewha t di f ferent ly to that 
or iginal ly ant ic ipated and we found our
se l ves excava t i ng a reasonab ly deep base
ment immediate ly ad jacent to and below 
some of the S t a g e 1 c a i s s o n s . G iven the 
highly f rac tured nature of the rock we were 
concerned , but with prodigious amoun ts of 
ground anchor ing the problem w a s over
come. 
Energy design 
Although not within our te rms of re ference 
a s s t ruc tura l eng ineers , some ment ion 
should be made of the bui ld ing 's energy sav
ing des ign . 
The bui lding h a s a util ity bill l e s s than 4 0 % 
of the norm for comparab le Wash ing ton 
bui ld ings. T h e s e sav i ngs are ach ieved 
through a combinat ion of pass i ve and act ive 
s y s t e m s . 
The key to the p a s s i v e s y s t e m is the sp ine of 
l inked a t r ia . Air enter ing at the b a s e of the 
serv ice towers is drawn over planted ter
r a c e s and cool ing ponds then sp ray -washed 
and mixed with condi t ioned air before enter
ing the atr ium by way of interior pools. 
At the bui lding f ace the full height g laz ing is 
sh ie lded by s u n s c r e e n s mounted on a s p a c e 
f rame of 1 in d iameter s t a i n l e s s s tee l . 
The ac t ive m e c h a n i c a l s y s t e m s emphas ize 
the recovery and reuse of w a s t e heat. 
Su rp lus energy is stored in ice and warm 
water t anks . During hours of peak demand 
the bui ld ing 's s tandby plant augments util
ity suppl ied power. 
Joint venture arrangements 
T h e cond i t ions of appointment required that 
e a c h d isc ip l ine be represented in Wash ing
ton by local f i rms. Af ter ta lk ing to var ious 
organ iza t ions we entered into an arrange
ment with MMP Internat ional who had 
star ted life a s an of fshoot of R M J M — wel l 
known in the UK. The work w a s shared . We 
provided al l des ign func t ions throughout 
the project p lus d raw ings to des ign develop
ment phase and genera l l ia ison with other 
consu l tan ts . 
MMP adv ised during des ign on local condi
t ions and mores, provided const ruc t ion 
documenta t ion , c h e c k e d s h o p d r a w i n g s and 

26 car r ied out s i te inspec t ions . A s des igners 

we a s s u m e d overal l responsib i l i ty for the 
s t ruc tura l su f f i c iency . 
MMP a l so provide cos t planning and evalua
tion s e r v i c e s and were employed by the 
arch i tect in th is role. 
E a c h individual S ta te in the U S A requires 
that s t ruc tura l documen ts be at tested by a 
pro fess iona l engineer registered in that 
S ta te . It is poss ib le in Wash ington DC to 
obtain d ispensa t ion for a spec i f i c project, 
par t icular ly one of a d ip lomat ic nature but, 
in our c a s e MMP provided th is serv ice. 
At the complet ion of des ign development for 
S t a g e 1, Bi l l T h o m a s took himsel f and al l 
documen ts to Wash ing ton for s ix months to 
complete the des ign and superv ise docu
mentat ion in MMP 's of f ice. To make him feel 
at home and l ighten h is work load we in
sta l led in Wash ing ton s imi lar desktop com
puter fac i l i t ies to our own in Sydney. T h e s e 
were repatr iated to Aus t ra l i a at the end of 
h is s tay . 

For S t a g e 2 the p r o c e s s w a s repeated wi th 
Ian A inswor th s topping over in Washington 
for three months , whi ls t en route for a two 
year s tay in London of f ice. 
Throughout the des ign and const ruc t ion 
p h a s e s addi t ional v is i t s were made from 
Aus t ra l i a at about s ix monthly intervals. 
To date our re la t ionship with MMP has been 
mutual ly benef ic ia l and a fair sha re of credit 
for the s u c c e s s f u l ou tcome of the project is 
due to them for their e f for ts . 
Construction 

After a lengthy se lec t ion p rocess one of 
North A m e r i c a ' s largest cont rac t ing organi
za t ions , G i lbane Bui ld ing Co. , w a s ap
pointed to provide const ruc t ion advice dur
ing des ign development and documenta
tion. T h i s company w a s eventual ly awarded 
a cont rac t a s const ruc t ion manager for 
S t a g e 1 for a f ixed lump sum price of $54 M 
with a cons t ruc t ion period of 27 months. 
The S t a g e 1 cont rac t w a s completed on t ime 
and budget without any major problems and 
a grand opening at tended by the Dip lomat ic 
Co rps and de lega tes from I N T E L S A T 
member count r ies took p lace in April 1985. 
S tage 2 c o m m e n c e d in the autumn of 1985 
but for r easons known only to the cl ient, a 
cont rac t w a s negot iated with a much 
smal le r cont ractor , W.P. L ipscomb for a 
f ixed lump s u m price of $26 M over a 24 
month period. T h i s cont ract is progress ing 
sa t is fac tor i l y . 
The American system 
We learned someth ing from our brief en
counter with the Amer i can sys tem, parti
cu lar ly in the a rea of documentat ion. 
Al though direct c om pa r i s ons are di f f icul t , it 
is c lear that we tend to over-document our 
work and not take advantage of industry 
capab i l i t i es . In the U S , bi l ls of quant i ty are 
rarely n e c e s s a r y with a consequent reduc
tion in documenta t ion . In most i ns tances 

bui lders are prepared to give a G M P — 
Guaran teed Max imum Pr ice — for a con
tract based upon a prel iminary set of layout 
d raw ings , schedu le for f i n i shes and a perfor
m a n c e spec i f i ca t ion for se rv i ces theoreti
ca l ly reduc ing the overal l documenta
t ion/const ruct ion t ime and cos t to the 
owner. 
Shop d raw ings for s t ruc tura l s teel and con
crete re in forcement are the responsib i l i ty of 
the cont rac tor with the consu l tant respon
s ib le for check ing that h is requi rements 
have been incorporated within these docu
ments — s imi la r to the procedure used in 
Aus t ra l i a for s tee l shop drawings. The 
resul t ing reduct ion in draft ing effort m e a n s 
that the average consu l t ing eng ineer 's 
o f f i ce in the U S h a s a higher rat io of 
eng ineers to d ra f t smen than is normal here, 
of ten a s high a s five to one. In addit ion a 
cons iderab le amount of drawings, par
t icular ly deta i ls , is done on sma l l 
ca lcu la t ion-s ize s h e e t s by engineers . 
Superv is ion of cons t ruc t ion is handled dif
ferently in the U S . During th is phase of the 
work the consu l t ing engineer per forms a ser
v ice termed ' occas i ona l observat ion ' , 
c h e c k s shop d raw ings , a s s e s s e s reports 
from inspect ion compan ies and rema ins 
ava i lab le for consu l ta t ion . 
Detai led superv is ion of foundat ion works , 
concre te and re inforcement p lacement , find 
s t ruc tura l s tee lwork is carr ied out by 
spec ia l i s t c o m p a n i e s who combine inspec
tion with laboratory test ing and who work to 
a spec i f i ca t ion prepared by the consu l t ing 
engineer. 

Al l in al l we feel the Amer ican consu l t ing 
engineer, being more design-or ientated, is 
more ef f ic ient . G iven the prevai l ing fee-
s c a l e s he h a s to be. The average fee payable 
to a s t ruc tu ra l engineer would be of the 
order of 0 . 5 % - 0 .75% of total cost with the 
total fee for arch i tect and s t ruc tura l and ser
v i ces eng ineers in the range 5 .5% - 6 % . In a 
highly compet i t ive s i tuat ion th is fee percen
tage c a n be forced down to the 4 % - 5 % 
level. 
Epilogue 
Our brief foray into the North Amer i can 
market c a m e about in except iona l and un
p lanned c i r c u m s t a n c e s . Af ter our init ial 
surge of euphor ia fol lowing the compet i t ion 
s u c c e s s we had some apprehens ion a s to 
how we would manage a project so far away 
but we were helped by the arch i tec t , J o h n 
Andrews , who had pract iced in North 
Amer i ca for some y e a r s previously, and w a s 
fami l iar with the ground ru les. 
After a coup le of v i s i t s we had red iscovered 
that engineer ing is a fairly un iversa l 
language and the project h a s become one of 
our most s u c c e s s f u l in al l respec ts . 
The bui lding h a s been wel l - received by the 
cl ient and the arch i tec tura l fraternity. It h a s 
won some a w a r d s and shou ld serve a s a use
ful market ing tool in the present Arup con
quest of North Amer i ca . 
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Yulara tourist resort 
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Introduction 
T h e ma ins t ream of our work is located 
a lmost ent irely in Urb ia and Suburb ia . We 
rarely venture out to the surrounding coun
trys ide, let a lone the outback. To the average 
Aus t ra l i an the outback is a mys te r ious and 
unknown somewhere , sparse ly populated 
by unconvent iona l C a u c a s i a n s and Aborigi
nes outnumbered by hordes of kangaroos 
and rabbi ts . 
Quite by c h a n c e , a s a result of being in the 
right p lace at the right t ime, we were given 
the opportunity to par t ic ipate in the develop
ment from s c r a t c h of a townsh ip in the red 
centre of Aus t ra l i a — the real outback. The 
town w a s Yu la ra . 
Yu la ra is the ga teway to the Uluru Nat ional 
Park in the hear,t of Cent ra l Aus t ra l i a . T h e 
Park cove rs s o m e 1,325km 2 and is s i tuated 
460km by road south wes t of A l ice Spr ings . 
Con ta ined in the Park are a number of 
unique geolog ica l format ions including 
Aye rs Rock and the O lgas . The eco log ica l 
s y s t e m c o m p r i s e s p lants and an ima l s uni
que to the deser t environment. 
The a rea h a s been inhabi ted by Abor ig ines 
for many t housands of yea rs . They have a 
deep and mys t i ca l a t tachment to the land 
and i ts fea tu res . 

Aye rs Rock is the P a r k ' s most popular 
a t t ract ion, second only in nat ional tourist 
appeal to the Sydney Opera House. Tour ist 
demand to the a rea i n c r e a s e s by more than 
100% e a c h five yea rs with 150,000 v is i tors to 
the Park in 1985. 
In the past v is i tors were accommoda ted in 
mote ls and a camp ing ground in c l ose proxi
mity to the Rock . T h e s e fac i l i t ies were no 
longer able to cater for the growing demand 
and were general ly unsa t is fac to ry , given the 
s tandard of ameni ty demanded by the aver
age present-day travel ler. In addit ion de
velopment had not been properly control led 
or co-ord inated, leading to a general 
deter iorat ion of the natural environment 
around the Rock . 
It w a s dec ided in 1973 to re locate the a c c o m -

Legend 
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Y u l a r a tour ist resort : s i te plan 

modat ion and airst r ip outs ide the Park 
boundary and restore the envi ronmenta l ly 
damaged a r e a s . The new vi l lage thus formed 
w a s to be named Yu la ra . 
Var ious a t tempts were made throughout the 
late 1970s to develop Yu la ra on a p iecemeal 
or individual component b a s i s and some 
in f rast ructure, main ly roadworks, had been 
insta l led to a not ional town plan. T h e s e 
a t tempts fa i led bas ica l l y through lack of 
developer interest . However, fo l lowing an 
invitat ion f rom the Northern Terri tory 
Government , Whi te Indust r ies Ltd. , a large 
developer /const ructor , put forward a for
mula based on a town plan prepared by the 
arch i tect Phi l ip Cox for the const ruc t ion of a 
complete tour ist resort wh ich w a s accep ted . 
A joint venture company known a s Yu la ra 
Development C o . w a s set up by the N T . 
Government and Whi te Indust r ies Ltd. and 
became the c l ient . 

Whi te Indust r ies Ltd. were appointed pro
ject and const ruc t ion managers and a s we 
had a s s i s t e d them in their presentat ion to 
the N.T. Government we became consu l t ing 
civi l and s t ruc tura l engineers to the project. 
Arup G e o t e c h n i c s were in turn appointed to 
provide so i l s invest igat ion and mater ia l 
evaluat ion se rv i ces . 
The resort w a s to cater for a mixed tourist 
populat ion of 5,000 per day and 500 perma
nent res idents . The project w a s es t imated to 
cos t some A$120 M and w a s to be des igned 
and built in a 120-week period. 

The site 
The s i te is an a rea of about 2km x 2km 
located about 16km to the north west of 
Aye rs Rock . 
The c l imate of the region is arid with l e s s 
than 250mm of rainfal l per annum and a total 
evaporat ion of about 2800mm per annum. 
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Foreword 
John Nutt 
The Aus t ra l i an prac t ice aga in p resen ts a 
samp le of work s i n c e an i s sue of The Arup 
Journal on Aus t ra l i a w a s last compi led. 
T h o s e f ive y e a r s have been a busy and ex
c i t ing t ime, and the s u b s t a n c e of the pro
jec ts re f lec ts the charac te r of th is pract ice . 
We are del ighted to have built a major pro
ject in Wash ing ton DC with an arch i tect of 
the ca l ib re of J o h n And rews — an urban 
bui lding of qual i ty in the cap i ta l of the 
wor ld 's largest democracy . Con t ras t that 
with the sens i t iv i ty of the Yu lura project by 
Phi l ip C o x . Set in the desert in the heart of 
Aus t ra l i a , an iso la ted locat ion of ha rsh en
v i ronmenta l ex t remes , the resu l ts are s imp le 
bui ld ings and s t ruc tu res of great beauty. 

Then there is the R&l Tower, a project put 
together by A lan Bond , winner of the 
A m e r i c a ' s Cup yach t ing event — an exci t 
ing high r ise project in wh ich the techn ica l 
a s s e s s m e n t of wind- induced problems w a s 
demand ing . T h e a rch i tec ts , Cameron Ch i s -
holm & Nicol have a f ine reputat ion for s u c h 
bui ld ings. There is a thril l about contr ibut ing 
to good arch i tec ture wh ich in f luences us a l l . 

F ina l ly , there are the civi l engineer ing pro
jec ts of wh ich we are mas te rs . 

We have grown subs tan t ia l l y in those five 
yea rs . In i tself, s i ze is unimportant. Never
the less , engineer ing works of magni tude 
frequent ly c a n only be under taken by f i rms 
of s u b s t a n c e , d ivers i ty of r esou rces and 
f inanc ia l s t rength, and we w ish to prac t ice 
at that level . However, our real reason for 
growth is to ex tend people pro fess iona l ly , to 
at t ract s ta f f of talent so that the future is 
a s s u r e d , to f ind su i tab le ro les for people a s 
they age, and to have the appropr iate re
s o u r c e s to work on the type of pro jec ts that 

interest us . We have re jected the phi losophy 
of remain ing s ta t i c in s ize . We do not bel ieve 
it is poss ib le in the long term, and we do not 
w i sh to shr ink b e c a u s e of the connota t ions 
a s s o c i a t e d wi th a dec reas ing organizat ion. 
A nat ional p rac t ice in Aus t ra l i a h a s cer ta in 
c h a r a c t e r i s t i c s . E a c h of the S t a t e s h a s 
sovere ign r ights, many ceded to the Com
monwea l th Government at t he t imeo f Feder
at ion. T h o s e s t a t e s are an important source 
of work, and if we w i s h to do that work, we 
must have a st rong p resence in e a c h s ta te 
cap i ta l led by men of s ta ture resident there, 
highly respec ted by the communi t ies they 
serve. The Aus t ra l i an prac t ice is decentral iz
ed a s a resul t , knit ted together through 
bonds of common interest and f r iendship. A 
paral le l is a univers i ty of st rong depart
ments where the reputat ion and ski l l is 
vested in the s ta f f and the facu l t ies . 
Tha t decent ra l iza t ion h a s good and bad in
f l uences . S o it b reeds an independence of 
mind and a s t rength of charac ter . But it a l so 
f ragments our r esou rces into comparat ive ly 
sma l l pocke ts . On ba lance however th is 
diversi ty of background and the direct con
t inuing re la t ionship between the individual, 
h is c l ien ts and the communi ty h a s served us 
wel l and given us great s t rength. 
Future plans 

We plan to under take a new init iat ive every 
two y e a r s — a procedure a imed at taking us 
where we w ish to go rather than responding 
freely to market fo rces . In the last five year 
period, Arup G e o t e c h n i c s h a s been p laced 
in a sound techn ica l and commerc ia l posi
t ion, the C a n b e r r a o f f i ce h a s been star ted 
and is now operat ing s u c c e s s f u l l y , and we 
have opened in Auck land , New Zea land . We 
have not yet comple ted the network of 
Aus t ra l i an s ta te o f f i ces and p lans are afoot 
to open in Ade la ide. 
P ro fess i ons are chang ing , and the con
sul t ing engineer ing b u s i n e s s is chang ing 
too. At one t ime, the pro fess iona l en
deavoured to under take the work personal ly . 

That c a n no longer be the c a s e , nor does the 
communi ty expect it of him. Never the less , a 
soundly based consu l t ing prac t ice requires 
a persona l commi tment on the part of in
d iv iduals to a c l ient . 
P r a c t i c e s are becoming more cap i ta l inten
s ive , and a s they do, outs ide investors are 
being invited to sha re in the ownersh ip of 
f i rms. T h i s wor ldwide trend in our industry 
wi l l bring about a commerc ia l i sm wh ich 
cou ld readi ly overshadow the idea ls of a f irm 
s u c h a s ours where qual i ty of work, breadth 
of v is ion , s o c i a l u s e f u l n e s s and a humane 
organizat ion are important pr inc ip les. The 
b u s i n e s s world demands a return on cap i ta l 
and e f f i c iency in a compet i t ive environment 
but t hose goa ls and ours are not mutual ly 
exc lus i ve . 
New departures 
The Aus t ra l i an prac t ice moves in r esponses 
to these techno log ica l and communi ty 
c h a n g e s . We now adver t ise on o c c a s i o n s 
and act ive ly promote our sk i l l s . We have 
appointed a s Director of B u s i n e s s Develop
ment one of our number, a senior man of 
ca l ib re w h o s e role is to fol low those pro jects 
of long gesta t ion t ime, or c l ien ts in f ie lds 
where our c o n t a c t s are weakes t . It is a 
depar ture from our past . The cha l lenge for 
us wi l l be to keep an appropr iate ba lance . 
Be ing a s ta f f -owned f i rm, we enjoy the 
privi lege of set t ing our own targets. 
The s h a m e of a se lec t ion such a s we have 
made in th is i s s u e is that many good pro
jec ts are omit ted and that only some of the 
people who have made s ign i f icant contr ibu
t ions to the jobs and the wel l-being of our 
p rac t ice are acknowledged . Hopeful ly, 
another i s s u e wi l l be for thcoming when the 
r i c h n e s s and divers i ty of our work can aga in 
be recorded. Pe rhaps we c a n wri te on our 
work in developing count r ies , or on embas
s i e s o v e r s e a s or our b icentennia l s t ruc tu res , 
or on more of the d isc ip l ines wh ich go to 
make our p rac t ice . 
Maybe — if we have the s t rength! 
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