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1.C INTRQOUCTICN.

- .

In ccmolex building coplications the economics cnd rate of
const-uction of the post-tensioned cregs cre.not aclways
critical beccuse of the mcgnitude of the unusual loading or
freming conditions to be solved. This pcper is confined teo
post-tensioning os applied to the more conventional structural
flaor systems where the sslectiocn of structure type is heavily
influenced by direct mcterial gcnd lcbour costs cnd the speed
with which the buildirg is to be constructed. Con<truction
time nas become of the utaost impczriance under today's
prevciling high interest charges and potenticlly escclating
costs.

Two distinct building types are reviewed, namely, multi storey
prcjects involving office, hotel and apartment structures and
glso multi linscr jobs incorporating medium level structures,
c¢s used in shopping centres ond industricl complexes, sometimes
with relgtively large plan dimensions.

The areas of maximuam dizect and indirect cost influence are
highlighted and the balznce between these costs is reviewad.

txamples of tha relcotive cost of various gost-tensioned
stsuctural soluticns ar: given, compared with clternctive
solutions using other materigls in two typical building spans
and loedings. The examples and cost data provided, cover the
United States of Americc, +the Uniied Kingdom, South East Asia
and Australic and therefore incorporate urit labour rates with
¢ rotio of spproximately 40 :1 between the U.S.A., and certain
regions of Scuth Eos*t Asic. The celative importance of the
major structurcl cost items varies among many of the countries
studied and the particuler trends evolving in Australic are
exploined, together with c projection on future developments.
A typical construction p-ogremme for ¢ multi linear structure
is discussed o1d the significonce of the formwork ond
post-tensioning interaction is emphusised.

Availability of constructional plant must seriously influence
the choirce of structurcl solution. The major differences
Setween on-site construction equisment In the United States,
Europe and other-less indus*riclised countries, cre highlighted.

The various cdvantcges and discadvenicges of posti-tensioned
building s*tructures cre ciscussed cnd compcres with alternative

netscds, from the poin: o7 view of *he owner cnd corntractor.
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Soaetines the besic p-oject cims can e obscured in “he agze
Azchitecturel cnd Engineering gvancstics which fora nart
sackage. HWe nust remember the% inese professional

s are only means to cn end cnd must be viewed in their
psrspective. The building incorpgsrcting the highest

vel of structuzrcl engineering ochievement ccn be ¢ faoilure
i+ sogti.fies the besiec client, community cnd functional
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What do we mean by o successfully completed project?

Thaze are o number of pcssible motives bekind the origincl
decision of the client to undertaoke a particular project.
Rezendber theot it is the cliznt who, in nearly all cases,
initiclly detcermines the need to construct o project and it is
clear thet his needs must be the prime considerution in the
mincs of the consiructors cnd designers of that project.
Dessnding on wnether the project is an office building, industricl
coaglex, retail store or public works project or indeed any of
the other variety, the besic cims of the project would normally
be cne - more of the following :

- the client's personal occupancy needs
- investment return, to the client, by wecy of rental

- development cnd future scles for profit, on completion

R4

- in the caose of public works, additicnal or improved
coanunity services.

The s2conomic vigbility of the prcjesct is not ¢ by-praduct

of ths project teams endeavours, it is normclly the priase

reason for the project’'s existance. Economic viakility, demonds
that the project construction tecm produce o building which

must be ;-

e
-
-

) competitive in ccsts
b) constructed to c planned time schedule

Thess sub-divisions describe operctions which cre alsoc the
Contraocter's primcry goals of 'EZconouy and Speed'. Technical,
functional plannina ond cesthetic soundness cre implied.
Post-tensioning of conventionel builcding stiructures can
precduce seversl important by-products, eg., early formworzk
remcval, deflection control, duzebility and crack control.
Tnes= ore secandary affects caly. The process is clearly
worzh vhile, 1f it is - less axcansive and faste

y

: r then olternciive
netrcds. We will zenfine susselwas *o tne tzngible basic cos+:
comsszrisons.




solitical and
t a discus-ign

Maoteriagls end lecbour : In tha ¢current world
fiagncicl clizacte, no pcper is complete withou

on the effects of inflection. Mcterigl cnd labour costs heve
escalated clcraiagly end hove aborted many tormerly viable
projects. Cont-cctors hcve been Torced to re-thinx many of theic
former values. Mctericls and methods, wnich heove been standaczd
in the building ond civil engineering industry for the last 20
yecrs a-e becoming obsolete, os on-site labour prices itself

out of the market, ia so many areas.

The aevailability znd stcndordisction sn building materigls must
be caorefully considered by the designer when completing his

detail drawings. There ore innumersble somewhait equivalent
materials which can be selected to do a particular job. It is
absslutely esssnticl ror the designer to be familior with the

full ronge of moteriels aond to understcnd their relgtive costs

and gvaoilaebility. It is pointless cnd costly, if the designer
proceeds through sophisticated mathematicsl cnalysis ond tr-ansforms
the date into iaprectical or unobtainagble physiccl elements.

In my experience, I have not seen many Design Engineers who have
mode a great success ¢s contractors, nor have I seen the reverse
take place. This is ¢ sad trend, brought about by today's
requirements of premscture speciclisa*ion. I heve seen spectacular
reciproccl improvements in the designer cnd the contracter in
cases where the designez has been commissioned to design ¢
particular project for the contrecting viang of the client. The
close co-operciion or intercction, thus crected, tends to produce
team members with o broad outlook os regards the projects aim.

By these remarks, I am not endorsing the principle of 'design
and constru-t?!, I aa mersly trying to point out thaot the parties
require a saund working knowledge of the functions of their team
mambers to parmit bolanced intercction. The opening of tenders,
too often. proves o bitter discppointment for the client. This
could be minimised by regular progressive cost planning, by the
project team, during tie design process and before tenders are
salled. Many mojor decisions affecting the building price are
token between the two troditional estimgting times - at the
fensibility stege and ot the conclusian of the documentation,
immedictely prior to tender. By @ regular and formal series of
cost plans, the design team should be in a position to toke the
necessary design decisions with sound knowledge of the «ffect on

the project budget. The designer must know :-
(a) how the s:ructures s to bDe byuil*
(b) what *he verious elements s-e zosting end how
thece ccocsts cra cifected b5y ecch cdjusiment in ploaning.
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rges aclone con cccount for
e sts, including lcnd. This

r is uppermost in ti nt's mind cnd nmust be considered
very ccrefully by the proje tecm. There are very few ovners
o= clients who are investing the total caosh sum for eny project
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their own resources. Even if they were, the loss of market
tsrest cn the client's employed funds is an indiract project
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The sneed of construction is now more vital than ever before
cnd this can benefit enormously f-om interaction between the
design team and the contracter.

There has been o tendency in some countries for "Faost Track™
construction of the concrete frome wiich procesds as the
rchitectural cnd other planning is in progress. My theme

alates more to the.thorough alanning of all the concrete i:zades

o achieve a structural Trame economicslly in the minimum effective
2e.

o cFr 1 ¥
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5.0 THE AREAS NF MAXIMUM TOTAL COST INFLUENCE.

In =ost psocts of the world, concrete has become clearly our

=ost common besic material for the construction of building and
civil engineering projects. For this resson, and also to conform
with the basic theme of the Svmposisc, sost of my specific remorks
end excmples will be dircec - . = examples of effective cost
olegnning reloting to post-. nricned concrete structures. The
ocinciples highlighted, nctuzcl y apply to other structural

nadig.

Figure 1 hcs been prepsred from informotion received from g
auaber of sources in each of the areas listed. The rates cover
avertge conditions for normal post-tensicned structure types.
The rotes cre meant to be currsnt ot Jonuary 1976 and embreoce
moteriol and labour costs including plccing motericls into their
finsl position. The rctes quoted are sub-contract prices and
do not includ» prime contractors overheads aad profi.. The
factory and site labour rotes include oll statutozry loadings

end an allowance for sunerintendence overheads.




UNIT CQST FOR CONSTRUCTION QF CONCRITE FRAMED POST_TENSICNED
SUILDINGS -
All figurss in Austrelicn dollars.

One Ausicclicn dollar equals cpprox. USS1.25 (May, 1976)

] ! n -
Formwork | Concrete | Reinf. | P.T. | Avercge Labous
i Subatr.; .cost per hour
p;r pgr perl ] pei‘
i " m tenne ; tonne Frctary| On-site
| |
Austrelia | 12 50 450 | 1800~ 5.00 | 7.00
U.S.A. § 36 560 | 2000 8.00 |11.00
Uriited ' - .
i 16 31 240 : 1200 3.00 3.50
Kingdoa ;
1 H
Singssors 3 24 365 1 1300 b 1.30 1.30
| I
1 !
Maleysia 3 24 3é5 ; 1200 1.30 1.30
HongKong 7 38 253 [ 1200 | 0.60 1.00
1
Indonesic | 3 47 400 % 1800+ 0.25 0.25
i .
Aversse | 33 346 | 1400 0.86 | 0.96
S.E.Asla | j

Note : * Certcin cnomalies arise from the basic domestic
steel price and also particular toriff and duty
impositior on imported motericl.

FIGURE 1.

Let us consicer two clternotive structure %types and apoly the
above uynii costs to determine the greags of maximum cost
influence.




5.0 COST CCMPARISQONS.

6.1 S*hructuse Tyoe A
Tvoicer Hich Riees multi_storev stzycture :

Column Grid 10m x 10m

Live Load (including finishes etc.) 5 kPa.
|
|
! L
f
| |
= - " i
] |
FIGURE 2.

Scheme A.1

Reinforced Concrata Flgt Plgte
Slab depth 320anm

Span/depth ratio 31

Concrete quantiiy O.320m3/m2
Reinf., quantity 43 kg/mz

Scheme A.2

Prestressad Concrete Flgt Plate
Slab depth 240mm

Span/deptk ratio 42

Concrete quuntity 0.240 m3/m2
Reinf. quantity 4 kg/m2
Prestress quontity 7.5 kg/n2
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Scheme A,2 Paost.tensionad Concrete
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0.3 Stzuct i 2
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Tvoical Multi-linear (Shossing Centre) structurse.

Column Grid 8.4m x 8.4m - Live loecd 5 kPa.
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FIGURE 5.
Scheme 8.1

Reinforced Concrete Flat Plate

Slab depth 250mm x 150mm drop panels
Span/deoth rotio - 33

Concrets quantity 0.270m3/m2

Reinf. quantity 31 kg/m?2

i




Scheme B.2

Prestrassed One Wev Wide Becms cnd One Wav Slcb.

Beam depth 33Com
Slab depth 1735am

Span/depth rctio 24 becn
Span/depth ratio 39 slch

Concrete qugntity 0.215 m3/m2

Reinf. quentity 3kg/a

Prestress quontity - bgr 4.5 kg/m2
- strend 2.6 kg/m?
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FIGURE 5(a).




3.4 CostT

Ccmacrison

Scheme 8.1
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FIGURE 6.

Scheme 3.2 Post-tensioned Concrete
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/.0 COST COMSARISCN LESSCNS.

There cre several Important lasscns to be learnt from these
comparisons.

7.1 Formwork Costs :

In Austrclic the in-place costs of concrete, post-tensioning

and to @ similar extent reinforcement, have not increcsed at

the scme raopid raote as instelled formwork costs. The bosic
Tformwork matericl costs hove increased significontly but
extremely high lcbour costs and low productivity are the major
foctors acecounting for the totcl escolction. The structurzcl
designer and architect control the shaping and profiling of

the structurcl concrete members. By experience and thoughtful
planning, the designer should be competent to detsil shapss

that caen be moulded simply ond effectively combining simplicity,
repetition, easy stripping, trcnsporting aend re-usability of

form sections. Mechonisation for movemen:t and ecse of relocation
can lead to use of lerge pre-assembled 'table ¢r fly-forms', which
are extremely economical in time ond monsy, provided there is
sufficient cepetition,

Having emphasised the major role thet formwork pleys, in the
cost of concrete structures, I must comment thet intercaction,

in regard to formwork; is ./ar more difficult for the design team
than other factors. To my mind, speaking frankly, I consider
that the construction industry is in need of sub-contrget groups
who design, supply and erect well planned formwork systems and
who could become speciglist sub-controctors, providing the
equivalent service to thot often supplied by organisations such
as piling or post-tensioning companies.

The significance of formwork costs varies grectly from country

to country. In the United Stctes of America they have lived wiin
high unit lobour costs for many years ond this cccounts for the
developed and mechanised noture of their formwork contractors.

In most instances in the U.S.A., the foraworker becomes the
principal sub-controctor ond often controls the reirforcement,
post-tensioning and concrete placing.

0f the main maoterial items which hsve been studied, formwork
lonms as o major direct cnd indirect project cost influence,

The speed of construction of a building project is more seriously
affected by formwork practice than by any other trcde. It is
possible to greatly facilitate the formwork ccnstcuction ra+te

by plonned intercction between faormuork, concreting sequence cnd
post-tensioning. Refer to Figure 13 wnich denicts ¢ typical
construction programme for a retcil shopping outlet.

U
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It is c¢ifricult for struclurcl cdesigners to toke gecaunt of the
veriogus methods which are propesed by particulur contractors
espacizlly when the tender list is likely to contacin a vast
sprea=d of contrsciors, ecch wishing to employ his own methcds
cné equigmant inventory. The problem ccn be extended to
sub-contrzct formworkers, who have vast stocks of traditional
fo-avwozk haordware. We cre cll reluctant to write off plant and

equipment, but. unless formworkers do this in future years, the
labour costs will become prohibitive.

The formwork lessons for Australic and other countries in o
similar stcte of development amaust ncturally tend to come from
the U.S.A, There were initicl moves towards precast flooring
systems in the U.S.A., because of the ready availaebilitv of

high ccpecity hcnadling equipment on-site. The developed
transpoertction system in the U.S.A., haos olso been of assistance

to the precast industry. In Austrolic ond South Ecst Asic, the
sites cre genarclly not well equipped w~ith cranes and other
handling equipment. The problem of crancge is mode more.complex
gs g result of industrial diszuption surrounding the crane
opezagtor. The road systems in Australic and South Eest Asic

do not tend to peranit efficient twansport of precast structural
members.

7.2 Post-tensioninag site costs.

In the lote 1960's it was possible to construct a typicol
post-tensioned floor using a post-tensioning lobour content of
cpproxinagtaly 45 man hours per tonne with each man hour costing
cpproximctely AS2.20. This produced o trode labour cost of
cpproximcstaly AS100 per tonne of prestressing steel instclled.

During 1974/75 when the building industry in Australia and
elsawnere was at peak cctivity with o resulting abundance of
serious industrial unrest, equivalent recorded lobour times
rose to 110 man hours per tonne at an avercge man hour cost of
AS7.00 przoducing o comperable trode laobour cost of A8770 per
‘onne, cn increcse of 670% in cpproximately 5 years.

To combet this wild escalation there has been a strong move to
mechanisation of the post-tensioring labour acctivities. Far
more fincncicl resources hove been acllocated to on-site handling
end hydzaoulic equipment.

The four mgjor developments have been :

() Tne strand pushing-cutting mochine which has reduced
cadble instclleotien (excluding stressing and grouting)
from o peck of cround 30 mecn hours per tonne in difficult
projects, down to a figure closer to 10 man hours per

tonne,




(5) Iap-ovec stressing cnd grouting equipment which is fast
gcting, relicble and extremely poricble.
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rong cccent on formecl operctionel trsining and
uction of site personnel. When your man houx

ly to cost AS7.00, it ir 3 sound investment
pend AS31,000 on ¢ formel treining prog-came with
aole artiscn,
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{c) The leval of office pre-plenning of the fuiure site
gctivities hags increased by o significent amount,resulting
in far more effective application of the priceless
commodity - site labour.

7.3 Post-tonsioning design and constructicn methods.

In. meny countrsi s of the world, vigorous use is made ef unbonded,
fectory produce tendons. There have been o number of reasons
for ths retcordetion of unbonded applications in Austramlia,
notaoly :

(a) More frequent use of post-tensioning in shopping
ond industrial complexes incorporating the higher
range of live loading. In these cases there is often
little economic advaniage in unbonded coastruction.

(o) The widesprecd geographic ncture of Austrclic with
inherent transportation costs snd problems with factory
produced tendons. The Austzrolian strand manufocturers
deliver the coiled strand to site or to foctory for the
same besic price.

(c) Reluctance on the part of Consulting Engineers to
permit unbonded tendons fcr reasons of

- safety
- corrosion resistance
- reduced ultimaote characteristics
(d) Limitotions imposed by the Australian Prestressed

. Concreie Code AS1481, which negcte any maojor savings
in unbonded designs in many applicotions.
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We should now look ot “he better excmples of -ecent construc
crd look for sora trend for the future.




3. RECINT

LEA]

XAMBLE CF EFFTICTIENT CCNCEITE CONSTRUCTION

§.1 Ecocnomic Revizw

-

e severgl specific Austrglicn excmples of merit

f mention, but I will confine my comments to the

f o shopping centre recently constructed in Ausicaclia.
tural layout of this project hos been described
peregreph 6.3 Structure Type B.
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In this ccse escclatiun in building mctericls ana labour costs
had tcken place during the design process without a tangible
inczease in the expectad rentel returns. The project teanm

were then thrown the problem of re-designing their various
elements of the building to attempt to offset the increase in
price. Ideally of course, the optimum solution should have been
achieved in the first ploce, but oll of the costing data was

not known cccurately or cble to be forecast.

When we are forced to re-think, it is omazing how many new

ideas can develop. In the cose of the shopping centre, my
knowledge is limited to the structursl cspects. The prices for
concrete and post-tensioning had risen cpproximately 10% since
the origingl estimate whereas the price of formwork has risen by
35%4. The original structuc-e wes o solid flat plate slab

spanning 10.0mx10.0m carrying o superimposed live load of

5.0 kPa per sq. metre. As we cll know, o flat plate is not the
most desirable section from the point of view of stiffness or
concrete volume, but is normally considered cheaper for. forawork.

The obvious solution to scve concrete and post-tensioning costs
433 to crecte o bDeam system in one directiosn and ¢ rirbed slab
transversaly. Without o detgiled investigetion, this proposal
could easily be-dismissed because of the apparent formwork
complexity.

8.2 Alternative nroposcls.

Figures 8, 9 and 1C show respectively the origingl post-tensioned
structurcl scheme, a second proposcl ond the finallv cdopted scheme.
I ncve chosen to show the s2cond unsuccessful proposal es I

believe this method has major cdvontages in cuses where the
transverse spon exceeds § metres and for totel floor areas in

excess of 10,000 squcre metres. The reinforced concrete proposal
hes been described in paragraph 6.3 Scheme B.1. The reinforcement
concrete proposal proved to be the most expensive of these four
clterngtive structure types.
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The increcsed depih in the becm cclumn sirips produces an
obvious ceduction in post-tensioning costs longitudinally.
In the transverse direction, the lac-eased stiffness in the
column zones considerchbly cssists ithe tending and deflection
charoccteristics of the slab.

With the dead/live loecd roiio typicecl of retcil stores, it

is normai that post-tensioning is designad to counter balance

the self-weight of the slab aond therefore the self weight

saving in this direction cs ¢ "per cent” : presents dpproximetely
the post-tensioning percentage cost savings in the traonsverse
directiorn.

SUMMARY OF MATERIAL QUANTITIES PER SQUARE METRE

Concrete Reinforcing Post-tensioning
cu. steel stoel

metres kg. kg.
RC Scheme 0.270 31.0 0
Scheme 1 0.220 1.5 7.7
Scheme 2 0.200 5.5 5.9
Scheme 3 0.215 3.0 6.3

FIGURE 11.

The cbove matericl comparisons are importont, but the main
issue for my discussion relates to the effective construction
of such structures now thct the saving In materials has been
agchieved, thot is converiing the theoretical sagving into ¢
practical reclity.

8.3 Constructior Methods

8.3.1 Tendon crrconcement

The price per unit length of standard post-tensioning cables
varies inversely as the ccble length,

This is understgndcble when you consider that you hove to
amortise, in the price per unit length of the cobles, the

cost of anchorages ond associcted labour to stress and grout.
How can we therefore creacte longer cobles without asking the
contractor and nis formworker *o provide extremely lorge areos
of formwork with the subsequent increcse in :ost and delay

to the caonstruction cycle?

It is highly desirzable to reduce large exponses of slcb into
practical arecs to provide o concrete volume that cas be
readily placed aond finished in a working decy.

1



The following system <cs avalvad which involved the co-spargiicn
and plenning o7 the designes, formworker, concrcioxr cnad
post-tension==c.
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Figure 12 shows the lecyout of censtructiorn joints indiceting
o lcrge ponel broken into § separate concrete pours.

The formwork ond pest-tensioning ccbles complete with the
minor amount of ancillery reinforcement were prepcred in panel
1 and concrezed.

Simultcneously on the adjoining pour Section 2, formwork and
post.tensioning ccbles we=-e being assembled. This cllowed
good continuity of on-site lcbour cs the progress of their
work was not interrupted by the -concreting days. Section 2
waos concreted some 4 days cfter Section 1 and incorporcted ¢
band of higher strength cecncrete along the exterior edge.

48 hours cfter concreting of Section 2 the trcnsverse slab
tendons weze stressed to 73X of the finsl jocking load by
stressing 3 of the 4 stonds in each tendon. Since prestressed
losses had not tcken place, this prestress uplift boclanced the
slab load, sc that formwocsk bSetween the beams could be removed
and :e-pos"¢01ed in the diresction of the band beams. In what
we will cz2i. the longitugincl directicn, we hcve of coucse nct
completed “-e post-tansisning, bu* ¢ number of cchles per

team were s-ress=sd %o praovids shr-inkcge control. These cables




ore lotar couplasd ct the adjoining construction joints.
f+er final concreting of Sections 5 ond & respectively, th
T

e
mcjor cables in ths bend becms vere seeved into position ond
longitudinel stressing completed. The ifrcnsverse stressing
of Sections 3 cnd 4 cnd 5 and & take place in the scme mcnner
as Sections 1 ond 2. Figure 13 shows ¢ typical constructien
progromme cchieved regulaorly gnd conveniently during the
construction.
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8.3.2 Formwork details

Figure 14 shcws the arrongement of formwork under the soffit
of the slab and indicates the forms which acre left in position
under the bond beams until lgngitudinal stressing is complete.
The orrungement of the formwork i1s quite simple as it provides
exactly the desired concrete shape, ot n> apprecicble expense
when compared with normal flat plate formwork.

Severcl similer jobs have incorporated ribs in the trcnsverse
direction formed using polystyrene wropped in P.V.C. bags for

ease of removel aond re-use. The initicl cepital cost of the
styrene void former equals approximately the cost of the concrete
volume soved in the first pour, but it hos been possible to
gchieve up to 5 re-uses of the styrene ond the lobour to place

ond finally stris the styrene, i1s extremely low. It is desirabdle
20 introduce -i.s where the t-cnsverse spcn is @ metres or more
and where the *0*al floor arec to be formed exce:ds 10,000 sq.
metres.
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FIGURE 14.

The formwork ponels have been constructed in such a manner
thet they caon be easily modified to cover ¢ range of column
grids from 8 meires to 12 metres. The fabrication of the form
panels wus ccrried out in o fectory gway from the site and

the panals delivered ccmplete to the site with a minimum of
finel ossembly work t> be done.

A mcjor problem can occur in mony projects as a result f the
lcta construction of the ground lsvel slob ofter completion of
dragincge and other servicess. t is highly desirable to
construct a working slab either cf concrete or road base to
simplify the movement of the large tcble forms. If 4his
cannot be achieved a system of formwork tracks needs to be

constructed to allow level and strcight movement of the
fora panels.

A typizel form ponel weighs 1500 kg and hecs a side clearance
of only 400 mm so it is necessary to use sophisticoted hcndling
squizment if the terrain is rough.




Figure 13 illustzaies gon eg:zlier r-ocject incorporcting
trunsverse ribs formed by styrene. You will nctice that the
formwork soffit “ables cre constructed in two halves with

a central secondary slcb proz. This arrangement is more
costly ir lcbour and the use of {he larjer panels shown in
Figure !4 is preferred becaur: of the lower lovour cost

and speed of erection ~nd reiccction.
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9.0 FUTURE TRENDS

The major lessons from the U.S.A., which are directly oapplicable
in Australic ond South East Asic relgtes to insitu concrete
construction. Precast flooring systems are unlikely to develop
in populority, if U.S.A., trends ar: an indicatian.

In the U.S.A., there cre specialist firms who often construct
the concrete building freme aos o package sub-contrect and these
firms ore in nearly oll cases, from o formwork origin. Formwork
is their basic skill ond it wos learnt very early in their

life that this is the prime cost influe ce in s concrete
structure,

The trend in Austrelia has not been that way and in my opinion
is more likely to follow a slight deviction along the following
lines




e.1 As mentioned in my initroduction, I am specking =mginly
cbout traoditioncl amulti-level and multi-linear buildings of
significent floor grea. The column spacing for many of the
sites and occupgncy requirements asre strongly staondardisad
in the 8 matze <o 12 metre range.

It is becoming increasingly common for strucZurcl conasuliznts
to contoct sprecialist orgenisctions ot an early stoge when
they are conferring with the architect cond project teca on
glternative structurel systems. In an avercge case the
Consultaent maoy hove 6 alternative structurel framing schemes,
of which, sacy three are post-tensioned concrete solutions.
Since the speciclists are concentrating perticularly ina
this ospect of the work, they cre oble to review the three
post-tensioned schemes and make relevaont comments regasding
the design, budget costs of the schemes and alsa thei:
practicability.

During the review, one or two clternative methods may be
suggested which acy be unfamiliar to the porticular coasuliant.

Since most of the specialists e~e¢ working on o wide range of
pTojects throughout Australic and South East Asia aend by
offiliotion with others in related groups in Europe and the
U.S.A., on aporopricte solution to this particulaer problem
may come to light. In this way informel pre-consultotive
meetings develop and the consultaont may become more awcre of :

a) recent innovetions cnd trends

b) preocticcl suggestions from the sub-contractor's
poinit of view

c) budget prices with which he c¢an review far moc-e
realistically his aliternotive structural framing
systems.

This particular method of consultetion is highly desizcble. It
is done purely aos o technical service to clients in consultction
with the project consultant and orientcted to fit in with his
basic thinking. The timing of the odvice is ideal as i+ allows
the consultant to incorporate the lotest proctical deicils on
his drawing cnd thus avoid the need for possible on-site
detolling difficulties.

In future years, I believe thot Consulting Engineers will confer
more formally with specialist contracting compaonies %c prepare

- feasibility design schemes bcsed on specialist excsrience
and cvecilablility of sopnisticoted formwork systems linked
with pos“-tensioning secvices.
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- fozmwork design cnd lcyout including coastruction,
progscomme details

Tenders or offezs will be submiited for nominagted packaged
sub-contracts covering

- supply ond erection of mcin formwork elements
- supply ond installcstion of post-tensioning tendons and
associaoted reinforcement.

The genercl contrcctor will continue in his customary project
ncnagement role and will arzgnge for the sub-contract concreting
end finishing trades.

This method will succeed because it does not undermine the
traditionel general contractor role and does not prejudice

the Architect, Consulting Engineer or Client in ony way. Too
mgny schemes founder because they require over-much change and
disruption to established procedures. In formulating the abova
trends, I have tried to tcke into account these personal and
tradition bosed estgblished methods. There are numerous other
examples in which the successful interaction amongst the projec:
team has developed mainly beccuse the project costs have risen to
a stage that the project became only merginally viahle. 1In
future we will see this intercction ¢s a standard approach.

9.2 The immediocte future years will see the appliccticn of
unbonded tendons for the following structure types.

- Apartment and office buildings with spens in the range
6 metres to 8 metres in which range they will compete
fovourably with reinforced concrete.

- Industrial floors on grode.

ne bonded slab tendons in flaot ducting heve reached ¢ sophisticoted
tcge and under preveiling tendencies it seems highly unlikely

that unbonded tendons will become populor in retecil shopping

centres and industrial complexes which have heen the mcjor

source of usoge of post-tensioning in buildings in Australia.

The role of specialist post-tensioring organisatinn has changed
dromagtically in recent years cs have other speciclist orgcnisctions.
It is no longer sufficient for o group to provide materials,
sguipment on hire and lesve the work to the co-:ractor. For
optimum results it is essenticl that speciclised groups be exactly
“hat - specialists, with strong design engineering suppor: and

"o porticipate ags cn integral port of o planning team co-ordinating
formwork and post-tensioning construction agctivities,




A

I+ will be interesting to observe the future movement and
tendencies in the building industiry and it is extremely
convenient %o have opportunities such os these to reviaw
ond cansider the methods cnd results being cchieved in such
a geographically wide sprecd group that we have assembled
here.







