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Tit-up 1s an established method of constructiorn.
wnich § used SN a wice Janetlv of crojec!s 2eth .n
Australia ang overseas. caricuiany e USA wrare
S Jse nas recenty oreoiferalec,

'‘Use ot 're tarm l-ul i$ 3CMmenmes resinclie 13
concrote siements, 2g wail cane!s, casicnancnzon-
13l surtace and recuining anly ¢ Ze ulted inio therr
final 'ocaticn. “owever, 1N M§ Manual ne lerm s
us<CIn the more common, micer sease to cover also
elements cast honzontally, hilted (0 he verhical ang
then movegd o (neir final lccation.

The method can de used for the cansirucuon 2f a
wide range of buiiding elements. Planar elements, ie
columns, beai1s and plare frames reguinng cnly
simpie adge formwcrk, are the easiest !0 bund and
erect. However since interest centres mamnily around
uit-up »ails. this manual is confined 13 consideration
of walis only.

As with any precast methad of building. the bes!
resL.ts using hit-uo are gained '¥hen there 's c.cse
collaboration from. the oulse! between a'' mempers
of the design and construction team. This manual
heretore covers all stages ¢ llt-up construcuon
from pianming through (0 fimizning, it s hoceg hat
this overail picture of Lilt-up coastructior mill resutin
tuller ang better use of the method.




In ine bestuses af the it-yp methaa allhe attnbutes
ot concrete wall caneis are ysed. [nilidlly they were
2ften used simpiy as ciadging panets, caniinuously
supoorted on stno footings. Today most tit-up paneis
are 'oacbearnng. procably scanning between nad
footings. anc meet fire resistance and acouslic
requirements, see Figure 1.

The method has been used in Australia mostly for
~arencuses. ndustrial buiidings and shooping
centres.atrendwaicn s like'yto continue, aithougnat
~ii cencreasingly used ir a wider range cf buiiding
types, inctucing low-rise c¥ice buiicings it Austrahan
gractice echoes Amerncan Cevelopments.

in many eary ult-up inCustnial Ceveiopments the
assoc:ated office accomricdation tha ‘front’ of the
tuiding) was carned out in a more prestigious {orm
of construction. Newly developec detaring and
finishing approaches have mace it-up walls suit-
apte {or use thraugnout the preiect, giving he Senefits
of uniformity withcu? Lniform aogearance.

't s mecroved zccesdrance ~nNICN Nas ergaly Seen
responsible ferincreasing the range of apghcationsicr
the tit-uo method isee Tit-up was never ke Mg’
published Ry the Cement & Concrete Assac:ahen of
Ausiraiia).
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The olanning phase of a tilt-up oroject is one of the
mast cructatl for its success. Ounng this phase the
entire design and construction procedure for the
buiiding shouid be worked cul Time spent in
herough planning can be repaiain full by a protiem-
free construction period. At the clanning stage the
vanous alternatives for each aspect of the projest
can be caimly evaluated: once construction is unger-
way proper evaiyalion may not be possible since
exped:ency could Ce the overnging consideration.

A mccel of the building (and the site) can be very useful
during this phase. It can be heipiul in such things as:
choice of locations for storage of matenals and
casting of paneis. delermining crane movements:
estaclishing the erection sequence. Such a modei
can later te used 0 rains (he construction personnel.

Two aspecis of planning for tilt-up are worthy of
oarticular mention: Firstly, the need for he contin-
Jeus invoivement of aevery memper of the design/
cansiruciion team; secongdly, the need to cesign (he
buiicing specificaily for the method.

The co-oceranon of the whole 'eam is necessary if
the acvantages and versatility of ult-up are (o be fully
excicited and if cost Denetits are {0 e maximiseq. it
should begin at the planming stage and continue
through 10 'he compietion of the project

itis imporant that each membter of the leam is aware
of the corstraints of tha method and of the broad
impticatiens of any planning decision. Compremise
wili often be necessary, the participation of ali mem-
ders of the team in all decision making '8 therefore
raquired if the best solutior: is t0 be faund.

Once found, change should be avoided since, in
nlanning for tilt-up, de<isions end 10 he even more
interdependent than with other forms of construc-
tion. Reversing one decision may start a chain
reaction which could necessitate the reconsiceration
of 2 subsequent decisions.

The bertefits of the tilt-up method can be cptimised
only when the building s designed far lit-ug.
Adapung d design based on the use of a different
‘com of construction will rarely be satisfactory. it wiil
usually result in the tilt-up panets serving only as
cladging, size neing dictated by grids and frame
spacings seiected 10 suit other consigerations.

For maximum economy itis mastimportantin design-
ing for UM-up to (insofar as they are compatible):

1 Make the panels as l1arge as can be handled.

2 Standardise the nanels as far as pcssib! ..

3 Make use of as many of the panels attnbutes as
possible (struciural, acoustic, thermal, fire resist-
ance, etc.).

A check istof ail the factors which should be borne in
mind when r.anmirg ‘or i 't-up 1s provided on the inside
Dack cover of this pubiication.
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4.1 General

The 3ame structural pnncipies aopiy tc ine cesign of
tilt-up vanels as 10 norMal insitu concrete construc-
tion. It is necessary, in thei; design. to salisfy a
number of independent cnteria. Wall paneis must pe
des.gned for not on'y tne loadings and conditions to
be expeneficed inthefinai structure, but aiso for con-
struction ioads during erection, and when tempor-
anily braceC. Account may need to be taken of the
valumelric 2ffects of shnnkage and temperature.
Also, as an integrai par of the design, the service-
abulity crnitena, eg durability angtire resistance, forthe
paneis needtobeestatilished.These latter consider-
ations frequently contro’ tne cesign.

Throughcut the design onhase there should be a
conscious striving for ‘builcaaility’. A check of ‘he
design Jetails should be carned out to ensure that
they are practicable. For examole, the sizing of
elements should atlcw easy placemen? cf reinforce-
ment and yet maintain required csvers with crofiled
surface finishes. The cesigner must aisQ anticipate
(he canstruction practices and allow ‘or reatistc
‘olarances. See nage 21.

4.2 Preliminary Considerations
Belore ambarking on detalied struCture’
certain troad questions need !0 be answs -

Firstly, the type of concrete, eg reinforced cornrele o
crestressed concrete, needs to be cho.an. Reirr
iorced concrete wilt ysually be favoured because the
constituent materiais and construction skills are
readily available. Nevertheless, consideration snouid
be given (o other types.

el

Tabie 1 lists scme of the broad agvantages anc
disadvantages ot the more common types of concrete.
Of central imporiancein the selection of the type 1s the
availability of suitable subcontractors. For any given
croject other spec:fic factors may control the choice.
The table s offerec only as a starung point ior a more
cetaiied evaluation.

‘rformation given i1 ine manual is provided for nammal
weight reinfarced concrete. Some of this gata will be
cirectly 2c0iicable to other types of cancrete. if
adapted for this purpose then the designer must
satisfy himself as to the validity of the data.

Seconaly, consiCeraticn must be given to the implica-
tions cf particutar cetaiis ‘or the tctai cesign, joint and
connrection cetails, for 2xample. The SAA Earhquake
CodelAS 2121} stipulaies that in certain risk 2cnes the
connection cetails adopted batween unils determine
whether or not the buuding is classed as ‘cuctile’ ¢r
‘non-cductile’, wnich in urn wiil cetermine 'he mag-
~itucdeofihe cesign iateral force. Simitarly, conneclicn
cetalis wil cetermine wneiher vclumerc crhanges
nead 0 be considered over the total ‘ength of (he
tulicing or not

4.3 Zonstruction Loadings
Two situations are usually consicered in design:

Lifting. Probably the most severe icading exger-
encec by the pane! will te that to which il is subjacted
dunng iifing. Not only wiil the loads be severe cu. at
thetime they are applied the concraie will not normaliy
have reached uts fuil strength. The design 'cading
must allow for the self weight of the panel, the ‘sucion’

Type o Concrets Advantages Disadvantages
Rainforced Matenais ang labour readily Panels reasonably heavy,
{normal weight) available. Dimensional limitations impased by tifting

NoO special skills required.

considerations ana lifing strecses.
Thin caneis liable 0 warp.

Reintorc Lower density permits the use Lightwe:ght aggregate available onty in

{lightweigt.d of smailer cranes or larger certain areas.
paneis. Strength, especiaily tensiie spiitting strength,
Better insul2tion and fire needs o be specified and controlled.
resistance. Thin panels liable 1¢ warp.

Prestressed Permits lighter paneis and Requires the introduction of special skiiis.

ionger spans.
Can be used to contro!
detlection of thin 2iements.

Erastic movements and creep deflection need o
De taken into account in acdition to normai
design considerations.

Permits thinner panelis and
longer spans.

Reduces ihe amount of
conventionai reinforcement
required.

Gives hign abrasion resistance,

Fibre reinforced
{steel tibres)

Table 1. Comparisan of Types of Concrete for Tilt-up

Restricted avatlability.
rHigher cost
Requires moare control.
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Figure 4

Cetween he Sanet ang he £asing surace, ang :he
cynamic impac: type loaging which will accur wnen
the 2anel is secaratec {rcm the casing surface. The
effecicf these forces must be consicered firsily onthe
panel and secongly on the lifting inserts. See gage 10.

It1s undesirable for any cracking 0 occur in the pariel
dunng the lifting ogeration. To resinct ihe possibility of
this occunng the following gesign approach s
recommended:

1 Calculate seif weight of panei.

2 Calculate 'w = 1.4 x self weight.

3 Using this value of ‘W, caiculate vertical and
horizontal bending moments. (The analysis for lifting
stresses is siatisticall, determinate but snould take
into account the changae in lifting cable geometry as
the canel is tiited from honzontal to vertical, see
Figure 4.)

4 Check that bending stresses induced in the
concrete do not exceed f, whera fr = 0.413 v Fe
and F¢ = characteristic compressive strength of
concrete at tiine of lifting, see Table 2.

F'e at time of lifting fr=0.413 vV Pq

MPa MPa
5 0.32
10 1.31
15 160
20 185
25 207
30 226
35 2.44
40 26

Tabie 2. Ailowabie tensiie bending stress during
litting.

N ihe verical Qirecteon the cencing memen's are
assumed uniform over the luil wicth ot thie canel ana
caiculations are taseg c¢n a lypical metre wicih.
Transverse benging moments are camed on noucnal
neams’ :nrough the lifling peints. The assumed width
of :hese beams 1S shcwn 1n Figure 5.

Fcr estimating purposes the maximum wicth and
heignt ¢f rectangular ganels lor given lifting configur-
ations and panet thickness are given in Table 3.

Lifting Panel Y nickness (mm)
fl
f:,’:,,f'"’ 120] 1ac; 18s] 1%0

ecge ft 3170. 3440} 3680] 411'0| 4420

Max. |1 row 5150| s6201 6100] 6713] 7320
height| 2 rows 80| 7370 8080| 3530} 3140
{(mm) |3 rows 7590 8380; 9140| 975010360

4 rows —}10 1301, 360|390

Max. |2 columns| 5760| &220{ 671G} 7320 7920
widib | 3 columns 8500 4200( 9910{10820{11 380
{mm) |4 coumns| 9270110030110 829111 380112650

Table 3. Fanel size limitation chart (for 14 MPa
concrete at time of lift).

0Ocd shaped, elongated panets, or those with large or
mulliplg gpenings car, be strengthened for the lifting
congit'on by the addiiion of strongbacks. see Figure 6.
Grooving, profiling, textunng, or any mechanical treat-
ment ofthe surface wiil reducethenetsec!on avallaole
for structural design and the ccover 1o the reinforcement.
The thickness of the panei must be ncreased (o
~ompensate for this,
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Bracing. It is unusual for the lcadirg on the panel
during the temporary bracing congition to control its
cesign. However, the [0a 1ing needs (o be determined
sothatthie bracing can be designed andthe statility ot
the panel ensured.

Braces are usuaily fixed tcthe face of the panel. Loaas
are calculated as indicated in Figure 7. Note that the
braces themseives may require bracing, in both
directions, !5 prevent buckling.

4.4 Erected Situation

The design loadings for the erecled situation will
depend on the building type, how the elementis useq,
the support and fixings agopted and other conditions.
it 's noi leasible to provide de 1iled design advice
covering the many and vaned situations. However,
some broad comment 18 made on the following
genera’ aspects:

Transverse loadings.it i3 impartant that the wallg
previde a sufficient resisting mechanism for the
applied lateral loads. especiaily whe'e they are deing
used as loadbeanng elements. The roof can function
as adiaphragmio carry the iateral load applied on one
setof walls io those atnghtangtes. The latter can actis
shear walls (o resist the appli» 2 loads, see Figure 8.

The panets in this wali resist the loading as iilustrated
in Figure 9, the crnnecitons and fiungs between the
units and between th2 units and the footings must be
designed ‘0 carry the induced forces.

N -~ Panet Megnt
W = Panegt wnatn
&« 7 = 3-3ce angle
‘vauanty 89

2. = And 0ad funit ares

£_ = Total wing icad
- M.W.0.

s adi_r
L=3EFE.

Fo=0.75cosd F,

Oivice F. Jy brace
cagacify 1o Cetermineg
aumoer of Zraces

— Main drace

Y ‘\ “nee Yrace |
ER 1M MGt 3 N Dracet !

Srace N
stabsi-ty — Lateral bracing imusi S CONUINUQUS)

[ DESIGN OF PANEL BRACING

Eng braced
for 'arerat .

Figure 7

Sir.zeruies icr tne cesign of snear waiis are nol given
. he SAA Cancrete Siruciures Coge. AS tLE8G. s
suggestied that cesigners (Jicw he orovisions in the
Amerncan Concrete institute Coce, AC! J18.

Varticalloads. '‘Vali canels can be usec to carmy roois,
intermed:ate flooricads and lightgantries.This car. te
cone, ior example. Dy oroviding a coroet on the face of
the panel, see Figure Q.

Loadbearing walls should be cesigned is columns
anda notby the en.ginicai rules given in Section 20 of AS
1480. The influence of po!nticads should be limited 1o
a maximum of the foad iength plus 12 imes the panel
thickness. The effect of bending moments induced Dy
the eccentricity of verucal icads and by the applied
lateral loading also need '0 be consicered in the
cesign.

1t is often desirable 10 support the pare! on 1solated
tootings. This can be gone By assuming that :he
footing reacuon spreads inio the panet at scme angle*
or by using a recucuon facior.™

. Volumetric mcvemaents. Except where paneis are

rgidly fixed iogether io form a iong wall, concrete
shninkage will not have a marked effect on the cesrjn.
Long walls should be broken up into suitable iengths
by the introduction of shnnkage [cints and by pro-
vigding connections at the corners which will permit
scme movement 10 (ake nlace, see Figure 11.

‘G Mevar and NO. Naran Oesgn of Tukup walk Panes. Concrme
Int@matonat. 700 2 No. 4 Aoni 1980, pp 48-51

“YA M Knpsnavenan In-c iceioads and Tituo Beanng v/ans — § Cengn
ADOrOSCN CONCIate INemanonal /ol 2 40 4 Aoni '980. pp 43-47




4.5 Fioor Loadings

it 12 floor siab 15 !0 couble 3s the consirucucn
olaitorm then it must be cesigned !cr the imposed
loaadings. Crane loads when liting concrete wail
faneis wil be large and may controt the gesign.
Uesign procedures {or \he Hoor are outside he scope
of thts manual. Howeser, the need to provide a3 com-
pac:ed sub-base and base<aurse under the siab ang
to provige for shear transfer at the floor joints must be
emgphasised.

Qoof designed 1o rrsnster
wind 103a (0 end wails ’

‘Ning lo8d aci act as shesr
on side wall of buiigng walils O resist
wing 10ags
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4.6 Durability and Fire Resistancs.

Curatiity as 3 gesign cnitenon s frequently ov -
‘goked. as concrete when well mage from saund
ingregieria s ingfgntly a Suralie matenat A number
ol specific requirements tor durabulity are given in AS
1480. eg water/cement ratio. crack width limitakans
and cover. These can orotouncly influence the design
strength of concrete and the thickness ot iit-up panels.
Curabilty considerations should therefore be partand
parcelof the structural design and not be reiegated to
a linal gesture ot merely cnecking cenain cetais for
comopliance.

Fire resistance ratings for various concrete eiements
aregiven inboth AS 1480 and AS 1481 .Thaseferwails
are summansed in Table 4. Ncte that the Unifcrm
8uiiging Sequiations in Victona prescnbe lire resist-
ance ratings lor various sized members whicn differ
from those in the Standards.

Fire Thickness of Wail (mm) Minimum
Resistancs Cover
Rating r Normal weight Lightweight {mm)
{h) concrate concrete’

1% 100 30 28

2 125 100 25

3 | 150 120 25

4 ‘ 175 140 A

Table 4. Fire Resistance Ratings (AS 1480)23

Notes

1. Ligntweight concrefe, design censity Setween
1250 and 2000 xg/m? and mace with spec:fied aggre-
gates. See AS 1480, Appendix 8, Rute 332.

2. These requiations are currently under review.

3. Walls are not covered in AS 1481,




Detailing

£.1 Reinforcement

A sirgle iayer of reinforcement placed at the mig-
depth of the section will usuaily suffice. Two !ayers of
reinforcement may e necessary if the canel ‘hick-
ness is greater than 200 mm or 0 .increase the shear
capacity around the lifting inserts.

Placing a single layer cff-centre (o resist the bending
moments dunng lifting is not recommenced, nor 1S
dracing the reinforcement since it is is difficult to
maintain the cesired cragec crofile. Furthermore, the
panel may warp due 10 the non-uniform restraint of
concrete shnnkage. Improved durability is aiso
provided when the reinfnrcement is placed centrally.

Either mesh or tar reinfcrcement may e used. Sars
prcvide greater flexicility in adjusting cross-sectional
areas, especially in in <gularly shaced paneis. On the
other hand mesh costs 'ess 10 place and fix

The cantrol of ‘emrerzture and shrinkage cracking in
ult-up parels nay raquire a higher cercentage of
reinforcement than s sgecitied in AS 1430
Feccmmenced minimum areas are jiven in Taple 5.

! T ;
; : 4Ca min. |
' l /] i ‘ T Large '
i slacing '

! N y tolerance |
1R d i
18y \ ‘
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! N 1200 cover :
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] ' )

20 hars Ceatrai rentarcament — [ R

to cantrol €20 edge nar— :

esqge shnnkage

ang cracking SECTICN A-A

Specified yield | Ratio of area of

stress oy rainforcament to gross
reinforcement area of concrete

MPa

450 0.0045

410 0.0050

230 0.0085

Table 5. Minimum Areas of Reinforcament wyen
Shrinkage and Creep are Major Design Consider
atlons.

Extra reinforcement is required both at edges and
around openings in a panel !0 control shrinkage
stresses and possiole cracking. American practice is
10 use a singie 20 mm bar in these locations, wnereas
here 'wo smailer bars have been favoured. Diagonal
hars across re-entrant corners are more easily located
when single edge dars are provided, see Figure 12.

2.2 Lifting and Other inserts :

Tha use of proprietary liting inserts specially
designed for liting and carrying panels is recom-
mended. Each manufacturer will normally supply test
data giving the capacity »f the insert under various
types of loads. However, as there are no stancard test
procedures (o determine design capacity, designers
shouid transiate these test rasults into design values
with caution.

Inserts and fixings must satisfy the requirements of AS
1480, Rule 24.22(d). 'Each lifting dewvice shall be
designed for 3 working !oad nct iess than 1.65 times
the maximum caiculated static ioad at that point ang
anuitimateicadnotless than4 imesthe maximum static
load’. Note that the Iifting iloads previously determined
for the panei (Section 4 3) are faciored 10 inctude an

EC0GE REINFCRCIMENT
L

Figure 12

alowanceferimpact and should nette used to sausty
the above ryie. Cn ‘he cther nand some aliowance
should be mace for suction. say 0.SkPa

“he cnitical loading ccndition for the insert may occur
when the panel 15 aither honzontal ¢r tiiled at some
angle. The ioading ori the insert Seing either cirec!
tension, shear or a comoination of the two, see Figure
13. Note that fallure may occurin estherthe steei boit or
in the concrete anchorage, both should be checked.

The capacity of other types of proprietary insens, eg
expansion anchors and explcsive fasieners, shouid
also be obtained Zom the manufacturer. Dnilleg-in
inserts, expansior anchors and other similar types of
fixing may be used for the :emporary braces (©© he
floor.

5.3 Fixings
General cntena to be considerec when specifying

- fixings for tilt-up paneils are:

1 For stability the panels wili normally require more
than one lavel of fixings.

2 Panels should be supported on seatings in direct
bearing, see page 11,

3 Uniessthe wall is continuously supported along its
iength by a groured seating, its weight should be
carrned atone level by two (no more no less) seatings.
4 Fixings should be designed to accommodate the
permitted dimensional inaccuracies of both paneis
and structure.

5 Fixings shouid allowthe panei toflexunderthermal
gradient.
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The use of weiced iixings is the simplest way (0
accommodate fapncation and erection loterances.
Boited tixings may, however, be used anc are required
as temporary fixings ir. certain situations. Typical fix-
ings for vanous situations are iilustrated in Figure 14.

The failure mechanism of fixings shouid be in tension
or bending of the steel. Failures of the weld or by
pullout of the concrete shouid be avoided. Bearing
fallure by crushing of the concrete may be permissible.
FHowever, the eftect of bearing crushing on the sub-
sequent performance of that and adjacent fixings
shouig be checked.

Permanent fixings, especiaily those exposed (0 tha
external environment, shouid be protected against
corrosion. This can be achieved by using stainless
stael or Dy protective ccatings, eg epoxy or rustproof
paint. Any protective coating shcuic be applied over
the entire fixing, 'ncluding thrse parts to be cast into
the concrete.

Fixings may also have !C be protected against fire if
neatwill agversely affect their performance. [n generai,
this can be achieved by recessing the parts and filling
the cocket with concrete or mortar, or covering the
steel pans wmth mesh-remnforced concrete. Note in
particular :he requirements of AS 1430, Rule 24,12,

5.4 Seatings

Vanous types of seatings are illystrated in Figure 15,
Design for vertical i0ads on these conneclions 1§
based on the bearing strength of the vanous matenals,
eg concrete and steel. in the honzontal direction
friction will nurmatly be avaiable 10 help resist the
applied loads. Footings should be detailed to provide
an easuy accessitie area !o iand wall panels and
complete seatings.
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Uniess they are designed to carry the final loaging,
steel shim pads used for ereclion purposes and leftin
piace after the base of the wall is grouted may cause
spalling due to the disparity of the modulii of elasticity.
The use of plastic shim pads is the:etore preierable.

5.5 Joints

The imponance of joint detaiing in respect ¢f the cost,
appearance and performance of a lit-up buitding
cannot be over-emphasised. Jcint details must be
compatible with the structural gesign assumplions,
the erection procecures, the fixing detaiis ang the
construction tolerances. The aspects of j0int design
which must be considereq are:




Appes:ances, "he numberof iISints shouic be kepitoa
rminimum. It the appearance of smalier pane!s s
cesired (hen thig can ge achieved by the use of false
|oints (grooves) in the pane! surface.

1t1s ysually cesirabia to express the joints. notto try to
nide th-m. The use of a recess or ~. Czrk band of pant
on either 31de will help Mask any vanahon in the wicth
of aoint. itwill als¢ minmise the etfects of any variabie
weathenng at the joint ling. In certain circumstances,
eg with heavily nbted p. nels, it may Le pcssible to
caonceal the joints in e gverall texture of the wall.

A bevel atthe edge of the panel s preterabie 1o anams
witich is vulnerabie to damage.

Comers of lil-up buildings aemana sgec:ai consider-
ation. QOversail joints aie preferred where it s
acceotable to show a panei edge cn one facade (its
prominence will depeng on the finisnused on the face
of the parels). Mitred joints allow a uniform surface
reatment of Soth walls, but they o impose greater
restnclions on ereclion 'olerances and are generally
not recommended, see 7 3.

Weathertightness and maintenance. Joints te-
tween wall panels will usually need 10 be weathertignt.

There are a number of joint tyres useq for butt 'oints
beiween wall panets, the most common are cpen
drained joints and one stage, face-sea‘ed joints, see
Figure 18,

QOpen drained joints are recommended thcugh face-
sealed joints are frequently used on low nse industnal
buildings. The advantages and disacvantages of the
two types of joint are sumrmansed in 7atie 6.

Al a ccrrer jaint the situation s Citferent. The mave-
ment of the (01Nt will ‘NCiuce same snearing as ~a!'l as
tension and cOMDression so the cesign Ciitena will De

ditfaranmt

Flashing details at the too of the wall and roof neegd (o
Ue matched 10 ihat adooteg lor the jcints. In all
situations the use of a cap !lashing is rec. mmenaed,
see Figure 17. Such cappings must be securely fixed
10 orevent wing upiifi.

Joint width and sealants. Joints must te able !0
accammodate rotauon and the vanaticns in wigth
caused by construciion ang erection pracuces. They
must also atiow the caneis !0 move reialive 0 2ach
other as the environment changes. eg changes n
lemperature or moisiure.

For tilt-up construction it is recommenced (nat

1 Joint widths shouid be in the range 15 - 25 mm.
2 To maintain specified joint widths, erection pro-
ceduras should allow cumulative fabrication tolerances
to be absorbed at comers or openings. Sea page 21.

The cesign of the seal for coth ogen crained ang
single stage oiNts is complex and invoives ihe
consicerauon of a3 numper of ‘actors, eq expecied
movement, iype of sealant, wiatn 0 cepth ratio of
sealant A full discussion of alt factors is outside the
scooe of this manual. a detailed evaluation can be
‘cunc in the AC! Cuice to vcint Sealants for Concrete
Structures. The fcliowing general paints should te
noted:

1 Wide joints lower the stiain due !¢ volume move-
ments and are preferred, see Figure 18,
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QOPEN DRAINED JOINT FACE‘SEALED_JO!NT PANEL/ROOF CETAILS
Figure 168 Figure 17
Advantages Disadvantages
Open ) 8asic sealing mechanism dependent | Require complex edge formwark.
drained joints | on geometry not on adhesion. Protiled edge prone to camaje.
Will tolerate larger construction instailation of baffle ana botom flashing has to be
vanations and subsequentmovements. | carried out during erection.
Installation during we* ~eather Tre crumming of baffle under cenain wind conditions
possible. may oe objectionable.
Air seal protected from U.V. light angd
weather. :
One stage, Simpie edge protile Effectiveness of seal totally cependent on continued
fag:o-soalod (no grooves necessary) adhesion anc performance of sealant.
joints Compieted joints easy to inspect. Access racessary (o front face of pane! after srection
To ensure good adhesion, concition of concrete
surtace cntical, ie must be clean, smooth, aense, dry.
Sealant exposed to major detenarating influences,

eg U.V. light and weather.

Tabie 8. Comparison of open drained and one stage, face-sealed joints




2 Preterred seaiant r0ss section gimension oroper
tionsare 2:1 asthese also heiptolimit stressesdueto
movement, see Figure 18.

3 Sealants shouic be bonderd only on the two side
faces. Backup rods which do not bond to the sealant
are available to control the depth 2nd profile of the
seaiant.

4 The concrete faces at the joint should be dense.
smooth, clean and dry to enable a good bond to be
made with the sealant. The compatibility of the form
release agent and any curing compound with the
adhesion of tha chosen seaiant s~ -uld be checked.
5 The extension and compression capacities of
mastic sealants will be inadequate for most tilt-up
structures.

6 The effect of aging and exposure on the sealant
must be considered. Most tilt-up buildings are not tail
and therefore access to the joints for maintenance or
repair may be neitner difficult nor costly.

7 The remova’ of afaiied sealant can be difficult and
the cleaning of the joint surfaces to permit the instaii-
ation of a new seal may not be easy. Thus for low
maintenance costs a resistant seaiant (nnt the
cheapest availabie), shielided where possible from
direct exposurs !o sunlight and weathering, is
desirable.
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Surface
Treatments

A major factor in the acceptance ang theretfore the
increased use of tilt-up in the USA nas been improved
appearance. A wide range o: reatments and finishes
which are easy 10 achieve has been Jevelopeq.

These cevelopments notwiihstanding, the improved
appearance very largely stems from the sensitive
datailing of panels ¢ oigak up 2 monotony of iong
walls of 1arge unifgrm nanels.

Detailedinformationon arangectinishesis givenina
series of cata sheets Tui-up Technigues’ being pub-
lisned by the Tement ang Concrete Association of
Australia. Generl inforrmalion 1s proviged herein.

6.1 Generai Principles

Simpiicity ot finisn shcuid De the prnimary objeciive. itis
not generally possitie to achieve on the site the same
degree of control over surface finish thatis narmalina
precasing factory.

Bainting can be used !0 provide strong visual effects,
'c mask ¢coicur changes and reduce the visual premr
nence of acc:dentai vanations in exiur..

Grooves should be used !0 break up the scale of
paneis and tc separate cilferent finishes or colours. If
these grooves are 10 be painted then they shouid be
wice enough 10 accept a smail size standard roiler.

The ccmpatibility of the bond breakerwith the desired
surface finish should be checked, by test panei if
necessary. This shouid estaolish any nsk of surface
stainir.g and the effect an any sutsequent paint{iimto
be applied 10 the surface.

Cancrete mix design snould take acccunt of the
quality of surface finish cesired. It should be coheswe

Face-up

Type of finish
(Single casting”)

ana de nch enough 0 redroduce any ‘ine extures
which may have teen specified.

To ensure unifom colour on concrete surtaces it wil
be necessary 10 maintain a ceasistent supply of
cement, aggrega‘as and sand. Good mix design tin-
cluding control of water/cement ratio and minimum
cement contents), unifcrmity of formwork sbscmtion
and curing cenditions are aiso imperative. (Note *hat
these consicerations rather than structural consicera-
tions may contrel the scecificaucn of the cancrete)

The use of test panels is strongly reccmmende. They
should be large enuugn 10 Le representative of the
specified technique, agproval shouid teretatec to e
entire panel, not just seciions of it

8.2 Implications of Surface Trestment

Each face of a tiituo ocanel can be gwven 3 specai
finish but itis usual to confine scec:al finishes o the
externai face. The internal face :s normally givenoniya
olaw, smegath finish,

Fnishes are cescriced as being provided ““ace-up’ or
face-cown’, cepencing on ine pesition (3t the time of
casting) of the face recewving the finisn.

Table 7 prevides a lisi of the types ot surface finishes
and how they can be achieved on face-up and face-
down surfaces. From the comments aiso incluged it
can be seen that face-down is preferaple for maost
tvpes of fimishes. This approach has the further advan-
tages that the paneis can be s'ack cast and thai the
lifting inserts are on what beccmes the back of the
panef, where the subsaquent filling will ysually de
least objectlionable.

Face-down
(Singie or stack casting®)

Rebates and grooves

Hammaer form into top surface. (Position
and Cepth gitficult o controt)

Fix timber form 10 tase slab. (Position anc?
depth easy 0 maintain.

Plain, smooth surfaces

Finish panei with bull float and rowel,
{Common paving technique}

Finish oft floor or casting pad.
{Reproduces ali imperfections of that
surface) .

Exposed Aggregate

Water washed. (Special aggregates and
patterns difficuit to control.

Sand embedment. (Dilterent aggregates
and patterns easy (¢ achieve, independent
of concrete mix,)

Fine Textures Broomedq, Timber forms,
Combed, Formiiners.
impanted,

Rolied.

Coarse Textures

Timber forms,

Profiled stee! sheeting,
Polythene over stones,
Formiiners.

Table 7. Methods of achieving various typaes of finish by both face-up and face-down approaches.

*See Table 8.




An earty cecision on the finishes (c be useg and. more
importanty, whether a face-up or a fzce-ccwn accroach:
wiil be adepted is important since it can influence the
whole casting procedure — iocation. sequence, etc.

6.3 Particular surface treatments )
Paints/stains. Painting or staining is the easiest way
of improving the appearance of smogth finished sur-
faces. They can also te usec on lextured surfaces
althougn application tecomes more cifficuit as the
coarsenes, of the texture increass<s. Fainted surfaces
have the advantage of masking minor impertections
ang colour vanations in the tase surface dut will no?
conceal major texture vanations. Surtner, they cifer the
acvantage o: being easily reinstated after cespoiiing
{accidental ¢. intentional) and are easy !0 maintain
and change to give a new image o a builging follcwing
a change n lenancy.

The sffect of the tend treaker anc sf ‘he cunng
crocess cn the achesicn of the cant ilim neecs o De
checked. 'f anincgmcattie malenal nas seen useg
any d¢ng Creaker aghenng 0 iNe suriaca <an e
remaved by 'ightly sancbiasting or by gringing. See
page 19.

Varnious paint applicaticns may be used. both high
tuild or thin film are suitaple. High builc applicatuens
can be used 10 mask unwanted surface extunng.
Surface preparation will depend on the paint type, (he
reccmmendations of the manutacturer snouid be
followed. Application may be Dy spray frcm a ‘chermry
picker or by roiter, depending on the paint type and
desired paint film texture.

Eormiiners. These are agplicable only (¢ cast-down
faces out can ce used in either stack or foor cast
approaches. A wide range of pattems anc lextures is
available overseas and can be imported ¢riabncated.
They can be made of a number of matenais: rubber,
timber, thermoplastics, and fibreglass-reinforced
plastics. Formliners need specialist release agents,
these are usually recommended by or available from
the manufaciurer. ‘Where not suppiied by the formiiner
manuiz=turer testing wiil be necessary.

Exposed aggregate surfaces. Thesemaybe formed
on either the face-up or face-down surfaces and are
therefore suitable for either floor or stack casiing.
However, the techniques for forming them in the two
approaches are quite different water washing for
face-up surtaces; sangd embedmaent for race-doewn.

In the USA the face-down sand embedment tech-
n:que 13 generally preferred because of its versatility.




Consiruction

7.7 Programme

The dual asoec!s of censtruclion and programming
snould te antic:pateg cunng the pianning and design
stages and not regarced as a oroblem solely for the
buiider.

As well as consigenrg the physical ascects of howthe
building 15 10 te censtructed, thought must be givento
the requirements ior !abour,.lime for construction,
and the seguence and timing 2f the construction.

The size of the workforce neaced !0 complete the ioh
in the required tme will cegenc (amongstother things)
on the 'evel of expenence with tit-up. The learmng
penod need not be long, particularty if there is a high
'evel of standargisation, but allowance for this mustbe
inciuced.

As much work as pessitle should be carnied out on
paneis when they are on the ground rather than when
ey are, Jr are Seing, 2recied. For axamele, fixings
‘Both ‘empcrary ang cermanent ana frecaration tor
‘cinung.

7.2 Access

ACCess 10 and ar2und, the site grezlly influences the
sonstruction and erecion orocasses. Two ascec:s
~ave !0 be consicereq: access for consiruclon of the
tit-up parels ana access {or their erection.

The locations ‘cr casting the nanels snculg allow e:2sy
access or concre'e frucks and the discharge cif the
concrete, oreferaply girectly from ‘he 'ruck. Figure 19
gives ciearances, dim2nsions and turming racius fora
typical 5m> concrete truck. If truck access o the
casting areas is not possiple ‘hen other methocs,
such as pumping will need ‘0 te considered.

All-weather access 1o the casting iocations anc fcr
erecion will be required if construclcen is (0 proceed
with the minimum of interruplion. For this reason many
contractors orefer 1o work off the ‘lcor siab. Alterna-
tively, consigeration shouid be given to prowicing

lemporary CoNstruclicn roacs around ‘he tuiding
area. or ‘he earty construcuen of final read and car
parking area bases.

Having checked the requirements for access durning
construction those for erection need io be examined.
The crane irequently operates on the linal 'locr
because either the building is to occupy the whole site
or it1s the cnly suitable surface for the ¢crane 1o use for
transporing ganels. In this case the design ioaa for
the floor must take this into account

I11s cesirabie that crane operation 's restricted as little
3s possible by other construction ocerations or by the
huiiging itself. For example. aven with a stee!l ‘rame
buiiging where the lit-up wall paneis are being used
only as clacding, the oane’s should be erecled as
soon as possible. Depenging on the type of column
base connectiors, the cane!s may be erected and
oraced before or after the columns. The r_of beams
canthen e erecieqinsicethis shell. This s preferabie
‘¢ (he crane taving '3 ccerate n (he resincied area
setween he jlreacy erecied rames.

The pcsition of overnead services should be esiab-
lishec! so that clearances cunng ereclion can ce
checked!.

The posiiion of uncerground services snould aiso be
Zdetermineg and the path of ary re Suired connections
'c them plotted. Operating a mebiie crane over or near
recenily backfilled trenches is always dangerous,
when camying a [arge, neavy wall pane! particu:arly so.

7.3 Layout and casting method

'he choice of surface finish will cetermine whether the
panels are cast face-up-or face-down. Erection proce-
dures will influence :he decision whether to cast
singly over a large area Or 10 stack cast{one on top of
the othen and the choice of the casting locations.

The advantages and disadvantages of the two methods
are summansed in Table 8.
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i Advantages ¢ Disadvantages

Single ! No separaie casting cacs . Syrtace frrush ot H1ear ana iocation ot consiruchcn
Cacting l required. l ,Cints Must sull required oanei in.sh ang gimens:cns.

Simple edge fcrmwork. | Floor may requeE ienair Shter inungs removaa.

Fuil @nge of surtace tinrishes possible® } Little reuse of ‘omwork passibie.

Simple checking of line~up of Contict at corners reguires resclution.

acjacent tixings, etc.

Zasy set-out of pattems in

wall angd paneis.

Units close 10 finat pesition.
Stack Can proceed independently cf fioor. Requires separate castng pads.
Casting Permits greater programming | Limitea range of finishes".

fexididity. Liftny, more aifficuft and resds o e

Numbe- of reuses of formwark carefutly controfiec.

possible. - ) -

Formwork quite sophisticated.

Table 8. Single and Stack Casting
*See Taple 7.

Panels shouid be cast as ciose to they tinal pcsition as
possible 1 avoid double nandling and to keep the
arection tme 3s short as possibie.

when e ‘locr is used as the casung beg then the
layout and 'he erecuon procedure sncuid be planneq to
avoid the crane having 0 mave aver, of set up on cast
ganeis.

in determining casling !ccatons it is important 10
-ememter Nat if the crane 1s (o gperale from insice the
buiiding, it M3y e necessary [0 amit one panel, move
the crane cut. and then erect this panet from the outside.

It should also te ncteg tat casing c¢n he ‘locr
Zcbably means that the consirucion Srogrameme is
‘ess llexitle, eg ine censiruction ctuit-wo caners canrct

ce commenced urtl that area of ine 1eCr:s comeelec.

‘Nhen stack casiung s acapted then the Zasung creer
shcuid reflect the erection order 0 avowd Coudle
nancling 'he panels or having 0 erect one between
those atready piaced, see Figure 20. An excepticn ‘0
this generai rule is that smaller units shouid cnly pe cast
on tep of iarger.

STACK CASTING ORDER
Figure 20

Castng stacks shouid be sited ‘0 aliow room for the
crane '0 be set up in positions such that “ouCie
hangling of panels :s avoided and the number of set up
posibons ;s xept 'o the minimum.

The number of paneis in the s1ack is ¢ontroiied By the
number wnich can be erected without double handhng,
and by the need !0 limit the height of the $1ack SO as not
10 Mmake concrete placing and finishing 00 aifficuit If
parking areas and access roads are in conciete, they
can be ysed as casiing teds.
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J2int 2etails Mmay ai1sc ntiyence [3voul and erecton
seguence. !t gversai comer jqints are agoptea then
the ereclion seguence snou'd enable any accumula-
USRS grechon Slerancas 1o te absobed o the
oversail. Mitre joints GO NOL IMpPose any restraints on
erection sequence. However, they do require more
stnngent control of erection toierances and are best
avoided. see Figure 21.

AfRer erect:on the panels will require tQ be temporaniy
braced unti the final tixsngs can te made. it the caneis
are 10 be cast on the {Hoor slav the bracas wiil restnct
the choce of casung locanons of comer panels and
movement cf the crane. Vanous ways of overcoming
this problem are shown in Figure 22. The aiterratve
using axternal bracing 1s not generally recommenced
as it requires the pruvision of purpose-macde ‘dead
men’. Furthermore, it pfaces fixings on the extemal
{often cecorative) panei face.

Proaoeng Jffects
casting location
(parhcularny at
comersy.

Some aitemanve

soiuhons are
shown bBelow:

A Paneiscz_.
on extemal {

L
6 [ DD (16
EJ& E]IZ] 6 .2:3@

»

C. Pansts
B Panels cast @ Stack-cast
on intenor on adiacant |
1loOf SPBCY ~—ri Sanels

BRACING INFLUENCE ON CASTING LAYOUT

Figure 22

7.4 Formwork

Formwork for lilt-up construction is at its simplest
limited to penmeter Iraming of the panei. However, the
extent and sophisticat.on of the {ormwork and form-
lining will cepend on the amount of modetling or
textunng ot ine extemal surface. The choice of matenais
‘cr formwork and the aczuracy of its construction pilay
a vital part in ensuning that the erecluon process goes
smoothly and erficiently.

Casting Surface. ‘Nhen nne concrete surface is cast
on another it reflec:s all the imperfections and blem-
1shes of that surface. Special care 1s thus required o
control the tolerances and finish of all surfacas which
are [0 have another cast directly against them. If
possible. no construction joints shouid be included in
an area of floor which 18 to have a panei with a smooth
fimish cast against it

‘When openings must be 'eft in the floor lor piping,
Jlilities, or the erection ¢f intenor columns at a ater
date. a 20 mm skin coatof concrete over a sand fill can
De used !0 close the opening temporanly. The skin
coat can be knockec out after the panels have been
tlled.

it temporary dracings are 10 Je ‘ixed (0 ‘re casting
surtface. tnangs which reguiie zre<Cniling or casting in
shoula be avoxced smce they may reac cnthefacect

[T
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after th= panel has neen litied are prefered.

Casting surface consideratiors will usuaily gictate
tighter tolerances on construcucn and surtace finisn
tor the whole floor than are required for its subsequent
use.

Formwerk to pravide recessed areas in the panet tace
skauld be robust enough o remain ptane under the
applicatiorr of concrete and assaciated construclion
loadings.

Edgs formworic. With pianar units ecge formwork is
all inat :s required. For floor casting timoer formwork
robust enough to withsiand the ngcurs of consiruction
is normal. The size of edge fcmwork members ana the
spac:ng of the supports needs 'c oe related o the
tolerances of consiruction. dulkier or sutfer egge
members will require fewer braces or ties. This mustba
considered in conjunction with the possible need for
space between panels required for sinoping the ecge
formwark prior to lifting. The forming of any edge
profiiing, from jo:nt consideratcns, neeqs also 10 te
taken into account 50 mm cressed beards shaced o
suit joints and braced as shown in Figure 23 are
commonly used.

The ‘orms are generally fastened !0 the flocr using
explosive fasteners. These, however, may lead to some
spalling of the !loor surface. Alternatively dniled
fasteners may be used. 70 avoid camage or tne need
to recair the floor, the formwork is in scme ¢ases not
fixeC down tut sealed round the eage and cross tied
through the reinforcement, see Figure 24.
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For stacx ¢asi carers maore sochisticated ecge ‘crm-
NCTK. eg Steet cnannels, can be wshfied as there will
be a number of reuses, see Figure 25.

As wiiit dii jormwark great care must ce taken at the
joints, eg at comers and beiween the edge forms and
casung surtace. o torm aight seai to prevent ieakage
of ‘ines and mortar which could lead 0 honey-
combing, weakened edges and severe discoiouration.

Edge forms snould be coated with form retease agents
io permit easy sinoping.

Blockowuts. Blockouis for major openings can be
treated in similar fasnion to ecge forms. They shouid
be securely fixed to the base siab to avoid displace-
ment dunng CSncreting.

Grocves, indents and rebates. Grooves. indents
and repates are most easily formed on the cast down
suriace as menticned previously. To ensure correc?
'ccaton it is gesirabie where possible 10 continue the
greoves !0 the edages of the panei. Timter stnps for
forming gmoves shcuid be splayed as shawn in
Figure 26 and sealed '0 prevent sweiling.
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7.5 Bond Breakers

Coaungs used ic prevent dond Delween the casting
surtace. 'vpicaily concrete, anc the pane: caston:tare
vanuusiy xnown as 0onag oreakers, separation com-
acunds and parung agents. ‘hewr gerfcrmance s
protably the single most cruc:al element in the tit-up
process. The momentof truth for any tit-up projectis at
lifting. Will tha panel separate or nat? A single captive
panei can aisencharit all associateq with the project.
Thus the choice and apoiication of the bond breaker is
crucial (0 the success of any project.

The functions of bond breakers are:

1 To permit clean comp!ate separation of the tiit-up
panet from the casting surface.

2 To minimisa the dyramic loading caused by sucticn
at the time of separation.

3 Generally, to also tunction as a curing compound
for the casting surface.

The residue of the compound on the panel ¢r the
casting surface should nct discolour or interfere with
the adheswon or performance of any appiied coatings
Qr covenngs or cause discolauration ot the concrete.

1t is important to stress tha? release agents used to
tacilitate the stripoing of formwork in insitL concrete
construction are not suitable for use as bond breakers
for ilt-up construction

A number of satisfactory band breakers is, however,
availaple. It 1s essenual that cne of these be usec.

it the bond breaker is not doubling as a curnng
compound, then the compatibiiily of the two mus? be
chacked.

‘Nhen 2pplving particular compounas the manufac-
turer's recommencations should be followed. However,
the foifowing points are oftered as a generai guide:
1 Apply two coais of the bond breaker each in two
apglications at right angles t¢ each other.

2 When the ‘irst coat is being usec for cuning it is
usually appiied immeciately after the concrete
surface has received its finai trowelling and when the
moisture has just disappeared from the surface. The
second coat is appiied afterthe formworkis in position.
3 Pnor to spraying the compound ensure that the
surface is clean and free from dint, debris, sawdust,
etc.

4 Agpply the compound unifcrmly. Check particulardy
the nerimeter of the panel adjacent to edge forms. Do
not leave puddles on the surface.

5 When applying over fine textured surfaces a
heavier application will be required than on smooth
trowetied surfaces.

8 It spraying over old concrete, eg dry abstrbent
surtaces, dampening he surface prior to soraying is
recommended. as well as a heavier application, to
limit and compensate for absorption.

7 No traffic shouid be allowed on the coated surface
before the coating is dry.

8 Befora casting the panei check questionable areas,
eg those with light or dull colour, by sprinkling on to
the surface a few drops of water which .hould bead,
not be absorbed into it. If necessary recoat the
doubtful areas and allow to dry before casting. Rein-
forcement shouid be protected from contamination
by bond breakers as it will impair bond.

7.6 Separation of Captive Paneis

It a pa.nel is not too strongly bonded then it may be
separated by driving in sleet wedges at the 10p ecge
and at insert lines while rying 10 lift the oanel in an
etfortto slowiy peel itoff. Care needs (0 be exercised in
the amount of tension applied !0 the panei otherwise
the [oiting as the panel springs free may damage
eitherthe panel orthe crane. This method wiil probably
damage the edges of the panel and the surface
against which it was cast Aiternatvely, prestressing
tendons on a temporary crass head can be used 'o




inCuce asrear 3¢ross theinterface and theredy break
the sonc.

YWiere, nowever. ine piobiem r2suls lcmthouse o2
comptetely inetfacuve dong oreaker, these methods
will not be effective. It 1s therefore 3 golde: ruie 10 test
the proposec comoound and casutng procegures
pnorto the commenc” ment of full scale construction.

7.7 Placing and Curing

'n general, normal practices 'or placing, comoacing
ana cunng shouid te fcllowed. The concrate should
se placed. compacied, levelled and screeded as
pmmpty as possible. Care shouid be exercised arouna
fixings whnere stees congestion may prevent easy
compaction. No final fimshing shouid e attempted
until tha bleed water has disappeared from the surface.
No dniers should be used.

In hot conditions the 100 surface of the concrete
should be protecied 2gainst rapid drying by shieicing
ihe surface from winds. shading from the sun and
timing the gltacement to avoid the worst congitions.
Working alipnatic alcohols inio the surface will aiso
help control evaporation from the surface and the nsk
of piastic cracking.

Tilt-up paneis shouid be cured property to ensure that
the fiil potential concrete strength is ceve'dped and
that colour controi can be maintained.

in Notes an the Scierce of Building N.S.B.No.115the
Experimenta! Buiding Station publisned the resuits cf
tests on the four main classes of cunng compounds
and some traditicnal curing methods. see Figure 27.
Note that ihe iower the moisture ioss the tetler the
cunng.
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As with bond breakers, two further points need to be
stressed. Firstly, ‘0 be effective the cunng comporind
reeds t0 he croperly applied giving uniform and
complete coverage lothe concrete surface. This 2ppli-
caton shouid lake piace just when the sheen of
surface moisture has disappeared but the concrete is
stll gamp.

Secondly, the compatibility of the chosen compound
with the bond breaker and its effect on subsequent
surface lreatments needs 10 be evaluated, eg wax
emulsion wll mpair the bond of future surface
coatings.

7.8 Cranes

The size of crane (0 be useq needs to te considered
and the limitatons of a small crane (smaller panels,
more joints, more set ups, siower erection) baianced
against the increased cost of bringing a large crane to
the site. Mobile cranes impose high point 1oads on the
ground and the ground must be capabie ¢. supporting
tr.ese loads. This loading should aiso be considerad

snen lesigrung ‘Ne flocr. Crawier mounieg cranes
WMPQSe ‘ower Deanng siresses on the grounc and can
be usaiul when erection from outside the cunding s
possible.

The lifting 'imitat:ons (heignt.reacnh and :cad capac:ty)
of the chosen crane shouid be carefuily examined. As
arough ruie of thumb crane capacity shcuic De two 10
three times the Maxamuyu.m panel werght. Some thougnt
should be given 10 the extra reach required {0 enapie
ihe 1ifting rigging to be attached ‘o 'he canei. Cn ing
basis of thes2 liniations the iayout ¢f tha zasting
iocations ang :he erecltion proceadures sn~uld De
determined. Dismantiing, maving and setlirg yo N a
fresh iocauon !akes considerabie time and s com-
pletety unproguctive. Therefcre, the more canels which
& crane can erect from a given gsition the mcre
etficient the cperation.

Some cranes can ‘it nly when suoported on aut-
riggers. Those which can 'ift without them can aiso
travel with a panel, provided the operating surtace 1s
suitable. Operation on the comopietea floor siat or
corcrete road pavements is iceal.

All iggirg, lifing Seams, shack!es. etc may be availaoie
from the crane supplier, but this shouic Le checked.
idealty, sufficient equipment for three paneis is cesir-
aple, one set being removed from the erected panet,
whilst one set is on the panel being lited and one is
being fixed 1o the panei about to be lifted. Nevertheless,
it is possible 10 make do with 3 lesser number though
slower progress may resuit.

Rate of erection will vary with the size of the panels,
layout, compiexity of bracing, etc. As a guice .t is
reporied that in the USA contractors aim (o erect one
panei every half hour ang frequentlymanage a 15 —20
minutes cycle.

7.9 Rigging and Bracing Hardware

€dge :ifting 's sometimes creferred as 't allows the
panet o hang vertucalily, aithcugh fittings have Seen
cevelcced o permit face ‘ifted carels (o hang verti-
cally. However. his nas teen ‘ouna unnecessary and
mMOost ereclon gverseas is cone with iace lifteq paneis
which hang slightly off vertical.

!

RIGGING FOR THREE RCWS OF INSERTS

NN

RIGGING FOR FOUR ROWS CF INSERTS

Figure 28
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Sar.arge panets wilh muligie iting paints ine ngging
can De quile comoiex se? Sgure 28.
Cuick release hiitings have been develonec overseas

1S amania A aemma s ha traos hnm the nanoloe [LeTalsl
DAV A —TRT - 11 SN ‘;\-lﬂ S b

as ihe temporary tracing nas t2en fixed. ’hese orovide
3 worthwhiie i!me saving

Temcorary Draces must be poasuionec clear of hiting
inserts and ngging. ‘Where posZi2'c (hey shouic be
lixed © the panel befcre lifing. Puroc - made
adjustable braces are avaiadle i~ the US#  .n the
Major accessory companies. These speed the erection
process as iinal plumbing of a pane! can be camed
out using these braces.

7.10 Lifting

Where possible the crane shoutd be on the same side
of the panel as the tracing so that the arniver can see
ihe erecuon operation.

The lifting insens must be ptaced symmerically about
the centre of Gravily in the honzaontal direction so that
the pane! will lift level, ang apove the centre of gravity
in the vertical so :hat the zanel will tiit. Centres of
grawvity for each panel shouid be calculated as shown
in Figure 29, and marked on the drawings.
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Figure 29

The layout of the lifting holes shculd aiso be clearly
snown. Very tail panels, or those with thin legs or
muitiple or large openings may need {0 be strengthened
by strongtacks before lifting.

Lifting shouid be carnen cut so that the panel rotates
about the bottom edge. Any ¢amage 1o this edge can
be hidden by appropri=i:c joint detaliing. Care shouid
be taken 10 avoid sliding or dragging pane!s across
the fimished floor because of the nsk of damage. With
stack cast paneis more care is needed to prevent the
paneis sliding off the stack and damaging the face of
the lower panet. A means of doing this 18 iliustrated in
Figure 30.

it. after heavy rain, surface wa'er s lying against a
panel, liting should not be attempi2d since suction
forces wil be substanually increased.

The accurate erection of the first lew panels :s cntical.
Extra ime spent In piumbing these in both directions
and estaplisning he correct line will repay itseif in
quicker arection of succeeding paneis. Extra ime
should also be allowed on :he first paneis !or he
ereclion team 10 become ‘amiliar with the procedure.
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Figure 30

Panets must Ce Moved sMoothly at all (imes (0 avoid
shock lcacding which may incuce cracking or possioiv
¢amage the crane.

Final fixings shcuid be comrpleted 3s soon as prac-
‘iIcatle after the saneis nave peen iemporaniy braced.
Safety consuierations wiil usually diciate a short
interval between ine two operations.

7.11 Tolerances

1tis of the ytmcst impenanca that the specified ‘abn-
caton anc erection !oOlerances are reanstic. Cnce
esiatiisNec they must Te mairtaired.- Suggesiag
‘acncaticn iclerances are given in Tacie 8. In general,
fapricauon anc erection iclerances wul iead 0 a
grcwth in cverail wail length. Cepending on their
magnituce |cint Jetalis may ce ¢sed 0 absord these
vanaticns e:ther groegressiveiy at €ach join: or collec-
fively at one iccalion, eg cversall comer 21 doorway,
see Figure 31.
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ABSCRPTION OF TOLERANCES IN JCINTS
Figure 31
Length and Height
Uptodm ~0
-10 mm
3mioém +Q
-12 mm
Qveré m +0
-1S mm
Thickness, overall =5 mm
Straightness (deviation from intended line)
Upto3dm =10 mm
Imwém =15 mm
Bmio12m =20 mm
Skewness(measured as (0lerance in length cf diagonal)
Upto3dm =10 mm
Imwo8m =15 mm
6mwoi2m =20 mm

Table 9. Recommended Fabrication tolerances




A oult-yp pare:s are cerng Jsed in coniunguer with
sity consiruchon then the loierances !ortitt-up panals
shoula nci Se used 10 apsoro (ne conslruction errors
of the insitu work.

7.12 Construction Pians and Checking
Construction Plans. Cne ¢t the acvantages of tit-up
s that it gives the buicer Jirect controt over the
manutacture of the precast units. For each type of
panel it is Jesirable (0 have 4 separate drawing for
each of the foliowing:

1 Formwork.

2 Layout of lifting inserts.

2 Reinforcement details.

4 Layout of fixings.

This avoids the misreading of any dimension off a
composite pian.

Checking. it is desiraDie that the buiider checks ihe
constructucn and the progress of any panel atvanous
stages:

1 initial layout on site, overall dimensiong.

2 Layout of lifting inserts, reinforcament and other
fittings.

3 The casting surface prior tc piacing concrate, check-
ing application and state of the tond breaker.




Structural Design

o type of concrete

¢ implications of details

¢ desian for lifting

¢ design for bracing

¢ design for erected situaticn
« diaphragm action of rooi

¢ shear wall action of panels
e vertical loads

¢ volumetric movement

o durability

« design floor slab to take crane loadings
e fire resistance

Detailing

« reinfcrcement

¢ lifting inserts

o fiXinGs

e seatings

e jCiNt appearance

e jOINt type

e jOint sealant

Surface Treatment

e texture and colour

o face-up or face-down

¢ painted surfaces

¢ formliners

e exposed aggregates

Construction

e programming

e access for fabrication

e access for erection

e casting iayout

e single or stack casting

e erection seguence

o formwork casting surface

¢ edge formwork

e blockouts

e grooves, indents and rebates
e DONd breakers

¢ placing and curing concrete
e Crane size

e rigging

o lifing

e tolerances
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Camant and Concrete Association of Austraiia

Faderai Qtfice
147 ‘Natker Street, Ncrth Sycney 2C60
Teiechone 92 3316

Queensiand

M.I.M. Buiicing,

160 Ann Street. 3ristane. 4000
Teiephone 221 3288

N.S.W.
100 ‘Walkar Streset. North Sydney, 2060
Talephone 325 5866

Victoria
§0 Aibert Roag, Scuth Meibourne, 3205
Telephcne 539 4488

S.A.
254 Meibourne Street, North Adeiaice, 3006

Telephone 257 1428

W.A.
43 Ventnor Avenue. 'Nest Perth, 3005

Telephcne 321 5102

Tasmania

CML Buiicing,

18 £lizabetn Sireet, Hobar, 7000
Telepnone 34 6194

The Associdfion is 4 national non-orofit organmsation
sponsored Sy he cement industry n Auystralia 1o
provide information on ‘he many uses of cement
ang concrete. Sinca the informaton provided s
intended /or gunera!l guigance only ang in No way
replaces the sevices of srotessional consuitants on
particuiar projecis. N0 egal iabiity <an  De
accepted Dy the Agsoc:ation for s use.
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