
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/






United Nations Industrial Development Organization

LIMITED
ID /HC.347/17
29 September 1981
ENGLISH

Workshop on Cement and Concrete Products 
Brisbane, Australia, 18 - 29 May 1981

ON-SITE PRECAST TILT-UP CONSTRUCTION* 

by
*#3. Potuer

i H  ; v. -

The views expressed in this paper are those of the authors and do not 
necessarily reflect the views of the secretariat of UNIDO. This 
document has been reproduced without formal editing.

*# Senior Development Engineer, Cement and Concrete Association of Australia
V.31-30241



г



1 - =  

Contents/ 
Foreword

*I . Foreword 2
2. Applications 3
3. Planning for Tilt-up 4
4. Structural Design 5
5. Detailing 1C
6. Surface Treatments 14
7. Construction 16
8. Check List 23

Tilt-uo is an established method of ccnsirucfiot. 
wnic.n s used cn a wide variety of protects cctn n 
Australia a rc  overseas. particular:'/ m :.~e USA .vrere 
;s use has "ecsntty proliferated.
Use of Te term ti.t-jo  is sometimes 'est'ictso :o 
conc'ute elements, eg wail oaneis, cast on a o r ie n 
tal surface and requiring only tc be tilted into their 
final 'Ocation. However, in this manual ine term ¡s 
used m me more common, wider sense to cover also 
elements cast horizontally, tilted to the vertical and 
men moved to tneir f.nai location.
The method can oe used for the construction of a 
wide range of building elements. Planar elements. ie 
columns, beans and plane frames requiring only 
simple edge formwork. are the easiest to bund and 
erect. However, since interest centres mainly around 
tilt-up walls, this manual is confined to consideration 
of walls only
As with any precast method of building, the best 
results using tilt-uo are gamed when there is cicse 
collaboration from the outset between a;< memoers 
of the design and construction team. This manual 
therefore covers ail stages c' tilt-up construction 
from planning tnrougn to finishing. It is noceo mat 
this overall picture of tilt-up construction will resuit in 
fuller and better use of the method.



Applicanti io

in ;ne best uses af trie ttit-uo method all the attributes 
of concrete wail panels are used. Initially tfiey were 
often used simply as ciaadma panets. continuously 
suoocrted on stno footings. Today most nlt-uo panels 
are loadbeanng, procabiy spanning between pad 
footings, and meet fire resistance and acoustic 
requirements, see Figure 1.
The method has been used in Australia mostly for 
warehouses, industrial buildings and shopping 
centres, a trend «men is !ike‘y to continue, aitnougn it 
will be increasingly used m a wider range cf building 
types, including low-nse office buildings if Australian 
practice echoes American developments.
in rriaiiy early tilt-uo industrial developments the 
associated office accommodation ¡tha front' of the 
building) was earned out in a more orestigious form 
of construction. Newly deveiooed detailing and 
finishing approaches have made tiit-uo walls suit
able for use througnout the prcieot. giving the benefits 
of uniformity without uniform aopearance.
it s mereved aocearance wmen oas largely seen 
responsible for increasing :ne range of applications :cr 
:h«; tift-uo method isee 'Tiit-jp was never like this' 
puoiisned by the Cement & Concrete Assoca'icn of 
Australia).

TYP'CAL CLACDlNG PANELS

Figure 1
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Planning 
for i Sit-up

The planning phase of a tilt-uo oroiect is one of the 
most crucial for its success. Curing this phase the 
entire design and construction procedure for the 
building should be worked out Time spent in 
thorougn planning can be repaid in full by a propiem- 
free construction period. At the planning stage the 
vanous alternatives for each aspect of the proiect 
can be ca'mly evaluated; once construction is under
way proper evaluation may not be possible since 
expediency could be the overnaing consideration.
A mccel of the building (and the site) can be very useful 
during this phase. It can be helpful in such things as: 
choice of locations for storage of materials and 
casting of panels; determining crane movements: 
establishing the erection sequence. Such a modei 
can later be used to train the construction personnel.
Two aspects of planning for tilt-up are worthy of 
oarticular mention; Firstly, the need for the contin
uous involvement of every memoer of the design/ 
construction team; secondly, the need to design the 
buiiding specifically for the method.
The co-oceranon of the whole team is necessary if 
the advantages and versatility of nlt-up are to be fully 
exploited and if cos; benefits are to be maximised. It 
snouid begin at ¡he planning stage and continue 
througn to 'he completion of me project.
it is important that each member of the team is aware 
of the constraints of the method and of the broad 
implications of any planning decision. Compromise 
will often be necessary, the participation of all mem
bers of the team in all decision making is therefore 
required if the best solution is to be found.
Once found, change should be avoided since, in 
planning for tilt-uo. decisions tend to be even more 
interdependent than with other forms of construc
tion. Reversing one decision may start a chain 
reaction which could necessitate the reconsideration 
o' a;; subsequent decisions.
The benefits of the tilt-up method can be optimised 
only wnen the building is designed for tilt-up. 
Adapting ¿1 design based on the use of a different 
'crm of construction will rarely be satisfactory. It will 
usually result in the tilt-up panels serving only as 
cladding, size being dictated by grids and frame 
spacings selected to suit other considerations.
For maximum economy it is most important in design
ing (or tiit-up to (insofar as they are compatible):
1 Make the panels as large as can be handled.
2 Standardise the panels as far as possibly.
3 Make use of as many of the panel's attnbutes as 
possible (structural, acoustic, thermal, fire resist
ance, etc).
A check list of all the factors which should be borne in 
mind when planning ‘or *i t-up is provided on the inside 
back cover of this publication.

Figure 2

Figure 3
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Structural

4.1 General
The same structural principles apply tc the design of. 
tilt-up panels as to normal insitu concrete construc
tion. it is necessary, in the:.- design, to satisfy a 
number o< independent criteria. Wall panels must be 
des.gned for not only tne loadings and conditions to 
beexDeneticed in the f inal structure, but also for con
struction loads during erection, and when tempor
arily braced. Account may need to be taken of the 
volumetric effects of shrinkage and temperature. 
Also, as an integral Dart of the design, the service
ability cnteria. eg durability and fire resistance, for the 
paneis need to be established.These latter consider
ations frequently contro' tne design.
"hroughcut the design phase there should be a 
conscious striving for 00110301111/ .  A check of the 
design details should be earned out to ensure that 
they are practicable. Par example, the sizing of 
elements should allow easy placement cf reinforce
ment and yet maintain required covers with profiled 
surface finishes. The designer must also anticipate 
the construction practices and allow for realistic 
tolerances. See page 21.
4.2 Preliminary Considerations
Before embarking on detailed structure . . nr
certain broad questions need to be answ& - •:
Firstly, the type of concrete, eg reinforced ro m re tt •„ 
prestressed concrete, needs ¡0 be cho,an. R e i i r  
forced concrete will usually be favoured because tn^ 
constituent materials and construction skills are 
readily available. Nevertheless, consideration snould 
be given to other types.

Table 1 lists seme of the broad advantages anc 
disadvantages of the more common types of concrete. 
Of central importance m the selection of the type is tne 
availability of suitable subcontractors, For any given 
proiect other specific factors may control the choice. 
The table is offered only as a starting point for a more 
detailed evaluation.
information given in ih« manual is orovideo for normal 
weight reinforced concrete. Some of this cata will be 
directly aoolicable to other types of concrete. If 
adapted for this purpose then the designer must 
satisfy himself as to the validity of the data.
Secondly, consideration must be given to the imolica- 
:10ns of particular deiaiis for the total cesign. ¡omt and 
connection details, fer examp'e. The SAA Earthquake 
Code (AS 2121} stipulates that in certain risk zenes tne 
connection details adooted between umts determine 
whether or not the building ,s classed as ’ductile’ cr 
‘non-ouctile1, wmcfi in turn will determine 'he mag
nitude of the design lateral force. Similarly, ccnr.ecficn 
detaiis wni ce¡ermine wnether volumetric c.nanges 
need ;o be considered over the total length of tne 
buiic irg  or not

4.3 Construction Loadings
Two situations are usually considered m design:
Lifting. Probably the most severe loading exper
ienced by the panel will be that to whicn ii ¡s subjected 
during lifting. Not only will the loads be severe ou. at 
the time they are applied the concrete will not normally 
have reached its full strength. The design 'oading 
must allow for the self weight of tne panel, the ‘suction’

Tyoe 0. Concrete Advantages Disadvantages
Reinforced 
(normal weight)

Materials and labour readily 
available.
No special skills required.

Panels reasonably heavy.
Dimensional limitations imposed by lifting 
considerations ana lifting stresses.
Thin canels liable fo warn.

Reinforced
(lightweight)

Lower density permits the use 
of smaller cranes or larger 
paneis.
Better insulation and fire 
resistance.

Ligntweignt aggregate available only in 
certain areas.
Strength, especially tensile splitting strength, 
needs to be specified and controlled.
Thin panels liable 'o warp.

P-estressed Permits lighter panels and 
longer spans.
Can be used to contro! 
deflection of thin elements.

Requires the introduction of special skills.
E'asfic movements and creep deflection need to 
be taken into account in addition to normal 
design considerations.

Fibre reinforced 
(steel fibres)

Permits thinner panels and 
longer spans.
Reduces ¡he amount of 
conventional reinforcement 
required.
Gives high abrasion resistance.

Restricted availability, 
riigner cost.
Requires more control.

Table 1. Comparison of Types of Concrete for Tilt-up
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Figure 4

cetween the panel ana the casting surface, ana the 
aynamic impact type loaaing wmcn will occur wnen 
the panel is separatee frem the casting surface. The 
effect cf these forces must be consiCereC firstly on the 
panel and seconalyon the lifting inserts. See page ? G.
It is undesirable for any cracking to occur in the panel 
Curing the lifting operation. To restnet the possibility of 
this occurmg the following design approach is 
recommended:
1 Calculate self weight of panet.
2 Calculate ‘V  » t . 4 x  self weight
3 Using this value of V .  calculate vertical and 
horizontal bending moments. (The analysis for lifting 
stresses is statistical!'/ determinate but should take 
into account the change in lifting cable geometry as 
the panel is tilted from horizontal to vertical, see 
Figure 4.)
4 Check that bending stresses induced in the 
concrete do not exceed fr where fr -  0.413 V F c 
and Fc ”  characteristic compressive strength of 
concrete at time of lifting, see Table 2.

F c at time of lifting f r - '
MPa MPa
5 0.32

10 1 31
15 1 60
20 1 85
25 2.07
30 2.26
35 2.44
40 2.6i

in the vertical direction the pending momenrs are 
assumed uniform over the fui' wiath ot the panel and 
calculations are basea cn a typical metre wicth. 
Transverse bending moments are earned on notional 
beams’ through the lifting points. The assumed width 
of these beams is shewn m Figure 5.
Fcr estimating purposes the maximum width and 
height of rectangular panel* for given lifting configur
ations and panel thickness are given in TaDie 3.

L ift in g P ana i 3 n ic k n a s a  (m m )
C o n f ig u r 
a tio n . too 120 14C 195 190
edge lift 31 70 3440 3660 41 ’ 0 44 20

M ax. 1 row 5150 5620 6100 6710 7320
h e ig h t 2 rows 6680 7370 8080 3530 3140
(m m ) 3 rows 7590 3380 9140 9750 10 360

4 rows — 10 130 1 , 060 1 ' 390

M ax. 2 co lum ns 5760 6220 6710 7320 7920
w id th 3 co lum ns 8500 9200 9910 10 820 11 530
(m m ) 4 co lum ns 9270 10 030 10 320 11 980 12 650

Table 3. Panel size fimitatfon chart (for 14 MPa 
concrete at time of lift).

Odd shaped, elongated panels, or those witn large or 
multiplo openings cari be strengthened for the lifting 
conait'on by tne addition of strongbacks, see Figure6. 
Grooving, profiling, texturing, or any mechanical treat
ment ot the surface will reduce the net section availaoie 
for structural design and the coverto the reinforcement 
The thickness of the panel must be increased to 
compensate for this.

Tabla 2. Allowable tensile bending stres* during 
lifting.
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Figura 5

EXAMPLES OF STRONGBACK APPLICATIONS

Figura 8

Bracing. It is unusual for me leading on the oanel 
during the temporary bracing condition to control its 
design. However, the loa ling needs to be determined 
so thatthe bracing can be designed and the stability of 
the panel ensured.
Braces are usually fixed to the face of the panel. Loads 
are calculated as indicated in Figure 7. Note that tne 
braces themseives may reguire bracing, in both 
directions, to prevent buckling.

4.4 Erected Situation
The design loadings for the erected situation will 
depend on the building type, how the element is used, 
the support and fixings adopted and other conditions. 
It is no. feasible to provide d t ailed design advice 
covering the many and vaned situations. However, 
some broad comment is made on the following 
genera1 aspects:
Transverse loadings.it is important that the walls 
provide a sufficient resisting mechanism for the 
applied lateral loads, especially where they are being 
used as loadbeanng elements. The roof can function 
as a diaphragm to carry the lateral load applied on one 
set of wails to those at right angles. The latter can act as 
snear wails to resist the appii- d loads, see Figure 8.
The panels in this wall resist the loading as illustrated 
m Figure 9. the connections and fixings between the 
units and between ihe units and the footings must be 
designed to carry me induced forces.

Figure 7

3ir..:e ruies ter me design cf snear wails are not given 
r, :he 5AA Concrete Structures Coca. -S *a£g. .t s 
suggested that designers renew me provisions m the 
Amencan Concrete institute Code. AC1 3 18.
Vertical loads. Wall panels can be usee to cam/ roofs, 
intermediate floor loads and light gantries.This car be 
done, for example, by oroviding a coroel on the face of 
;he panel, see Figure to.
Loadbeanng walls should be designed as columns 
and not by the empirical rules given m Section 20 of AS 
1480. The influence of point loads snould be limited to 
a maximum of me load length plus 12 limes the panel 
thickness. The effect of bending moments induced by 
the eccentricity of vertical loads and by the applied 
lateral loading also need to be considered m the 
design.
It is often desirable to iupport the panel on isolated 
footings. This can be aone by assuming that ;he 
footing reaction spreads mio tne panel at some angle* 
or by using a reduction factor.**
Volumetric movements. Exceot where panels are 
rigidly fixed together to form a long wail, concrete 
shrinkage will not have a marked effect on the design. 
Long walls should be broken up into suitable length* 
by the introduction of shnnkage lomts and by pro
viding connections at tne corners wnich will permit 
seme movement to take place, see Figure 11.

■ G w«..«f irv i n  0 , V a rj" . 0«tKjn ryt Ttit-uo . Coner« •
inf«manoA4M. 2 No. * Aoni i960. 00 46*51
~«<M fr>C*4C« KHOt *V 3 r<i(-u0  V/mt — § 0* 4*9*
4ooro4cn Concrof* tnt«mr>oAa( vo* 2 no 4 ¿oni <950 0043-47



4.5 c Ioor Loadings
it in a "oor siab is to coubie as me construction 
piaflorm then it must be designed for me imposed 
loadings. Crane loads when lilting concrete wail 
panels will be large and may control tne design. 
Design procedures tor tne floor are outside .he scope 
of this manual. However, the need to provide a com
pacted sub-base and basecourse under the slab and 
to provide lor shear transfer at the floor joints must be 
emphasised.

Roof designed to transfer 
load to end wails

Wind load acting 
on side wail of build» >g

End watts 
act as shear 

walls to resist 
wind loads

PRINCIPLE OF TRANSVERSE LOAD RESISTANCE

Connect roof trusses 
to edge of panels 
to brace oanef and 
prevent rotation f

; m 
roof plane 
to transfer 
lateral <oads 
ro end w ills  
; mayoe m 
too cr corrom 
cncro of 
root 'russasi

• End wail

V N  /

-Trust 
member 
weeded to 
panels to transfer 
sneer forces from 
other direction onto waits

TYPICAL TRUSS OETAIL

omoresssonL  member
Cross
bracino

—̂Truss 
member 
weideo to 
wan panels

&
T .

SECTION A-A

End veil

Studs 
welded 9 Un
to lop
chord of truss

^-Concrete slab 
acts aa a 
diaphragm

Bonoeti »neets 
and mean

ALTERNATIVE DETAIL TO TRUSS

Channel 
fiied  to 
pan ><* 
with studs 
welded to 
top

SECTION 0-0

ACHIEVING TRANSVERSE LOAO RESISTANCE 

Figura 8

Consider rotation 
about this corner

j LATERAL FORCE RESISTING MECHANISMS 

Figura 9

1
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Y  ,ru**
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in term ed iate  
"o o r siao

t-.
i ♦

i :
. r }Coroef 

{may be 
precast)
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K I l l

i
i

SOME METHOOS OF SUPPORTING VERTICAL 
LCAOS ON WALL PANELS

Figura 10

Figura 11



4.6 Durability and Fir a Resistane*.
Durability as a design entenor. is frequently avy- 
looked. as concrete wnen well mace from sound 
ingredients is inherently a durable material. A numner 
ol specific requirements tor durability are given m AS 
1480. eg water/cement ratio, crack width limitations 
and cover. These can profoundly influence the design 
sirengtn of concrete and tne truckness of tilt-up panels. 
QuraPiiity considerations should therefore be part and 
parcel of the structural design and not be relegated to 
a final gesture of merely enee king certain detaiis for 
comoiiance.
Fire resistance ratings for various concrete elements 
are given m both AS 1 480 and AS 1481 Those for walls 
are summarised in Table 4. Note that the uniform 
8uiiding Regulations in Victona prescribe fire resist
ance ratings for various sized members whicn differ 
from those in the Standards.

Fire
Resistance
Rating
(h)

Thickness of Wall (nm ) Minimum
Cover
tmm)Normal weight 

concreta
Lightweight
concreta1

I ’A 100 80 25
2 125 100 25
3 150 120 25

4
175 140 15

Table 4. Fire Resistance Ratings (AS 1480)3.3 

Notes
1. Lightweight concrete, design density between 
1250 and 2000 kg/mJ and mace with specified aggre
gates. See AS 1460. Appendix 8. Rule 332.
2. These regulations are currently under review.
3. Walls are not covered in AS 1481.
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Detailing

5.1 Reinforcement
A single layer of reinforcement placed at tne mid
depth of the section will usuailv suffice, "wo layers of 
reinforcement may de necessary if the panel thick
ness is greater than 200 mm or to increase the shear 
capacity around the lifting inserts.
Placing a single layer off-centre to resist the Pending 
moments dunng lifting is not recommended, nor is 
draping the reinforcement since it is is difficult to 
maintain the desired draped profile. Furthermore, the 
panel may waro due to the non-uniform restraint of 
concrete shrinkage. Improved duraDility is also 
provided when the reinforcement is placed centrally.
Either mesh or Par reinforcement may Pe used. Bars 
provide greater flexib'lity in adjusting cross-sectional 
areas, especially in in <rgu!?irty shaped panels. On the 
other hand mesh costs less to place and fix.
The control of temperature and shrinkage cracking m 
tilt-uo panels may require a higher percentage of 
reinforcement than is specified m AS 14,30. 
recommenced minimum areas are given in Tapie 5.

Specified yield Ratio of area of
stress of reinforcement to gross
reinforcement area of concrete
MPa
450 0.0045
410 0.0050
230 0.0085

Table 5. Minimum Areas of Reinforcement w'yen 
Shrinkage and Creep are Major Design Consider
ations.

Extra reinforcement is required both at edges and 
around openings in a panel to control snrmkage 
stresses and possible cracking. American practice is 
to use a single 20 mm bar in these locations, wnereas 
here two smaller bars nave been favoured. Diagonal 
ham, across re-entrant corners are more easily located 
when single edge bars are provided, see Figure 12.
o.2 Lifting and Other Inserts
The use of proprietary lifting inserts specially 
designed for lifting and carrying panels is recom
mended. Each manufacturer'will normally supply test 
data giving tne capacity of the insert und^r various 
types ol loads. However, as there are no standard test 
procedures to determine design capacity, designers 
snouid translate these test results into design values 
with caution.
Inserts and fixings must satisfy the requirements of AS 
1480. Rule 24 22(d): Each lifting device snail be 
designed for a working load net less than 1.65 times 
the maximum calculated static load at that point and 
an ultimate load not less than 4 times the maximum static 
load'. Note that the lifting loads previously determined 
for the panel (Section 4 3) are factored to include an

i
Figure 12

a'lowa.oce for impact and should net be used to satisty 
the above rule. Gn the ether nand some allowance 
should be made for suction, say 0.5kPa.
The cntical loading condition for the insert may occur 
when the panel is either honzontal cr tilted at some 
angle. The loading on the insert being either direct 
tension, shear or a combination of the two. see Figure 
13. Note that failure may occur m either the steel bolt or 
in the concrete anchorage, both should be checked.
The capacity of other types of proprietary inserts, eg 
expansion anchors and explosive fasteners, should 
also be obtained (torn the manufacturer. Onlled-in 
inserts, expansion anchors and other similar types of 
fixing may be used for the temporary braces to the 
floor.

5.3 Fixings
General entena to be considered wnen specifying 

. fixings for tilt-up panels are:
1 For stability the panels will normally require more 
than one level of fixings.
2 Panels should be supported on seatings in direct 
bearing, see page 1* 1 2 3 4 5.
3 Unless the wall is continuously supported along its 
length by a grouted seating, its weight should be 
earned at one level by two (no more no less) seatings.
4 Fixings should be designed to accommodate the 
permitted dimensional inaccuracies of both panels 
and structure.
5 Fixings should allow the panel to flex under thermal 
gradient.
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Figure 13

The use of welded fixings is ¡he s.mpiest way ¡0 
accommodate faorication and erection tolerances. 
Bolted fixings may, however, ce used and are required 
as temporary fixings ir. certain situations. Tvpical fix
ings for vanous situations are illustrated in Figure 14.
The failure mechanism of fixings should be in tension 
or bending of the- steel. Failures of the weld or by 
pullout of the concrete should be avoided. Bearing 
failure by crushing of the concrete may be permissible. 
However, the effect of bearing crushing on the sub
sequent performance of that and adjacent fixings 
should bo checked.
Permanent fixings, especially those exposed to the 
external environment, should be protected against 
corrosion. This can be achieved by using stainless 
staei or by protective coatings, eg epoxy or rustproof 
paint Any protective coating should be applied over 
the entire fixing, deluding those parts to be cast into 
the concrete.

e x it*  w* kj#o at to g ts

NOTE:
1 r or ¿«tail at cornerà 

see figure ’ i  
2. if arotection 'ecu.rad 

fixing may 5« receueti 
nto oocxet

PANEL TO PANEL FIXING

i PANEL TO FLOOR FIXING
I
I 1 ROOF TO PAN£L S e*'Igure* f. 3 and fO

2. FLOOR TO PANEL S«« figures i .  9 and T3

I 3. PANEL TO PANEL Ss s  figures 9 and n
| a. INTERMEDIATE FLOOR TO PANEL S sn ligurs iO

j OTHER TYPES OF FIXINGS 

Figure 14

Figure 15

Fixings may also have tc be protected against fire if 
heat will adversely affect their performance. In general, 
this can be achieved by recessing the parts and filling 
the pocket with concrete or mortar, or covering the 
steel parts with mesh-remforced concrete. Note in 
particular the requirements of AS 1430. Rule 24.12.
5.4 Seatlngs
Vanous types of sealings are illustrated in Figure 15. 
Oesign for vertical :oads on these connections is 
based on the bearing strengtn of the various materials, 
eg concrete and steel, in the horizontal direction 
friction will normally be available to help resist the 
applied loads. Footings snouid be detailed to provide 
an easily accessible area to ¡ar.d wall panels and 
complete seatmgs.

Unless they are designed to carry the final loading, 
steel shim pads used for erection purposes and 'eftm 
place after the base of the wail is grouted may cause 
spalling due to the disparity of the modulii of elasticity. 
The use of plastic shim pads is therefore preferable.
5.5 Joints
The imoortance of joint detailing m respect cf the cost, 
appearance and performance of a tilt-up building 
cannot be over-emphasised. Joint details must be 
compatible with the structural design assumptions, 
the erection procedures, the fixing details and the 
construction tolerances. The aspects of |omt design 
whicn must be considered are:



Appearance. ific  number of icmts should be keot :o a 
minimum, if ;ne appearance of smaller panels is 
desired then mu can ce achieved by the use of false 
joints (grooves) m the pane' surface.
It is usually desirable to express trie joints. not to try to 
hide them. The use of a recess o r d a r k  band of paint 
on eitner side will help mask any vacation In tne width 
of a ioint. it will also minimise the effects of any vanable 
weathenng at the joint line. In certain circumstances, 
eg with heavily nbbed p. nets, ;t may be possible to 
conceal the joints m the overall texture of the wail.
A bevel at the edge of the panel Is preferable to an ams 
which is vulnerable to damage.
Comers of tilt-up buildings aemand special consider
ation. Oversail joints aie preferred where it is 
acceptable to show a panel edge cn one facade fits 
prominence will depend on the finisn used on the face 
of the panels). Mitred joints allow a uniform surface 
treatment of both walls, but they do impose greater 
restnetions on erection tolerances and are generally 
not recommended, see 73.

Weathertightness and maintenance. Joints be
tween wall panels will usually need to De weathenignt.
There are a number of joint types used for butt joints 
between wall panels, the most common are open 
drained joints and one stage, face-sea’ed joints, see 
Figure 16.
Open drained joints are recommended though face- 
sealed joints are freauently used on low nse industnal 
buildings. The advantages and disadvantages of the 
two types of joint are summonsed in Table 6.

Figure 16

At a comer joint the situation is different. The move
ment of tne ioint will delude some snearmg as wen as 
tension ana compression so tne design entena will oe

Flashing details at the too of the wail and roof need to 
be matched to that adopted for the joints, in ail 
situations the use of a cap flashing is rec: mmenaed. 
see Figure 17. Such cappings must be securely fixed 
to orever.t wind uplift.
Joint width and sealants. Joints must be able to 
accommodate rotation and the vanaticns m wiath 
caused by construction and erection practices. They 
must also allow the panels to move relative to each 
other as the environment changes, eg changes in 
temperature or moisture.
For tilt-up construction it ;s recommended tnat
1 Joint widths should be in the range 15 - 75 mm.
2 To maintain soecified joint widths, erection pro
cedures should allow cumulative fabrication tolerances 
to be absorbed at comers or openings. Sea page 2 t .
The design of the seal for both open drained and 
single stage joints is complex and involves the 
consideration of a number of factors, eg expected 
movement fyPe ° f sealant wiatn to depth ratio of 
sealant. A full discussion of all factors is outside the 
scooe of this manual, a detailed evaluation can be 
‘cund in the AC! Guide to Joint Sealants for Concrete 
Structures. The following general points should pe 
noted:
1 Wide joints lower the strain due to volume move
ments and are preferred, see Figure 18.

panel/ r o o f  details  

Figure 17
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______________ Advantage»____________________
Open Basic sealing mechanism dependent
drained joints on geometry not on adhesion.

Will tolerate larger construction 
variations and subsequent movements.
Installation during we* weather 
possible.

Disadvantage»______________________________
Require complex edge formwerk.
Profiled edge prone to damage.
Installation of baffle and Poitom flashing has to Oe 
carried out during erection.
The drumming of baffle under certain wind conditions 
may oe objectionable.

One stage,
face-sealed
joints

Air seal protected from U.V. light and 
weather.

Effectiveness of seal totally dependent on continued 
adhesion and performance oI sealant
Access r  ecessary to front face of panel after erection

Simple edge profile 
(no grooves necessary)
Completed joints easy to inspect.

To ensure good adhesion, condition of concrete 
surface cntical, ¡e must be clean, smooth, dense, dry.
Sealant exposed to maior deteriorating influences, 
eg U.V. light and weather.

Table 6. Comparison of open drained and on« stag*, face-sealed joint»



2 Preferred sealant sross section dimension oropor- 
tions are 2:1 as these also help to limit stresses due to 
movement, see Figure 18.
3 Sealants should be bonded only on the two side 
faces. Backup rods which do not bond to the sealant 
are available to control the depth ?.nd profile of the 
sealant.
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 sealant sh : 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 tall 
and therefore access to the joints for maintenance or 
repair may be neitner difficult nor costly.
7 The remova' of a failed sealant can be difficult and 
the cleaning of the joint surfaces to permit the install
ation of a new seal nay not be easy. Thus for low 
maintenance costs a resistant sealant (not the 
cheapest available), shielded where possible from 
direct exposure to sunlight and weathering, is 
desirable.
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Surface
Treatments

A major factor in the acceptance and therefore the 
increased use of tilt-uo in the USA nas Seen improved 
appearance. A wide range of treatments and finishes 
which are easy to achieve has been developed.
These developments notwithstanding, the improved 
appearance very largely stems from the sensitive 
detailing of panels c break up a monotony of long 
walls of large uniform panels.
Detailed information on a ranged 'inishes is given in a 
senes of data sheets i ili-up Techniques' being puD- 
lisned by the Cement and Concrete Association of 
Australia. General information is provided herein.
6.1 General Principles
Simplicity of finisn shcuid be the pnmary objective. It is 
not generally poss'bie to achieve on the site the same 
degree of control over surface finish that is normal in a 
precasting factory.
°ainting can be used to provide strong visual effects, 
!c mask colour changes and reduce the visual promi
nence of accidental vanations in texture.
Grooves shcuid be used to break up the scale of 
panels and to separate different finishes or colours, if 
these grooves are to be painted men they shouid be 
wide enough to accept a small size standard roller.
The compatibility of me bond breakerwith the desired 
surface finish should be checked, by test panel if 
necessary. This should establish any nsk of surface 
stainir.gand the effect on any subsequent pamt film to 
be applied to me surface.
Concrete mix design should take account of the 
quality of surface finish desired. It should be cohesive

and be nch enough to reproduce any ‘ine textures 
which may have been specified.
To ensure uniform colour on concrete surfaces it will 
be necessary to maintain a consistent suppiv of 
cement aggregates and sand. Good mix design (in
cluding control of watsr/cement ratio and minimum 
cement contents), uniformity of formwork absorption 
and curing conditions are also imperative. (Note mat 
these considerations rather than structural considera
tions may control me specification of the concrete.)

The use of test panels is strongly recommended. They 
should be ¡arge enougn to be representative of the 
specified technique, approval should be related to the 
entire panel, not just sections of it
6.2  Implications of Surface Treatment
Each face of a tilt-uo panel can be given a special 
finish but it is usual to confine scec.-ai finishes to the 
external face. The internal face is normally given only a 
p l a s m o o t h  finish.
r-msnes are cescribed as being provided ‘ace-uo' or 
face-down', depending on the position iat the time of 
casting) of me face receiving me finisn.
Table 7 provides a lisi of the types of surface finishes 
and how they can be achieved on face-up and face
down surfaces. From the comments aiso included it 
can be seen that face-down is preferable for most 
types of finishes. This approach has the further advan
tages that the panels can be stack cast and that the 
lifting inserts are on what becomes the back of ;he 
panel, where the subsequent filling will usually be 
least objectionable.

Type of finish Face*up
(Single casting*)

Face-down
(Singie or stack casting*)

Rebates and grooves Hammer form into top surface. (Position 
and depth difficult to control.)

Fix timber form to base slab. (Position and 
depth easy ;o maintain)

Plain, smooth surfaces Finish panel with bull float and trowel. 
(Common paving technique.)

Finish off floor or casting pad. 
(Reproduces all imperfections ot tnat 
surface)

Exposed Aggregate Water washed. (Special aggregates and 
patterns difficult to control,'

Sand embedment (Different aggregates 
and patterns easy to achieve, independent 
of concrete mix)

Fine Textures Broomed,
Combed,
Imprinted,
Roiled.

Timber forms, 
Formfiners.

Course Textures Timber forms.
Profiled steel sheeting, 
Polythene over stones, 
Formliners.

Table 7. Methods of achieving various types of finish by both face-up and face-down approaches. 
•See Table 3.



An earty decision on the finishes to be used and. more 
importantly, wnetner a face-up or a fccs-ctcwn accroach 
wiil be adopted is important since it can influence the 
whole casting procedure — location, sequence, etc.

6.3 Particular surface treatments 
Paints/stains. Painting or staining js the easiest way 
of improving the appearance of smooth finished sur
faces. They can also be used on textured surfaces 
althougn application becomes more cifficuit as the 
coarseness of the texture increases. Painted surfaces 
have the advantage of masking minor imperfections 
and colour vanations in the base surface but will no: 
conceal major texture vanations. Further, they offer :ne 
advantage of being easily reinstated after despoiiing 
(accidental o  intentional) and are easy to maintain 
and change to give a new image to a building following 
a change ;n tenancy.
The effect of the bond breaker and of the cunng 
process cn the adhesion of the camt him needs to oe 
checked. :f an incompatible matenai nas been used 
any bena breaker acnenng to the surface can oe 
removed by ¡ightly sancblastmg or by gnnaing. See 
page 19.
vanous paint applications may be used, both high 
build or thin film are suitable. High build applications 
can be used to mask unwanted surface textunng. 
Surface preparation will depend on the paint type, tne 
recommendations of tne manufacturer snouid be 
followed. Application may be by spray from a cherry 
picker' or by roller, depending on the paint type and 
desired paint film texture.
Formllnars. These are applicable only to cast-down 
faces out can be used m either stack or floor cast 
approaches. A wide range of patterns and textures is 
available overseas and can be imported or faoncated. 
They can be made of a number of materials: rubber, 
timber, thermoplastics, and fibreglass-reinforced 
plastics. Formliners need specialist release agents, 
these are usually recommended by or avaiiaDle from 
the manufacturer. Where not supplied by tne formliner 
manu?=-"*urer testing will be necessary.
Exposed aggregate surfaces. These may be formed 
on either the face-up or face-down surfaces and are 
therefore suitable lor either floor or stack casting. 
However, the techniques for forming them in tne two 
approaches are quite different water washing for 
face-up surfaces; sand embedment for race-down.
In the USA the (ace-down sand embedment tech
nique is generally preferred because of its versatility.



Construction

7.1 Programme
The dual asoects of construction and programming 
s.nouid Ce anticipated dunng the planning and design 
stages and not regarded as a orabiem solely for trie 
buiider.
As well as considenrg the physical aspects of how the 
building is to be constructed, thought must be given to 
the requirements tor labour,.time for construction, 
and the sequence and timing of the construction.
The size of the workforce needed to complete the ¡ob 
in the required time will depend (amongst other things) 
on the level of expenence with tiit-up. The learning 
penod need not be long, particularly if there is a high 
'eve! of standardisation, but allowance for this must be 
included.
As much work as possible should be carried out on 
panels when they are on the ground rather than wnen 
they are. or are being, erected, Fcr example, fixings 
■ both temporary ana permanent! a no preparation for 
icmting.
7.2 Access
Access to and around, the site greatly influences the 
construction ar.d erection processes. Two aspects 
have to be consicereo: access for construction of the 
tiit-jp  panels and access for their erection.
The locations for casting the panels sncuid allow easy 
access for concrete trucks and the discharge cf the 
concrete, preferably directly from the truck. Figure 19 
gives clearances, dimensions and turning radius for a 
typical 5 n 3 concrete truck, if truck access to the 
casting areas is not possible then other methods, 
such as pumping will need to be considered.
All-weather access to the casting locations and for 
erection will be required if construction is to proceed 
with the minimum of interruption. For this reason many 
contractors orefer to work otf the floor slab. Alterna
tively, consideration should be given to providing

temporary construction roacs around :ne building 
area or the early construction of final read and car 
parking area bases.
Having checked the reauirements for access during 
construction those for erection need to be examined. 
The crane frequently operates on me final floor 
because either me building is to occupy the whole site 
or it is the only suitaDie surface for the crane to use ‘or 
transposing panels, in this case me design load for 
me floor must take mis into account
It is desirable that crane operation's restricted as little 
as possible by other construction ocerations or by the 
building itself. For example, even with a steel frame 
building wnere the tiit-up wall panels are being used 
only as cladding, me oaneis should be erected as 
soon as possible Depending on me type of column 
base cbnnectior.s, the panels may be erected and 
braced before or after me columns. The r.o f beams 
can then oe erected inside this shell. This is preferable 
tc me crane having to operate m the restneted area 
between the aireacy erected frames.
The position of overhead services should be estab
lished so mat clearances dunng erection can ce 
checked.
The position of underground services snould also be 
determined and the path of any required connections 
tc them plotted. Operating a mobile crane over or near 
recently backfilled trenches is always dangerous, 
when carrying a large, neavy wail pane! particularly so.
7.3 Layout and casting method
ihe choice of surface finish will determine whether the 
panels are cast face-uppr face-down. Erection proce
dures will influence the decision whether to cast 
singly over a large area_or to stack cast (one on too ot 
the other) and the choice of the casting locations.
The advantages and disadvantages cf the two methods 
are summansed in Table 8.

DIMENSIONAL DATA FOR TYPICAL 5 CUBIC METRE CAPACITY CONCRETE TRUCK
Figuro 19



i A d van ta ge s  : D isa d va n ta g e s

Single 
Casti nq

No separate casting pacs 
required
Simple edge formwork.
Full range at surface finishes possible*
Simple checking at line-up of 
adjacent fixings, etc
Easy set-out of patterns m 
wail and panels.
Units close to final position.

Surface finsh ot floor and location cl constructicn 
.pints must suit required panel fln.sn and dimensions.
Fioor may require repair after fixings romov«j.
Little reuse of formwork possible.
Conflict at comers requires resolution.

Stack Can proceed independently of floor. Requires separate casting pads.
Casting Permits greater programming Limited range of finishes*.

flexibility. Lifting more difficult and needs to be
Numbe* of reuses of formwork carefully controlled.
possible Formwork quite sophisticated.

Table a. Single and Stack Casting 
•See Taoie 7.

Panels should be cast as close to their final position as 
possible to avoid double nandling and to keep the 
erection nme as snort as possible
When the floor is used as the casting oeo then the 
layout and the erection procedure sncuid be planned to 
avoid the crane having to move over, or set up on cast 
panels.
In determining casting locations it is important to 
remember trial if the crane is to operate from inside the 
buiiding, it may be necessary to omit one pane*, move 
the crane cu t and then erect this panel from the outside.
It should also be noted that casting cn the floor 
probably means that the construction programme is 
less flexible, eg tne construction of tiit-uo caneis canr.ct 
ce commenced until that area of tne nccr is completed.
When stack casting is adopted then me casting crcer 
shcuid reflect the erection order to avoid douoie 
handling the panels or having to erect one between 
those already placed, see Figure 20. An exception to 
this general rule is that smaller units snouid only be cast 
on top of larger.

Figure 20

Casting stacks should be sited to allow room for the 
crane to be set up in positions such ;nat double 
handling of panels ¡s avoided and the number ot set up 
positions is kept to the minimum.
The number of panels m the stack is controlled Dy the 
number wnich can be erected without double handling, 
and by the need to limit the heignt ot tne stack so as not 
to make concrete placing and finishing too difficult if 
parking areas and access roads are m concrete, they 
can De used as casting beds.

Figure 21



Joint details may aiso influence layout and erection 
sequence. It oversaii comer ¡omts are aoootea men 
tne erection sequence snou'd enaDie any accumuia-

oversaii. Mitre ¡omts do not impose any restraints on 
erection sequence. However, tney do require more 
stnngent control of erection tolerances and are best 
avoided, see figure 21.
After erection me panels will require to be temporaniy 
braced until me final fixings can be made. If the panels 
are to be cast on me floor slab me braces will restnct 
the choice of casting locations of comer panels and 
movement of the crane. Vanous ways of overcoming 
this problem are shown in Figure 22. The alternative 
using external bracing is not generally recommended 
as it requires the provision of purpose-made dead 
men'. Furthermore, it places fixings on me external 
(often decorative) pane) face.

7.4 Formwork
Formwoik for tiit-up construction is at its simplest 
limited to penmeter framing of the panel. However, the 
extent and sophisticat.on of the formwork and form
lining will depend on the amount of modelling or 
textunng of me external surface. The choice of matenais 
for formwork and the accuracy of its construction play 
a vital part m ensuring mat the erection process goes 
smoothly and efficiently.
casting Surface. When one concrete surface is cast 
on another it reflects all the imperfections and biem- 
isnes of that surface. Special care is thus required to 
control the tolerances and finish of all surfaces which 
are to have another cast directly against them, if 
possible, no construction |omts should be included m 
an area of floor wnich is to have a panel with a smooth 
finish cast against it.
When openings must be left m the floor for piping, 
utilities, or the erection of interior columns at a later 
date, a 20 mm skin coat of concrete over a sand fill can 
be used to close th« opening temporaniy. The skin 
coat can be knockec out after the panels have been 
tilted.

if temporary bracings are to be fixed to 'he casting 
surface, fixings wnich require crs-cnllmg or casting m 
should be avoided since they may read on me face of

_ A I A» —I k  . j ___ __u wwniM'ctcu ^anc:. ioiwi i i<aii u i
after the panel has been lifted are prefered.
Casting surface considerations will usually dictate 
tighter tolerances on constructicn and surface fmisn 
for the whole floor than are required for its subsequent 
use.
Formwork to provide recessed areas in me panel face 
should be robust enough to remain plane unoer me 
application-of concrete and associated construction 
loadings.
Edge formwork. With planar units edge formwork is 
all mat is required. For floor casting timoer formwork 
robust enough to withstand the ngcurs of construction 
is normal. The size of edge formwork members and the 
spacing of the supports needs to De related to me 
tolerances of construction. Sulkier or stiffer edge 
mempers will require fewer oraces or ties. This must ba 
considered in coniunction with me possible need for 
space between panels required for stnopmg the edge 
formwork prior to lifting. The forming of any edge 
profiiing, from ¡o:nt considerations, needs also to be 
taken into account 50 mm dressed boards shaped to 
suit joints and braced as shown in Figure 23 are 
commonly used.
The forms are generally fastened to me floor using 
exolosive fasteners. These, however, may lead to some 
spalling of me floor surface. Alternatively dnlled 
fasteners may be used. To avoid damage or tne need 
to repair the floor, me formworx is ¡n seme cases not 
fixed down but sealed round the edge and cross tied 
through me reinforcement see Figure 24.

Figure 24



For s;ac* cast carets more sochisticated edge ‘crm- 
wcrk. eg steei channels, can Be justified as tnere will 
oe a numoer of reuses, see Figure 25.
As wiii: dii iormworK great care must oe taKen at tne 
ioints. eg at comers and Between the edge forms and 
casting surface, to form a tignt seal to prevent leakage 
of fines and mortar which could lead to honey
combing. weakened edges and severe discolouration.
Edge forms snouid be coated with form release agents 
to permit easy stripping.
Btockonts. Stockouts for maior openings can Oe 
treated m similar fashion to edge forms. They snouid 
be securely fixed to the base slap to avoid displace
ment dunng concreting.
Grooves, indenis and rebates. Grooves, indents 
and reoates are moat easily formed on the cast down 
surface as mentioned previously. To ensure correct 
location it is aesirabie where possible to continue the 
grooves to the edges of the panel. Timber stnps for 
forming grooves should be splayed as shown in 
Figure 26 and sealed to prevent swelling.

7.5 Bond Breakers
Coatings used to prevent oond between the casting 
surface, tvpicaiiy concrete, and the panel cast on it are 
vdnuuriy known as oona oreaxers. separation com
pounds and parting agents, ."heir performance is 
probably the single most crucial element m tne tiit-up 
process. The moment of truth for any tilt-uo proiect is at 
lifting. Will the panel separate or not? A single captive 
panel can aisencharit ail associated with the proiect. 
Thus the choice and application of the oond breaker is 
crucial to the success of any protect
The functions of bond breakers are:
1 To permit ciean complete separation of the tiit-up 
panel from the casting surface.
2 To minimise the dynamic loading caused by suction 
at the time of separation.
3 Generally, to also function as a curing compound 
for the casting surface.
The residue of the compound on tne panel or the 
casting surface should not discolour or interfere with 
the adhesion or performance of any aponed coatings 
or covenngs or cause discolouration of tne concrete.
it is important to stress that release agents used to 
facilitate the stripping of formwork in insitu concrete 
construction are not suitable for use as bond breakers 
for tilt-up construction.
A number of satisfactory bond breakers is. however, 
available, it is essential that one of these be used.
If the bond breaker is not douDling as a cunng 
compound, then the compatibility of the two musf be 
checked.
When applying particular compounds the manufac
turer's recommendations should be followed. However, 
the following points are offered as a general guide:
1 Apply two coats of the bond breaker each in two 
applications at right angles to each other.
2 When the first coat is being usee for cunng it is 
usually applied immediately after the concrete 
surface has received its final trowelling and when the 
moisture has just disappeared from the surface. The 
second coat is applied afterthe formwork is in position.
3 Pnor to spraying the compound ensure that the 
surface is clean and free from dirt, debris, sawdust 
etc.
A Appiy the compound uniformly. Check particularly 
the perimeter 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 
trowelled surfaces.
6 If spraying over old concrete, eg dry absorbent 
surfaces, dampening the surface prior to soraying is 
recommended, as well as a heavier application, to 
limit and compensate for absorption.
7 No traffic should be allowed on the coated surface 
before the coating is dry.
8 Before casting the panel check questionable areas, 
eg those with light or dull colour, by sprinkling on to 
the surface a few drops of water which should bead, 
not be absorbed into it. If necessary recoat the 
doubtful areas and allow to dry before casting. Rein
forcement should be protected from contamination 
by bond breakers as it will impaii bond.
7.6 Separation of Captive Panels
If a panel is not too strongly bonded then it may be 
separated by driving m steel wedges at the top edge 
and at insert lines while trying to lift the oanel m an 
effort to slowly peel it off. Care needs to oe exercised m 
the amount of tension applied to the panel otherwise 
the jolting as the panel springs free may damage 
eitnerthe panel ortnecrane. This method will probably 
damage the edges of the panel and the surface 
against wmch it w a i cast Alternatively, prestressing 
tendons on a temporary cross head can be used to



indues 3 snear across the interface and thereby break 
me Oonc.
Where, however. tile problem  resets i.'C.T the oss o! 2 
completely ineffective bond preaker. these methods 
wiii not be effective, it is therefore a gold?', rule to test 
the prooosed compound and casting procedures 
prior to the commenc ment of full scale construction.
7.7 Placing and Curing
in general, normal practices tor placing, compacting 
and cunng should be followed. The concrate should 
be placed, compacted, levelled and screeded as 
pmmptly as possible. Care should be exercised around 
fixings wnere steei congestion may prevent easy 
compaction. No final finishing should be attempted 
until the bleed water has disappeared from the surface. 
No driers should be used.
in hot conditions the too surface of the concrete 
should be protected against rapid drying by shielding 
the surface from winds, shading from the sun and 
timing the placement to avoid the worst conditions. 
Working alipnatic alcohols m;o the surface will also 
help control evaporation from the surface and the nsk 
of plastic cracking.
Tilt-up panels should be cured properly to ensure that 
the full potential concrete strength is deve'oped and 
that colour control can be maintained.
in Notes on the Science of Building N.S-8. No. 115 the 
Experimental Building Station published the results of 
tests on the four mam classes of cunng compounds 
and some traditional curing methods, see Figure 27. 
Note that the lower the moisture loss the better the 
cunng.

Figure 27

As with bond breakers, two further points need to be 
stressed. Firstly, fo be effective the cunng compound 
needs to he property applied giving uniform and 
ct impiete coverage to the concrete surface. This appli
cation should fake place just when the sheen of 
surface moisture has disappeared but the concrete is 
still damp.
Secondly, the compatibility of the chosen compound 
with the Pond breaker and its effect on subsequent 
surface treatments needs to be evaluated, eg wax 
emulsion will impair the bond of future surface 
coatings.
7.8 Cranes
The size of crane to be used needs to be considered 
and the limitations ot a small crane (smaller panels, 
more |omts, more set ups, slower erection) balanced 
against the increased cost of bringing a large crane to 
me site. Mobile cranes impose high point loads on the 
ground and the ground must be capable c.' supporting 
these loads. This loading should also be considered

•/men resigning the Moor Crawier mounted cranes 
irnoosa 'ower oearmg stresses on the ground ana can 
be useful when erection 'rom outside the bunding :s 
possible.
The lifting 'imitations (heignt. reacn and ioad capacity) 
of the chosen crane should De carefuiiv examined. As 
a rougn rule of thumb crane capacity should be two to 
three times the maximum panel weight. Some thougnt 
should be given to the extra reach reauired to enable 
the lifting rigging to be attached to the panel. On me 
Pasts of ¡hes.i limitations me ¡ayouf of the casting 
locations and the erection procedures snouid be 
determined. Dismantling, moving and settir g uo in a 
fresh location takes considerable lime and is com
pletely unproductive. Therefore, the more panels wmen 
a crane can erect from a given position the mere 
efficient the operation.
Some cranes can ’ift nly wnen suooorted on out
riggers. Those which can '¡ft without them can also 
travel with a panel, provided the operating surface is 
suitable. Operation on the completed Moor slab or 
corcrete road pavements is ideal.
All rigging, lifting beams, shackles, etc may be available 
from tne crane supplier, but this should be cnecked. 
Ideally, sufficient equipment for three panels is desir- 
aoie. one set being removed from the erected panel, 
whilst one set is on the pane) being lifted and one is 
being fixed to the panel aoout to De lifted. Nevertheless, 
it Is possible to make do with a lesser number though 
slower progress may result
Rate of erection will vary with the size of the panels, 
layout complexity of bracing, etc. As a guide .t is 
reponed that in the USA contractors aim to erect one 
panel every half hour and frequently manage a '< 5 — 20 
minutes cycle.
7.9 Rigging and Bracing Hardware
Edge lifting >s sometimes preferred as t allows the 
panel to rang vertically, although fittings have been 
deveiocec to permit face ifted panels to hang verti
cally. However, this nas been 'ouna unnecessary and 
most erection overseas is done with face lifted panels 
which hang slightly off vertical.

Figura 28



-or ,arge panels wiin muùicie 'itting points nggmg 
can oe Quite complex, se’ F-gure 23.
Cuick release fittings have Oeen aeveiooec overseas
• a «« <mIa •»« a aaaha ho f ra<vs thansrtAi
>w cuawc ii >c <»<ai >v >v ww ■ ■ w w .. ■ ■ ■%, wv>> ■«• «■« «*»»»•■

as tne temporary Gracing has oeen fixed. These provide 
a worThwiiiie time saving
Temporary Graces must be positioned clear of lifting 
inserts and rigging. Where poscio'a they should 0e 
fixed io the panel oefcre lifting. Puroc made 
adiustaGie Graces are avaiiaGie l-  the US/ ,.n tne 
maior accessory companies. These speed tne erection 
process as final plumbing of a panel can Ge earned 
out using these Graces.
7.10 Lifting
Where possiOie the crane should be on the same side 
of the panel as the Gracing so that the dnver can see 
the erection operation.
The lifting inserts must Oe placed symmetrically aoout 
the centre of gravity ¡n the honzontai direction so tnat 
the oanel will lift level, ano aoove tne centre of gravity 
in tne vertical so that the pane! will tilt. Centres of 
gravity for each panel should Oe calculated as shown 
m Figure 29. and marked on the drawings.

Figure 29

The layout of the lifting holes should also Oe clearly 
snown. Very tall panels, or those with thin legs or 
multiple or large openings may need to Oe strengthened 
Dy strongoacks Oefore lifting.
Lifting shouid oe earned out so that the panel rotates 
aoout tne bottom edge. Any damage to this edge can 
Oe hidden Oy appropr.-.tc ¡omt detailing. Care should 
Oe taken to avoid sliding or dragging panels across 
tne finished floor because of the nsk of damage. With 
stack cast panels more care is needed to prevent tne 
panels sliding off the stack and damaging the face of 
the lower panel. A means of doing this is illustrated in 
Figure 30.
if. after heavy rain, surface w?*er s lying against a 
panel, lifting should not Oe attempted since suction 
forces will be substantially increased.
The accurate erection of the first few panels is cntical. 
Extra time spent in plumping tnese m both directions 
and establishing the correct line will repay itself in 
quicker erection of succeeding panels. Extra time 
snouid also be allowed on the first panels lor me 
erection team to become familiar with the procedure.

Figure 30

Panels must oe moved smoothly at all times to avoid 
shock loading which may induce cracking or possioiv 
damage the crane.
Fmai fixings should be comoieted as soon as prac
ticable after the panels nave oeen temooranly oraced. 
Safety considerations will usually dictate a snort 
interval between tne two ocerations.
7.11 Tolerances
it is of the utmost importance that the specified faon- 
ca'ion and erection tolerances are realistic. Cnee 
established they must be maintained.-Suggested 
fabrication tolerances are given in Taoie 9. in general, 
facncation anc erection tolerances wni ¡ead to a 
growth in overall wall length. Depending on their 
magnitude icmt details mav ce used to absorO these 
variations either progressively at each iom: or collec
tively at one ¡ccation, eg oversaii comer or doorway, 
see Figure 31.

variation Eacn sancì vanation 1 * 3 * * 6
acscroeo n %l , stars on ^  adsorbed «n |
educed— ^  enlarged i
~<rx *, , cos»t cn c»nf I

Figure 31

Length and Height
Up to 3 m -0

-10  mm
3 m to 6 m -t-0

—12 mm
Over 6 m +0

—15 mm
Thickness, overall ±5 mm 
Straightness (deviation from intended line)
Up to 3 m *10 mm
3 m to 6 m i l 5  mm
6 m to 12 m ±20 mm
Skewness (measured as tolerance m length of diagonal)
Up to 3 m r lO  mm
3 m to 6 m ±15 mm
6 m to 12 m ±20 mm

Table 9. Recommended Fabrication tolerances
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A8SCRHT10N OF TOLERANCES IN JOINTS



• ! Mt-uD panes are cemg jsed m cornu.-icMon with 
->s:tu constructor, men tne tolerances fortiit-jp carets 
snouia no; oe used to aosoro tne construction errors 
ot tne msittj w o rk

7.12 Construction Plans and Checking
Construction Plans. Cne c( tne advantages of tilt-uD 
>s that it gives tne builder direct control over tne 
manufacture of tne orecast units. For eacn type of 
panel it is desiraDie to nave a separate drawing for 
eacn of tne following
1 Formwork.
2 Layout of lifting inserts.
3 Reinforcement details.
4 Layout of fixings.
This avoids the misreading of any dimension off a 
composite plan.
Checking, it is desirable mat the builder checks the 
construction and tne progress of arty panel at various 
stages:
1 initial layout on site, overall dimensions.
2 Layout of lifting inserts, reinforcement and other 
fittings.
3 The casting surface priorto placing concrete, check
ing application and state of the bond breaker.



Check Lisi

Structural Design
• type of concrete 4.2
• implications of details 42
• design for lifting 4.3
• design for bracing 4.3
• design for erected situation 4.4
• diaphragm action of roof 4.4
• shear wall action of panels 4.4
• vertical loads 4.4
• volumetric movement 4.4
• durability 4.5
• design floor slab to take crane loadings 4.5
• fire resistance 4.6
Detailing
• reinforcement 5.1
• lifting inserts 5.2
• fixings 5.3
• seatings 5.4
• joint appearance 5.5
• joint type 5.5
• joint sealant 5.5
Surface Treatment
• texture and colour 6.1
• face-up or face-down 6.2
• painted surfaces 6.3
• formliners 6.3
• exposed aggregates 6.3
Construction
• programming 7.1
• access for fabrication 7.2
• access for erection 7.2
• casting layout 7.3
• single or stack casting 7.3
• erection sequence 7.3
• formwork casting surface 7.4
• edge formwork 7.4
• blockouts 7.4
• grooves, indents and rebates 7.4
• bond breakers 7.5
• placing and curing concrete 7.7
• crane size 7.8
• rigging 7.9
• lifting 7.10
• tolerances 7.11

I
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Cement and Concrete Association of Australia 

Federal Office
147 Warner Street. Ncnn Sycney 2C60 
Telephone 92 OS’ S

Queensland
M.I.M. 3uiiding,
160 Ann Street. Bnsbane. 4000 
Telephone 221 3288

N S W
100 Walker Street. Norm Sydney. 2060 
Telephone 92S 5866

Victoria
60 Albert Road, South Melbourne. 3205 
Telephone 699 4488

S.A.
254 Melbourne Street. North Adelaide. 5006 
Telephone 257 1428

W.A.
43 Ventnor Avenue. West Perth, 5005 
Telephone 321 5102

Tasmania
CML Building,
18 Slizabetn Street Hooart 7000 
Telephone 34 6194

The Association is a national non-profit organisation 
sponsored by tne cement industry m Australia to 
provide information on the many uses of cement 
and concrete. Since the information provided is 
intended for general guidance only and m no way 
replaces the services of professional consultants on 
particular protects, no legal liability c jn  be 
accepted by the Association for its use.
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