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INTRODUCTION
Concrete products cover a ver: large range of concrete elements <hich
are produced off site. Such products vange from concrete buildirg

blocks co such Dassive elemen®s as precast concrete piles, o
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tions and so on. Products can also range from zass-produces standard-
ised units such as building blocks to elements, often many In zumber,

but peculiar to a particular job. 1Ia chis latter case the elexments arve
usually cast adjacant to the building or structure ia which they are to

be used.

From the guality-control peint of view concrete products diZfer very
significantly from cast-in-situ concrete. Firstly defeczive products
can be rejected before they are used and seccndly, bdeing produced under
factory conditions, all stages of productisn can be tailored to suit

the particular cperation.

No attempt is bSeing made by me to identify and offer solutions tc prob-
lems that arise in the production process as others who have addressed

you have no deubt dome s0.

This paper attempts to identify potential sources of problems which
arise with the finished product due to handling, transportation and
placiag in the structure, and during the service 1l fe of the structure.
The former group are neculiar o concrece groducts. The problems chat
arise once the products have been built-in are bdasically cthe same as

those encouncered wWwith casc-in-silu concrete.

AVOIDANCE OF PROBLEMS

The best method of overcoming prcobliems in concrate products ond cast-
in-situ concrete is 2o avoid their occurrence. Most problems in con-
creZe praduccs can be attributed to some defecz in the design ¢t pro-
duczion of the products. The 2ain causes of prcoblems in concrete
products ‘are

inadequata design strexngth rescizing in excessive defleczion

and cracking;
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of reinfcrcement and spal of coancrete;

¢
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3. iacorrect harndling, transperting and placing techuiques causing

sracking of the =zembers and corrosicn ¢f the cei:r forcement.

All these potential problem areas cam, and usually are, adequataly
guarded against in the desiga, production and corstruction stages of
the product so that there are significantly fewer problems with struc-

tures incorporating precast members than with cast-in-situ struccures.

Unfortunately the need to handle ccncrete products places gpractical
limits on the size of such members and problems associated with comnnec~-
tions restrict their use to relatively simple, though not necessarily

small, structures.

TRANSPORTING AND ZANDLING

Many coacrete producis are massive and require special handling tech-
niques. Precast concrete piles are one example of a product that requires
particular care in handling ard transportation. 3ecause this need is
self-evident suitable techniques have been developed and the requiremeuts
are well known. With other ﬁroducts, especially products that are unique
10 a particular project, the possibility of cracking, spallieg or the
development of some other gefect due to reversed stresses must be given
careful coecsideration and appropriate handling techzniques develsped. In
ract these problems snould be considered at the design stage and provi-

sion should bte+ made for handling and transporting stresses.

An example of corflicting requirements was the concrecte 'tri-bars' used
on tie soutzern extremity of thz2 extension of the nortl.-south ruavay of
Sydnev airpcert into Botany Bay. The tri-bars adopted weighed five and
a half tonnes and contaipned 10 reizfcrcemezt. dandling by a speciall

desigred cradle prevented damage.

Concrece pipes are another nroduc: where handling care is required. The
cteinforcemeat in pipes Is located so as tc withstand the earsh pressures
and superimposed loading when in place. When being placed, however,
pipes are suspended frcm the Lop, the exaci reverse of the loading for
winich they have bea2n designed. The seif-weizht of szall-diamerer pipes
is not sufficienc to cause cracking dut in large-diameter, thicker-

walled pipes as used in aerodrome censiruction the conzingency must be




srovided for. This is usually done oy having a second layer of Te-

inforcemen: which can be accommodated in the thicker walls.

CRACKING

Large precast concrete elemenis are proce to develop cracks at changes
of sectior, sparp corners and so on. Such cracking is due to poor de-
sign and shouid be eliminated by tedesign. Before the design of any
large element of which a pumber are to be cast is ficalised a prototype
should be produced well in advance tc allow any design, castiag or
handling problems o be identified and overcome. 1Ia the case of the
tri-bars just merntioned a prototype mould was zmade and leat to potential
tenderets to enable them to pake some trial castings and comnsequently
arrive at move realistic tender prices than otherwise would have been

the case.

SPALLING

Precast concrete members are just as prone to spalling due to corrTesica
of the reinforcement as conventional concrete. The primncipal cause of

corrosion of reinforcement is insufficient cover of the rteinforcement.

In precast xembers which have to be handled and transported there is a

strong temptation <o reduce the cover to save waight. This temptation

must be resisted.

Recent work at the Experimental Building Station has shown that tha
width of cracks has no effect on the rate of corrosion. racks of what-
ever width only act as the starting point for corrosion and how rapiily

it develops depends upon the porosity of the concrete.

A rteinforcing bar surrounded by concrece is protected from corrosion by
the alkalire nziure of the concrete. 1In an alkaline envﬁ:onmen:, a very
thin layer of cxide is formed on the surface ¢f the steel which imnibirs
further corrosion. In this state the sceel is said to be passivated. Iz
the vicinity of a crack this passive layer is broken dowu and th's de-
passivated area becomes the anode of a corrosion cell while porr.ons of

2

the bar still protected by sound concrete become th: cathode.

The rate at which corrosion will occur denends upon che resistance of
the pach cthrouzh the concrete Detween the anode and the cathode. The
- . -9 .
rate of corrosion is thus dependent upon the properries of the sound con--

cTete, especially its densicy. This highlights the importance of mix




design and quality control of the concrete used. A zix design pro-
cedure that has been used for many thousands of cubic metres of concwata

is outlined in Appendix A.

The corrosion of the reinforcement in bridge decks is a problea of
national importance imn the United States. The cause of the provlem is

the ugse of sal: to de-ice roads during their severa winter.

While few of the countries tepresented here have this particular problex
it is of interest to consider the remedial xeasures that have been de-—
veloped and which could be applied to other projects where severe envi-
ronmental conditions exist. Methods which could be used in concre%e in

general are outlined below.

Wax-bead concrefe. Tiny wax beads are introduced into the concTete at

mixing time and after the concrete has set and cured heat is applied
which melts the beads and allows the wax to seal the voids. The only

drawback to this system is the expense of heating.

Polymer-impregnated concrete. Tnis protective s:stem functions the saume

as the wax-bead system; that is, by internal sealing of the concrete.
The concrete is subjected to a temperature cof arocund 370%C uneil all
moisture is driven off. A liquid monomer is then forced into the com-
crete to fill the voids and tihen polymerised to a2 solid form which seals
and strengthens the concrete. To date the method has been used only in

experimental studies.

Metallic coarings. The most widely used metallic <oatipg is zinc galvan-

ising. However it is now generally recognised thar where there is ready
entry of chlorides galvanising will not necessarily provide permanect
protection against corvosion, although it =may prolong the period before

corrosion occurs.

Zinc acts as a sacrificial coating and in the presence of chloride ious
will corrode and within the service life of a structure the coacing may
break down sufficieatly -u allow corrosion of the underlying steel to

take place.

£ galvaniced teinforcement is conuected CO  uncoated steel 0T oTler

dissimilar meczal, accelesated coriosion can occur. I! ziac zoatings arce
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imilarly procected, including tie wire and steel chairs.

Tor this reasor the application of zinc paints or coartings to parss of

corroded steei reinforcement caanot be recommended.

Other metallic coatings such as stainless-steel cladding and nickel cl-od-

ding have been tried but are tod costly for full-scale use.

Epoav coatinge. This method wnich to date app=ars o be the most suc~

cessful and practical method of protectiag reinforcement involves the
electrostatic coating of the bar with a powdered epoxy. This coating
provides an impervious protective layer to the stezl and, being izert,

should provide protection for the design life of the strtucture.
P

Solvent-based epoxy resins were found to allow the passage of appreci-
able amouats of chloride ions through the coatings and did nct provide
satisfactory protecticn. Solvent-free epoxies periormed better thaz
solvent-based materials but generally liquid epoxies were found to be

inadequate.

DIFFERENTIAL MOVEMENT
Shrinkage is not : r;~hlem with concrete products except that it may
cause crackiang as » Cicn.d above. By the time precast members are used

all shrinkage shov'u hav taken place.

Precast members subject to lnad will creep at the same rate as in=-sizu
coucrete of similar consistency, having the same amount of reinforcement

and subjected to the same loading conditioms.

Likawise precast concrete zembers nave the same thermal properties as
similar in-situ concrete. However, Decause they have beern precast aad
have undergone the shrinkage process, precast concrete products have
different properties to £fresh concretz and extreme care must be exercised
wvher combining the two materials. For example, the backing concrete for
an exposed-agg:egate penel should be casc at the same tizme 2s the panel.
Otherwise physical keying between the twe lavers wculd have to be pro-~
vided as the stresses createa oy the shrinkage of cthe later concrete

would almost certainly result in delamination of the panels.




Ancther example o:f differential movemeul w<uich i35 caused comsidarsdt
tsouble is the claddipg of concrete-framed buildings with clay bricks.
The frame shorcens due £o creep of the ccncrete under ioad while the
clay-brickwork cladding increases in height due to expansiorn of the clay
bricks as they abscrb atmospreric moisture. Unless adequate provisiom
is made for this differential movement displacement of the bricks co rhe

extent of collapse of the facade can tTesult.

This latter probleam has been the subject of a number of seminars deveted
solely to- it so it cannot be treated exhaustively her:. The essentials
of the protlem and of the methods of designing for it are set out ia

EBS Notes on the Science of Building 134 and 135.

CLADDTNG JOINTS

The trend iz building design in Australia is towards massive therually
efficient stru-ztures and away from the lighctweighnt curtain walls or the
recent past. This tiend has received cousiderable stimulus from the

need to conserve energy not only bDecause of a general communitly awareness
of the need to conserve finite resources, dut also for the more compel~-

ling reason of veducing building-operatiag costs.

Heavy precast-concrete elements are now being used extensively as the
external cladding with the considerable advantages of speed of erecrion,
minimising of on-site construction, architectural variety and so on, |
and at the same time satisfying the requirement of thermal efficiency.

With the use of such panels came the requirement for water-tight joints.

Joint design and joint treatment needs very careful study at the design
stage and it must be recognised thar successful application of a joint~
sealing technique will depend on several inter-related factors, the

major ones being:

|. Designed joint protile and dimensionus.
2. The dimeasicnal accuracy which is achieved on site (especially

in relation to vertical joint widths).

w

The amount of movement which occurs in service.

There are three general methods o} dealing with joints ia concrece clad-

ding:

I. Gaskets (including strip se-ling compounds).




2. The use of baffles
3. The 'filled' joint

in drained joints.

using a facz-sealing compount.

All chree have been used effectively but their respeccive advauntages

and disadvantages are tabulated below so that an informed choice can

be made.

Sealing
Systen

Advantages

Disadvantages

Gaskets

Drained
Joincs

Making of the seal is not
affected by wet weather;
because performance dapends
-0 compression, adhesion is

not necessary.

Complicated panel-edge pro-
files, involving grooves,

etc. are not necessary.

In some cases gaskets could
be ingtalled from inside
the building thus obviating

the need for scaffolding.

Generally installiation
during wet weather should
net be a2 problem, althougn

some tvpes of air seal zay

The surfaccs of the panel edges
must be exceptionaliy smooth

and free from defecrts.

Joint tolerances pust be very
closely contzolled. 1t is
doubtful 1f a true gasket

could cope with tolerances
above about = £ mm and

even that range would be ex-
cessive for many simple cybular

gasker designs.

Intersections between horizon-
zal and vertical joints may be
a very difficult problem o
overcome and must always be
vulnerable to dimensional

deviations and workmanship..

Joint movement zay be such
that, in ac unusually wide
jeint, the gasket mway cease to
be under compressicn and will
therefore fail to seal the

joint effectively.

The panel edge nrofile, involv-
ing relatively deep grooves,
increases manufacturing cos:s

and renders the panel sdge




Face-
sealed
Joints

[ B}

require a dry surface i
they are to be stuck to ome

panel before crecticn.

The hasic sealing =mechanism
depends on th2 gecmetry of
the joint profile and pres-
sure zqualisation in the

cav.ty - not on adhesioa.

The only gap-fiiling or gap-
bridging seal (i.e. the air
seal it the back of the
joint) is proreczted from the
major agents of degradation -
UV light and the weather

generally.

Given correct design with
Tespect to groove depth and
baffle width, the system can
toleraze large variations in
joint width including those
induced by thermal and
moisture movement.
Performance is unlikely to
decericrate sigaificantly
with age as the baffle is
not subjact to movemen:

stTess.

Installation is normally pos-
sibie without scaffclding

or cradles.

Possidly the major acvancage
of the face-sealed joint zay

be summed up in one word -

more wvilnerable to damage

during nandling.

Installation of the components

[o]
rh

the system st be carried
out durzag the erection of the
claddiag with litzle oppor-
tunity of subsequent modifica-
tions or remedial work to put
right omissions or poor work-

Daaship.

Iospection of the completed in-
stallation may be very diffi-
cu.t, so very conscientious
vorkmansiip or intensive super-
vision throughout the inszalla-

tiog procedure is decessary.

The geometry of the _.oncept may
place limitations on the archi-
tect with regard to the aesthetic

form of the cladding.

lthough not important function-
ally, vibration of the baffle in
the grooves can set up drumming
noises which may constitute a
nuisanc: to occupants of the

building.

Access to the face of the build-
ing by cradles or scaffolding

is essencial.




sigpiicity. The itess which To ensure g .od adhesion. the

follow can be comsidered as concrete suriaces zust, be

variations on this theze. smcoth, free from laitance,
clean and dry.

The edges of the panels only

need a very sizple profile - Even a szall failure in adh-

no grooves or special shapes hesion of the compound =may

are necessary. allow water penmetration due to
capillarity or pressure

Given correct selection and differentials.

application techniques, seal-

ing compounds can cope with The sealing compound is fully

variations in joint width exposed to the major ageats 7f
from 6 mm to 40 mm without aging and deterioration -~ UV
unduz problems. light and the weather generally.

Therefore, for good long-~term
performance relatively expen-
The geometric configuration  sive compounds must be used.
of the panels (i.e. acute
angles, curves etc.) do aot
¢reate any special prcbleams
for application of a sealing

compound .

N> problems occur at inter-
sections of vertical and

borizontal joints.

It will be seen from this comparison of the ~hree sys:em§ that there are
many factors Co be considered by the designer. GESowever it cannot be

too strongly emphasised that all the care of the designer must bde
matched by good materials and workmanship in the constructi.on stage if

the joints are to be without problems.

CONCLUSION
The factory conditions in which concrete products are produced enables
betfer qualicy control of the amixing, placing and curiag operations,

thus overcoming many of the prodblems inherenc in in-situ concrecte.




Ouce ia place iz a structure or building concrete products are subject

t6 the same destcructive forces as ccnventional ccncrete.

The use of concrete products raises its own special problecs and these

must be anticipated and provided for in the design stage of the project.
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APPENDIX A
CONCRETZ MIX DESIGN PROCEDURE

Determine design strength (strengch below which 5% of roncrete sho
test).

Estimate variability.

Determine target strength.

Determine W/C ratio.

Estimate total water content for required werkabilicy.

Deterzine cement content.

Determine total weight of aggregates (fine and coarse) assuming
specific gravities of | (wacer) 3.! (cement) 2.65 (aggregates) and

} of wet comcrete weighs 2400 kg.

weight of | =
Blend aggregates by trial as near as possible to maximum density
grcding.

Check for adequate sand and adjust if necessary.

Calculate batch weights.

Check yield.

Adjust batch weights for true specific gravities,

Adjust batch weights for moisture contents of aggregates.

Batch trial mix and check for workability, finish obtaipable etec.

.~







