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SIMMARY From a survey of the performance of housing slabs on filling and the behaviour of experimental
rigid slabs at a variety of filled sites, a design method has been developed and is presented. An
essential part of this methed is a thorough site investigation by a competent s0il engineerx.

1. INTRODUCTION

An increasing number of housing allotments through-
out the major Australian cities are having fill mat-
erial deposited on them. This usually occurs dur-
ing estate construction because of the expense of
removing the excess cut soil from the road forming
operation, Site spoil is placed on the lower
blocks and, at least, track rolled in layers.Poorly
and deeply filled lots are often found in the inner
city areas. The use of old filled quarries and sand
pits for housing in the established areas of the
cities is now an attractive financial propesition
as a result of escalating transport and housing
costs.

In the past, at filled lots, the normal foundation
system adopted has been to use piers to carry the
house loading through the filling to the underlying
natural seil. This is now a very expensive approach,
especially for deeply filled lots. Recently, a
limited number of rigid slabs placed directly on
the filling have been used as a cheaper alternat-
ive. The cheaper cost of rigid siabs against the
use of piers (Figure 1), however, must be weighed
against the risk that unquestionably exists when
placing foundations directly on filling. Obviously
the more rigid the slab the less the risk at a
particular filled site. But as the slab is made
heavier its cost increases proportionally. It is
therefore necessary to thoroughly investigate the
filling and the underlying natural soil to deter-
mine the minimum slab rigidity which will give an
acceptable level of risk at the most economical
cost. It is essential to accurately define the
filling depth and type and then estimate its future
settlement behaviour over the area of the house.
The predicted settlement behaviour can be express-
ed most simply for slab design purpose by the con-
cept of the development of a soft spot. The great-
er the future uneven settlement of the filling the
greater the soft spot and henee the more rigid the
siab nceds to be. For design purposes, the solt
spot can be considered to occur anywhere under the
slab. This design approach is obviously a simplis-
tic model of the more complex and random support
conditions likely to occur under a slab on filling.
Great precision or refinement in the structural
stab design using this concept is therefore un-
justified.

As outlined later, the range of soft spot dia-
meters likely to occur under housing slabs is from
0 to 5 metres. Unquestionably, in areas of mining
subsidence or limestone sinkhole development, much
larger diameters may occur. However, the behaviour
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of housing slabs when subjected to gross spot devel-
opment from these two causes is outside the scope
of this paper.

This paper will outline the details of housing
slabs placed directly on filling throughout Melb-
ourne, Victoria, Australia, over the last few years,
and discuss briefly the failure of three of these
slabs. A design appreach for ripid slabs on Fill-
ing will be supgested.  Finally, the behaviour of
seven cxperimental housing slabs on filling will be
presented and discussed.

2. RIGID SLAB USAGE

Over the last ten years several thousand housing
slabs have been placed directly on filled sites
throughout Melbourne. The general details of the
design of these slabs, together with the depth,age,
type of filling, and the simplified natural soil
profile are outlined briefly in Table 1. From this
Table it can be seen that the soft spot diameter
adopted can be related directly to the depth and
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DETATLS OF RIGID SLABS USED IN MELBCGURNE

filling properties. In particular, the variability
of the constitutents and depth of filling over the
house area, the method of placement and compaction
adopted, the age of the filling prior to slab con-

struction and the amount of gross organic matter
present all need to be considered.

To the authors' knowledge only three failures of
these housing slabs on filling have occurred. In
two of these cases, it was not realised that the
sites were filled until superstructure distress was
evident. At the third site, localized very highly
organic filling caused excessive uneven distortion
of the slab. Without indicating the locations,
since legal action is in progress for two of the
houses, these three failures will be discussed.

Case 1 :

At this site an old gully has been filled
with mainly grey silty clay and topsecil to a depth
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of between 1 and 4 metres. The filling is underlaid
by a thin layer of topsoil and silty clay over silt-
stone. The filling was placed in 1973 under limited
control, with possibly some track rolling of 500

te 1000 mm thick layers. In early 1975 the builder,
unaware of the existence of the filling, placed a
very light slab directly on it. Figure 2(a) § (b).
Within months of completing the single-storey,solid
brick house, excessive uneven dishing of the slab
{(Figure 2(c)) occurred and led to extensive damage
of the superstructure. In fact, the slab has sett-
led so far in the middle that it is just below the
surrounding ground surface. This has resulted in
internal flooding of the house following heavy rain.

A poor layout of internal stiffening ribs was used
in this slab. Obvicusly it would have behaved in a
more uniform and rigid manner if the ribs had been
continuous from edge to edge and distributed more
evenly over .it. A recent set of levels on this

slab indicated very little change in shape over the
last nine months. This appears to indicate.that the
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Figure 2 Case 1 details



filling has ceased to scttle under both its self
weight and that of the housc welght.

Case 2 : In the northern and western suburbs of
Melbourne relatively fresh basalt bedrock occurs

at very shallow depths. This has led to numerous
quarries being established throughout these suburbs-
Some of these were used solely for exploration and
were quite small (up to 5 to 10 metres across).

The second slab failure was in an area where a
series of small exploratory quarries (up to about
six metres deep) were very poerly filled with ™
large basalt pieces and very soft, wet clay
(Figure 3). Again, a builder completely unaware of
the existence of these exploratory pits, placed a
very light slab directly on one of them. Before
the single-storey,solid brick housc was completed
the slab failed by dishing in the middle by an
estimated 75 mm. Failure in this instance occurred
imnediately following a period of heavy rain. The
house and slab were subsequently demolished.

v
J v N VY
VU, u\)quuvv.\’u v v
OLD GUARRY
PIY

Figure 3 Case 2 subsoil details

Further, more extensive subsurface investigation
of these filled pits was only possible using a
large mechanical shovel. The test pits indicate
that the basalt pieces are very variable in size
and up to 900 mm across. The clay between the
basalt pieces is kept wet and soft by the build-up
of ground water in the pits,

Case 3 : In this case a limited initial site
investigation indicated that between one and two
metres of mainly stiff sandy clay filling exists
over stiff to soft brown clay to at least a depth
of seven metres. It was decided te remove the top
two metres of filling and replace it in well com-
pacted 300 mm thick layers. A modified suspended
slab capable of spanning a soft spot of about two
metres was then placed directly on the filling.
About twelve to eighteen months after the slab was
constructed, it bepan to settle substantially in
the rear corner of the house (Figure 4). Unfort-
unately, the house sewerage lines were in this
area and their design at the slab/soil interface
was not capable of tolerating the large slab
settlement and so sheared off. The leakage from
these lines then aggravated the settlément problem
by locally softening the filling and imcreasing
the slab settlement. Recent subsoil investigation
indicated the existence of a pocket of very poor,
highly organic, filling under the corner of the
sinh that sottled (Figure 5), It is the aathors?
gpinions that this peor Piliing was created by the
removal of the stump of a large tree and back fill-
ing the resulting hole with the surrounding topseil
and broken tree roots. Sandy clay filling was then
placed over this extremely poor fill.

These three failed slabs form only a negligibly
small percentage of the tetal number of rigid siabs
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Figure 4 Case 3 slab scttlement

that have been suceessfully placed on filling
throughout Melbourne over the last decade. The ex-
tensive and successful use of about 1500 relatively
light slabs on basically uncontrolled filling at
Chelsea (a southern suburb of Melbourne) supports
the view that the risk involved in using this
foundation system on some filled sites is not ex-
cessive. The Filling placed at Chelsea is general-
1y an uncontrolled mixture of sands and sandy clays
containing a little building rubble. It has been
placed in a completely uncontrolled manner, then
left for 5 to 7 years to settle under its own
weight before the standard light Council designed
slabs are constructed on it. This standard design
is based on a 1.6 metre diameter soft spot and has
been used for all forms of single and double-storey
housing construction.
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Figure 5 Case 3 filling details



Two further interesting rigid slab situations at
Essendon and South Melbourne {suburbs of Melbourne],
demonstrate the tremendous potential use and cost
savings that can result from using this foundation
system. At Essendon between 3 and 9 metres of un-
controlled mainly firm to soft, wet brown sandy to
very sandy clay filling containing many large
pieces of concrete, rock and steel (parts of car
bodies), existed over thin layers of sandy topsoil
and hard sandy clay underlaid by decomposed basalt.
Initially an attempt was made to use & pler and
suspended slab to support a large solid-brick,
double-storey house. However, because of the numer-
ous large pieces of concrete, rock and steel
through the filling, it was not possible to drill
pier holes through the filling using conventional
equipment. It was then decided to place a very
heavy rigid slab (Figure 6) directly on the very
poor filling which had been placed about four years
earlier. The use of the rigid slab foundation sys-
tem saved the builder between $6,000 and $10,000
over the cost of a normally drilled pier and sus-
pended slab system. As already stated, normally
drilled piers were not possible, so if this system
had been used much more expense would have been in-
curred using special pier drilling equipment, so
increasing the rigid siab cost advantage by at
least a few thousand dollars.
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Figure 6 Essendon slab details

At South Melbourne, a light rigid slab (Figure 7)
was placed about two years ago on about 1.5 to 2
metres of stiff sandy clay filling overlying about
5 metres of very soft and wet clayey silt. This is
then underlain by stiff clay and siltstome. A
single-storey, partly solid brick, office was con-
structed on the slab. Absolutely no signs of ex-
cessive uneven slab distortion exist in the super-
structure of the office. However, the occupants
claim the building shakes as trams pass by the
front of the building. The excellent performance
of this light rigid slab on a thin layer of fill-
ing over extremely soft natural deposits demonstr-
ates again the load spreading ability and the
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Figure 7 South Melbourne slab details
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tremendous potential for the use of slabs at diffi-
cult sites. The more traditional driven piling
foundation solution would be much more expensive.
However, one must always be aware of the inherent
risk in placing slabs directly om filling.

'3 DESIGN GUIDEL.INES

Before attempting to design a rigid slab for a part-
icular filled site it is essential that a competent
s0il engineer conduct a comprehensive site investi-
gation. Tthe investigation should include a series of
boreholes carried through the filling and into the
under lying natural soil. The number of boreholes
depends on the type of filling encountercd. The more
variable the filling the greater the number of bore-
holes required so that the visk in using a rigid
slab at a particular site can be minimized. The

type of filling encountered in the boreholes must

be carefully logged, particular note being taken of
organic layers which could rot away and leave cavit-
ies. Estimates of strength and settlement character-
isties of the filling should be obtained using
appropriate soil testing techniques and experience.
Because of the likelihood of gross variability in
the filling properties, sophisticated and precise
soil testing is unwarranted. Rather it is better to
carry out many simple insitu or laboratory strength
tests. Compaction testing in highly variable fill-
ing is of little value.

After the site investigation is completed, an esti-
mate of the likely soft spot diameter that will
effectively develop under the slab must be made. In
making this estimation the following must be consid-
ered.
(i) The depth of filling and its variatiom over
the house area.

{(ii) The constituents of the filling. In particul-

ar the existence and amount of gross organic

matter {i.e. timber pieces or large tree
roots) must be considered as far as the
possibility of it rotting away and producing
sizeable cavities.

(iii) The strength, general degree of compaction

and age of the filling is important in deter-

mining whether the filling is in faet still
settling under its own weight.

(iv) The underlying natural soil profile. The

likelihood of future uneven settlement of the

natural soil under the filling self weight
must be considered.

(v] The type of superstructure to be supported by
the slab. Of particular importance is the
ameunt of movement the walling will tolerate
without distress and the evenness and lovel

v ,of loading applied to the slab.

(vi) The house size must also be considered,since

the repair and likely associated legal costs

resulting from excessive slab distertion will
increase dramatically as the house cost in-
creases,

(vii) The level of risk of excessive and uneven

slab distortion and associated superstructure

distress that the home owner is prepared to
accept.

There is no question that the estimate of the soft
spot diameter must be based on experience, however,
the positioning of the soft spot under the slab
controls the amount of steel reinforcing required



in it., The two critical positions of the soft spot
are given in Figure 8 (a) & (b). Generally the

corner soft spot gives the greatest amount of steel.

The steel must be equal top and bottom in the beams
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Figure 8 Soft spot positioning

and based on the worst soft spot location under the
slab. At poorly filled sites where large soft spot
diameters must be assumed, the use of crushed rock
under the slab is generally advisable. This rock
should tend to reduce the size of soft spots or
areas of localised settlement by flowing laterally.
The slab panel between the beam grids must be de-
signed so that it can span the design soft spot,
which means the steel must be generally placed in
the middle or near the bottom of the slab. For
poorly filled sites, or where heave of clayey fill-
ing is likely, layers of steel in both the top and
bottom of the slab panel must be used.

In light of the difficulty in accurately predicting
the soft spot diameter and the resulting uncertain-
ty thus inherent in the total design concept, the
use of simple concrete design theory is suggested.
The very conservative assumption that all house
loading is taken by one beam over amy particular
design soft spot under the slab greatly simplifies
the design calculations.

Since the design concept for slabs on filling is
far from precise, house superstructure must be well
articulated by floor to ceiling openings or fre-
quent vertical expansion joints in unbroken lengths
of brickwork. Extensive articulation is particular-
ly important if solid brick house construction is
to be placed on the slab and/or if brittle forms

of brick and brickwork are to be used,

At poorly filled sites, the large uniform settle-
ment of rigid housing slabs may lead to edge ser-
vice piping failures. These failures could result
in a sustained waste water leakage leading to the
development of extremely large soft spot diameters,
This potential problem can only be overcome by
careful detailing of the sewerage lines, so that
they can accommadate the likely level of rigid slab
mevement relative to the surroundings. Obviously
this movement cannot be estimated with any degree
of accuracy, but the two general sewerage line de-
tails outlined in Figure 9 should suffice in most
situations.
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Figure 9 Suggested flexible plumbing joints
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Based on experimental rigid housing slab behaviour
and experience gained from a survey of the details
and performance of 2 reascnably large number of
existing housing using rigid slabs, a series of
very tentative generalised designs for use on var-
ious types of filling have been outlined in Figure
10. A thorough site investigation is essential be-
fore even contemplating the use of a rigid slab.
The generalised designs outlined in this Figure will
not eliminate the need for this investigation or
the use of an experienced engineer to design an
appropriate rigid slab.
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Figure 10 Generalised rigid slab details

4 EXPERIMENTAL RIGID SLABS

In an attempt to better understand the behaviour

and design of rigid slabs on filling a series of
seven actual housing slabs have been placed at a
range of filled sites. The settlement of these

slabs relative to deep bench marks is being monitor-
ed. The sites and slabs have been extensively
investigated and designed according to the proced-
ure putlined. General details of each slab design
and the relevant site details are given in Table II.

At the Endeavour Hill site between 3 and 7 metres
of track rolled sandy clay filling was placed about
four years ago. The settlement of the rigid slab
(placed in June 1978} has been relatively small
(Figure 11); however, it is greatest where the fill-
ing is deepest. The movement also indicates that the
filling had practically completely settled prior to
placement of the slab. The majer conclusion one
could draw from this behaviour is that the slab was
overdesigned, even though between 3 and 7 metres of
only track rolled sandy clay filling existed under
it.

The behaviour of the Chelsea slab in an old filled
swamp area, where about 1500 houses have been con-
structed over the last decade using basically the
same rigid slab design, is particularly interesting.
The movement of the slab (Figure 12) indicates that
a soft spot developed initially under the rear cor-
ner of the house. This caused a localised settlement
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DETAILS OF EXPERIMENTAL RIGID SLABS
SITE SLAB FILLING UNDERLYING | S.5 SLAB DETAIL Cg"S;G
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sandy to very sandy klayey sand to st least
clay with miner amount B mrotres,
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hrough .
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it leost 7 metres
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(Adrlaide) 1979 bBrown to brows silty cd hrown to brown A cab- ernal
ciay ilty ctay to at least les . beans
-8 megras, pnst

which was gradually redistributed by the stiffening
beams to the rear portion of the slab. Since June,
1979, the settlement of the slab has practically
ceased. The soft spot development appears to he due
to the combination of a relatively more claycy nat-
ural underlying deposit and the closc proximity of
the cdge of the general filling. The unfilled swamp
is only about five metres from the rear of the

slab.
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Figure 11 Endeavour Hills slab settlement
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The Warragul site was used for samitary kand fill,
so it represents the worst type of biodegradible
filting likely to be encountered. The building is a
single-storey, solid brick football pavilion. The
settiement of the siab after nine months indicates
that the slab has tilted towards the rear, (Figure
13} . The greater settlement st the rear has result-
ed from the weight of the clay filling used to level
the site. This clay filling was deeper under the
rear of the slab. Obviously in light of the extreme-
ly peor type of filling, it is too eurly to draw
conclusions as to the adequacy of the design used at

this site. However, it has performed to date in a
very rigid manner.
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Figure 12 Chelsea slab settlement
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Figure 13 Warragul slab settlement

They type of filling placed at Wonga Park, in con-
trast te Warragul, represents possibly the best

type of filling likely to be encountered. The fill-
ing consisted of basically clayey siltstone, care-
fully placed in thin layers with each layer being
well compacted using a vibratory roller. No compact-
ion testing was done, but the type of filling and
its placement and compaction was visually monitored,
The number of passes of the roller for each layer
was set at a minimum of five. The filling depth
varied from 0 to 3 metres, and, because of the fall
over the house area, the top two corners of the

slab required site cutting and are, in fact, sitt-
ing on the shallow underlying siltstone. The slab
was placed about three months after the filling was
completed and has not basically moved in the six
months since. In light of the type of filling and
the way it was placed, this behavieur is unlikely

to change in the future. The slab obviocusly is over-
designed and a lighter design using a two metre dia-
meter soft spot would have been more than adequate.
However, the slab is supporting a large expensive
house so the extra risk in using this lighter cheap-
er slab may mot have been accepable to the owners.
The excellent performance of this slab clearly de-
monstrates the ability of a rigid slab foundation
system to perform with practically ne risk, and at

a much cheaper -cost than the traditional pier and
suspended slab system, at cut-fill sites where well
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controlled and suitably compacted cheap filling is
available.

At the other two sites insufficient monitoring has
been carried out to present any meaningful results.
Monitoring of these slabs will continue until no
further significant settlements occur, OT until the
end of 1982.

5 CONCLUSTONS

Based on the highly successful performance of thou-
sands of rigid siabs on filling throughout Melbour-
ne and the monitored behaviour of seven experiment-
al housing slabs on a wide range of filled sites, a
design procedure for rigid housing slabs on filling
has been outlined. The procedure basically revolves
around the determination of an effective soft spot
diameter, which is then considered to occur any-
vhere under the slab, and allows the slab to be
dimensioned using simple concrete theory. The crit-
ical soft spot diameter estimation requires a
thorough site investigation by a competent soil
engineer. In estimating the soft spot diameter at a
particular site the following must be considered.

(i} The type, condition, depth and age of filling
over the slab area.

(ii) The underlying natural soil depesits.

{iii) The size and type of superstructure of the
house supported by the slab.

The design procedure suggested is not applicable to
excessively large soft spot development due to min-
ing subsidence and limestone sinkhoie formation.The
monitored behaviour of a series of ripid slabs at a
wide range of filled sites is presented and shown
to support the general design procedure outlined.

In closing, the complete lack of references acr =
companing this paper is significant. A very inten-
sive search of the literature usimg manual and
computer abstracting systems failed to produce one
paper where the author was prepared to offer a de-
sign approach for rigid slabs on filiing. Obviously
this situation results partly from the fear of the
legal consequences of failures and the past lack of
use of this foundation system.
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