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ABSTRACT 

An engineering geological mapp ing program has been conducted to 
provide essential geological information for use by planners and 
engineers working in the Melton Development Area, Victoria. 

A review of past and current examples of thematic mapping for land 
use purposes was initially conducted . A data base of over 800 
sampled locations was collated from previous work, and supplemented 
by additional drilling and testing in areas wher e little was known 
of the geological materials. This information was compiled using 
available computer facilities and combined with traditional field 
mapping methods . A map folio presenting individual aspects of the 
engineering geology was produced. 

Large areas of expansive soil have been identified and mapped , a nd 
an area affected by soil subsidence was examined in detail. 
Statistical methods (block kriging) have been used to determine the 
thickness of soil in the map area . Assesments of the suitability 
for urban development have been made. 

Computer draughting was used to produce the maps, providing the 
ability for rapid future revision . 

This report, which is one of seven unpublished reports on the 
map area, describes the engineering geology . 

KEYWORDS: Engineering Geological Mapping, Mediu~ Scale, Soils, 
Maps, Engineering Geology, Engineerir.g Soils, Kriging, 
Urban Planning, Hydrogeological Maps 
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LIST OF ABBREVIATIONS used in reporting the Melton Engineering Geology Mappin9 ProJect. 

Abbrev.iation 

AAS HO 
AEBIRA 
AHO 
AMG 
AS1276 
AS1289 
AS2870 
CAD 
CBO 
CSR 
CRB 
CS I RO 
!>ITR 
DOE 
OVA 
EC~ 

EDP 
EPd 
F~L 

FAO 
F'S 
GEOSIS 
Gt.Q 
GSV 
IAEG 
IGS 
LL 
LPS 
LS 
MMBW 
MPE 
MSA 
MS ICC 
MURL 
OGS 
PL 
PI 
RCA 
SAA 
S C>. 
SCS-USD.\ 
TDS 
UDR 
ULA 
USGS 
VBR 
WHO 
XRO 

Definition 

Allerican Association of State Highway Officials 
Australian Engineering and Building Industry Research Association 
Australian Height Datum 
Australian Metric Grid 
Au stralian Standard AS1276 - SAA Site l n vestigation Code 
Australian Standard AS1289 - Met.hods of Testing Soils for En gineering Purposes 
Australian Standard AS2870 - Residential SlabG and Footings 
Computer Aided Drafting/Design 
Central Bu siness Oi$trict 
California Bearing Rati o 
Country Roads Board 
Coa•anwealth Scientif~c and IndJstrial Research Organisation 
Departaent ot Inclustry, Technology and R•sources 
Departaent ~C Env~ronaent 
~ ndenong Valley Authority 
En ~i ering Coapu~er Services Pty. Ltd . 
Elect . n.ic Data Process.ing 
Environaen t Pco tection Authority 
Farley and Lew ra Pty Ltd 
Food and Agr1cul tu r Organisation 
Free Swell 
Geoscience Spatial Informa tion S~stem 
Genes1s-L1tholo9y-Qualifier 
Geological Survey o f Victoria 
International Associa tio n of Engi n eering Geology 
Institute of Geolo9ical Sciences 
Liquid Limi t 
Land Protection Se rvice 
Linear Shr1nka91 
Melbourne Metropolitan Board of Work s 
Ministry for ~lanning and Environment 
Melton Sewage Authority 
Melton - Sunbury Interia Co-ord1nat1nq Coaa1ttee 
Melbourne Under9round Rail Loop 
Ootac1 0 Geological Survey 
Plasti c L1ait 
Plast icity Index 
Road Constcuct1on Autbocitv -
Standards Association of Australia 
Soil Conser?at1on Author1t~ -
Soil Conserv•t1on Service - United States Department o f Agriculture 
Total Dissolved Solids 
Unitoca Bu1ld1n9 Regulations 
Urban Land Author1ty 
United States Geolo91cal Survey 
Victorian Building Regulatio n s 
World Health Organisation 
X-Ray Diff ra~tion 
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INTRODUCTION 

The City of Melton is located on the Western Highway 39 km WNW of 
Melbourne and was chosen by the Vic 1 , r ian G0vernment for sa te l lite 
townshi p development in 1973 . 

The Melton Engineering Geological Mapping ProJ e c t commen ced in 
March 1983, as part of an ongoing mapping scheme co nducted by the 
Geological !:>urvey o f Victoria (GSV) , now a branch of thL' =>~t- . rt1t1ent 
of I~dustry, Technology and Resources (DITR). The project aimb - ~ 
the production of a map (or maps) depicting releva nt geologi cal 
features and properties in a useful manner for engi neers and 
planners working in the Melton Development Area. 

An engineering geological map is a thematic map which provides a 
generalized representati on of all those components of a geological 
environment of significance in land-use planning, and in design, 
construction and main t enance as applied t o civil engineering . 

~ 'state-of- the-art' review of mapping methods for land-use 
~lanning was conducted to examine the past and present progress in 
a broad context. In particular , medium-scal e engineering and 
environmental mapping methods, and their map presentation formats, 
were examined . 

A review of readily accessible data highlighted shortcomings in 
both the quality and quantity of data outside of the established 
City of Melton. Consequently, a drilling, sampling and testing 
program was conducted. Research of previous work and additional 
geological mapping supplemented the data analysis. The presentation 
of the study has been largely cartograph i c , wi th each component of 
the geology be ing a separate theme on a basic map . 

Seven reports have been produced in the GSV Unpublished Report 
• series: 

Unpublished Report 1986/ 1 
Engineering Geological Mapping - A Review 

Unpublished Report 1986/ 2 
Engineering Geology of Melton - The Melton Devel opment Area 

Unpublished Report 1986/ 3 
Engineering Geology of Melton - Dri lling , testing and mapping program 

Unpublished Report 1986/ 4 
Engineering Geology of Melton - Geology and geomorphology 

Unpublished Report 1986/ 5 
Engineering Geology of Melton - Engineering geology 

Unpublished Report 1986/ 6 
Engineeri ng Geology of Melton - Map presentation of data 

Unpublished Report 1986/ 7 
Engineering Ge ology of Melton - Summary 

' 

• 
l 
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~uINEERING GEO LOGY 

1 Isopleth Mappin 

Th i~kness i s a soil L 

a t Melton. The depth 
on the cost of water 
s tabil ity o f light s 

' 

: Soil Thickness 

~ ty of importance to urban development 
iil cover over the basalt has influence 
~ewerage supply, the foundati ,on 

. tures, and road making costs. 

Isopleth maps may be used in engineering geological mapping to 
depict clas s es of soi l, based on similarities of soil properties. 
It is implied that a r eas mapped as a particular class will have 
values of soil proper ties similar to those recorded for that 
class, and differen t from those of at least some of the other 
classes. Isopleth mapping is often referred to as 'contouring', 
by analogy with the mapping of topographic height. However, 
caution is required, as topographic contours are usually drawn to 
join points of equal measured height, whereas isopleths join 
points of inferred equal value. In practice topographic contours 
can be followed continuously, either on the ground or on a pair 
of aerial photographs, with the result that they can be drawn as 
accurately as the surveying equipment allows. Soil isopleths on 
the other hand must be derived from a set of more or l~ss widely 
spaced points and are therefore subject to sampling variation. 

Isopleths maps of soil thickness may be computed from borehole 
and test-pit observations by utilising computer packages. 

1.1 Numeric surfaces 

When mapping soil properties, the distribution of a single 
property may be displayed by assigning to each class on the map 
the typical value of that property within its class. The value 
at any one place is not actually recorded - unless there is a 
sample point (i.e. a borehole or test-pit) - it is predicted. It 
is realised that the actual value there will differ from the 
predicted value. The statistical rationale can be expressed as: 

• 
z .. =-µ + a -+e .. 

U J IJ ( 1 ) 
•• 

where z11 the value of a property at any place / in class J is 
the sum of three terms: 

µthe general mean of the property for the whole area; 
aj is the difference between the general mean and the mean of 

class j ; and 
Eu is a random component distributed normally with zero mean and 

variance a~ . 

The parametersµ ,cxj ,a~ and can all be estimated from data as 
s ay i, ~ and ~ respectively by the least squares analysis and 
analysis of variance. The predicted value for an unrecorded 
point in class j is i + ~ , and confidence limits are dete rmined 
from s~ , the sample within-class variance. The sma lle r i s a,: 
more precise will any prediction be, and the more valuable the 
map. 

• • 

I 
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Where measured data are sparse, as they often are, this approach 
to prediction and mapping is the only feasible one. It obviously 
depends on there being an association between the property of 

: interest and the classification, even though the classes are 
recognized independently in terms of the model, laJI must on 
average be substantially greater than zero , otherwise the 
classification does not help to predict ~he property. However 
the procedure takes no account of the spatial arrangement of the 
data points and their relations to predicted points, nor of any 
gradation of values across boundaries. These can only be of 
consequence when data are dense, specifically when they are 
spatially dependant, and in that event a means of prediction and 
mapping that uses the spatial information is obviously to be 
preferred. 

In s.uch circumstances interpolation provide$ an alternative to 
classification for predicting values of a property at unvisited 
points. Mapping can be achieved by envisaging such values as 
forming a continued statistical surface over the map plane, which 
can be represented b}' isopleths. 

1.2 Interpolation techniques 

Several interpolation techniques are available, especially in 
computer programs for automatic contouring. Webster (1971) has 
breifly reviewed some of these viz: linear interpolation across 
triangulation, inverse square distance weighted averaging, least 
square polynomials, Theisson polygons, and kriging~ 

Apart from linear interpolation across triangles, most of these 
techniques consist of placing a fine, rectangular ( ~ r square) 
mesh over the entire area and computing a new value of the 
property at each mesh point. This process is suited to various 
forms of processing such as smoothing, filtering and fourier 
transformations. The size of the mesh interva l will govern the 
frequency content of the resultant model and thus the isopleth 
map detail. Both the type of data and the desired type of map 
influence the choice of mesh interval and the choice of 
interpolation technique. 

In using weighted interpolation techniques (such as kriging), 
three steps are involved. 

1 Choosing the number of data points in the vicinity of the mesh 
point being considered. The selection algorithm may locate the 
closest 'n' points in 'x' number of sectors surrounding the mesh 
point normally within a certain distance. 

2 Determine whether the chosen points are adequate in both 
number and in distribution. 

3 Interpolate the mesh value by taking a weighted average of 
the data values. The weight is a function of the assigned value, 
the distance between the data values and an optional smoothing 
operator distance. 



Grids generated by computer packages can be manipulated to: 
- limit the grid to a desired polygon, 
- expand to fill a given area, 

.. - mask out (or in) any areas, 
- take into account faults, discontinuities, and trends, fill 
- be scaled, added, subtracted, multiplied, divided, or 

restricted to positive values by logarithmic gridding. 

The algorithm which chooses data points is important in that the 
number of points for interpolation plays a significant role. 
Where the data is suited, kriging has an advantage over other 
methods which often represent compromises between the 
mathematically desirable and the computationally feasible. 
Though these other methods are reasonable for many applications 
they may give biased interpolation, whilst they provide no 
estimate of the error of interpolation, nor do they attempt to 
minimise that error. 

1.3 Kriging 

Kriging is a form of weighted local averaging that is an optimal 
means of spatial prediction in the sense that it provides 
estimates of values at unrecorded places without bias and with 
minimum and known variance. It is based on the theory of 
regionalised variables developed by Matheron (1963) and ~rige 
(1966) for the estimation of ore reserves in mining. 

1.3.1 variograms 
• 

Kriging depends on first computing an accurate semi-variogram, 
which measures the nature of spatial dependance for the property. 
Estimates of semi-variance are then used to determine the weights 
applied to the data when computing the averages, and are 
presented in the kriging equations. 

The semi-variance is expressed as: 

"((hJ=tvAR[Z(iJ· Z(i+hJ] =-iL[Z(;)-Z(i+hJ]fn ( 2 ) 

and is a measure of the similarily, on average, of an observation 
z at point ; and another point at a given distance h away. In 
other words, the semi~variance is the average half-squared 
difference between all pairs of points separated by the same 
distance, h • The quanti ty}'ih ) can be estimated for integer 
values of h from the data and the graph of ~(h) versus h is the 
semi-variogram. 

The semi-variograrn has certain important characteristics which 
(a) reveal the nature of the geographic variation in the property 
of interest, and {b) are needed to provide kriged estimates at 
previously unrecorded points. These are described in reference 
to Figure J. . 

• 

• 
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Figure l . Theoretical Variograms. 

In most cases it is found that 1(h) increases with increasing h 
to a maximum, approximately the variance of the data, at a 
moderate value of h, say a. The distance is known as the range. 
Points closer than the range are spatially dependant; points 
f urther apart bear no relation to one another, unless there is a 
periodic variation in the soil . When interpolating, the aim is 
to use only those points closer than the range to the predicted 
point. 

By definition ')'(h) - 0 when h:; 0. However, in practice, any 
s mooth curve tfiat approximates the values of the semi-var:iance is 
unlikely to pass through the origin. Instead there appears to be 
a positive finit·e value to which r(h) approaches as h approaches 0. 
This intercept is known as the nugget variance, and in 
general is known as the nugget effect. The terms derive from 
sampling practice in gold mining where the inclusion of a gold 
nugget in narrow core is a somewhat chance event. The nugget 
effect accounts for different results in sampling the same site 
twice. This may occur for reasons such as poor analytical 
precision, poor sampling practice, or actual erratic values at 
low scale. Most semi-variograms of soil properties show nugget 
e ffects (Burgess and Webster, 1980a). The nugget variance 
embraces fluctuation in the soil that occurs over distances much 
shorter than the sampling interval, and limits the precision of 

• interpolation. 

• 

' 

-

--

The value at which ~(h) levels out is known as the sill. It 
represents the range of variance due to spatial dependence in the 

• data. 

The re is no general mathematical formula to describe the shape of 
soil semi-variograms. A linear model, ')' ( h) = C0 + mh , is 
simplest, and will often describe ')'(h) well within range. A 
spherical model, given by "(fh J = c0 + c ~ ~ - ~(~)3 

for O<h~a 

')' (h) = C0 + C for h).a 
( 3) 

may also be used. Other models (De Wysi an, exponential , alf and 
hole effect) are described by David (1977). 

- . • 
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1.3.2 Simple kriging 

When estimating a value z ( X0 )of a prope,·ty z at point( X0 ) \~her~ 
: Xis the vector notation (i.e .X-[ x, Yl) , the linea r sum, or 

weighted ave rage, of the observed value is expressed as: 

( 4 ) 

where the ~ are coeffic i ents or weights associated wi th the data 
points , as discussed in sec tion 1.2. 

In kriging, the weights are so chosen tt1at the error associated 
with the estimat e is l ess than for any other linear sum. The 
weights take account of the known spatial dependences expressed 
in the semi-variogram and the geome tric relationships among the 
observed points. In general, near points carry more weight than 
distant point s , points that occur in clusters carry l ess weight 
than lone points, and points lying between the point to be 
interpolated and more distant points screen the distant points in 
thal the latter have less weight than they would othe rwise. 

The model for simple kriging, analogous to equation (1), sectivn 
1.1, for usua l survey practice, is: 

• 

• 

( 5 ) 

where z(X) is the value of the property at X within a 
neighbourhood v ,µv is the mean value in that neighbourhood and 

E<X) is a spatially dependent random component with zero mean and 
variation defined by : 

( 6 ) 

and equa l s 2~(h) if variation is isotropic. It is assumed that 
µv i s constant for the neighbourhood, though different 
ne ighbourhoods may have different means, and that the 
semi-variogram is t he same over the whole a r ea. The last 
assumption implies that t here are no sharp boundaries (faults, 
cliffs). If s uch bounpa ries are known to exist then 
interpola tion is carried out separe tely on either side. 

' 
The coefficients (or weights) are calculated using the equations: -

n 

[ A/ y(x,,x) + µ -- for ia 123 .... . . n 
' ' 

( 7 ) 

' 
J 1 

where µ is a Lagrange multiplier 

• 

-
.) 
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The matrix notation is given by : 

'Y(X 1 .X 1) 'Y(X2,X 1} 'Y(X 3,X 1 ) 1 'Y ( X, , Xo) 
A -:: 'Y (X, ,X 2) 'Y~X2 1 X 2) 'Y (X 3iX 2) 1 ')' ( X1 , X0 ) 

I • I t 

8: • • ( 8) • • • I • • 
'Y (X ,,Xn) 'Y (X2, Xn) 'Y (Xn ,Xn) 

• • 
1 • 

'Y (Xn: Xo) 
1 1 1 0 1 

Al >.., 
- ~2 ( 9) 

f -µJ I 

' ~'n 
• µ 

The minimum estimation variance is given by: 

(10) 
• 

• 

The accuracy of kriged er,timates depends on the goodness of the 
computed semi-variogram and two precautions are taken to ensure 
that the values of '}'(h) used in the kriging equations are 
satisfactory. First, the spatial analysis should be performed on 
long runs of data (or a number of short runs), so that the 
semi-variances at short lags can be computed from many pairs of 
comparisons. Second, a sensible model must te chosen to describe 
the results, and individual estimates of 1(h) can be weighted 
according to the number of comparisons on which the they are 
based when fitting the model. 

An example of simple kriging (Farrelly, 1985) is shown in 
Appendix I 

• 

1.3.3 Block kriging 

In simple kriging, the · grid points at which we make estimates 
represent volumes with the same size and shape as the volumes of 
soil from which the original property was measured. For example, 
if observations are derived from lOcm diameter cores, then the 
estimated grid points are strictly cylinders lOcm diameter. If 
the observations were test pits, then the computed grid points 
would also represent test pits. Although sampling is carried out 
in this fashion for convenience, econom~cs and time, the 
observation at a single sample point is usually taken by the 
observer to represent the surrounding ar~a, or at least the area 
nearer to it than any other sample point. When interpolating the 
geologist may wish to interpolate an average value for an area or 
block many times larger than the actual sampled vo~ume. 

Kriging can be carried out over areas, in a procedure known as 
block kriging. In block kriging, instead of considering a point 
X, we consider a region rJ with an area H with its centre at X. 

• 
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The semi-variances between data points and the interpolated point 
are replaced by the average semi-variances between the data 
points and all the points in the region. Thus each')'(X1 X0 ) of 
equation 9 is replaced by the integral 'Y(X; X) p(X)d(x) 'where 
p(X) is given as follows: 

and 
( 12) 

• 

• 

1 
P{~) -=j:it? if X belongs tot? 

p(~)=O otherwise, 

f p(_~) d( x.) = 1 

The weights for block kriging are therefore given by 

where 
-y ( x, Ix) P(&Jd(~) 

f 'Y(X2 ,X) P(x)d(~) 
• • ' s = • ' ' • • • 

~ 'Y(Xn,X) p(~)d{1') 

1 

The estimated variance for the area H is 

A 
µ. 

_, 
: A S 

( 11) 

(13) 

• 
• 

( 14) 

(15) 

Although a map drawn from point estimates is the more accurate 
isopleth map, local minor variation can obscure regional trends • 
Block krigi ng results in a smoother map showing average values 
calculated over a number of broader areas. 

1.3.4 Universal kriging 

A third means of kriging, universal kriging, takes into account 
local trends in data when minimising the error associated with 
estimation. The presence of such trends or drifts is identified 
qualitatively, and their form found quantitatively by one of two 
methods. Either (1) a structural analysis may be carried out, 
which simultaneously estimates semi-variances of the differences 
between the drift and the actual data. The resulting 
semi-variograms are then used for the interpolation. Or (2) 
prior generation of a regional surface and semi-variograms are 
calculated for the residuals. Simple kriging is then used to 
produce the numeric surface • 

• 

I 
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Universal kriging is not comprehensively applicable to soil 
survey (Webscer and Burgess, 1980), mainly because of the large 
nugget vari a nces usually er. countered, which arise in part because 
measurements are made on small widely separated volumes of soil. 
These effe c tively prevent any distinction between constant and 
changing drift. 

Universal kriging would not be appl icable to the data obtained at 
Melton for these reasons. 

1.4 Soil thickness mapping - Definitions and parameters 

Soil thickness , like many geological parameters , has a certain 
amount of subjective judgement incorporated i nto a definition. 
Past work in the area (Macisaac and Key, for the Melton Sewage 
Authority, 1972) has set a definition of soil thickness as being 
the depth to powered-auger refusal. A map depicting "rock 
contours" w·as produced and used as a guide in the drafting of 
tenders for the installation of sewerage and storm-water 
pipelines. Since cost of excavation increases rapidly when 
basalt is encountered, such guides are valuable. 

In the engineering geological sense, soil is defined by "all 
unconsolidated materials above bedrock" (Bates and Jackson, 
1980). This definition includes cobbles and boulders ('floaters') 
surrounded by soil which are common in residual basaltic soils 
and such floaters are sufficiently large and unweathered to cause 
powered-auger penetration refusal when encounte~ed. Thus , 
power-auger refusal may be a misleading definition for soil 
depth, although the only feasible one. This in turn, results in 
a variati on soi l depth over short distances (which accounts for 
the large nugget effects in the semi-variograms). 

Where a sample point represents an excavated tesc-pit, the soil 
depth is taken as depth to excavator refusal. If the sample 
point represents a borehole drilled by a percussion or diamond 
drill, then the soil depth is judged from the borelogs as being 
the top of the first encountered rock which would refuse 
penetration by a powered-auger. 

Sample points where rock was not encountered and points where 
penetration refusal occured on alluvial gravels or calcareous 
nodules were not included in the computations . However, they 
were used in checking the accuracy of the isopleth map on 
completion. 

Approximately 1100 sample points (boreholes and test-pits) we re 
available for scrutiny within the map a r ea . Of these, 648 we r e 
selected into the data base whi ch formed the basis f o r the s oil 
depth computations. The selected points represented those for 
which a positive soil depth value could be given. 

Since the data were collected from s eve ral sources , t he qua l i ty 
varied according to the origin. For s ome of the data the 
locations were approximate, as the coordinate s were s c a led f r om 
locality diagrams inc luded in repo rts. For othe r data the sample 
locations were surveyed. 
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The soil depth values were generally precise. The only exception 
was where data from percussion drilling was included - the 
depths tended to correspond to the length of a drill-rod {i.e. 
1.SOm, 3.00m, etc . ) in most of the locations. However , for one 
metre isopleths, this data remains valid. 

The quality of the data is tabulated below. 

Source 

GSV 

MSA 

RCA 

F&L 

Other 

Number Location 
of data t Pchnique 
points 

184 Surveyed 
24 Scaled 

207 Scaled 

105 Scaled 

105 Scaled 

23 Scaled 

Estimated 
error 
(metres) 

Nil 
5 

5 

2 

2 

20 

Drilling 
method 

Auger + pit 
Unknown 

Estimated soil 
depth error 
(metres) 

Nil 
1 

Auger + Ni l 
diamond 

Auguer + pit Nil 
+ diamond 

Percussion 
Diamond 

Various 

0.5 
Nil 

0.5 

Table 1 . Soil Depth Data Quality. 

The distribution of data (Fig. 2) presents a challenging 
difficulty in numeric surface calculations. The 'clumping' of the 
sample points makes gridding difficult, because the uneven 

~ distribution makes the selection of mesh size a problem. 

• 

• 

-

1.5 Numeric surface computation 

The numeric surface representing soil depth was computed using a 
package supplied by Engineering Computer Services Pty Ltd (ECS). 
The program - GPCKRG - is part of an interactive general purpose 
gridding and contouring package known as GPC/GPCINT. 

GPCKRG allows the computation of the semi-variograms, the 
of either a simple linear or spherical model, and kriging 
simple, block or universal kriging methods. During the 
computation of the grid manipulations may be made such as 

* including trends or faults, 
* expansion of the grid beyond the data points, 
* applying smoothing operators to the grid, 
* restricting the gridding to a defined polygon, 
* limiting the grid to positive values only, 

fitting 
• using 

* the use of a sample location tolerance to simulate sampling error, 
* limiting the interpolation to a given range, and 
* including data from outside the grid area. 

9 
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The computed grid may then be masked to include or exclude given 
areas. 

1.5.l Variograrn computation 

For the data set available, semi-variograms were computed to 
establish the suitability of the data to kriging. The shape of 
the variogram computed (Fig . 3) showed a distinct nugget 
effect, range and sill value . This indicated that the data set 
is suited to treatment by kriging . 

Semi-variograms were computed in the four cardinal directions to 
check for any possible anisotropies (Fig . 4) . The resultant 
variograrns showed no substantial differences in their shapes , 
which indicated a lack of anisotropy in the data set. The 
similarities of shape i n t he directional variograms also indicate 
the absence of strong regiona l trends (or drift) , which 
alleviates t he need for universa l kriging . 

From the total variogram , the modelling parameters were chosen. A 
spherical model was judged to best f it the data, wi t h a nugget 
of 0.5 metres, a sill of 3 . 8 metres, and a range of 400 metres. 
The model is plotted on the variogram in Figure 5. 

Several interesting observations can be made from the variograms. 
The average nugget effect indicates that the uncertainty in 
sampling the same location twice is 0 . 5 metres . More simpl y, 
this means that the soil depth can only ever be predicted to the 
nearest half - metre , even in the most freque ntly sampled 
locations . The average range of 400 metres indicates that the 
soil depth can be predicted (with a calcul ated confidence) from 
an observation in one place to another place up to 400 metres 
distant , after which t here is no re l ationship. The sill of 3 . 8 
metres represents the average difference in observations greater 
than 400 metres apart , or more simpl y, the maximum error in 
prediction. 

1 . 5 . 2 Kriging 

The variograms illustrate that the data set is suited to either 
block or simple kriging techniques. Kriging the data in blocks 
of 100 X 100 metres (same as the grid mesh size) was chosen as 
the most applicable method. This choice is based on an 
examination of the end requirement, ie . the production of a 
soil depth map which indicates the average thickness in an area, 
without being site-specific . By using block kriging the map 
indicates the average thickness that would be encountered over 
100 X 100 metre cells (ie . 10,000m 2 ) which provides a 
suitable basis for making decisions pertaining to an area, rather 
than a specific site. 

The gridding parameters were as follows : 

mesh size 
scan distance 
data distance tolerance 
points searched per octant 

-
• 

100 X 100 metres 
2800 metres 
5 metres 
2 
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There was no: 

grid rotation, 
extrapolation beyond the mesh points, 
logarithmic gridding, 
smoothing, 
limit to interpolation, and 
restriction to a boundary polygon, 

The grid was later masked to exclude the gridded area outside of 
the Melton development area boundary. This was carried out by 
utilising another GPC program (GRDMSK) . 

The gridding pa rameters were chosen to best fit the density and 
distribution of the data. The scan radius naturally presents a 
problem, since it can be seen from the variograms that the radius 
of search should be 400 metres. Using sample points 2800 metres 
away to predict mesh point values is not reliable (even though 
their weighting would be very small), but unfortunately necessary 
to prevent gaps in the grid . The only alternative would be to 
acquire more data. 

By using a data distance tolerance two problems are 
simultaneously solved . The first is that kriging is a process 
which honours the data (subject to the mesh size selected). This 
assumes that the sampling is repeatable, even when a nugget 
effect is present, which is not always valid. The use of a 
distance tolerance simulates possible error in sampling and 
results in non covariance between samples, which rela..xes the 
criterion to honour the data. The second problem is that much of 
the data was scaled from plans and diagrams to provide AMG 
co-ordinates . This introduces a real error (assumed to be in the 
order of five metres), which can be accounted for by the data 
distance tolerance. 

1.6 Validity checking 

The resultant soil depth plot required a validity check in order 
to assess the end re sult in terms of the real data. For this 
purpose an isopleth plot was compared with plots of the 
distribution of sample points in each range (Figs 1 to 10, 
Appendix II). The comparison was good, as would be expected from 
the gridding method chosen . 

A rigorous test was performed by comparing the resultant isopleth 
map with plots of sample locations which were not included in the 
data set, but for ·which minimum a depth of soil is known (Fi gs 
11 to 17, Appendix II) ~ These sampled locations are those where the 
borehole or test pit did not encounter rock, and so strictly were 
not originally included. The comparison was generally very good, 
although in one small area known soil depths were consistently 
deeper than that predicted by the numeric surface . In this area 
an adjustment was made by including bores with the known soil 
dept.h. 

The resultant variogram was little changed (the sill was adjusted 
to 3.6 met res), and so the overall adjustment to the grid was 
minimal. 

• 
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1.7 Numeric surface representation 

Two numeric surfaces are produced by the kriging techniques 
described above. 

1 Soil depth 
The resultant grid of soil depth values is illustrated as a 
shade-colour plot in Figure 6. By using shade colour, the minor 
variations are not so obviously displayed as on the corresponding 
isopleth plot (Fig. 7). The overall impression of gradation is 
given, rather than the concept of distinct boundaries. 

2 Confidence values 
The second surface computed by the program represents the 
confidence placed on the soil depth values. This surface is 
illustrated by a shade colour plot in Figure 8. The confidence 
values are expressed in metres and depict the 'plus-or-minus' 
values that can be placed on the predicted soil depth values at 
any given place. As expected, the confidence is high in areas 
where the data is dense, and poor in areas where data is sparse 
(as modelled by the variograms). 

The confide nce values highlight the lack of data in some areas 
of the map, such as the southeast corner , where the soil depth 
can be read as one metre plus-or-minus three and a half met~es. 
However, the philosophy behind the attempt to illustrate 
soil depth is that any information is better than none at all, 
and the ~onfidence grid can be included as a reliability diag!am. 

1.8 Geological interpretation 

The resultant isopleth map of soil depth illustrates some 
interesting trends which have geolo.gical implications. 

The variation in depth of soil may be due to two main causes. 
Firstly, differential weathering, or weathering that occurs at 
different rates as a result of variations in composition and 
resistance of a rock, or differences in intensity of weathering 
due to topographic or climatic conditions. Secondly, differences 
in geologic age of various surfaces, result ing in the development 
of younger and older weathering profiles. 

In the Melton development area , the variations in soil depth can 
be interpreted as being due to a combination of geologic age and 
differential weathering. For example, the area of Melton closest 
to Mt Cottrell {i.e. the south-eastern portion of the map) shows 
uniformly shallow soil. This implies that some lava flows from 
the past volcanic eruptions are represented here by their shallow 
weathering profiles. The edge of the flow is bounded by Toolern 
Creek, the other side of which the soils thicken. These thicker 
soils would be formed on older lava flows and so have had time to 
weather deeper at an accelerated rate due to the moisture 
provided by Toolern Creek. 

Similarly, the shallow soils in the north-west area would 
represent the most recent lava flow from the eruption point at 
'Melton Park'. The thicker soils south and east of this flow 
would represent the soils in the older flows. 

• 
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1.9 Geotechnical interpretati on 

The soil isople ths are a very useful guide to geotechnical 
parameters for dec ision making in development planning. The 
areas where s oils are thin present problems for the servicing of 
developments with sewerage and storm-water drainage. In these 
areas excavation would often be carried out by expensively and 
laborously drilling and blasting. 

Areas where soils are thick represent the problem areas for 
housing development, as the basalt soils have high shrink-swell 
potential, and maximum heave would occur on the thicke$t soils 
{section 4 . 2) . Similar consequences relate to road making. 

1.10 Further work 

The upgrading of the soil isopleth map can be very easily carried 
out by adding new information to the data set and computing new 
numeric surfaces to plot. This would refine both the accuracy 
and confidence o f new plots. 

One spin-off from using kriging as a gridding technique is that 
sampling programs can be easily planned to achieve a required 
confidence value. For example, if soil depths to the nearest 
metre wer e required to be known in an certain area , then by 
perusing the variograms an optimal grid spacing could be chosen 
to a c hieve the desired result. This could be useful for the 
development of large subdivisions, where it is advantageous to 
know where shallow rock occu =s. 

2 Groundwater 

The nature o f the groundwate r regime can be an important 
consideration in the engineer ing development of urban 
environments . Shallow groundwater tables. can cause settlement of 
building foundations, as can over-extraction of a groundwater 
resource (Leggett, 1973). Large expanses of pavement increase 
runoff from sto r ms and decreases the total amount of water 
recharging underg round supplies . Similarly small residential lot 
size renders large areas impervious ( Leopold, 1968). 

Groundwater was not encountered at any time during the drilling 
program. Several open standpipes were installed in the deeper 
soil areas, and with one except ion, groundwater was no t 
encountered during one year of monitoring . The one exception 
(Djerriwarrh 102) was adjacent to the Toolern Creek, where water 
was encountered in gravel beds. 

Table 2 documents t he monitoring program. 

Aspe c t s of the occurrence and d i stribution of groundwater in the 
region have been documented by Kenley (1960 & 1977) , Thompson 
(1972) , Rhia (1975 & 1976), Plier-Malone ( 1977 ), and Williams 
(1983 & 1986). Essentially, the groundwater in the region 
occupies the two maj or sub-horizontal geological form~tions, the 
Newer Volcanics and the Werribee Formation (U.R . 1986/ 4) . 
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... Bore 

OJ•rriwar r h 1 00 
Hark ness Rd 

Dj err iwar r h 101 
Har dy ' s Rd 

D) e rriwa r rh 102 
S h ire Pound 

DJ•rr1warr h 1 03 
Buckle Crt 

D3err1warrh 104 
The Bullock Trk 

DJ•rr1warrh 1 05 
Cnr Hark ness Rd 

' Porteo u s Rd 

OJ•triwa r rh 1 06 
f:lulma n s Rd 

D)err1wa r r h 107 
Bulaans Rd 

O] e rr 1warch 108 
Bul an s Rd 

o r o ro 1 t 67 
Cn t R}·ans Rd 

P' 1nc b• Rd 

No te . 

Insta lla ti o n 1 7 . 11 .' 8 3 8. 1 2.'83 

1 0 . 11 . '83 
7.5 m 7. 5 m 7.5 m 
Ory Ory Ory 

ll . ll . 1 83 
2 . 7 5 m 2 • 7 m 2.7 m Dr y Dry Ory 

1 4. 11. 1 83 
8.75 Ill 7 . 21 • 7.0 • Dry Wet Wet 

1 5.ll . '83 
12 . S • 1 2.4 • 1 2.4 • Dry Dr y Or i• 

16 . 11 . '83 
5.2 • 5 . 1 • 5 .1 ID Dry Dry Ory 

18 . ll. ' 83 
12.S Ill 12 . 0 m Dry Dry 

21 . 11. '83 
7.4 m - 7. 0 m Ory Dry 

23 . l l . ' 8 3 
8 . 0 Ill - 7.S II 
Dr~" Orv -

23 . 11. ' 83 
1 . I • - 3 . 3 ID 
Dr"' Dry -

25 . 11. ' 83 
8 . 1 • - 8. 0 • Or\• Dry -

Table 2 . Op•n s tandpipe readings. 

Da te 
29 . 3.'84 

7 . 5 ID 

Dry 

2. 7 m 
Ory 

7 . 15 • 
Wet 

12 .4 • 
Dr}· 

5 . 1 • 
Wet 

12. 0 Ill 

Dry 

6.9 m 
Dry 

7 . 5 II 

Dry 

De s tro yed 

8 . 0 • 
Dry 

ft o m 16 . 8. ' 84 t he acc ura c y of recordin9 was impro ved. 
Gro undwa tel e ncou n te red in bore Ojerriwarrh 102 . 
Bore Oj e r r iwa rrh 1 01 wa s situated in low-lying area . 

t • 
I 

' Reading s 
1 8 .7 .' 8 4 16 .8 . '8 4 

7.5 m 7.5 4 m 
Dry Ory 

- 2.47 m 
Wet 

7.59 • ., .42 • Wet Wet 

12 . • 11.94 • Dry Orv -
5 .0 • 4.83 • Wet Dry 

12.0 m 11 . 94 Ill 
Dry Dry 

6 . 9 m 6 . 74 m 
Ory Dr y 

7 . 5 m 7.29 • Dry Or•.r -

8. 0 II 7 . 83 • Dry Dry 

t 
• • •==· 

19 . 9 .' 8 4 

7 . 59 m 
Dry 

Area 
flooded 

7.5 3 • 
We t 

11 . 94 • 
Dry 

4 . 88 111 

Dry 

11 . 3 6 ID 

Wet 

6 . 79 m 
Wet 

7.31 • Orv -

7 . 86 • Ory 

• .. ·-- ~= .. 

1 7.10.'84 1 5.11 . '8 4 

7 . 57 m 7.5 6 m 
Ory Dry 

l . 98 m 2.0 II 
Wet Wet 

7 . 17 
Wet 

• O&s tro yed 

11 .96 • 1 1 .96 • Dr y Dry 

4.8 9 • 4. 89 .. 
Dry Dry 

11 . 38 m 11.36 m 
Dry Dry 

• 

6.79 m 6.79 m 1 

' Ory Orv -

7 . 3 2 • 7 .3 1 II 
Ory Ory 

7 . 8 6 a 7.8 6 • Dty Dry 
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The Newer Volcanics consist of layered sequences of basalt flows 
and interbedded soil layers of low permeability. The basalts are 
differentially cracked by large numbers of thermal contraction 
joints which represent about 0.5% by volume of the rock and serve 
both os the main space for water storage and the channelways for 
water mo·1ement. They generally contain at least two separate 
aquif~ rs - upper and lower - which in places are vertically 
interconnected and operate as a two aquifer system (Kenley, 1977). 

The upper basalt aquifer is an unconfined water table aquifer 
which is recharged by direct slow infiltration of rain or stream 
water. The lower basalt aquifer is a confined low pressure 
aquifer. Water enters this aquifer in areas where it locally 
outcrops and partly also by verti ca l leakage from the upper 
aquifer in places where the low permeability interbeds are 
lacking. 

The Werribee Formation contains a number of porous sand and 
gravel layers each of which behaves as a confined aquifer under 
considerable hydrostatic head. The groundwater in this formation 
occupies the pore spaces between the sand grains which may 
represent up to 25% by volume of the sand. These sands do not 
outcrop in the map area, and recharge may be from the north and 
west where the Formation outcrops, or from downward leakage from 
the basalt aquifers . 

Information on the groundwater in the Melton Development Area is 
generally l acking. Only 36 of the researched bores had standing 
water level measurements, while 45 had groundwater quality 
information. Two numeric surfaces were computed from the data. 

The first - a grid of the standing water levels - was computed 
using a general purpose gridding program (GPCGRD ; ECS , 1986). 
The second - a grid of the height above the AHO of the 
potentiometric surface - was computed by subtracting the standing 
water level grid from a grid of the topographic surface. These 
surfaces are illustrated in Figures 9 & 1 0 . 

2.1 water Quality 

Table 3 details the quality of the groundwater within ~he map 
area. 

In general terms, the groundwater in the Melton map area is of 
the sodium-chloride type with some magnesium sul phate . There are, 
however, some differences both in concen t rat ion and percentage. 

A major study of the groundwater conditi ons of a proposed quarry 
site (bounded by Ferris Rd, Mt Cottrell Rd and the 
North-Western Railway) found that two water masses, one in the 
upper and one in the lower aquifer , can be i dentified from water 
quality (Williams, 1986). Figure 11 illustrates this 
difference where the Stiff di agrams for the upper and lower 
aquifers fr om test pump well samples and two farm bo r es have been 
compared. The difference is due to a greater percen tage o f 
magnesium chloride in the l ower aquifer and sodium bicarbonate in 
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ANALYSIS BORE pH TOS caco
3 Fe F'e Na K Ca 1119/ l soluble tot a l Mg 

08001 7.5 5110 
08003 7.6 613 171 . 01 
08003 7.6 5811 
08004 7.8 5930 
08005 7260 
08006 5040 
0800 7 10080 
08008 7.8 40 80 
08009 8 . l 3400 
08010 7 . 8 4880 
08011 8.1 1826 625 .0 4 
08012 8. 2 3270 
08013 8.0 32 40 
0801 4 7.8 10380 
0 1000 1 8 . l 2061 348 

16 8 . 4 3016 840 .oo 
1\8001 8.0 6600 1940 .03 
K8002 8. 2 3580 1020 .02 
K800 6 7.6 24 20 
.K8007 8 .0 17-10 
IC8008 8.o 3900 960 . 0 3 
K8035 7.9 2396 656 .oo 
K8036 7.8 3500 880 .06 
K8053 8 . 2 57'16 1544 .oo 
K8070 7.9 5090 990 . 0 3 
1<8071 7.9 24 5 0 380 . 02 
K8072 8.0 3300 990 .08 
K8086 7. 8 2060 190 .02 
K8087 7. 8 2800 590 .02 
Kl0009 8.2 2884 846 
Kl0009 8 . 1 2480 250 . 0 2 
KlOOll 7.9 2061 156 .01 
1\10011 1.a 2020 180 .02 
Kl0012 8 . l 3803 612 .0 1 
Kl0015 7.9 5 752 895 .01 
K.0019 8.5 2300 550 
P800.3 8.4 1817 
P8004 8 . 5 180 7 200 .02 
PlOOOl 7.8 8347 2680 
P10010 8.2 1972 306 . 0 l ·1aoo1 8. 2 7260 
18002 7.8 3240 
'{8003 8.0 2340 
'{8004 8.l 3500 
Y8006 7.8 3030 
Y8007 8.1 3460 
'18009 7.9 2540 
Yl0004 7.8 7510 

Key to bores: D - OJerr1warrh: ~ -
l u) - upper quifer 

.36 21 29 

.l) 67 111 

.20 539 13 32 65 .20 850 15 42 83 .07 13.;o 29 10 4 410 .09 880 12 56 210 

.46 940 20 68 190 .40 573 20 25 14 4 . 18 870 16 68 170 .02 1530 38 58 340 .09 1420 39 76 190 .35 740 24 -i 8 63 .09 790 32 96 180 . 4 9 690 1 4 22 33 
• IJ 9 730 20 66 103 1 .50 677 15 70 163 .02 850 15 32 41 4.80 6 21 9 18 27 
.02 6 90 11 2 4 29 2.20 1100 22 59 11 3 .oo 1750 32 108 152 .09 560 17 6-i 97 

.84 13 41 
207 52 6 .70 542 11 17 64 

Kororoit; P - Pywheitjorrk; Y - Yan9ardook. 
11 ) - lower aquifer 

Table 3. Water quality. 

Sl.Oz. Cl so~ co, HC0.1 Con d. 
oahs 

2250 774 
11 1 69 65 187 

19 4 208 
2956 6 4;2 
3320 l.l44 
2400 33 790 
5070 447 
2300 
1508 30 408 
2446 530 30 832 77 311 
1615 303 
1645 335 
5330 1007 

72 74 2 105 0 493 3200 76 1116 158 30 632 4500 23 2570 640 0 290 39 1500 270 0 680 
1130 391 
807 362 65 1700 240 0 460 72 10 78 154 0 316 3e4o 67 1520 250 0 500 59 2960 418 30 30 9 9300 43 2310 440 0 390 -1 0 1010 210 0 440 

• 56 1300 430 0 410 so 830 170 0 460 21 1230 270 0 290 55 1280 192 12 419 4710 54 1050 240 0 460 64 639 1 42 0 507 2995 67 79C 150 0 50 0 59 1550 318 0 553 5950 44 27'0 608 0 31 7 9000 51 890 170 0 488 
647 60 406 19 635 72 65 409 
3980 100 12884 31 739 85 0 481 31 75 
3830 6 251 
160 3 243 
1080 6 240 
1584 308 
1331 18 511 
1513 24 631 
1240 1 2 396 
3 730 407 1 2000 
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the upper aquifer. These differences are probably caused by the 
residence time being less in the upper aquifer. The analyses also 
show a clear cut salinity gradient with depth . In the upper 
aquifer total dissolved solids (TDS) values of 2020 - 2480 mg/l 
are recorded while in the lower aquifer the values ranged from 
2800 - 6600 mg/ l. 

• 

With the exception of one bore (Djerriwa~rh 8003), all the 
groundwater recorded has levels of total dissolved solids higher 
than generally rPcommended for human consumption. The World 
Health Organisa~1on (WHO) sets a desirable limit of 1500 mg/ l 
with an objective limit of 500 mg/l. The sodium content is well 
in excess of the taste threshold recommended by the WHO of 150 
mg/l. Generally, the iron content is such that it would cause 
staining of bathroom fixtures and could stain clothes washed with 
the water. 

The groundwater would be suitable for some stock watering, the 
limits fo r TDS and magnesium in drinking water of livestock are 
given in Table 4- • 

The agressiveness of water is a more complicated quality to 
determine, involving many variables related to both the water 
chemistry and flow rate and the nature of the ma t erial ~nder 
attack. The state Chemistry Laboratory consider that, in general, 
wate r with a TDS of 3000 mg/l or greater is probably aggressive 
toward metal. 

Poultry 
Pigs 
Horses 
Cows in milk 
Ewes with lambs 
Beef cattle 
Adult sheep on dry 

Table + . 
• 

' 

\ 

Figure if • 

• 

• 

feed 

Total Soluble Salts 
mg/l 

3500 
4500 
6000 
6000 
6000 

10000 
14000 

• Magnesium. 
mg/l 

-
-
250 
250 
250 
400 
500 

• Limits for total soluble salts and 
in drinking ~ater of livestock . 

magnesium 

HA+K 

• 

CA 

STIFF OlAC.RA" 
CATI OHS AHlOHS 

CL 

ALK 

so• 

1s se 2s a 2s sa 75 
HEQl'LlTER 

"PAW UPPER AQUIFER vs.nPAW LOWER AQUIFER 

Water quality variation in the aquifers. 
(Williams,1986) 

I 

I 



• 

• 

• 

• 

• 4 

• 

...... 

' 

3 Engineering properties of the soil 

One prublem with the quantity of test data is that there are 
insufficient to form accurate numeri c surfaces. Gridding the data 
and producing isopleth maps is not feasable because of the 
extreme variability in the data over short dista.nces (in three 
dimensions), which makes prediction speculative. 

The distribution of soil samples tested to determine the various 
engineering properties is illustrated in Figure 12. The data set is 
essentially a scatter of points (in three dimensional space) 
which require graphical representation to study their 
relationship in any conf iguration. These graphical pictures are 
useful to confirm or contradict previous concepts, and may reveal 
new ideas in a dramatic way. 

There are many of these graphical te chniques available. The 
simplest code a single numerical value into a simple character 
(Fig . 13). Others code single values of two or more variables into 
one compound character (Fig . 14). 

When designing or choosing compound char.acter scales, 
considerati~n must be given to whether the scales are separable 
(i .e. whether one can easily shift attention from one coded 
aspect to another), and whether the coded aspects are 
individually value-mergeable into impressions of regional trends. 

uf the compound character scales shown in Figure 14, the most 
unusual and versatile is the Chernoff face (Chernoff, 1973). A 
revised version of the face by Davis (Bruckner, 1978 ) allows the 
coding of up to 20 variables (Fig. 15 & Table 5). Much has been 
written on the merits and demerits of the use of Chernoff's 
faces (Wang, 1978) . 

The major difficulty in trying to represent the Melton soil test 
data is that the data has variation in all three dimensions (i.e . 
the re are multiple 'z' values at any x,y location). 
Representation of this foliation or layering at quite different 
levels of ' z ' has not been solved. One suggestion is the 
procedure of locating the 'most imposing gap' in the collection 
of 'z' values for nearby (x ,y ) points followed by smoothing 
(Tukey & Tukey, 1980). Then to study the foliated structure 
several kinds of plots can be generated, such as smoothed gap 
location values, display the original points coded in some way 
to indicate which layer they are in, or make separate displays 
for the points in each layer. All these methods, however , are 
inappropria t e, since the variables still require 'layering' into 
intervals. 

In representing geochemica l data, the use of 'fl ag maps' can 
overcome the diff iculty of three dimensional representation 
(Farrelly, pers . com., 1984 ) . Figure 16 shows the liquid limit 
values illustrated as a flag map. From this it can be seen that the 
geographic variation a nd the variation with depth is not clearly 
represented. In general, the area to the north and west have higher 
liquid limit values than the areas to the south and east . 
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Figure 13 . Several possible individual-value simpl~ 
character scales. (Tukey & Tukey, 1900) 

0 

f) o' 
I -

0 
A 

AO 

00 
I -

Weathervane symbols 

Polygons or s1ars 

Anoe1son's glyphs 

WatE:r level i.tnO 

whisker direction 

Scnema11c c~lls 

Inscribed tr~n91es 

A-1' \Ml" Chernott·s laces 
-

Figure I~. Several possible individual-value compound 
character scales. (Tukey & Tukey, 1980). 
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Figure 16 • 
Chernoff Face. 
(Bruckner, 1978) 

CHERNOFF FACE 

\ 

L 

Default Variable Facial Feature Value Range 
. 

xl cont role h• race width .60 .20 .70 
ll2 control1 O• ear level .50 .)5 :65 

• 
ll l cont role h half-face height .50 .50 l. 00 

• 

eccentricity or .so .50 1.00 
•4 •• 

upper ellipae of face 
• 

eccentricity of I. 00 .so 1. 00 
x5 11 

lower ellipse of face 
, 

x6 controls lengtt1 of note .25 . 15 .40 
x7 control1 p• poeition of .so .20 .40 center of mouth 

x8 control• curvature Of llOUth 0.00 4.00 4.00 
•9 controt1 len1th of •outh .50 . )0 l .00 • 

ltl 0 control• 'le heicht of center of eyes .10 0.00 .)0 
• 1 J cont role ll •eparat ion of of eye• . 70 . lo .80 e 

•12 control 1 0 1l1nt of eye1 . 50 .20 .60 
• 

eccentricity of .60 .40 . 80 
•13 lS 

eye1 

ll J 4 conc:rol1 L half-length of eye .so . 20 J .oo e 

•1s control1 po1ition of pupils .50 . 20 .80 
•16 control1 Yb height of eyebrow .80 • 60 1. 00 
•17 control1 0 ** - 0 anale of brow .so .oo ; .oo 
•18 control1 length of brow .50 . 30 l .00 
• 19 control1 r radiua of ear . 50 . 10 1. 00 
•20 cont r ole no ae width . 10 . 10 .20 

Table S. Description of facial features and ranges. 
(Bruckner, 1978) 
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The correlation of high Atterberg limit values, LS values and FS 
values with areas of deeper soil is quite good (Fig. 17 ) These 
areas with high swell potential and deep soils const itute the worst 
possible conditions for development. In these areas the soil will 
exhibit large shrink-swell values and have the maximum depth 
(therefore the maximum volume) for heave (section 4.2) 

4 Suitability for Development 
4.1 Past assessments 

In their assessment of the existing environment at Melton, Clarke 
Gazzard Planners Pty. Ltd. f ound : 

"Foundation conditions experienced in Melton are similar to 
those in Melbourne's western Suburbs. 

The ~aterial underlying most of the study area i& of basaltic 
clay type. It is moderately expansive but does not present 
serious problems nor impose significant cost penalties in 
normal types of single and double storey domestic and 
commercial construction. 

Design of services and foundations needs to compensate for 
some seasonal fluctuations. 

Minor areas such as that in the south east near Greigs Road 
where Rockbank Association soil occurs could present problems 
in road construction . Special measures may need to be taken to 
combat erosion in the zones of alluvium associated with 
Toolern Creek and most extensive in the nocth east and near 
the reservoir in the south west of the De si gnated Area." 
(Clarke Gazzard, 1976) 

This assessment was based on a CSIRO terrain classification map 
(Grant , 1972) produced at a scale of 1:250000, and e nlarged to 
approximately 1:55555 for inclusion in their report. The Terrain 
Patterns of this map compa re remarkably closely to the 1:250000 
Melbourne geology map (1972). Both these maps are erroneous. 

On the matter of soil classification (presumably in the 
engineering sense), Clarke Gazzard Planners Pty Ltd concluded: 

"The major proportion of the study area is underlain by a 
basaltic clay type material. This material is similar to that 
which occurs in the western suburbs of Melbourne, in summer 
being very hard with considerable surface cracking whilst in 
winter it is moist and puggy. It does not present any serious 
problems in regard to conventional domestic or commercial 
types of building up to two storeys in height when properly 
design€d to account for the seasonal movements and the 
expansive properties of the soil. Excavations for footing or 
services is somewhat more difficult because of the presence of 
rock floater~ which vary considerably in size and may require 
the use of explosives to achieve the desired shape. Such 
difficulties in excavation are reflected in higher earthwork 
costs than would apply in other areas . 

Based on the preliminary information available soil condition s 
in the stu·jy area do not represent a planning constraint.'' 
(Clarke Gazzard, 1976) 
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Following recommendations made in the abovementioned report, the 
OVA was commissioned to examine the requirements for drainage a"nd 
flood mitigation at Melton. As a part of this study the DVA 
requested the SCA to report on the land capability of the area, 
p3rt of which examined the suitability of particular areas for 
subdivision and septic effluent disposal. 

The investigation identified 12 separate land units, based on 
topography, drainage line entrenchment and soil types. (Fig. 18) 
The capabilities for the various units for urban subdivision are 
p~esented in Table 6 (SCA , 1978). 

This study highlights the benefits of an ini tial rap id 
assessment, for planning purposes. The important aspect is that 
certain land was recognised as being poorly suited to 
subdivision. 

A further study by White and Kelyneck (1985) delineated 32 map 
units describing a specific topographic element a nd associated 
soil type. The capability of the land was then assessed for 
various land utilisations (viz. secondary r oads , septic tank 
absorption fields , building foundati ons, farm dams, shallow 
excavations, rural subdivisions, t:.t11d urban developments). 

This study emphasizes the pitfall s in rapidly producing maps 
w:1ich imply tha t a detailed study of the area has been made . 
Examples of poor assessments are easily found - the area affected 
by gilgai and subsidence ' sinkholes' (U.R. 1986/ 4) is rated as 
"good" for building foundations while the area between Toolern 
Creek and Gisborne-Melton Road (which is here considered good) is 
rated by the assessment as being "very poor". 

4.2 Building Foundations 

The geological cond itions beneath urban areas provide the 
ultimate support for all structures in that city. The relevance 
of the engineering properties of the geological foundation 
mat er ials has therefore been studied for centuries. Since the 
evolution of cities in society, the construct ion of buildings has 
been subject to regulatory control, often including rules 
regarding foundation conditions . The Code of Hammurabi (2067-2025 BC) 
is thought to be the first set of building regulations ever 
recorded (Leggett , 1973). 

In Victotia , the buildi ng regulations first incorporated strict 
control of t he foundations for building construction in 1980, 
when an amendment to the Uniform Building Regulatio ns (UBR) was 
introduced in response to pressure from the building and 
insurance industri es to decrease the incidence of distress in 
domestic housing. There were several reasons for this. Firstly, 
the trend in housing from the 1950's had been toward single-leaf 
masonry veneer construction ('brick veneer') . This form of 
c~1~t ructi o~ is less tolerant to movement (i .e. less flexible) 
thar. the 'weatherboard', or ' fibre ' houses of the pre- 1950's. In 
addition , the growing desire for quality and the inc reased 
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Land Unit and Map Symbol 

Non creek associated units Capability Factors causing limitations 

Basalt Plain (B) 

Gligaied Basalt Plain (BG) 

Fair 

Fair to 
Poor 

Stony Rises on Basalt (BR) Fair to 
Poor 

Higher Alluvial Terrace (AH) Fair 

Sink-hole Plain (S) 

Tertiary Plateau {T) 

Creek Associated Units 

Dished Drainage Lines (D) 

Hilly-sided Drainage 
Li nes ( H) 

Stony Gorge ( G) 

Deep Gorge (DG) 

Northern Toolern Creek 
Gorge (NG) 

Poor 

Fair 

Fair 

Poor 

Very 
Poor 

Very 
Poor 

Very 
Poor 

Shrink-swell, drainage, 
rock, erosjon during 
development 

Shrink-swell, drai nage, 
rock , erosion during 
development 

Depth to rock 

Shrink-swell , drainage, 
erosion during development 

Subsidences 

Erodibility 

Lower areas flood , shrink
swell , erosion duri ng 
development 

Slope, depth rock, to • 

flooding on low level 
terraces 

Slope, rock outcrop 

Steep, unstable banks 

Unstable, steep banks 

Table 6. SCA Land Units - Development limitations. 
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awareness of consumer rights meant that house owners were less 
forgiving toward signs of distress. Less geologically suitable 
land was being subdivided as Melbourne's western and 
south-western suburbs grew. A trend toward t re e planting in home 
gardens, particularly native gardens, also increased the 
incidence of distress, since most of the problems were with 
seasonal movement of expansive soils. This same ammendment to the 
regulations also required that a builder guar~nt~e his/ her work 
for six years. 

In 1983 the Victoria Building Regulations (VBR) were 
introduced to bring Victoria into general compliance with 
regulations in other states. The relevant section of these 
regulations covering footings and foundations is 
included as Appendix III. Essentially these regulations state that 
foundations are to meet three requirements: 

i) Assessment of adequacy - (regulation 32 . 2) 

The adequacy of foundations shall be based on approved 

a) well established and relevant local knowledge and 
experience of foundation conditions in the vicinity of the 
proposed building; or 

b) tests on the foundation materials. 

ii) Allowable bearing pressures - (regulation 32.4) 

the bearing pressure on the foundation of a building shall not 
exceed the values given in the regulations unless-

a) an investigation of the foundations has been conducted and 
the building surveyor is satisfied in the light of the report 
on that investigation , that higher bearing pressures are 
justified; or 

b) an investigation of the site has been conducted under 
AS1726 and the bearing pressures are based on the information 
obtained from that investigation. 

37 

iii) Foundation classification (sub-regulations 3 & 4, regulation 33.4) 

The classification of the foundation of any site on which 
footings are to be constructed shall be in accordance with the 
"Classifi cation of Expansive Behaviour of Melbourne Soils for 
Domestic Construction" published by CSIRO and AEBIRA 
(Australian Engineering and Building Industry Research 
Association). (sub-regulation 3) 

In areas outside the Metropolitan area (those shown in figure 
3 of the publication referred to in sub-regulation (3)) the 
site on which the footings are proposed to be constructed 
shall be similarly classified by adopting, where prac ticable, 
the principles stated in that publication and taking into 
account experience or knowledge of local or traditional 
building construction practices. (sub-regulation 4) 



..... 

The last of these three requirements has special relevance at 
Melton. The classification system relates the expected expansive 
behaviour of the foundation to the performance of the minimum 
standard footing design lecommendations. Three categories of 
movement are used, viz. ~table, intermediate and unstable. 

The soils of Melbourne are subdivided primarily in terms of their 
geological origin . A simplified map of the major soil types 
referred to in the CSIRO and AEBIRA publication is reproduced as 
Figure 19. Soils of the one geological origin are then further 
subdivided on the basis of their typical soil profile. Table 7 
reproduces the classification. 

The requirements for the classification of sites and the design 
and construction of res1der1tial slabs and footings are now 
covered by Australian Standard 1~s2870-1986 (Residential Slabs 
and Footings). The standard was prepared in response to an 
Australia-wide need for guidance on the design of ~labs and 
footings for houses, and although a wide range of conditions is 
covered , the standard places particular emphasis on the design 
for reactive clay sites susceptible to significant ground 
movement due to moisture changes. The standard may be used to 
satisfy the requirement that the structural design of footings 
and floor slabs shall take account of the following: 

a) Swelling and shrinkage movements of reactive clay soils due to 
moisture changes . 

b) Settlement of compressible soils or fills 

c) Distribution to t l1e subgrade of the applied loads 

d) Tolerance of the superstructure to movement 

The standard sets out. tt1e requirements for: 

a) the classification of a site ; and 

b) the design aPd construction of a footing system, including 
s13b supported on the ground, strip and pad footings or a piled 
or piered system , which supports a masonry or framed one or two 
storey house, extension or outbuilding . 

The sections of the standard relevant to site classi fication ~re 
included in Appendix IV . 
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Essentially, the site classes are designated as follows: 

Foundation Character 

Sand and rock Stable 
Silt and some clay 

Moderately reactive clay Reactive 
Highly reactive clay 
Extremely reactive clay 

Class 

s 

M 

E 

A 

H 

Sand Controlled fill A 
Material other than sand 

Mine subsidence 
Uncontrolled fill 
Landslip 
Soft 
Collapsing soil 

A to P 

Problem p 

Table 8 . Site Classes (AS2870-1986) . 

All site classifications for Victoria are based on one or more of 
the following : 

a) Assumption of a soil type without any site investigation from 
a classification map or from well established local knowledge 
provided that soils are known to be consistent over large areas. 
The soil type and site conditions shall be checked by a site 
visit before construction. 

b) Site investigation to identify soil profile using one or more 
boreholes or test pits in the site or a number distributed over a 
subdivision. 

c) Site investigation using a penet rometer, for sand sites. 

d} Si~e investigation including soil sampli11g and appropriate 
tests . 

Where a Bui l ding Authority has designated a presumed site 
classification or simplified system based on a map of site 
classifications, this may be used but shall not preclude the 
ndoption of a less severe classification if supported by a site 
investigation and a classification in accordance with the 
standard . 

Tl1is standard is not r efer t~ed to i n the VBR at presenL, 
however it is intended to he incorporated if possible 
(E. CarLoll, pets. comm., 1986) . 

An attempt to map the site classifications refer1ed to in AS2870 
is illustrated in Figure 20. This map is derived from a combination 
of soil depth, swell potent i al and soil genesis. The site 
classification method, then, is by soil profile identification 
(Appendix C, AS2870) cather than by surface mov ment calcula tion. 
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4. 2 .1 Class P (p r oblem) sites 

The area cescribed in Unpub. Rept. 1986/ 4 t he ' sinkhole plain' -
is the la jest of the proble~ sites identif ied within the Melton 
development area. The mos t obvi ous p roblem for developmen t of this 
site is the active subsidenc£ . Roads , housing, and sewerage systems 
would be ~tri ously damaged by sinkhol e deve lopment. The 
unpredi c·abi,i ty of the sinkholes makes the siting of any 
structure~ h~zardous . It is likely however, that areas of the site 
could be f ound where the potential f or subsidence would be lower. 

The soil subsidence occur ring in this area wou lo c lassify the 
site as a c lass P (problem) site according to AS2870 . The 
prec::ence of deep basal tic c lay cla~si fies the site as "unslilble '' 
for &ttip and stump footings and inte rmediate'' for slabs or 
footing slabs according to the Victoria Building Regula tions 
(VBR). The regula tions set ~u- the minimum dimens ions for 
either type of f ooting, whi c11 a re not condidered adequate fo r 
this sitP. The de~lt o f highly expan~ive clay and the potential 
fo sinkhole dev elopment create unusual foundation cond itions 
which require spe=i l eng inee ri rg des ign f o r footings. 

Buildings found ed on expansive soil r1eed c aret~J attention paid 
to building des 1gn a nd maintenance, ~n order t o mitigate o r 
control structur al damage . Properly eng ineered f ounddtions, 
segmented interi o1 design , flexible connect i ons to utility lines, 
a1 d carefully designed lot dra i~-ge and landscapins' are required 
for satisfactory building pe rformance . 

Selection of bJilding sites in areas where tt.e soil is thinnes t 
and removal of all trees surround ing buildings would l e ssen the 
risk of subsidence occurring, although not enti r~ ly rule it ou t . 
Placement of the footi ngs on t l1t • ro ck (by des ig11ing pier and beam 
footings) wou ld ensure that the building would ~o~ subside, even 
though the soil may . Chen (1J7S) N rns that pi ·~r ~nd beam design 
does not always wo rk in expans i ve soils , since t he swel ling and 
shrinking can produce considerable lateral and frictional forces 
on the piers . 

An alternative solution would be t1 replace tr found~tion s oil s 
with non-swelling granular soils . Che n (1975) 5tgge~ts at least 
l . Sm under the footings o d 3m beyorJ the build1ng lit~~ 5,. . 1 
replacement will lessen the chances rL building distress 
cons iderably since it would overcome tte effects of the expansive 
soils and cushion the effect of any sub~idence. The possibility 
of subsidence cccuring still remains , ,1lthough the effects would 
be less dramatic on the su1face due to the compensatory rnoveme 
of the granular soil . 

Other problem sites identifi ed are very small areas wh" e farm 
dams seen on aerial photographs taken in 194 1 and 1967 have been 
infilled . 
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4.3 Sewerage 

An investigation of the usefulnes s and limitations of various 
methods of treating or d isposi ng of domestic waste waters was 
carr ied out by the Environment Protection Authority (EPA) and 
reported on in 1975 . The repo rt found that ret i culated sewerage 
is the only real ly satisfactory me thod of de a ling with domestic 
waste water disc harges on long-term basis. However, in 
non-sewered areas several alternatives were available for waste 
disposal (Table 9) . For environmental reasons only the 
"all-waste" treatment systems are considered suitable, as the 
previous practice of sullage disposal by dir ec t discharge to 
creeks or drains is no longer acceptable . 

Of the all -waste disposal units t he sept ic tank with soil 
absorptio~ has some specif i c geological requ irement . Although in 
principle, surface irrigation with effluen~ is possible , normal 
domesti c waste disposal do not us e this method for both aesthetic 
and health r eas ons . Nearly all s eptic tanks using soil absorption 
of effluent use absorption trenches. In the ground absorption 
process, the soil fac tors which determine the rate of absorption 
of water are ; 

- infiltrative capac ity of t he liquid soil interface 
- percolative capaci ty of the s o il itself 
- effective soil particle size 
- trench l oading 

The first two factors determine the rat e at which liquid e nte rs 
the soi l and can percolate away, and therefore play the major 
part in absorpti on process . Treated effluent however is 
considerably different in composition to pure water , and f or the 
case where a septic tank effluent is being app li ed the 
infiltrati on rate is always less than the percolation rate due to 
cloggi ng of the interface with suspended matter and biologica l 
growths , as well as a swelling of hydrated soil part i c les and 
deflocculation by added sodium or potassium ions . (EPA, 1975a) 

Measurement o f infiltrative capacity is diffi cult and it is usual 
to measure percolation rates or soil permeability (hydrau li c 
conductivity ) instead . Both the Victorian Health Commission and 
the EPA have used percolation tests to assess infiltrative 
capacity . The EPA has developed a standard test to measure the 
percolation rate of so il s in relati on to septic effluent 
absorption ( EPA, 1975b) . This procedure is based on thd: of the 
U. S . Public Health Service, and simply entails excavating a 
standard hole in the ground , soaking the soil in the hole for a 
minimum time , and then measuring the percolation rate of the soil 
as a drop in water level in the hole over a standard time . 

Research of three meti1ods of measuring soil permeability 
(Winneberger, 1974) shows poor reproducibillty when using the 
perco l ation test method . Past experience in performing many of 
these tests has led to a disregard for the usefulness of the 
test. The results vary markedly according to the soil fabric, 
season and site specific location. 

44 



• 

WC only 

* Septic tank plus: soil absorption 
sand filter 
transpiration bed 
chlorinated discharge 

• Incenerator systems 

* Humus toilets 

* Storage in holding tank - periodic removal 

* Chemical stabilisation - storage and removal 

* Cesspits 

"- Pan service 

All Waste 

~ Septic tank plus : soil absorption 
sand filter 
transpiration bed 
lagooning 
chlorinated discharge 

* Small treatment plant plus : chlorinated discharge 
lagooning 
transpiration bed 
soil absorption 
sand filter 

Sullage Only 

* Septi c tank plus: soil absorption 

* Soakage pit 

Table 9 . Current domestic waste water disposal melliods. 



-

The soil requirements for absorption of septic tan k effluent are 
as follows : 

- moderate to high permeability (above 10-5 cm/sec) 
- petcolation rate greater than 2.5 cm/hr . 
- low clay content 
- low shrink/swell potential 
- not subject to flooding 
- no shallow impermeable horizons 
- ground water-table at least lm below the trench bottom 

(EPA ,1975c) 

for the development area , it is intended that most of the 
dwellings will be conected to a reticulated sewerage system . 
However , in the low density a1eas , some se ptic tank s ystems may 
be installed. For these reasons no regional assessmen t has been 
mude of suitability of effluent absorpti on. I n genera l , c lay 
soils are no~ very good because of t hei r e xpansive nature and 
very low permeability . 

The area in the north west corner (the ' sinkhole plain ' ) present s 
a difficulty for sewage disposal . Because the site is isolated 
from the Melton City by a proposed regional cemetery , is was not 
intended by the ULA to service the site with reti cula ted 
sewerage. 

Alternative sewage disposal would be limited to above ground 
methods (e.g . composting, chemical or incinerating toilets , "grey 
water" irrigation, etc.), since the permeability of the clay is 
too low to provide adequate effluent absorption. Even in areas 
where septic syst~m absorption lines could be located in t he 
gravel/sand/silt layer , the localised addit ion of moistu re to th~ 
underlying expansive clay would cause excessive swe l l and 
distress in the sewe1age system . Similar l y , sand filters or othe r 
in-ground disposal would be ultimately unsatisfactory. 

4 .4 Roadmaking 

In Victoria the common practice in roadmaking has been to use 
flexible pavements for most highway and suburban roads. The PCA 
have published guidelines for the design of flexible pavements 
which are used by road engineers in Victoria (CRB, 1980a). 

In the process of arriving at a pavement thicknPss and 
composition it is necessary to consider many factors. These may 
be classified into five btoad categories : 

( i ) 
( j i ) 
( ii i ) 
( iv) 
( v) 

Function of the road 
<J• r a f f i c 1 o ad in g 
Subgrade conditions 
Properties of the available pavement materials 
Drainage conditions 
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The conditions of the st1bgrade is the mos t releva n t t o t he 
engineering geological mapping in the Melton developmen t a r e a. In 
general, the support provided by the subgrade is the most 
important factot in deter.mining pavem~nt design thickness , 
composition and performance (CRB, 198Ua) . The subgradc should be 
plepared and compacted so that its long term bearing strength is 
as uniform and as high as possible. In situ strengths during 
construction may differ greatly from the str€ngths ultimately 
developed at the equilibrium moisture content . 

Th~ long term strength of the subgrade is governed by : 

- the type of material 
- the subgrade moisture regime 
- the sensitivity of the subgrade to moistu re c hanges 

• 

Of these factors , the last js of pa r ticula r importance at Me lton . 
The extensive expansive clay soils have the poten tia l to 
appreciably change volume with changes in moisture . Thi s swe lling 
or shrinkage of expansive clays is rarely uniform and t he 
resulting distortion can severely damage an otherwise sound 
pavement. 

Volumetric changes can be minimised by; 

1. Minimising changes in the moisture content, eg . compacting the 
subgrade at a moisture content close to the equilibrium mois cure 
content, and maintaining it at this level until covered by the 
pavement. 

2. Placing sufficient weight of material over the subgrade to 
counteract the swelling p1essure. 

3. Modifying the subg1ade to reduce its sensitivily to moisture 
by the addi tion of a stabilising agent such as lime. 

The RCA have extensively tested the Melt~n soils fat the 
construc tion of the Western Freeway Melton By-pass and opted for 
lime stabilization as a suitable soil treatment. The additi0n of 
lime (approx . 4%) to the subgrade material greatly improves the 
roadmaking properties . 

The pavement thickness design procedure described by the RCA is 
based on an empirical relntionship between : 

- the strength of ~ne subgrade in terms of its CBR (section 3.11.3), 
and 

- the pavement thickness requi1·ed nver the subgradc' to cdrty the 
predicted traffic loading at the desired level of petrormance . 
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AFPENDIX I 

SIMPLE KRIGING EXAMPLE 

(Modified from Farrelly, 1985) 
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SIMPLE KRIGING EXAMPLE 

Ass uming isotropic and stationary semi-variances, all that is 
required to calculate the kriging weights is the semi-variogram 
model and the arrangement of the data points with respect to the 
point, area or volume being estimated. 

Take the following area, with data points distributed as shown : 
-

200m • 

• ·X1 

100m -

• • 

100m 200m 

Given the semi-variogram for the whole area : 

' • 

30 

'Y(d) R 20 - ------- - - - - - - - s • -,. .... , , 
; , , , 

10 , , , , , , , 
'N 

0 
200m 400m 

d • 

~~ 3 cj t d3 
"V d -=: 18 2 - - ---:3 ..L 

I 2 X 200 2 200 ..,.. 2 ; for d ~ R 

"f(d) = 2 o : for d ) R 

-
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The point X0 is estimated using the weighted average : 

where A;'" A2+ A3-+. A4 = 1 

In matrix form, the solution to the set of written : 

A, "Y. I 1 'Y,, 2 'Y, 3 'Y, 4 
I ' 

Al 'Y2 1 'Y2 2 'Y2,3 'Y2,4 I I 

A, - 1'3,1 'Y3 2 'Y. 'Y3,4 - 3,3 . I 

A, 'Y4,1 'Y4 2 'Y .. 3 'Y4,4 • • 
µ 1 1 1 1 

'Y1 1 ':: 'Y(d, ,) 'Y (o) - 0 - -where -, , 
'}', 2 = 'Y (d, 2) - 'Y (10-7) : 11 • I -, 

I 

'Y, 3 = 
' 'Y ( dt,3) = 'Y (So) - 8 · b -

etc . etc. 
The solution to the example is .51 

Thus our estimate is : 

.03 

.09 

.37 

.87 

• 

kriging equations 

-1 
1 'Yo,1 

t 'Yo,2 

l x 'Yo,3 

1 'Yo,4 

0 I 

• 
• 

• 

• lS 

with the variance of€ , the kriging variance, being : 

n 

L '}.. 1 'Y;o :i= l/·S 
I ::: 7 ' 

This is ii meilsurP ••L estimation error, and the ability to derive 
such a me'1 sure i. !:; <Jne: of the .:id vantages of k rig i ng. Another 
advantage is the nutomati c down-weighting of samples in a 
di rec ti on in which ~,,_. al ready 11ave i nforma ti on. This • screen 
effect • can be c~cn in our example where X

2 
has a ower wei9htin9 

than X 3 , even t ho\ 1 CJ 11 i t i z c l o s e r t o X 
0 

• 
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APPENDIX II 

CHECK PLOTS FOR SOIL DEPTH 
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APPENDIX III 

BUILDING REGULATIONS FOR FOOTINGS AND FOUNDATIONS 
EXTRACT FROM VBR (1983) 
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S R. 273 Jl . l 

32 . I 

GROUP VI STRUCTURAL PRO\ I IONS 
PAR I 32-F()LJNOATIONS 

• * ' 

FO DA'J'lONS: 1\ SSE S'.\IEN'I' 01-' 1\ l>EQU . .\CY 

32 . 2 The adc.quac}I of )ot111cl1.1ti<111~· shall be based on apprc."'\•ed-

32 .3 

(a) \veil established and relevant local kno\i.. lt:Jge and t!"<pericncc 
l>f .fvt111dut 1011 cond1 11ons 1 n the 'v ll intly of the proposed 
building; or 

(l1} tests on thi.;ju1111dLJt1011 111att:r1als. 

• * • • • 

1\LLO\\' .. \BLE BEARl;\G PRE 'SURES- GE ER . .\L 

32 . 4 The b(!aring pressure on 1l1cfvt111<ILJt1011 of a building shall not 
cxct:~d the values g1 vc n in Regulalion J2 5 uni t -

('1) an investigation of thejv 1111clt1110 11s has been conducted and 
the l111ilc/1 • r\'l!)'Vr is satisfied in the light of th<! report on 
that inve!>t bat1on, that hight!r ~aring pressures arejust1· ·ti, 
or 

(b) ar1 in\~!>ltga1io11 or the Sile has bct!n conducted under AS 
1726 and tl1c bearing prcssu ~!>are ba)c:d <..ln the information 
obtained fron1 that invest1ga11on. 

\
1 BL BE.'Rl~r · PRE · 1\ I .. L_() \ .. \ ~ v ...,..., R£S 

,\pplication of R~gula t · 11 

32 . S ( I) s RegulatJ<)n ~liall onl> apply \\.'here the class and 
desl·riplion uf th~ soil or ro\.k Jdoptcd for the purposes of this Regulation 
ar1d tl1c CJtloY..able bcJring prcsstirc' 1 l11ptcd for the purposes of this 
Regulation arc stat t .Jon the pla11s b1111tte I for a /1111/di11g appro~·tz!. 

I 

•fcr~ncc to 'l blcs -~ 

(2) ·r l1c :illo\vable bearing prcssur~s for use pursuant to tilts 
Rcgulut1on shall b~ th J:.L pre c rit cu 1n -

(t1) I al>le )2 ) \ 

(/1) Tnh1c J1 sn. t>r 
((') Tnb1c -'~ 5( -

S.K. J.13 

n~ l< '<1111rcd to he conslr t1cd 1 n :iccordancc \\ ilh the Notes lo thoc;e 
r :i l1lcs. 

Ot'll·rrnin:1 ti,>n of ~oil d1..' cription 

( '> In dctcrnl1n1ng ;-in nppropr1atc c;01I (irscription for u~e pursuant 
to 1l11C\ Regulati on. tl1c ,Jc«\1gncr shrill take acct1unt of seasonal moisture 
cc>11tl 11 ions. 

l>:ld or strip footing~ near houndarie~ 

(4) Vv't1crc an)· pil<J or strip footing is on or \\:ithin I m oflhe boundary 
of lite ailr11111e111 ot~t r th:in a strrct al1r:11111c111. the allo"'able bearing 
prc~surc sl1all he (\\.O-tl1 irds of the \'aluc olhcn ... ise prescribed in this 
Rcgt1l:i · 1 ~ . 

TARt 32 ~,\ 

f()(lTIN\,c; ON COi IC.Sr\ E SOIL 

/)t"(f r pl1r111 

,\f11 \111111111 1tll11ua/./c Bcartn~ frrtfurcr for Ff>ottn(ls at GrounJ 
,'),,,fat'e (J.:ra) 

rad F<'<'ltngs 
(.5quorr or C1rcr1lar) 

(I) (2) (3) 

Ver) soft cl:l)' and 
silt 20 

StlO clay and sll1 40 
JO 
60 
110 
21 0 
430 
650 

J'1rn\{l:Jy 95 
S111Tcl:ty 180 
Vrl) '>tiff clay 350 
I lard clay 520 

• otc..;: 

,\ . Rcclangul:ir fr,otingo; "'11h v.1dth 10 length proport ion" in the ratio I · 5 or greater 
'>h:tll hr dcrmro 10 t.c c;1r1p fnolingc; 

A for rcctangt far fnn11ngc;"' · 1dth to length ratio bcl""een I : I and I . 5 lhe 
'111tl\.\3hle bcanng p C'}SurC m:l) l'C IC~ l:itctJ bcl\.\c:"CO those prescnbed for Slnp foolln~ 
;end p:td foo11 ng.c; 

( \.hr l a fn<'t ing 1s located lx'lo""' ground surf3ce the allo""·able ~anng presc;ure 
lll::J) he IOllC:tc;cd b} 5 kPa ftlrcach JOO mm 1n Ut\ll1n e "'h1ch lhe base of the footing IS 
"'-'ltlw the ground "UrfacC'. 

D. (I) For the purp<'>"<''i of thic; T 1hll' the fotlo"'·ing interpretations shall appl) . 
(n) 'Vcl)· c;o(l cla) :ind'<'' .oil "ill' "1cans soi l "'hich may be readily pcnetrntcd 

l o a depth of I 00 mm r y •he nchecl fist 

(/t) ·son clay and -;oft o;ilt' mcanc; S<'•I "'h1ch ma-. "eac;i l~ ~netrated 10 a deplh 
rf 4i0 mm h} the lhumh. 

(C') ·r 1rm clay' n1eanc; c;oil "'hich m3\ \ lh oderace effon be pcnelrated lo 
dcr&h or 50 mm h) the lhumt't 

• 



s .... _ 73 -
(tit · ·1111 llii)' nu.:an) ~011 v.l11l.h n1a) r~.idtl) l~ 111J\·n1, J the thurnb, bu t 

(l( r 1r JtcJ l') the thumb onl~ v. 11h ~re J I l'llort. 

(t') 
0

\ ' l·r) )1111 llJ) • mcJn~ su1l "t" h ;;, be: rc.1J tl) 1nc.lc1111..·J l>~ thl· 1hun1l'n:J1I. 

(I) · ti ard t:IJ) • n1cans ~011 v. 1 
grcJl d1fht.. ult) 

t1 nt , l'I(.' 1nJ cn1cJ ll) 1h1..· 1llun1bn:J1l hut onl) \\ l l h 
• 

(~) J=or till' pllrpO)C:~ of tl1C:~l· 111 ll'r prc:t~tiu l1'1 rla~ 
or ~anti\ t:lay). 

~h .1J) illl IUdl' Siil~ 

l . .\BLE:.32 58 

FQ()Tl~(jS ON r-..o~ .('011 r ~J \ E ~()11.S 

/)t'l( ''''' '"" 
.-t/lc>hl..l /•lt /Jc.J11 .i; 
l'rt'~lttrc 111 J..J'u 
/<Jf (J /~ •• •111g 

/ 11, fc ti.\(' Ill \/u \ t111 111n 

( I ) 

/, >c ~ ' ' I a ,, 11111J 

:,·,,, U I I 

.-1 //1111 t1/i/,• IJt'.ir111.i: 

}
1
1 1 l\ ltlt Ill J../'l..I 

Jc•r 1·1 t•r1 JCJO 111111 
,,f l >11ult ( r LJ \ 

• 

o_I / t>(1/111g lie , •n 
Grc1u11d S 

(3) 

-t //1111,1/1/l· Hcur111.i: 
11

11 ~ 11r1 111 J../•u 
l llcf('r t/11.I' 

( ·,.,, /1: 11 till 

(4 ) 

loose Jori:ra,cl 
f\1cJ 1un1 sanJ or 

grJ \cl 

50v. 

I 50 v. 
350"" 

15 

40 
100 

I (>0 

:!)0 
550 [)en~ ~nJ or gro.1 \1.:I 

\' c.'r~ dcn~l' ~Jnd r 
r.t ' cl (>J(,)w 150 7Utl 

Nott .. 

f llf the: rurpll!.C of lht~ Table , " l!t lht• lc.i~t pl.Jn J l nh.'l\) IO ll of the footing II 

n ('' fC) 

a 11. 1n the o rn111<)n of the bu1ld1n )Ur\()Ot tl1e 1otoJtcr table 1s h~"I) 10 r1st: to a lc.''-c.'~ 
the d l) li.1 0 Of f 1 h lxfuY. lh1.: bJ)(' Of lh( fo 1..1 t1ng I) OOl n1o rc: lh01n " · lhc af1uy.abJc 
bc:Jring prc):~u1-c: anJ n1a~1n 1 un1 dtlu .... abl1.: t)CJf ng prc)~ure )hall ~ one h;ilf of that 
uth1.:'"" t)c pre.·~" r1t>eJ 

For Ilic purpo)(.'s of tht) T dhlc. the follo" 1ng 1n1crprc1a11 

(u) 'Louse ~Jnd or grJ,cl' n1c.1ns :\;.ind dcpos11~ rc"d' \ f\'lllU'at'I"· h' hu\cll1ng 
<.1111\ ilOd an to "' h1ch a sta p l 01 r I ' I t U 111111 sq uare:1.:·.sn Cd)ll~ ix • 

dr1,cn v. 11h h.1n1n1c:r n I c c~"1t n 

(!') · ~1cJ1un\ nJ <,r S'J'cl' mc..1n) !..ind clr grJ\C) c.ll0 f\\l)l1) ' "'lllU\ Jhh: h> \ l~OrUU) 

>hu,c.'lllnt ... nd into \tohll.h a ~harp pu1ntc:d v. ouJcn p, )I\ n1n1 ~quar" l ••I ' l~· 
ff\Cn Y.lth a hi.IOIO)Cf n o l 1.''1.l.'ldtng .s l..g "'llh !.001\' \11lhlull~ 

'')~fl 'l' \al\J or gra' cl' O)CJO~ )Jnd o r grJ\ ('} \.\l' I' ))llS ICQUlflllg pi l•)..1ng fo r 
,, n1,,, •11, ..i 11J offi.:rint:. h1~h rl') )IJOlC 10 J'I\ n" l1iJl•l'11 t') l' \La' a11ng l(>ols 

{J) ' \ 'er) dt'll)C: s;.ind 
ft.."lll v \ ul, Oj n'-1 " t 

r ·r4 ,.:I' 111eans ~''l't:I d"· pos11~ , ,., u1r 111t; h.ird p1c l. 1 n~ for 
.-rd •l"~•~l.in"t.." 111 dt)lu1l•.Jll1.l ti ~ 1..' , ll' .i11r.i; to I 

J>o.1rt 32 I~g~J 

~l -.. 
R. : 

l 1\ Ol f l:> ~< 

1·c><>ll Ci \ ONRO K 

ta \111111111 f//,111,1/•/f' R1·ar111f! /'1r.tf111rr fiir R 1lCI. f { u1ndot1n11J ,,,.,, ,,,.,,,,,, 111 f '''' (~,,11,/1:1n111 <?f ll 'rarl1r1111K 1n J..ro 

l/1~hl1 \/1•,/1·1111c/1• 1·rn/J tn \~l,~111/1·,, ' 
11 ·,.,,,,,,.,,,/ If r n1lt,·1r1/ ll 'rnrltr,rd 

{ I } {2) (J) -
~or1 l1 n1r c;1 unc :lnd 

c;1111tl:i1 pnro11c; r<>< kc; 
Sn 11 'I c; I<' n r. n111 d c; I (\ n r 

I O<l 10 400 JOO 10 100 

;ind c;1mila r 
"<'<lintC' nl:lr) rnrJ..\ 

Sl:ilC'. c;ch1.,1 nnd ~1n1il:lr 
n1C'l:in1orphir rocks 

JJ 1 ~ :1 I 1. f r il n 11 <' and 
c;1n1 ilar 1gne<JU" r<>c f..c; 

?0() (Cl 600 

200 to 600 

l 600 

1100 10 2000 

f\00 to 2000 1500 to 3000 

~00 10 2000 1500 to 4500 

A (a) Thr lo" C"r C'nd of rar h range "hall tx- u"ed for roc~ foundations o' t f) 

lcl "h1rh lhC' rang<' appl1C'" and "htch a rr h1~hl) join1rd or contain ob' iou~ de frets 

(/•) ThC' upper end or each range -.hall be u~<'d for n1a"~ivr and cons1strn1 rock 
round;i11on" r1r thr ntrgof) ICl "hirh che rang{' arpltrc; 

n I\ tlC'aring prcc;surc gre;i1cr than 600 f..Jla ~h"ll nol hr imrwsed b~ a footing r(4'1ing 
on :i h:t\:tlt roe k f«l11nd:11ion unle"" a qualtftrd c-ng1nrrr -

(c1) C\l:thf 1-.hC'C: lhr rondi11on or the ~. :\II roe I.. foundation to a depth or not Iese; 
lh:tn I' '' l it'l'C'~ lhr '4'1dth 0 1 d1anl\'('I or lhr foot ing", and 

(Ii) d rci<lr c; in nrc<,rdn nee with goon r "l!i nC'eri ng practice and I he C'ondi ti on or 1 he 
h,ic;nll r(>C" ~ found.'ltion th n1 11 ic; .. - to re!'t 1hc roo ting on tha1 foundation 

( ' r<ir th<' p1trfl<\~~ or thic: Ta hie: 

Co) ' J l1ghl) \Vr:ithcrC'ct Rock · mC';in" roc k of rrcdominantl) earth) colours 
(r;ir11tularl} )C'llCl'-'S, rcdc; and hro"'nc;) v.i1h numerous cla} srams and p1C'ccs 
or"' h1ch can grncrall) hc brokrn h hand 

(/i) · ~io<lcrnlcl~ \\'C'athcrcd Rock ' mcanc; roc1.. sho"'1ng some ranhy colour 
rrrdnn11"1:tntl~ urround1np. thr JClin1~ \\ it h c;omc cla) St'amc; and pieces of 
" h' 10 ,.nrr.tll) be liro l..cn h) hand 

(r) · rrec;h '''~hr.ht!) \\'cathr rcd Rocl.. · n1ranc; roc1.. prrdClm1nanll) of a mineral 
colnur or luc;lrc "1th onl) n11nor d1c:colourat1on adJitC't'TII lo J<'tnts and pieces 
of\\ lnrh rnn on!) he hrokcn " 11 h d1ffirult\ uc;1ng hand Ionic: 

I> \\ hrrc r<~ I.. ic; ·"an extrcmrl) "e3 thcred form c;o that. although roc l.. lr1.1urr and 
apJ"('arnnrr nr c "n1:unl) rrc"<''' ed. the rock c;uti-.1ancr hn thr 'ilreng1h properties of soil 
:ind n1a} he rc;idil) disintegrated h> ttrntlr a~1 1a11nn in v.atcr, 11 shall be drrmcd to~ 
c;ntl fo r the purpoc;es of this Rcgula11on and cla~~•fit'd 1n arco rdancc "'ilh in1~rpr~tat1ons 
c<>nlatnC'd 1n Tahlrs 32 5A and 32 58 
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C1ROUP VI-. llUCT R.-1.L PROVISIONS 
fl r 33-FOOTlNGS NC)T ON l' ILI NG {l it .\ISSON~ 

33 . I St11 tabt~: loo ti 11gs shJll be pt 1.>\ ilJctl \vl1c.:rc r1l:l'C!>S~ry to rt:<ll1ce 
tt1c · ~ lcn!:>it\ ll f ll .. prcs!>lJrc of tl1~ bt1tlt.Ji11g 011 ll1c /i>1111 lt1ltt>1ts. 

l>l': ' J<; <>l: l· OO' l' l~G..S 

JJ . 2 Foot 1ngs, 1rlclt1<li ng ~lab-on-gr u11d loo tings. shall be dc.=!>tg11c:J 
and 1. 't>11.l·1r11t:tt.~<l '.>o that any rc.:l c.1tt\l! 1 O\C111c11ts of ~ci)Jr::itc footi11gs 
and of tlitf~ l.'llt l Jr ts of any onl. .oot1r1g untlcr 1oud111g, or ofa fooling 
a11d ~n}' otl1c:r clcrncn t of the substructure \\Ill not 1n1pair tile stab1l1ty 
<>for t.:al1sc signitica11l ~trut.:lt1ral tlJn1Jgc: to tt1c ~\!p::r.:. i1 u~tl1rc. 

l>t-:1-::\J El> ·10 CO:\ l Pl.'t' 

3 . J {I) ft11s Rcgulat100 sl1Jll ilJ>ply to concrete strip ur pn<l footing~ 
v. t1crc-

(t1) the builoi11g does not contain n1orc tl1an 4 J'tvreys; 

(/>) tl1c: a11.!a of a11 y ::il cJrl!J' of 1t1e builu1ng 1s n<>l greater tl1ar1 
6<)0 111 2: •tnd 

(<·) tl1c bcJring pressure exerted by the footing docs not excct:J 
tl1e value prescr1bcJ 1n Regulation 32 4 

( •C)flstrurtior1 JOd proportion of footing de igrtcd b) prC')Cribc<l 
a lit>\' able bl'..lring prc')~ur~ 

(~) . looting designed and ,.,,,, \ trt1<.·tt.'1I in JccordJncc witl1 this 
Rl·gul::.i t10 11 sl1a ll be tlccntc.!d lo cu n1p1} ~ttl1 Rcguli.ltton 3 3 2 af it-

(<1) is ol rcir1lorcc<l cont.: r~tc l'Vtt\'tr,:, lt'' ' ha\.1ng a compress1\C 
strc:ngtl1 at 28 dJ)s o f not less tl1,1n 2C) f\.tt>:i. as detcrn1incu 
i11 accur<.l<1rlLC '"itt1 ·\S I 48t), 

(/1) t1as a Llcµtll o l 11ol less tl1a11-

(1) tilt: Jior1lo11tJI proJcctt01l of tl1c fcJOt 111g at rigl11 angles 
,,, tllc IU Lt.: or Lil~ wall ()f tile t:olLJlllll 11 support!) (as 
il lL1!)t rat ' J 111 J-- 1gurl! JJ J). l>r 

(ti) :!00 llllll -

\\ l11cl1l!\cr ts tl1~ grc~itt· r: 

, 

~----wal l or column 

. . , 
• ,i ~ . . ... I:' .,/ • 

' C' • . ... • • 
l" • .,, ... ;:; ,., , . . . ,., ,,, . . ...,.. .. . ~ 

.: J ' '° • A ; • • <• ' , , ., . . · ~ . . 
., • • • • • ... 0 • • • .. I \of l , <tJ ... . . . . . . .. 

*-_D1 or r> 2 or 20Qmm 

(which ever is greater) 

i1ori1on tal ProJ~ct1 on of footing 
FIGLIREJJ J 

(c·) in Lite cac;c of a pad footing. contains not less than 0· 15 per 
cc11i \!f •he croc;s-scctional area of the fooling. as designed. 
as rc1nfc>rccmcnt i11 c~ch <11rect1on near the bottom face of 
tl1c fo<>ting. , .. ith a minimum cover or 50 !!lrn: 

(<!) in the cac;c of a strip footing. containc; not less than O· ! 5 per 
cen t of the cross sec tional area of tl1e footing as designed as 
lo11gitl1dinal rcinforcc rncnt with a n1in imum co\·er of 
50 111n1 , hnlf of \-.rt1i ch st1nll be plnccd in 1he top third and 
l1alfin tl1c bottom tl1ird oft f1e footing: and 

(r) t1a s rci nforccn1cnt in strip footings and pad footings lapped 
f<)r co11t inui ty-

(i) :it c;pl1ccs-for a dic;tancc of not less than 500 mm : 
(ii) at T int~rscctions-for tl1c full \\Jdth oftf1c la} er: 

(iii) etl co rn crc; '"here fabric strips are used as 
rcinforccn1cnt-for the full \\idlh of the f.1br1c la)er. 
ancJ 

(iv) at corner-;'" t1crc bars are u~cd as reinforccmcr1t-b}· a 
bent lap har of 500 rnn1 ca~h leg. placed in cnch la}er 
of rcinfo rcenten t near tt1c outer f:icc of the corner. 

1\ pp I i c~1t ic•n of Rcgu lat ion 

·' ·' . 4 ~ i ) An y footing of a Class l building or a building of another 
cltlsc; ''h1clt 11=-is a trn1forn1 ly distrihutcd l1"·c load not exceeding J kPa 
''llt' n calcl1latc<I in :icc<)rclancc \vitl1 AS 11 70 \\t1ich is c(l11.~tr11t ·tccl in 
ncc<,rdancc '" itl1 tl1c rcle,·:inl pro' ic;1on~ of t11ic; Regulation and 

• 
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Regulations 33 5 to 33 9 shall be dcc111"-d lo l <.> t1lJ1l) y, 1th ti le 
r~:quirernl'nls of Regulation 33 ~ e'-lC:Pl y, llcrc-

, 
(c1} b} rc~sson of-

(i ) tllc n:.i .ure of the {01111,/t1t 1c111; or 

(ii) tile dc:~1gn oftt1c: bu il<.J1 11g: o r 

(i ii) an ) other rcl~";int co r1~1dc:rJt1on~-

tl1c: l 1111/<f 111g .lltr\'t ')'Vf IS ortllC: op1n1 0rl tllJl :.Ill~ SUl'll foo ti11g 
'''ould .1ot be at1cquatc in tll~ p~rtic t Jur l'·l~c: ; or 

(/1) the: bu1ld1ng-

(1) contains n1ore thar1 2 ~tvrc' l '~; or 

(1 i) has a \vall , ''hich, e\Clud1ng an) gnt)ft· , c:\t·ec:ds 7·2 n1 
1n t1e1ght; or 

(i11} '"'111 contain a concr~te fl oor other tl1an a ~lab-on
ground. 

("oncr~tc st rcnl!t 11 

(2) Conc rct~ used in footings sha ll Ila' e a con1prc~~1' e strengtJ1 at 
28 d:l)S of no t less than 20 t\1Pa dct~rn11ncd in at\. urd anc~ ,,·ith AS 
1480 

f.'oundation clas~if1ca tion 

(3) Tl1c class1fit·ati on of thc j(>1111dut1c>11 of an)' ,,,.on '' l11cl1 foo tings 
arc lo be <<>1:~1 1 11 <'/< 'tl s11all be an accordance \\•1tl1 tl1e ··c·1a~s1fication of 
E 'PJOSI" c B( fta \ 1o ur of ~1elbournt> Sot ls for Don1c!>t1t: Con~truction '' 
publt~hcd b) CSI RO and . .\EBI R .\ 

. .\rca not co' ertd b}· publication 

(4) In areas ou t~rde lhose sho" n in Figure 3 of the publication 
rcfi:rrcJ to in ub-r1.·gulat1on (3) the .) //t' On \\ l1i<.:h fol1t1rlg!> arc propo~.:d 
to be c·t>11.l/t11<'lt'J shJ l1 be s1n11lJrl~ clJss1fic:d b} Jd ' i)t 1ng. \\ht~rc 

J> r~l lllJl1lc , tl1c pr1nc1plcs stated 1n thJt publ1lJt1o n and taking into 

3\.\.0Unl <!:\p~ r1r n 1.·c 0r kno v- lt"dgl' o f l<>C:ll o r lrJd1t1o nJI building 

on struc:t1 on praL t 1te~ 

Ora" ini.t to in<. ludc foundation cla,~ificati(>11 

( 5) lhc cJ r,1,, 1 11g~ referred to in RegulJti on 8 2 (~) sl1all ir1cludc tl1~ 
j(11111cl 1111111 ct<J)!>l l1LJt1on aJ uptc:d 1'ur~u:11l t tt> tl11 ~ Hl g.t1 lat ion and sl 1 ~1ll 

lx: Cl\ll fir r11cd lO ll1c S:Jlt~fJl llOn o f tl1\.· / 1111/1/111i: lilt <I c>t \.J fl tile ~lit' \) 11 
\\111 11 t ill'~ Ollll!!S arl" ilroposl·d ll> l)t' , (J1 11~11 : 1, , , , / 

.... .... 
\ \ 

• • 
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'I C)C)·r INC;S F<lR . 1 lJ~tJ'. 

,<'n<'r:l I rrqt1ir<""mrntc; 

.1~l. 5 \I) E\·cr)' foot i ng for c;t,1mr>c; c;hall comp!} with the follo,,·ing: 
(n) Tile c;i1e of concrete f<>o t1ngc; for stumpc; shC1ll be in 

;t('(·c>r(t.1nr r '' 1tl1 AS I (,R-1 

(/1) The t'c:ir1ng nrt·nc; of foo1ings for ~tum,,s \\hich support a 
, .. ·:ill sl1e:itl1cd \\•itl1 rcn1rnt-sand f:ic1ng tiles. st1all he double 
tt1osc rrcscrit)c<1fc1ra1i111l)cr-frnmcd '''all in AS 1684. 

(c·) 1·11c fc)otings c;J1all be fot1ndcd '1t a depth of-

(i) 1n tlie case of c;itcs cl:tc;sific-d as stable in accordance 
'' i1h Rcgula1ion 3J 3. not less than 450 mm: or 

(ii) in tl1e case of sites classified as intermediate in 
:tccordancc "1th Rc-gulat1on -~J 3. not less than 700 
mn1: 01 

(iii) ir1 tl1e cac;c of sites clac;c;rfied <ts unstable in accordance 
v.ith Regularion 33 J. not less than Im. 

(2) Not,,·ithstanding pnragrarh (c) of sub-regulation (I), the h111/d1ng 
'ilt1 '' .ror n1a)· permit the footi11g~ for stt1mps to be founded at a depth 
of less than 450 n1n1 if he is satisfied by rcnson of experience or local 
t..110,vlt'clge tl1a1 sucl1 a depth v .. ould he :ldrqunte for the structural 
~tnhility of the bt1ildir1g in tl1c CC\Se of-

(i) tl1c rc-stun1ping of or a/1crn11n11s to an existing building: 

(ii) rock .fr>111;da1in11s~ or 
(iii) a builc!ing 10 wl1ich \i.·nll~ of stud-framed and sheeted 

con~t ruct1on arc supported on stumps. 

(J) E\ca"·ationC\ for foot1ngC\ f<>r stun1ps C\hall be-

(aJ proper!)· hack filled v.·ith 011µ1 n' rd material; and 

(/>) compacted 1n an nf1f>'"''rd manner. 

STRIP FOOTJ:\G 

Rrinforccment 

33. 6 (I) Reinforccn1ent 1n strip footingc; c;hall-

(n) he eq11:lll)· dic;tril,uted in tv-o ln)erc;. one near the top and 
one nc:tr tltc hottclm of tl1c footing. 

I 
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( 2) 

(/1) l1J\'l' J cor1<.·rl·tc.: t'O\ er of Ol>l le!)!) tl1•1n (J 111n1 Jl an)' part; 
~1nd 

(t') tx laaJ continuou~l~· . ~act1 14t)Cr bc.:ing lappl'<.1-

(i) at 1nt~r~l.!Ct1ons-for it~ full, .. 1dtl1; 

(11) .1t splices-for not les~ than 500 n1n1: 

(1 11 ) ut corners \.\}1c.:1'- fJb r1l· ~tr1~>~ Jrc used ct!> 
rc.:1r1forc.·en1cnt-for tlic fLJll , .. 1dtl1 of tJ1e f;.ibri1.. la)·er; 

(i\) :.1 1 ro r11er.!> \\l1ere lla r~ nrl.' U!>cd a!> rl'i11fo1 cc r11ent-by a 
bc 11t lap bar of 500 111 111 c.:Jch lt:g, pliJl'l'Lf 111 each Ja~·er 
of rc:1r1forcl'n1ent near tll<! ou ter facl· of t}1e corner: and 

(\) .it ~ ll'pping~, as !>ho'' n 1n Figure 33 6. 

!>trip ful>t1ng!> corl!>trur tcd of concre te shall-

( 11) llJ\C :i , .. 1urJ1 and d\.·pttl i11 JtLordJnce '' 11)1 Table JJ 6~ 

(/J) 1f !>lt:pp1ng ·~ nc:ces~ar)· . con1pl}· v.·11}1 one or n1or~ of tl1e 
nll.'tt1od!> shO\\O in Frgurl' 33 6 llnd ha'c lc \·el bottoms 
bct,a.e~n 5tepping~; 

(<) be reinforced in accordanLC \.\1th Table 33 6 and Figure 
33 6, Ortd 

(1/) be.: fuuntll·d o n soi l or roe" l1 a\•ing an allo\.\·al>le bearing 
µ1l'~!>UIL' of not l e!>~ tha11 100 k J>u . 

Rt.•durt:d footing dt.·p1l1 pcrmi ~iblc 

(3) \\' t1t.•r(! a strip footing de~1gned and tv11~1r11t'lc 'tl pursuant to thi~ 
Rcgulatior1 1s l o rest \\ holl} or panl) on a floater <)r ro~:k outcrop , the 
depth uf ttll' s1r1p fuo11ng in the' 1t1n1t) of the floater or rock outcrop 
111J) , sullJl'C t to sub-r~gulat 1on (4 ) l)e r~dulcd to r1o t less than l\\'0-

1h1rd!> uf tl1t' dc.·pth othl·r, .. 1!)e p1~5 r1bcd l>} tl1is Regulation 

Ht."inf,,r<.'l'llll'Of ir1 rt.·<lurt:d footi11g dt:plt1 

(4) \\'111..·rc tt1c.: Ol'ptt1 of a !>trip fo(1 t1 ng · ~ rl'JUl'l'J pu rsua nt to sub-
1cgt1lat1u r1 t 3) tl tl' 1c1nfurlt.'n1t·111 111 tl>l St.°lltun uf t}1l· ~ tr 1p footing of 
rrdU~l·J Ul'ptl1-

(,1) ~J, II bt: Joubl~ 1l1e an1oun t of tt101 pr~~cr1bl·d b)1 Table 
33 (>; ~nd 

(/1) h fl l'.\tcr1J at lt:Jst 5(10 n1n1 bt)<.>nd 111~ section of strip 
tuo111ll' <>fr'-·du ed <llptl1. -

l'.1rt 33. P~ige 5 

'' 6 SR - ------- . . 27.l ---------------- ---
T Afll E .l.l , 

,\11'1\1l 1 ~1 Dl \f[N~IO'\'.~ A ' 'D Rf.INJ'f'~( l~t f;N f FOR STRJP FOOTINGS 
I {)R f)I rrrRF .... T T \ J\ES or ( ONS'iR l lCTION 

I , ,..,,fu.1t •" 
t l1•t1l,atlfm 

, 
I •• O• Dlf'1.: 
Dr('lli tn 

-------- n.J•r nf 
I 1h'll111e• 
R~t11 .. 

II 1111•11 /) ( 111111/ 

t I ' •Uttl/ <,,,,,.,,,. 

,, '""'') 

A! (TllOJI•~ 
''"'"' f. '<< rrt1f'N 

f.'11n1/lrr of 
C 11 S/f.,., 
) I; RorJ t11 

Af11111 11 trrt 

..... ,,,h<r 11/ 
.. , "'" 11 ·,,,, 
fl( 181 Af Of 

1()(!011d 

R1'"""' "' 11 n Al 
111 Tor 

ond Rn11n,,1 
!.!..! (1) (.') ( 4 ) (.S) ((>) (7) 

~1 1\~()NR 'i Vf l"rER, Tf~1AER rRA~1ED. MCT Al FR A~1f0 OR SINGl E LEAF ~iASONRY 
"-ALLS 

I lo• t.1hl1• 

C>nr 
J ... n 

On<° 
1 .... 

On<' 
1 .. n 

(lnr 
T-.o 

JOO )7.S 
)7.S \ 7.S 

' 00 .)J.S 
\ } \ ,~, 

• 

·~ 
·~ 
6('() 
N\1 

7)-0 
1\0 • 

CA \ ' In' OR OOlj JlLE L(J\f f\1t\ ~ONR \ ' \\ ALLS 

J.SO 
4~0 

JSO 
450 

37.S 
)7.S 

67.S 
(17.S 

600 
(100 

7.SO 
7~0 

*Rc1nforrcn1cnt 1~ lo be pro' icf<'d 1n 1"0 equal laye rs. 

• • • • • 
' .~~ --• • • • • l. ~ • • 

I • • • • • l 0 • 
I ~ • • • • 

• • • 
• • • • 

• • • _.. . 
i • • 

w 

TR Ir rOOTI 'G 
ll_Ll STR.-\ TION TOT ARIE JJ (l 

1 
J 

) 
l 

l 
J 

2 
J 

J 
4 

-
J 
4 

6. 
6 • 
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step not greater then 200mm 

• • --• • 

• 
I 

• •I 

• • 

33 .6 

. -:·- / 
...._ __ -·-----.- .- .-.-.... _.,..,,,. , ··-- ---~ • 

• ,... . ' 

D 

/ 

• 

I. - . • • • • _.,..,,,.. +--"-...::.....;..• __ __;..,..• + . .) - ~ 

+-- __ · _ · --~. "' . . . • 

1 5 ID ) 
METHOD A - ,IC--

s t e p gr e a t e r t h a n 2 00 mm 
but not great er than ( D - 5 0 J mm 

' . . . . . . .. ;; . ·--- -----• 
• • 

• 
•• , . . 

• • • 

• 
~·--- _ _.. _ . d ' 

•• • • • •• 
1 .· I 

, . - -- . . .. . . . - . -... . . . . 

1.5 ID) 

• • 

• 
• 

• . ' 

. -. • • 

• 

• 

• 

METHOD 8 

step greater than (0- SO) mm 
but not greater than (1.5 0) mm 

...,# __ _.,..___ _____ ----·----, ·---- - - ·--. --.-.-+.! -- -"-- ----
• 

• . -• .. . . 
• 

• • 

~ -
I ., , • ~ - II'--- _,,__ __ -....-__ 

--
• 

METHOD c 
. l . --: ··.· · • : 

• • • 
• • 

• 

D 

1 5 ( D) 

FIC1l l{ EJJ 6 f [J>J>t: l>f <>l fJ ,'G 

.l .'\ . 7 
. . R. 27.1 

SI \ n-< > '\ -(;RC> l '\ I> 

l .1. 7 CI) l~c-111fc lrl~r111t• 111 in 1t1r l1cnr11c; in <.f:tll- on - ground c;J1all

(11) Ile J)l:l,.l .. <l 11<.';l r I Ill' t10 1t ,\111 ,1r r:ict1 l1cam: 

(/1) 11:1, l' :i <. t)11 t r c 1r co' t•r o f 11 c>t l rs~ 1l1;i11 50 111n1 al a11)' pttrt ~ 
:11)<.f 

(c ·) llr l:1 r1 '1. 1.l -

(i) :tt i11tr1 ... cr1i ,l 11~-f< >r rte: fL1ll ''i<ith: 

{ii) ;-it "r lr t'l'4'-fc>r 11 ,11 lc•-;c; tl1;i11 '\00 n1n1 : 

{iii) .11 <.'<,r11cr\ ''l1crc fahrir strips arc uc;cd ac; 
1<.·111fc,1c·c111rn t-for tl1c fu ll ''1d1h oftl1c fahric la}'Cr. 

( i \') 

( \ ' ) 

:11 c·clrnrr<. '' l1crc f:larc; arc u<.cd as reinforcement-by a 
f)l' 111 l:tp l1:ir of 5c>n 111n1 cacl1 leg. placed in each Ja)cr 
<,frc1 11f•lrc·cn1cnt nc:tr the 011tcr race of the corner; and 

;t i ~1cpp11lgc;-ac; sl10'' n in J71gurc 33 6. 

(]) Rci 11f<lrrr111t'n t f.1t)ric in c; f:tl"l-On-ground s l1 n l l-

(rJ) l1c pl:'l c:t•d in tl1 c tJppcr f1nlf oftf1c slah, v,1i tf1 a concrete cover 
c1f 11 01 lrs<: tf1:l11 25 111n1 nt an)' pa rt : 

{/
1

) l1r l:in11r(f for n cfic;t;inc.c ()fr1ot lc4'c; th:in 225 mm ~ and 

(<) f1c <.11 11r<)rtcci l)} hnr ch:trrs nt spacings of not more tha11 
I ·2 r11 i11 citJ1c1 (firrcf1nn 

(~1) r, C~ Sl:lO·<lll·j!rot1nd <:)1;-iJJ co111pf} '' ith tl1e foJJo,,·ing: 

(c1) Tnp-c;<l1I r<,11t:i1 11i11g \J~111fic:1nt nn1ount" of organic maltcr 
c.f1:ilJ f"I<.' rc111n' ccf fro r11 1f1r arcn on '' f1 ich tf1c sl:ib is to rest . 

• 

(/>) rcigc l1r;-i 111c; <1f t 11 ~ c;lah 4' 11:1 II he fnt111dcd on soil or rock 
l1;J \·ing :-111 :ilfo,,al1lr hcJring rr csc;urc of not frss than 
I ()() J.. l ) :1 . 

(< ·) 1"ht.• ~l;i l1 \11:-111 t1c f1.1u r1 clrcl o n s<,1 1 or rock hn,·ir1g a11 a llo~·ahJc 
l)C:lring rrc<>S tlJC' (If J) () ( IC'C\C: tl1n11 ~() kPa. 

(<I) Tl1c <;l;il., 4' l1;ill ~1c rro' •<f <'<i '' 11J1 a 'arour harrier " 'hiC' t1 
c,f1:1il -

(1) C<lll\ IC\I <"lf:J C\ J1C' t frol~rtl1) l l' nc not le<.s than 0·2 mn1 
Ill tlll("lll"\\, 
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( .f) 

0 

13 I 

C1i) be J'l:lLC:d henc:atl1 lfll' !>l.11> ~\) tl1a1 till' l'l>tlu111 !>urfa..:c: 
of 111<: slab is t:ntirl'I\ u11Jc:rl~1J, 

• 

(iii) be ltlnl1nuc:d <.1ruund tl1c: cdgl' l>~e.1 r11s to at ll,l!>l grf)und 
lt•\t:I or to the b0tto111t1f1l1c.· l'dgc: Tl'\.l''~ '' l11tl1t:\·cr is 
1t1l· Jo,, er· • 

(1\) b~ lappc:J at all joint~ for u d1~tJOt.'t' of 11ut IC!>!> 1har1 200 
n1111, J n<l 

{' ) he: t.:ipc:d around p1pl'!> ,,f11cl1 J1L' llL'lralc: tilt' !>lab. 
·1·11c lJin1c:n~1on!> and rt·1r1fl>rtt 111c:11 t of tilt' cJgL' hl'i.101!> ~hall 
bl· 11t>t It:!>!> tl1an those J)ft'Sl'11bt·J 11) Ttt l)ll' JJ 7A n11d as 
1llu~1r~1ll'd in F1gurl! 33 7-'I . 

dgt· rtCL'\!>e!> !>l1all bl' pro' 1JL·J fur ;1111u\(1111 J c.a Jl} 'valJ or 
111u\1J11r1· 'c:nter construt·t1u11 .ind !>f\.J lf -

(1) f1a ' 't' a depth of 11 01 ll'!>!> lhan 5l) n1r11 J11d •tr1. p;in of 
lht· edge beam belo'' :in~ !>t1cJ1 rc:tt:!>~ ,11ull f1•l' ca dc:pth 
of r•<)t le~s than I SO n1n1 ; a11J 

(11) lx· c <>>l.l/111 ·1,·,/ in 1l1c: n1'111r1t·r 1lll1~tr~l1.1.I 1n 1=1gurc 33 7.\. 

max . 150 mm 
{ . 

1- I 
- .... .. .. 

E • ~ • 

~~ " • 0 • 
~ - E-

I w 
I 

I ii 

'~ I 

FlGl kE 33 74 

T-\ ii LE JJ 7 ._ 

---
'w 

~w l -
I 

~21~l~t\ ~1 l)J \IE~SI C.l'~ -\~O REINft)kl C:~ 1 ENTf>t· cf)GE UE~\f~ 

I, u'J.!.;111 ,, 

( ~ .. JJ "' .. ,,. r; 
.: .. JI .1/.J,ng 
11~ II:,,, 

(I) 

.St.il•lt 
-{\fie." 'lOl( ... 

-l""lJ \hH<'\I 

• 
~::t·( li ' " DJ 

l'I ,,,,., 1----------.--,;._ ___ _ "" ''' r11 .. 11., If 11, 111 R. inf<'• ~r ·11·n1 
, ,,,,, ,,, (j (/ ,.' . ,\"~•nl er•'.; 

Slt.111 > /.' IJJrJ .\/.:1r. ,,.,,c'l 
' I \IJ. ,, IJ lf•'l ••' / :,] \( 

1 • /JI/\/ f ..if·rit 

, .. ' - I 
, ..,, .,. 

( 3) (4 ) 
• 

J , l,. l ., 
3 • 

cl 1 .. .s I 3 4 ~~~~----~~1~-~~.....:..:------!-~~~~~---!---~~-~-~ 

Ir rcrr rJ1.,1c 
-.•nC' :t>lurn 
-1 ... v ~I JC'\> 

3 • 
.: . 

• 

.l 
J • 

1>,111 .lJ 

.1.1 . 7 
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T \Ul r: J' 14.-r,1111111urtl 
~11 ' I ti 11)1:-. f 1';1)10''\ \1';0 Rf.I , ' fC)R("f:~1ENT OFf:OGE DEA 1 

I n11•11/at1nn 
C '/a 1 ,,fr, ut '''" 
and /t111/ihnr 
llr1~h1 

(I) -
I ln~tnhlt 

,'\1:r t II' I>) 

Ill "'"' 
• 

(2) 

Allrrnor11" fl tlom Rr1nforcemt rr1 

,\ 'un1/¥-r uf C I]. ""um/in of 
,'\/6(!r )'/}Bari 4.fu n U 1rr1 
"' 'fa in II 1rr• of Fli 1 f 

(lj /1 11 f Fah11r 
/ 'oftr1r 

c .l) (-4) 

1llll' ' '"'"' 
- 1"0 ~IOIC') \ 

I 
I 

: 6(.1() 

4(); )C 600 
3 
4 

• Rr1nrnrccmt'n1I\ 10 he pro"•d<'d in '''n rqunl la)crs 

(~) <>n con1pJction of th(" building the t0p surface of the slabs' all 
l)c at a hc1gJ1t aho' c the adjoining ground Jc,'cl of-

(i) 75 mn1. in thr cac;.c of a slab located adjacent to a drained 
and pa\ cd area. 

(i i) I 00 mm. 1n tl1c cac;c of a slat> loca ted on a sand)·. well 
drarncd fill<': or 

{11 1) 150 mm. 1n a t1)' oth<'r casr. 

(/1) Stiffening beams shall-

inf ernol 

(i) he co11.fitr11ctcc/ ir1 accordance- " 'ith tl1c dimensions 
pre-scribed in Table 33 7n and in the n1anncr illustrated 
in Figure 33 7n: 

(ii) he reinforced in accordance- " 'ith the pro' isions of Table 
J.~ 7n: and 

( iii) or founded on soil or rock ha ,·ing an alJo,,·able bearing 
prcsst1re of not less than JO k Pa, 

wol I 
• 

-'-
0 

I
I I m o)( 

. JOO mm 

I I 
__ . I I -

• 

1(- _centre-l ine 
beam 

I 
I 
' 

w 
• 

nGl RE 33 7R 

of sfJffenrng 

beam 

I 

-l • 
-l 
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1 Ul l 33 71:1 

~ll'l\fl \l~l/i: , \I A< l~G '\~l>RC:IN I Qk<"l: \tf:'\1 <' l"Sllf fl ~J \:l Uf,\\1~ -'I f ,.J.., l. f - -----, 
t 1.. •• '· .,,,, ,, 

If,_,,, \ ;, 
'" . /) '•"t.l••r° ' '"'''". ·•rj , .... "" ' ... ' 

!if ''• '1/' \ /tr-~•• I '' " 
fJ • 11. ~,.:J •• , ~,, 

11 I I 

I 

.. 'l ... '• • J\, '• 1 ' ' '• n 

'•'' ,., ( ,,.,... · .... ~ ' I I .' ,\ /O , ' \'.- '· JI''• l 
> /.l 11 .. 1~ r' • t • I \f 
\1- "l 11 ,,, 1 

.. •JJJ/ \ t 
I w I " 

J.il•i. 
I I 

I~) I I JJ I 
'" J I l 

I I 

I ' • J \ ) I ) I t• 
I 

' I l .. , • ( I c.· • 

,,,, .. (, 

,-1 \f1 1 ... 
} 'ioZ". J 
'"" ., . t 

II .; I 

I 

I I~) 

I " ~ I 
I 

I .: 

\ "· 'h !j, - .. .!l 

J-- t d '•\ • 

\I ... • ,, ... 
/,.,,,,~ 

II .. <J 

I f t.j 
j 

l j~ 
I 

I J 

•Re nh>flCIHC'nt I)''' t>c· :uu' 1JC'J 1n I";.) c~u•J l,.,cr) 
--~-------

( 1) .\ SUJl pOrl !>ll~ll l1l" pr l> ' '"led u11Jcr ~1n~ 11;1,•111ul 11t1!/ in ll>t' 
lll Jll Ot'r ~)rt:~\.·r1l.,1...'d b~ f>..srt l vf 1 nti)l" .~J l l 1f lt1e \\3}1 I~ 
rlo l ltJt' Jl1.:J \\Jtl11n 300 r11n1 of1l11.· lOt11.·-J1111.· of J st1flt.·n111g 
l )t' ... ~l . 

(J) ~ l:x-'1m pro' 1J1ng ~u~.,pon r0r a1. :111, ·1 11t1/ 11 1!/ in .tL\.·ordan(t' 
'' 1111 fl:1rt I ufTablt• 13 7l ,J1Jll bl..'- -

(1) ,.,,,:,,, ,,,.,,, ... </ 111 Jt.l' 'r<lJr1cc: \\ltl1 Pan~ (lf Table 33 7u 
f{>r ~t111l.-n1r,g l't:U111~ Jlld i11 till' n1u11nt·r illu~trJtc.:d in 
f:1gu rt> 33 7,J; 

(11) 111l1c \.\all 1 ~ n l<>lltll,tur111~c: \\Ull, be f<.'ll lllicd on soil or 
fllc i.. 11:.i' 1ng an allo,,ublc.: t)c.:~1i11g 1:irc.:~~urc o f no t le~~ 
t 11 ~ n I Gv ~ !-' J. <.1 n d 

(1i1) 1ftl1e ,,·all 1s a rl <.Jn-lo.11
/

11c:u1111J: '':ill . be.: fo unded on ~011 
l•r f\)C'k llJ\ 1ng an all )\\Jbl~ bl.·.:ir111g p1c:~~ure of not le~~ 
tl1:in JO I\ Pa. 

l ·\Bl f ' 3 l 

J>-\kl I '> !'i'c HTS 1 l>R \ \RI< ll ' ~ 1 ')f>i ~ (>J IN1 l R!"-\l \\' .\LL 

'.11111/,' ,,, 

~'"' 1, J 

11 ) 

nc: 

I°"' u 

l r ,. 

I \ I 

l. ·1Rll 1I ~ 

I 

J ,,., .y 11 ·,,,, 

( I ll:lf'ol• i:t II 

I ( -' 
111nt"'-'1 llf r.1 ... 1..11 

11111[)('1 or n1\' IJI 

lllJ) ' r'\ -

,. ,,,.,,,, ''"'' 
( l) 

fll1 1~qu11cr ·:n1 
bl·.1n1 rt·~1u 1c:J 

.. JJ1 r >n.tl :>l.1 b 
rt'll I< 14: ~ n ~·n1 
fl' Ultl'd 

lli.Jn lttJI l{J 

I nu rcqu11~ n1c:nt 
.1JJ1t111n.il ~lab 

fl'l 11 forl t-n1c:nt 

J). I l \ ~ . I \.l l'l" I J 
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t' \f{ 1 2- ~.1JNl\~ t \t \ 7r ,\ t\:f) 1i r 1· r· lRc r ''r . 'T r>r IN 1 EJ~N,\L \\' ''' 
~1 rr• >R r or:'~'~ ~~--.---~~-

Rror•: ~·, :r 
( IC I>) 

I nu11da11 " 
( /,1 I ~1(1 Oll1ln 

f I > ( 2) 

C /; r 1nat11 r Rot101n f\c-1 '!fo1(cm(nt 

\ flttl/l(f II ( " J 'J \ / 6 Of 

) I J Hai :. or ,tfa1n 
ll lft'I fl/ f / /] \( / ,J/1r1r 

( 1\) 

•' 'un:frr nf t/a1" II '11r.~ 
nf T ~ 1 /.!I o;fv1r 

( 4 ) 
S1:ihl<" '\00 " ,lCIO 
In 11·1 mr.t1;1 tr 

J 
l , > 4 , J 

J l ' n\1 ,1 hl<" 100 • 600 

(I. ) ;icf(f111011:iJ \l:Jll rci nforcr r11<."nt P• O' icfing. C\t1rpor1 for an 
1111r111a/ ,,a// 111 nccorclancc \\tll1 l)art I of Table 33 7<~ 
~l1a ll-

(1) t"c n0t lrss th:111 ClO mm'' idr: 
(ii) lie rosit1onc-<l tcntrnll) under 1J1c "all in the lo,,cr part 

oftl1c slab v.11t1 a concrctr co,·cr of not less than 30 mm; 

(iii) he pl:t<'cd in the n1nnncr illt1~1ratC'd in Figure 33 7c: 
Jfld 

(i,•) rnn1pl~ , .. itl1 tt1c prcl\ ision~ of pnr:igrilpl1 (/): 

I 

-1 v J -

I <:Li n1 ernal wal I 
I I 

I --- . . --·~ ---~ . . .....,.,-- .. •: .. '· ... . . . 
• 

800 mm 

rlri l lRE .lJ 7< 

f /) "' rr\ c;fah sl1all-

(1) 1n tl1c cac;e of a ~la"' rrc;t1ng on c;o1I clasc;ificd in 
acror<lancr '' 1tl1 Reg, lntio11 )) 3 :is ~table. he 
rc1nf0rccd v.·1th f- 72 n1c~h or hnr<. <>f cqui,·alcnt strcngtl1: 
or 

(i1) in an)' other ra~C'. l.,~ rrir1forced ''' 'h FR2 n1csh or h:trc; 
of CQUl\'Cllcnt ~trrngtt1 : 

(111) A <.f:ll1 · . ' h<' nclt ll ~<.than I 00 n1n1 tl1irk. 
(11) Pi 11c~ pr '.,iing t1cat !o a <-l:ll1 <.h:lll no t f)c cn1hcddrd in a 

<.l:ih I r~<. tl1an 125 n1111 tt11<.k. 

Jl.-.rt "', 1 J' I 1 .• , a1!t~ _ 
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(1 l \\ l tl•fl.' r pl.'-. J f°l ll' lll" l' ll l.f Jl•J <>r I l' l.' 'l·~ J>rl)\ 1J1..J i1l lht• 

sl .. l, tf1l ~J::tb ~11. I''~ 1t11\ ... nt·d 111 ar1 1;1;1•,,, ,., n.Jnnl"r 1 
trt~t1rc th..it tl .~rt •~ o loss <>fs1 rt.•r1gtJ1. 

(-t) \\' t11..·r\.· :J bt·a111 of a ~l.1b or1-grou11J. dt· igrll'd and c·o,1Jtr111. t •(/ 
fll11 ~u~ttl l to tl1i~ Rcgu J:1l1on 1s to rc~ t '' h<Jll~ <>r Jl.Jrtl) 011 ~ f}oat<:r or 
ll \1. k t\t11t·r1..11l, tilt <ll·pth uf1t1c OtJlll 111 tit'' 1<."1r11t) l •f tt1l· l}llJlt·r or roLk 
1Jll llf•>J) 1113). ~ul1Jt'l.t lLl ~ub- rt·gl1IJt1t>rl ('i) be rl•tflJ\.t'd lo r1 o t lt:ss tt1Jn 
l\\l>· tl11rd .s 1.>f1t1t dl:pth tl tl1c1''J'l' p1t·~tr1l1l·d h> tlll!) Rl'gulJtton . 

R,•Jun·d foo tini: d.-pth P<«mi ibk I 
, 

l~1.: i11fc1rt·~ 111t• 1 1r i11 rt-duc 1..·d footirtg d1..·prla 

(.5) \\' llt:rt" ti lt.' lJ .. :pth or a t ~;JOl I~ rt"dUtt:d PUf!)UJJll to sub-rl'gulation 
(4). till' rt·1nft>rtl'n1Lrl t 1n 1!1~ St.'1. l1un of1J1c bc4tn1 ofrL·duccd depth-

( 1) l1all t\r d uhlc ,, e ar1lut1r1 t 0 1· t}1Jt prc:scril,t:d b) this 
R <.' L' ti I :.J t i C• n · a n d 

~ ' 
(/J) ~11.111 t.'\lcr1d Jl ]~J!)t 0() r11111 l>t·~or1d th~ StC't1on of strip 

ftJ1.>l1rig, or llt..·~nl uf r -U\ t.'d lJL~1t!1 . 

}'()0 I '!:\G Sl .. \ B 

_,J ' .·\ fo1..>t1ng slab .S)~tern dc!>1gnt.>d $Jnd l<111s1111: tr<I pursuant to 
tl11s Rl·gt1l ~lll'n st1~IJ c.,n .pl} '' 1tt1 thl.' fulll"'' 1ng· 

(cl) [: \lt'pl \\ht• re b\ fC:JSUll of t' .\Pl.'fll.'nct: or IOCc.lJ kOO\\ledge 
1l1l· l 1111/,/11:s ~11r't.'I< r pl'rn11ts u tht·f'\,1St', the: footing slab 
\l1.1JJ t)c: fllt1ndi:J on all/( ' c lJ~~ific.•d in ac1.·o rdance \\ 'i th 
R l' g L1 I a t 1o11 3 3 3 a!) st al) It' . 

l/1) ·1 lit.' l'tl11f1gl1r"-1t1t>n L)l tfll' ~~~tc.:111 ~l1all conlt.1 r111"1 1i1-

(1} tlnL' l' l till.' r1ic:ll11..ld~ 1l lu-..1t ... tt·ti inf 1gurl.' 13 8, or 

(11) :.J11~ u1l1cr n1<.1l10J r1ot ll.'s~ c:tlcct1\'l' 111..in tl 1 ~ n1ethods 
Sc.l illu~lrated. 

-..,.,. --9' I ( 

• 

' 

0 

l'v1ET HO 0 A 

w 

I) • r I _., .. . I> I ., ... ' };t: .) 

0 

METHOD 8 

-·- ·-~"l'" 

• 

• 

0 
· ~ ~ 

~J ·: ~· ~ 
~-'-:~---r;--.~,... ........ -.c·1..,..,;~· · ~ MET H 0 D c 

I 

w 

J 1U RE JJ 8 

(r) Thr footing pnrt of the '-}sten1 C"\hall compl}· \\'ith the 
pro' 1<;ions of RegulJtion J1 6 ac:; if it \\Crc a strip foo ting. 

(tll The slab part of the S) stem st1al l con111l1 '''1th the pro \ is 1o n s 

of Regulation 33 7 (~)(o t her thnn paragraphs (b). (d) (ii i), 
(r) nnd ( .f)) as if it v.·c rc a slab-nn.grO\Jnd 

(<') \\' l1crc, in the design :tt1l1 cn11.tlr11ct1011 of a footing sla b 
S\ stem. fill ing is rcstr.1111rd b) an r.rtrr11al ' ' 'all and the 
filling 1s greate r t l1nr1 600 n1m 1n drpth. the ctter11a/ ,,a// 
shall be dcc:;igncd b)· a q110/1[ird r11g111crr and con5tr11cted in 
al ~ ordJncc ''1th that drc:;1gn. 



J"()()lJ'(; ' \l)JOl'I'{, U< l . 'D :\RJ I:s: J>[: R~ll s JUI~:
l>HO.J I C~fIO:\ • 

33 . 9 "ot'' i t l1st~11d1ng :1n~ 1J11ng ir1 J>an I -• a foc.1tin_ n1a~·
{&.1) suppon a 11.111.1 · '' 1//, arid 
(/) ~\lend b<.'~ 011c.J lll1..' bot1ndar1es of a jf f< t. I u/1g11111r.•11t-

(1) 10 a dis1ar11..'<.' of rtt)I r11orc thun 3(l0 n,111 \\ l1c.·rc tlll' 
J11gl1c:~t p1t•Jt'1. t111g J):trt of tlic: fu1..>t1rtg 1~ at a dcptl1 l>l 
nt)l l<.'~S tl1J11 4'50 r11111 l>ut 1~ le~~ th .... n 3 111 bl·Jo,, tl1c: 
gruun,f ll.'\ c:I. t>r 

(ii) to a d1~1a111. <..' of not rtll)r~ 1J13n I m v.·J1c:rr the tligt>cst 
pr<>jccting f)art of th~ f<)Oting is at a depth of 3 n1 or 
niorc l)<.'lo'' till' gro u11tl le:' ~I . 

I'.! rt ..... 
.) .l, 

, 

-
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• 
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SITE CLASS I F"ICATION f1ETHOD 
EXTRACT FROM AS2870-1986 
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\ c;. 2R70- 198f> 10 

S E C T J 0 N 2. S I T E C L A S S I F I C A T I 0 N 

2. 1 lll·:SIG A 1·1c>N. Site clac;scs s11all be <lcc;ig-
11ntcd ~1s f olll>'· c;: 

1:-o t1n<l1\ ti<> n Ctaaracter Class 

~.1 11<l at1d rock Stable J\ 
~111 ill\(! SOlllC clay s 

--

~toucrntcly rcac1ivc 'lny Rcal'tivc M 
11 i~l1ly 1 cact ivc ( lay I I 
Ext rcmely react i\ie clay E 

Sa r1<.i ' Cor\trol led fil l A 
t-.-1 n 1 c r i a I o t 11 c r l 11a11 

sa11<.J A lO P 

t-. f i llC \U h4' i llCtlCC l.,rol)lcr11 1~ 

U11c<)111 1ollccl fill 
l .111d\l11> 
S<1 I l 
("oll;1psing c;oils .. 

2.2 Cl.ASSIF l('A TION f ltOCl•.OURIS. All site 
classificatio 11 s sltal l he based 0 11 one or more of tl1e 
fc)llo,vir1g : 

(.t) A~~l1111p1io11 <>f c;oi l type witl1ot1I a11y si lc i11vesti
g,~1 1 ion f ro111 a cla'\c;i ficat io n n1~1, or f ron1 well 
ci.tablisllc<l local k11owlcclg.:- provicJc<l tl1a1 soi ls a1c 
kno\v11 Lo be co11siste11t over large arcels. Tl1c soil 
1 ypc C\nc.I 'ill co11c.lit ir>ns shall be checked hy a site 
vi~it l>cf ore <'O ll<il ruct i<l11 . 

(l1) Site i ·1vc~tigatio111c> identify soil r1ofilc using orle 
t)f r11c)rC borclt<)lcs or test pits in tl1e si te or a 
nt1111t>cr '-listrl l)tttcc.J over a sul>division. 

( ) Si te inve~liga1io11 ltsi11g a pc11elro111etcr, f<>r sand 
• 

'illC'i. 

((i) Site in\ics1i~ntio11 ir1clt1<li1lg soil 4'an1pli11g and 
a111110pr1 :11c te<i l 4'. 

(c) ('Jau'lc 7.2 l •1r Sc,utli J\t1c;1ralia. 

\\' here the Ol1il<li11g 1\t1tl1ority has (lesipr1a1cd a pre
c;11 111c'l <;ile clac;c;1ficatic)rl or si11111l1ficd sys1er11 based 011 
a 1nnr or \ile cln\~i fi cn1io 11s , I l\i\ 111ay be uscu blJl -, 11all 
11 r,t r1rc~lt1c..lc tf1c o(l\1f>lio11 of ale's SC\'crc clnssificar ion 
1 f 4't1 11portccJ l)y n c;itc invcC\t ignl io11 n11cl n clas!'li fic,\t ion 
111 11ccorJ;t11cc wi1l1 tll1s Sccti<ln. 

2.3 ST A IJ f ,J·: AN I> f{l~A .. ,., V l·: s1·1 l>:S. 

2 .J. 1 Sa11tl clr r<)Ck ~i f(' . Sa11<l silcc; (to <l<'pt hs i11 
<.'\CC\\ or tilt: (IClltllS of inflllCllCC as {)cfi11ed i11 
A1~1)c11 clix f) 01 10 f(>ck) or r<)C\.. c;i tcs, as defined it1 
tilt: s1a11tl:tr cl, \ l1nll t1c cl;L~c;ifiL'U a~ (' las~ A . 

2.3.2 Silt silcs. Si ll si tes as defined i11 the standa rd 
or n1ixtures of sa11d and sill (to deptl1s of i11nuc11ce as 
defi11cd in Appendix D or to rock) shall he classified 
as Class S. 

2.3.3 Clay sites. In addition to 1l1e general require· 
111c11ts of Clat1sc 2.2, th~ procedure for the clat;sifica
tio11 o f a clny site s l1 oll include 011c or 111ore of tl1e 
fo llowing 111ctho<ls: 

(a) Visltal assessmc11t of t11c site and ir1lerpretation of 
k110 \vledgc of exist i11g 1nason1 y t1ousc walls 011 
ligl~t strip footi11gs wl1icl1 l1ave existed for 11ol less 
tha11 15 years in a simi lar soil assessed in accclr· 
<la11cc with Table 2. 1. 

(b) ldcntjficalio11 of tl1e soil profile ar1d t\ classification 
i11 accordance witt1 Appendix C o r fro1n estab
lisl1ed dala. on tile perfor1nance of lhe soil profile . 

(c) Co1npt1&atior1of1l1e prc.-d iclecl sttrface nlovement, 
y,, in accordance witl1 J\11pcndix D, witl1 tl1e fo l 
lowi11g limits: 

S11rfac·r Move111rr1f rlnss 

y'( ~ 20 n11t1 s 
20 rn111 < y, ~ 40 111n1 M 
40 1111n < Y~ ~ 70 Ill 11\ • I I • 

y, > 70 m111 E 

2.3.4 Reclt1ctior1 of reactive silr cl3ssificali(>ll. The 
effect of tl1e lreat1l1c11ts belo w 111ny lie taken i11I (> 
accot1 r1t (() i111prove tl1c site classification : 

(a) Ren1oval and replaccr11e11t of reactive clay wiLl1 a 
non-reactive 111a 1 ~rial and protection or ar1y 
ren1aining reactive clay fro111 t11oistt1rc cl1angcs; or 

(lJ) Covering tl1e site witl1 a layer of co111pnc1ccJ stable 
111nterial preferab ly well i11 adv<t11ce of co r1 -
sl rt1ct ion. 

2.3.S Sc> ft f<>untlati<>11s. So fl foundal ic)11s arc clas11i
ficd as Class r \Vl1crc lhc a llO\V3blt: bear i11g fl l CS<illl (.' 

at fo11ndation level ic; less tl1an tl1c fc> ll{)wi11g vn lurc:; 
• as appr<)pr1ate: 

(~) U11cl cr c:;trip or pncl foo1i11 g~ ..... ~ ... IC>O kJ>a . 

(b) Under bcan1s ''ncl c;lab pa11cls for all slal.,~. excctll 
tl1al 10() kl,cl is 1CtJt1irccl l111 tlcr the edge fno1i11g 
of fooli 11g slabs wil llOll l tlec; ..... . 50 k i> ;t . 

J\l!owalllc bcari11g prcc; sutc~ sl1 ;.1ll l1c a\c;e!,sctl i 11 

accorclu1lcc \vitll /\ppe11<li .x fl . 
NO r r : I 11adtq11o11c nllow:llrlt· ht' ~\I i11g ptC,C.111 c l\ "''' l:tlllllll(\11 

r11;ccp1 for \ill 'ii<'\ 

1' A IJ l , I~ 2. 1 
Sl~i 1 .. 1.1·: ( .' I ,A ~SI 1:1c A TIC)N ()I; C l.Av Sl'I r·:s 

(1)1'nlMJtt' r1Ategorlt~ arr 11.l~f.'ll in Appt>nlliA A) 

( hlir 1t<"lt•rl,1lt 11rrfur1n11&11t·c "r n11t\011r) ("cntC'r or full) 111,u ~e 0 11 1111.hl trip fot•llu~'i l ''" ... ,1 r" 1t' ""' u f ,, ,t -
l{.11c ( .,1I L:V<11v 0 tlt I d:1r11.1&c ~ 

- -
()flt'l1 ( all'~t11y I dt1111;1gr h111 r.lrl·ly c·:i1cg<Hy 2 da1n,1gc . l'YI 
(..,111·..,.<HY 'J:i111H1tt' I\ vc1y lilfC CVl,'11 Ill t:>.l1c111c: COVllflllfll('n lal <.<lndi11on~ 
(I he \ti(' 111ay \li uw ~t11 f;h.·c lJAtl1111; "' tlry pe1iotl-. . ) 

')f1c1· ( n1c:gn1 y I 01 l dar11n..,c \Vtlh Ot't:;1\1n11.1I Cll;:\111ple~ ur c ·a1cgc11 ~ 1 d.1111aA<' (lf 1110tC C.t,.'VCI t• 
(C~1uu11d ~111lac.c 1.-1a,·k111g '' t (•llt111\111 111 clry pt:1u>d, . ) 

I I 

()flc.11 ( lllt'(tOIY 'tH lllOIC \C\•t•rc 1111U .llC':I I\ \l \U:t ll) well k110Wll rcl l J ,lfn:lJfl' IU h()ll,t-\ il llcl \lfln. l1t1rc. I 
( l)l·1·p 1<ftH111d \111 l:n c t1.1c~i11g occur~ 11• dry 'Ptllc, ) 
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• 
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2.4 ( 'ON.l'RO LLED f"ILL SITES. 

l .4. l onlrolltd sand fi ll on ~aand sires. Co11trolled 
and fill over sand site may be cl.Assificd as a Class A 
• 
Ile . 

2.4.2 "haallow con I rolled fill. The eff eel of cor1-
trollc:d fill up to EOO mn1 deep for sands a11d gravels 
and up to 450 mm de~p for clay rnuy be disregarded 
i11 tl1e si te classification 

• 

11 

• 

AS 2~70- l ~86 

2.4.3 Ottatr coaatrollcd fill sJccs. Otl1cr control led 
fill si tes may be cla~~ i ficd us Class S sites provided tl1a1 
Lhe settlement a11<l rcu1...tivity of botl1 the fill and tl1c 
underlying natural soil co1111ll1es witll Clause 2.3.J(c) 

2.S PROBLl1:~1 Sl'l'ES. Where the site inclu<lcs 
mine subsidence, unco11trollcd fill. landslip co11Jitio11s 
or soft soil (sec Clause 2.3.5). ttlc site st1all be cl~!\itied 
as a problen1 stte (Class P) and a footing system sl1all 
be desig11cd i11 accorda11ce with Sect ion 5. 

• 

COPYRIGhT 

I 



\S l 70- 19 ft 

• 
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SIT ('l ~ASS11 :- 1 . TfON 11Y SC)IL r>ROf711 . (~ lf )l ~ N ' T 11:-1c/\TION 

111 so111c areas, \\ 11<.·rc ~l1fli (.'.ic 1tl cl:i1;1 ll ~l\ been estal)li,l1c<.J
1 

~\11 ilS\l.,,,,1c11t l>f tl1c 
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An engineering geological mapping program has been conducted tn 
provide essential geological i n f o r L t L n  for use Sy S n e r s  and 
engineers working in the Melton Development Area, Victoria.

examples of thematic mapping for land
initially conducted. A data base of ove? 800

h5  previous work, and supplemented
of the qeoloaicll iat^ little was knownawafiah? ^  f materials. This information was compiled using
available computer facilities and combined with traditional field
mapping methods. A map folio presenting individual aspects of the engineering geology was produced. aspects or tne

°5 ^oil have been identified and mapped, and
a? afea affected by soil subsidence was examined in detail

suitability

used to produce the maps, providing the ability for rapid future revision. t' t y viuiuy une

= °f seven unpublished reports on themap area, describes the engineering geology.

n

11
u

KEYWORDS: Engineering Geological Mapping, Medium Scale, Soils,
Maps, Engineering Geology, Engineering Soils, Kriging, 
Urban Planning, Hydrogeological Maps



I U

Qa

CONTENTS

INTRODUCTION 

ENGINEERING GEOLOGY

1 Isopleth Napping of Soil Thickness
1.1 Numeric surfaces
1.2 Interpolation techniques
1.3 Kriging

1.3.1 Variograms
1.3.2 Simple kriging
1.3.3 Block kriging
1.3.4 Universal kriging

1.4 Soil thickness mapping - Definitions and parameters
1.5 Numeric surface computations

1.5.1 Variogram computation
1.5.2 Kriging

1.6 Validity checking
1.7 Numeric surface representation
1.8 Geological interpretation
1.9 Geotechnical interpretation
1.10 Further work

2 Groundwater
2.1 water quality

3 Engineering Properties of the Soil
4 Suitability for Development

4.1 Past assessments
4.2 Building foundations

4.2.1 Class P (problem) sites
4.3 Sewerage
4.4 Roadmaking

FIGURES

Page

1
2
3
4
5
6 
7

Theoretical variograms.
Distribution of soil depth data set.
Variogram of soil depth data set.
Directional variograms of soil depth data set. 
Spherical model fitted to soil depth variogram. 
Shade colour plot of soil depth values.
Soil depth isopleths.

8 Confidence values of soil depth.
9 Standing groundwater level.

10 Potentiometric surface of groundwater.
11 Stiff diagrams showing water quality.
12 Soil test data distribution
13 Several possible individual-value simple

character scales.
14 Several possible individual—value compound

character scales.
15 Chernoff face.
16 Flag map of liquid limit value.
17 Soil depth isopleths and liquid limit values.
18 SCA land units.
19 Soil classification map.
20 Site classification.

1
1
2
3
3
5
6
7
8 
9

11
11
15
16 
16 
20 
20 
20 
22 
27 
31 
31 
34
43
44 
46

4
10
12
13
14
17
18 
19
23
24 
26 
28

29

29
30
32
33 
35 
39 
42



D

TABLES

1 Soil depth data quality.
2 Open standpipe readings.
3 GroundwatGir quality*
 ̂ total soluble salts and magnesium in
drinking_water of livestock.

facial features and ranges.
6 SCA Land Units - Development limitations.
7 Soil classification table.
8 Site classes.
9 Current domestic waste water disposal methods. 

APPENDICES

9
21
25

26 
30 
36
40
41 
45

APPENDIX I Simple kriging example.
APPENDIX II Check plots for soil S^pth

ons.

ACKNOWLEDGEMENTS

™ a t “l : i l T " ? L ™ i ^ d g e d f o r g a n i s a t i o n s  (and poopl,) is

Kinhill-Rofe Pty Ltd (J. Brewer)
Farley & Lewers Pty Ltd (M. Cameron)
Department of Agriculture and Rural Affairs ( t Mah = ,- t m 4. ■ t 
Land Protection Service (D. Howeri. Wh?^e)  ̂
state Chemistry Laboratories (p. Briner)
Public Works Department (j. Kip)
CRA Exploration Ltd (T. Dixon)
Urban Land Authority (H. Bartlett)
Health Commission of Victoria (P. Quaill)
Shire of Melton (L. Merrit)
Railway Construction Board (J. Cooney)
State Electricity Commission (W. Regan)
Dandenong Valley Authority (j. Crouch)



EESj rrn a  irz! izn

'-'PI
■kl

LIST OF ABBREVIATIONS used in reporting the Melton Engineering Geology Mapping Project. 
Abbreviation Definition

AASHO
AEBIRA
AHD
AHG
AS1276
AS12Q9
AS2370
CAD
CBD
CBR
CRB
CSIRO
DITR
doe
OVAECS
EDF
EFA
F&L
FAO
FS
GEOSIS
GLQ
GSV
lAEG
IGS
LL
LPS
LS
WKBW
MPE
«SA
MSICC
MURL
OGS
Ph
PI
RCA
SAA
SCA
SCS-USDA
TDS
UBR
ULA
USGS
VBR
WHO
KRD

American Association qf state Highway Officials
Australian Engineering and Building Industry Research Association 
Australian Height Datum 
Australian Metric Grid
Australian Standard AS1276 - SAA Site Investigation Code
Australian Standard AS1289 - Methods of Testing Soils for Engineering Purnoses
Australian Standard AS2870 - Residential Slabs and Footings Purposes
Computer Aided Drafting/Design
Central Business District
California Bearing Ratio
Country Roads Board
Commenweaith Scientific and Industrial Research Organisation
Department o;r Industry, Technology and Resources
Department o£ JInyironment
Dandenong Valley Authority
Engineering-Computer Services Pty. Ltd.
Electronic Datai Processing 
Environment Protection Authority 
■Farley and Lewers Pty Ltd 
Food and Agriculture organisation 
Free Swell
Geoscience Spatial ^Information system . '
Genes is-*Lithology-Qua I if ier
Geological Survey of Victoria
International Association of Engineering Geologv 
Institute of Geological Sciences
Liquid Limit . . ’ ^
Land Protection Service 
Linear Shrinkage
Melbourne Metropolitan Board of Works 
Ministry for Planning and Environment 
Melton Sewage Authority
Melton - Sunbury Interim Co-ordinating Committee 
Melbourne Underground Rail Loop '
Ontario Geo logical Survey 
Plastic Limit •
Plasticity index 
Road Construction Authority 
Standards Association of Australia 
Soil Conservation Authority

Service - United States Department of Agriculture Total Dissolved Solids 
Uniform Building Regulations 
Urban Land Authority 
United States .Geological Survey 
Victorian Building Regulations 
World Health Organisation 
X-Ray Diffraction I
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INTRODUCTION

Melton is located on the Western Highway 39 kni WNW of
Melbourne and was chosen by the Victorian Government for Ltellife township development in 1 9 7 3  , v.uveLnmeni: ror satellite

March®1983 Geological Mapping Project commenced in
c of an ongoing mapping scheme conducted by the

Victoria (GSV), now a branch of the DepLtment 
f Industry, Technology and Resources (DITR). The project aims at

depietinsr relev,St^eclog)“ l
reatures and properties in a useful manner for engineers and 
planners working in the Melton Development Area.

An engineering geological map is a thematic map which provides a 
generalized representation of all those c o m p o n L ™  S  r S e o l o a i L l
?SIJst?I!ctiL°fnd^matnt''^''''® land-use planning, and in design, onstruction and maintenance as applied to civil engineering.

i^eview of mapping methods for land-use 
a conducted to examine the past and present progress in
a broad context. In particular, medium-scale engineering and

A review of readily accessible data highlighted shortcomings in
C i W  o f % ? l t i n % ® ”^ quantity of data outside of the established City of Melton. Consequently, a drilling, sampling and testina 
program was conducted. Research of previous wSrk L r a d d ^ ^ ^ n l l  
geological mapping supplemented the data analysis. The presentation

‘==«ographic, with each cSpongS? o?the geology being a separate theme on a basic map.

Seven reports have been produced in the 
series: GSV Unpublished Report

Unpublished
Engineering

Unpublished
Engineering

Unpublished
Engineering

Unpublished
Engineering

Unpublished 
Enginee ring

Unpublished
Engineering

Unpublished
Engineering

Report 1986/1
Geological Mapping - A Review 

Report 1986/2
Geology of Melton - The Melton Development Area 
Report 1986/3
Geology of Melton - Drilling, testing and mapping program 
Report 1986/4
Geology of Melton - Geology and geomorphology 
Report 1986/5
Geology of Melton - Engineering geology 
Report 1986/5
Geology of Melton - Map presentation of data 
Report 1986/7
Geology of Melton — Summary



1 Isopleth Nappin< £ Soil Thickness

X-
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Thickness is a soil j_. 
at Melton. The depth < 
on the cost of water , 
stability of light s' r'

rty of importance to urban development 
3il cover over the basalt has influence 
sewerage supply, the foundation 

;tures, and road making costs.

depicrSlassL'"of geological mapping toaepict Classes of soil, based on similarities of soil properties
mapped as a particular class will have ’

c l a s ^  similar to those recorded for that
classes Lonffbh®" ^ t the otherClasses, isopleth mapping is often referred to as 'contouring'
y analogy with the mapping of topographic height. However,

iSi^ topographic contours are usually drawn to
30in points of equal measured height, whereas isopleths join 
points of inferred equal value. In practice topographic cCirours 
o r a P ^ - f r ^ ' w ' ^  continuously, eithe? on the g r L n d  on
accuriteiv a^ S r S r '  the result that they can be drawn as

I, J f equipment allows. Soil isopleths on
the other hand must be derived from a set of more or less widely 
spaced points and are thetefoce subject to san.pll„“ va?iatiin!

"lay be computed tcoin borehole
test pit observations by utilising computer packages.

1.1 Numeric surfaces

When mapping soil properties, the distribution of a single 
^hP ? displayed by assigning to each class on the map
the typical value of that property within its class. The value 
at any one place is not actually recorded - unless there is a 
sample point (i.e. a borehole or test-pit) - it is predicted It 
IS realised that the actual value there will differ from the" 
predicted value. The statistical rational, can be e t p « L , 5  as:

where z
the sum of three terms:

H the p n e r a l  mean of the property for the whole area; 
class ; between the general meah and the mean of

va^r'iance ^on^Ponent distributed normally with zero mean and

The parameters/I ,a,-,0 ;̂ and can all be estimated from data as
respectively by the least squares analysis and 

analysis of variance._ The predicted value for an unrecorded
frJm s* "^thr..imn? confidence limits are determinedfrom Sjj, , the sample within-class variance. The smaller is 
more precise will any prediction be, and the „ o r f v a l u l b i r & e

z^^(i + aj + 6ij

the value of a property at any place in class j is
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Where measured data are soarao *.u
to prediction and mapping is the o n l v ^ f p a ^ m  approach
depends on there being an association “  obviously
interest and the clas^i between the property of
recognized independently in tetms^of\he°Sod ^*^0
average be substantially qreatet%tfn l“J  must on
classification does not helo to k ^u' otherwise the
the procedure takes no account of the'^^r.J?^ property. However 
data points and their relations to arrangement of the
gradation of values acrosrhnnndJ?-^ points, nor of any
consequence when data ar^ Hone- These can only be of
spatGlly d e p e S a n ? Y a n d

-  =“ -„ative to 
points. Mapping can be aoMe?ed by unvlsitad
forming a continued statistical surfai- *g^og such values as 
can be represented by isopleths. plane, which
.1.2 Interpolation techniques

computer programs*"for automa?^^^ available, especially in
breifly r ^ i S ^ f m e '  o f  > has
triangulation, inverse square d i s t a n n o   ̂ interpolation across 
square polyno.iala, Theisson poiyg“ “  and

techniques conslst^of'placUg°a tur^recY''’^?^'
mesh over the entire area and comDuM'nff^"^" square)
property at each mesh point This ^he
forms of processing su?h a s ’s S o t h i n f  suited to various
transformations. The size of t-Ko 9/ filtering and fourier 
frequency content o? ^ J f r e f u l f n r m ^ d f g o v e r n  the 
map detail. Both the type o? d a ? f a S  isopleth
inauence the choice of mesh i f f v a ?  ^^Pinterpolation technique. interval and the choice of

I i  JhtefsLpI1?rySfee§?'''“ “" <s u c H as Kriging),

point beiSg'coSSaerel'^?Je Klectio!! al^ ''fjinity of the mesh
closest 'n' points in 'x' n u m b e f o f  locate the
point normally within a c e r t a i f d i f t a f f s u r r o u n d i n g  the mesh

n u m b e f  a n d f f d i s t f b u U o f " P°^"hs are adequate in both

' )"’ a weighted average of
the distance between the data vL^es'^lid".” *'!)? value,operator distance. values and an optional smoothing



u

: (or in) any areas,'
- ="<» ‘"=nds, fill

"ostricted to P c ^ U  ^

nun*ei’o“ pSrn?^f5r°^n?erpo?aUorpUys‘I in that the

mathematically d S r a b ? ^ ^ n f ^ ^  "‘̂ ^°™^^^® ̂ ^tween the
Though these other feasible,
they may give biased interpolation whll^f applications
estimate of the error of i n t e f o f M n n  ^  provide nominimise that error. ipolation, nor do they attempt to

1•3 Kriging

m e a L  °f^spatif d i c t i f  ̂ in^thf s e n f  optimal
estimates of v a l u L  a f u ^ r e c o ^ d e f  ^ ^ provides

? e f r ^ l ^ ^ ^ d '^ e a r L ^ l e lT e e l J o  h e ^ f  if
<1966, for the ostir,atio„''„1°S^

1 .3 . 1  Variograms

w M ^ i ’’LfL"?e"^\h°a"„“ )')e‘=S?'’"‘‘? L r d ' ‘'‘=“/ ‘'' -"'i-variogram.
Estimates of semi-variance are t h ^ f  property,
applied to the data when computing the avers Ibe weights
presented in the kriging equafoSI.

The semi-variance is expressed as:

are

and
y(h)-2VAfl[z(i)- za+hj'] =iZ[z(i)-z(i +h)\yn

[2 )
is s lueasur© of th© <?iTniiar"iTtr

2 at point / and another poii? aJ^= observation
other words, the semi^varian/o To “ 9 rven distance h away, in

s^M-^hrfo^rl;?” g r a ^ f i f - ^
for integer 

y{t}) versus h is the

U ?  Charaotanatlos which
Of interest, and (b) are n e e d L  ?n nt? property
previously unrecorded points These estimates atto FigureJ. , pvincs. inese are described in reference

D



Range

Nugge
Nugget

Figure Theoretical Variograms.
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to a maximum, a p p r ^ i m a t e l y ^ ^ t L ' ^ i a r i a n c e ^ ^ f i n c r e a s i n g  /, moderate value of , sav a the data, at a
Points closer than the L n g e  are s K t i a l l v % ^ ’"°''d further apart bear no relarfnn dependant; points
periodic variation in the s o U  whpn^• there is a
to use only those p o L t s  closer S a n  ifl^erpolating, the aim is point. ^ ^  Closer than the range to the predicted

By definition -v(/)) = 0 when a - n u .
smooth curve t L t  approximates'tS; '/ \ P t a c t i c e , any
unlikely to pass through the origin instead S ®  ®®‘"^-var.iance is
a positive finite value to w h i n h ? ’i there appears to be
This intercept is known as the nugget '’ approaches C
general is known as the nugget
sampling practice in gold mining S e r e  derive from
nugget in narrow core is a somewh^? r  ^® ^"‘̂ lusion of a gold 
effect accounts for dii?e?enrre^,^ ̂  ®'^®"t • The nuggit
twice. This may occur for reLonriich'ac;^^”^^'^”^ ^’̂® ^^te
precision, poor sampling practice o? analytical
low scale. Most semi-variograms o f  erratic values at
effects (Burgess and Webster 1980a) P ‘̂°PS'^ties show nugget
embraces fluctuation in thr^oil "'"^^®t variance
shorter than the sampling interval distances much
interpolation. ® limits the precision of

The value at which 'v(h ) levels nnf- n ' , 
jep4es,„ts the ta„,I of vatiance

soil semi-va?ioPaL!'^rnnearioder''fi?Hr= ‘̂ ^ r “ ^simplest, and will often descrihR^^h\ in t is
spherical model, given byf I  r 3 ” i ^

° 2 (a) lor 0<hga

y(h) =  Cq + C
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Simple kriging

“ fs  'th fJecES? n o ^ a u ;„ V Y « j° ‘x - i r ° l f " L e ' ? ‘  PO in t(X .) whoro 
wulqhted avotage, „£ th" oiiatv'ld'v'iUl'i|*'Lp;"IL'd'‘a:; “

z,- x,z(x,)+ X,z(X:)+...;...x„z(xj.
. :oefficients or weiqhl

points, as discussed in section .1.2,

(4 )
where the X ate eoeffieients or weights associated with the data

S t D Y ? e " l s t ) M t r ) f f l s f t h a S  5 5 / a ^  associated

“ ! . r £ L ' S s u ; j " ^ ; : „ ^ “ ^ j ^ | i i " “’°5 0 us to eguation (1 ,, section

2(X}^ /l^+ €(X) (51
value of the property at X  within a 

neighbourhood V /. i s  the mean value i^ that neighbour)
c(a; is a spatially deoendent ranHnm —  i. ...-4.̂  _variation d e ? ! ^ ' ^ t a n d i m - c o i p S ^ e ^ - ^ i t h “i"?r„t."^ and

v4n[e(xVe(X4H^= e[(e(x)i-£(X4.»)]j = s7(„) ,6,
and equals 2 7 (/,) if variation is isotropic. It is assumed that

neighbourhood, though different 
neighbourhoods may have different means, and that the 
semi variogram is the same over the whole area The last 
assumption rmplics that, there are no sharp. b o u n d l a e s Y L u l t s ,  

boundaries are known to exist then 
terpo-ation is carried out separetel.y on either side.

The doefficients ,or weights) are calculated using the equations,

L
I 7

\ 7 (X„X/ , 4  = y(x„x,) lor it 1,2,3, n (7 )

where is a Lagrange multiplier
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The matrix notation is given by = A~' B

7(X,,Xj

1
7(X,,XJ

1

'y(^3,x,) 1
7(X3,XJ 1

* r

1
1 0

X
/I

T'(X,,Xj‘
T(X,,XJ

. B = • I

■>' iXn'.Xj

r* “i
1

L

(8 )

(9)

The minimum estimation variance is a/ given by

Oi =
(10)

c™putSS“ eL-vLL'o^ran."a^r?i“  900d„ess of thethaE the va“ ero)E5)J7 ‘“'‘Pn to ensSi
satisfactory. First the = ^ “ ?ing equations are
long runs of data {or a nuSber of sho^f^®^ performed on
semi-variances at short l i o r L n  hf ^  *"hat the
comparisons. Second a senfihi I computed from many pairs of 
the^esults, and Jndividua? e s ? i m S J  to descriJe
according to the number of 7('>) can be weighted
based whin filtingThl tl>« they hte

A p p l S ^ " l ° *  '‘tt9‘»9 (Fartelly, 1985) is shown 1

Block kriging

in

1.3.3

represent volumes with the same size and'̂ '̂ h ^ estimates 
soil from which the original proo e r L  ® as the volumes of 
If observations are derived f?om 1 measured. For example, 
estimated grid p o i n t r a r r s t L v M , ,  then the
the observations were test pits fhon 10cm diameter, if
would also represent test pits A??ho computed grid points 
in this fashion for convenienop *^thougb.sampling is carried out 
observation at a s i n Siriamo^rAo the
observer to represent the surronn^” usually taken by the 
nearer to it thafan^ o J L ?  least the area
geologist may wish to internolafp interpolating the
bldcK „nny tLds - e a  on

bloc)i kriging? ln^block°kriqina ^  j procedure known as
X. we consider a region

0
____
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equation 9 is renlar-orq u iu . ^®9ionj. Thus each'Y(Y. y \ nf d( X 1 IS rriT, placed by the integral C'vfy v) /v\ / \ ®PiX; is given as follows; J '(X/ XJp(x)d(x) where

pW

p(x)=o otherwise.
Hn if X belongs tot? (11)

and
(1 2 ) [ p(̂ } d(x) =

» e  weights for block K r ig in g

where

s =

^y(x„x) P(xid(i) 
fy(X2,x) p(*jc(c*)

!7(X„,X) P6‘)d0‘)

e j  ■ - (13)

(14)

J
The estimated variance for the area « is

/ij “ Iĵ T (x,'!l̂  p('t) p(l) d(x) cl(̂ j (15)

^®°Pj®th map,^locarminor variation^caJ^obs^ more accurate

c a lc u la t e r o ? e r ' r i im b i ;  o f W a d e r^  a r L S ^  a v ^ S e 'v a lS s " '
1.3.4 Universal kriging

t o c a i l r e S r i f d a t a ' s  takes into account

methods. Either (1) a structuraranA?^^” ’̂ ^ o n e  of two 
which simultaneously estimates carried out,
between the drift a^d the actual Satr^mh"''®^ differences
serai-variograms are then usld for resulting
prior generation of a reqional interpolation. Or (2)
calculated for the residuals "Variograms are
produce the numeric surface.* i^iging is then used to

■'
■i ' -

f -
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Universal kriging is not comprehensively applicable to soil 
survey (Webster and. Burgess, 1580), mainly because of the large 
nugget variances usually encountered, which arise in part because 
measurements are made on small widely separated volumes of soil 
These effectively prevent any distinction between constant and 
changing drift.

Universal kriging would not be applicable to the data obtained at 
Melton for these reasons.
1.4 Soil thickness mapping - Definitions and parameters

Soil thickness, like many geological parameters, has a certain 
amount of subjective judgement incorporated into a definition. 
Past work in the area (Maclsaac and Key, for the Melton Sewage

^ definition of soil thickness as being 
the depth to powered-auger refusal. A map depicting "rock 
contours" was p.roduced and used as a guide in the drafting of 
tenders for the installation of sewerage and storm-water 
pipelines. Since cost of excavation increases rapidly when 
basalt is encountered, such guides are valuable.

In the engineering geological sense, soil is defined by "all 
materials above bedrock" (Bates and Jackson, 

lyBU). This definition includes cobbles and boulders ('floaters' ) 
surrounded by soil which are common in residual basaltic soils 
and such floaters are sufficiently large and unweathered to cause 
powered auger penetration refusal when encountered. Thus, 
power-auger refusal may be a misleading definition for soil 
depth, although the only feasible one. This in turn, results in 
a variation soil depth over short distances (which accounts for 
the large nugget effects in the semi-variograms).

Where a sample point represents an excavated test-pit, the soil 
depth is taken as depth to excavator refusal. If the sample 
point represents a borehole drilled by a percussion or diamond 
drill, then the soil depth is judged from the borelogs as being 
the top of the first encountered rock which would refuse 
penetration by a powered-auger.

Sample points where rock was not encountered and points where
penetration refusal occured on alluvial gravels or calcareous
nodules were not included in the computations. However, they
were used in checking the accuracy of the isopleth map on completion. r- t-

Approximately 1100 sample points (boreholes and test-pits) were 
available for scrutiny within the map area. Of these, 648 were 
selected into the data base which formed the basis for the soil 
depth computations. The selected points represented those for 
which a positive soil depth value could be given.

Since the data were collected from several sources, the quality 
varied according to the origin. For some of the data the 
locations were approximate, as the coordinates were scaled from 
locality diagrams included in reports. For other data the sample 
locations were surveyed.



The soil depth values were generally precise. The only exception 
was where data from percussion drilling was included - the 
depths tended to correspond to the length of a drill-rod (i.e. 
1.50m, 3.00m, etc.) in most of the locations. However, for one 
metre isopleths, this data remains valid.

The quality of the data is tabulated below.

Source Number 
of data 
points

Location
technique

Estimated 
error 
(metres)

Drilling
method

Estimated soil 
depth error 
(metres)

n GSV 184
24

Surveyed
Scaled

Nil
5

Auger + pit 
Unknown

Nil
1

il MSA 207 Scaled 5 Auger + 
diamond

Nil

1 1 RCA 105 Scaled ' \ ■ 2 Auguer + pit 
+ diamond

Nil

nU
F6i L 105 Scaled 2 Percussion 

Diamond :
0.5
Nil

p: Other 23 Scaled 20 Various 0.5

L Table 1. Soil Depth Data Quality.
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The distribution of data (Fig. 2) presents a challenging
numeric surface calculations. The 'clumping' of the 

sample points makes gridding difficult, because the uneven 
distribution makes the selection of mesh size a problem.

1.5 Numeric surface computation

The numeric surface representing soil depth was computed using a 
package supplied by Engineering Computer Services Pty Ltd (ECS). 
The program - GPCKRG - is part of an interactive general purpose 
gridding and contouring package known as GPC/GPCINT-.

GPCKRG allows the computation of the semi-variograms, the fitting 
of either a simple linear or spherical model, and. kriging using 
simple, block or universal kriging methods. During the 
computation of the grid manipulations may be made such as

* including trends or faults,
* expansion of the grid beyond the data points, 

applying smoothing operators to the grid, 
restricting the gridding to a defined polygon, 
limiting the grid to positive values only,
the US6 of a sample location tolerance to simulate sampling error, 
limiting the interpolation to a given range, and 
including data from outside the grid area.
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The computed grid may then be masked to include or exclude given a IT sa s • ^

1.5.1 Variogram computation

= semi-variograms were computed to
fho suitability of the data to kriging. The shape of
the variogram computed (Fig. 3) showed a distinct nugget

range and sill value. This indicated that the data set 
is suited to treatment by kriging.

were computed in the four cardinal directions to 
check for any possible anisotropies (Fig. 4). The resultant 
variograms showed no substantial differences in their shapes 
which indicated a lack of anisotropy in the data seti ?he

shape in the directional variograms also indicate 
the absence of strong regional trends (or drift), which 
alleviates the need for universal kriging.

modelling parameters were chosen. A 
spherical model was judged to best fit the data, with a nugget 
of 0.5 metres, a sill of 3.8 metres, and a range of 400 metres. 
The model is plotted on the variogram in Figure 5.

interesting observations can be made from the variograms. 
The ayerage nugget effect indicates that the uncertainty in 
sampling the same location twice is 0.5 metres. More simply,

= 4-  ̂ depth can only ever be predicted to the
nearest half-metre, even in the most frequently sampled 
locations. The average range of 400 metres indicates that the 
soil depth can be predicted (with a calculated confidence) from 

in one place to another place up to 400 metres 
distant, after which there is no relationship. The sill of 3 8

average difference in observations greater 
than 400 metres apart, or more simply, the maximum error in 
prediction.

1.5.2 Kriging

The variograms illustrate that the data set is suited to either 
of ?nn°^ techniques. Kriging the data in blocks

siae) was chosen as 
the most applicable method. This choice is based on an
examination of the end requirement, ie. the production of a

indicates the average thickness in an area, 
without being site-specific. By using block kriging the map
tnn v^^nn ! average thickness that would be encountered over

^4. uq (le. 10,OOOmM which provides a
P^'taininq to an area, rather

The gridding parameters were as follows;

11

mesh size 
scan distance 
data distance tolerance 
points searched per octant

100 X 100 metres 
2800 metres 
5 metres 
2
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grid rotation,
extrapolation beyond the mesh points,
logarithmic gridding,
smoothing,
limit to interpolation, and 
restriction to a boundary polygon.

later masked to exclude the gridded area outside of 
the Melton development area boundary. This was carried out bv 
utilising another GPC program (GRDMSK).

were chosen to best fit the-density and 
of the data. The scan radius naturally presents a

the variograms that the radius 
of search should be 400 metres. Using sample points 2800 metres 
away to predict mesh point values is not reliLle (even thougr 
K  o L v p n ?  would be very small), but unfortunately necelsary

prevent gaps in the grid. The only alternative would be to 
acquire more data. ■

By using a data distance tolerance two problems are ' 
simultaneously solved. The first is. that kriging is a process 
which honours the data_(subject to the mesh size selected). This 
assumes that the sampling is repeatable, even when a nugget 
effect IS present, which is not always valid. The use of a

possible error in sampling and 
results in non covariance between samples, which relaxes the

honour the data. The second problem is that much of 
data was scaled from plans and diagrams to provide AHG 

CO ordinates. This introduces a real error (assumed, to be in the 
order of five metres), which can be accounted for by the data 
distance tolerance.

1.5 Validity checking

The resultant soil depth plot required a validity check, in order 
to assess the end result in terms of the real data. For this 
purpose an isopleth plot was compared with plots of the 
distribution of sample points in each range (Figs 1 to 10

W ? f h  Performed by comparing the resultant isopleth
 ̂ ^ sample locations which were not included in the 

data set, but for which minimum a depth of soil is known (Figs 
11 to 17, Appendix II). These sampled locations are those where the

encounter rock, and so strictly were 
ii^cluded. The comparison was generally very good, 

although in one small area known soil depths were consistently 
h predicted by the numeric surface. In this area 

an adjustment was made by including bores with the known soil 
deptih.

; .

little changed (the sill was adjusted 
to 3.6 metres), and so the overall adjustment to the grid was 
minimal. ^
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1.7 Numeric surface representation

deLriSed'abovJf^"^" produced by the kriging techniques

1 Soil depth
depth values is illustrated as a 

^ Figure 6. By using shade colour, the minor
is^Dleth’̂ nlnf^fp°*^ so obviously displayed as on the corresponding 
o w . i  V -  overall impression of gradation isgiven, rather than the concept of distinct boundaries.
2 Confidence values

surface computed by the program represents the 
confidence placed on the soil depth values. This surface is 
illustrated by a shade colour plot in Figure 8. The confidence 
values are expressed in metres and depict the ’plus-or-minus' 
values that can be placed on the predicted soil depth values at 
any given place. As expected, the confidence is high in areas

can be read as one metre plus~or-minus three and a half met-es 
However, the philosophy behind the attempt to illustrate 
and IS that any information is better than none at all,
and the confidence grid can be included as a reliability diagram.
1.8 Geological interpretation

The resultant isopleth map of soil depth illustrates some 
interesting trends which have geological implications.

FI® due to two main causes.
weathering, or weathering that occurs at 

different rates as a result of variations in composition and 
resistance of a rock, or differences in intensity of weatherina 

1  ̂ climatic conditions. Secondly, differences
in geologic age of various surfaces, resulting in the develoSent 
of younger and older weathering profiles.

In the Melton development area, the variations in soil depth can
diffSrenti^af® as being due to a combination of geologic age and
tj Mt cStt?ell M  the area of Melton closesto Mt Cottrell (i.e. the south-eastern portion of the man) shows
the shallow soil. This implies that some lava flows from
the past volcanic eruptions are represented here by their shallow

■'■’I flow b o u n S d  bJ io S i J iCreek, the other side of which the soils thicken. These thicker 
s o u s  would bo formed on older leva flows and so h a " r L d  t I » r t o  
weather deeper at an accelerated rate due to the moisture 
provided by Toolern Creek.

Similarly, the shallow soils in the north-west area would 
represent the most recent lava flow from the eruption point at 
'Melton Park'. The thicker soils south and east of ^ S i r ^ o w  
would represent the soils in the older flows.

16
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1*9 Geotechnical interpretation

® geotechnicalarffr K io"̂  decision making in development planning. The

d e v e l o p ™ ” . j L h  s e ™ “ ge S ” ?o‘rS” a t e r d L “L S ^  " n 1 S e " I  °*
- P - - v e l y  and

Areas where soils are thick represent the problem areas for
SotentL?^^^ the basalt soils have high shrink-swell
^section 4 2 ) s i m n ^  thickest soils4.2). Similar consequences relate to road making.
1.10 Further work

The upgrading of the soil isopleth map can be very easily carried
n u L S c  suJ?!=arto'’" r ; “ ie" ”  ‘S’" a n d ^ o m p i i L ,  L ”
anrooS£ida™a"£‘^ f  °JotI- ”  >=oth the L c u t L y

One spin-off from using kriging as a griddinq techniaue is thai-
sampling programs can be easilj planned to a?hilvra^reqiLed
confidence value. For example, if soil depths to the ^eares?
metre were required to be known in. an certain area, then bv

the variograms an optimal grid spacing could be chosen
to achieve the desired result. This could be useful for the
knnw Of large subdivisions, where it is advantageous toknow where shallow rock occurs. auvantagepus to

20

2 Groundwater

The nature of the groundwater re 
consideration in the engineering 
environments. Shallow groundwate 
building foundations, as can ove 
resource (Leggett, 1973). Large 
runoff from storms and decreases 
recharging underground supplies, 
size renders large areas impervi

gime can be an important 
development of urban 

r tables can cause settlement of 
r-extraction of a groundwater 
expanses of pavement increase 
the total amount of water 
Similarly small residential lot 

ous ( Leopold, 1968).

was not encountered at any time during the drilling 
program. Several open standpipes were installed in the deener

exception, groundwater was not
(Dierrilarrh monitoring. The one exception(D]erriwarrh 102) was adjacent to the Toolern Creek where watpr was encountered in gravel beds. ^>-eeK, wnere water

I I Table 2 documents the monitoring progr am.

occurrence and distribution of groundwater in the 
(1972) I h L  ( 1 9 7 ? r i l 7 M ' ^  by Kenley (1960 & 1977), Thompson
1983 & 1986) p I L n f  (1977), and Williams( y«3 & 1986). Essentially, the groundwater in the region

occupies the two major sub-horizontal geological formations the
Newer Volcanics and the Werribee Formation (U.R. 1986/4). '
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Djerriwarch 100 
Harkness Rd

Djerriwacrh 101 
Hardy's Hd

Djerriwarrh 102 
Shire Pound

Djerciwaitrh 103 
Buckle Crt

Djerriwarrh 104 
The Bullock Trk

Djerriwarrh 105 
cnr Harkness Ed 
i Porteous Rd

Djerriwarrh 106 
Bulnians Rd

Djerriwarrh 107 
Bulmans Ed

Djerriwarrh 108 
Bulmans Rd

Kororoit 57 
Cnr Ryans Rd 
£ Finchs Rd

Installation

10.11,-83 
7,5 m 
Dry

11.11.'83 
2-75 m 
Dry

14.11. '83 
8.75 m 
Dry

15.11 . '83. 
12.5 m 
Dry

15.11.-83 
5.2 m 
Dry

18.11.'83 
12.5 m 
Dry

21.11.-83 
7.4 m 
Dry

23 .11.'83 
8.0 m 
Dry

23.11.'83 
3.4 111 
Dry

25.11.'S3 
3.1 m 
Dry

1.12.^83

7.5 m 
Dry

7.5 m 
Dry

2.7 m 
Dry

2.7 m 
Dry

7.21 m
Wet .

7.0 m 
Wet

12.4 m 
Dry

12.4 m 
Dry

5.1 m 
Dry

5.1 m 
Dry

12 .0 
Dry

7,0,
Dry

:'7.5
Dry

3 .3 -̂iTi 
Dry

a.o
Dry

Table 2. open standpipe readings.

I’SRMWt.j

Date S; Readings 
29.3. '84 18.7.'34 16.8. '34 19,9.'! 17.10. '84 15.11. '84

7.5 m 
Dry

7..5
Dry

7,54 m 
Dry

7.59 itj 
Dry

7.57 m 
Dry

7.56 m 
Dry

2.7
Dry 2 .47 

Wet
Area
flooded

1.98
Wet

2.0 m 
Wet

7.15
Wet

7.59 m 
Wet

12.4 , 
Dry

12.4
Dry

5.1
Wet

.5.0
Wet

12.0 tn
Dry

12.0
Dry -

6.9 m 
Dry

6.9
Dry,

7.5 m 
Dry

7.5
Dry

Destroyed

8-0 in 
Dry . 8.0

Dry

accuracy of recording was improved. 
Groundwater encountered in bore Djerriwarrh 102 
Bore Dgerrxwarrh 101 was situated in low-lying area.

7.4 2 m 
Wet ̂ '

7.53 ra 
Wet .

7.17
Wet Destroyed

11.94 
Dry .

11.94 m 
Dry

11.96 ni 
Dry

11.96 m 
Dry

4 . 83 
Dry

4.88
Dry

4.89
Dry

4.89 m 
Dry

11.94
Dry .11.36

Wet
11.38; m. 
Dry.

11.36 m 
Dry

6 .74 6.79 m 
Wet:

6.79 m 
Dry,

6.79 m 
Drv

7.29
Dry

7. 31 m 
Drv

7.32 in 
Dry

7.31 m 
Dry

7.83
Dry

7.86 m 
Dry

7.85
Dry

7.86 m 
Dry

j :■!

'li'.
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° sequences of basalt flows
F. soil layers of low permeability. The basalts are

differentiaUy cracked by large numbers of thermal contraction 
joints which represent about 0.5% by volume of the rock and serve 
both c»5 the main space for water storage and the channelways for 
water movement. They generally contain at least two separate 
aquifers - upper and lower - which in places are vertically 
interconnected and operate as a two aquifer system {Kenley, 1977),

The upper basalt aquifer is an unconfined water table aquifer
by direct slow infiltration of rain or str 

water. The lower basalt aquifer is a confined low pressure 
aquifer. Water enters this aquifer in areas where it locally 
outcrops and partly also by vertical leakage from the upper 
aquifer in places where the low permeability interbeds are lacking.

The Werribee Formation contains a number of porous sand and 
gravel layers each of which behaves a s a  confined aquifer under 
considerable hydrostatic head. The groundwater in this formation 
occupies the pore spaces between the sand grains which may 
represent up to 25% by volume of the sand. These sands do not' 
outcrop in the map area, and recharge may be from the north and 
west where the Formation outcrops, or from downward leakage from 
the basalt aquifersi

Information on the groundwater in the Melton Development Area is 
generally lacking. Only 36 of the researched bores had standing 
water level measurements, while 45 had groundwater quality : 
information. Two numeric surfaces were computed from the data^

The first - a grid of the standing water levels - was computed 
using a general purpose gridding program {GPCGRD; ECS, 1986).
The second - a grid of the height above the AHD of the 
potentioraetric surface - was computed by subtracting the standing 
water level grid from a grid of the topographic surface. These 
surfaces are illustrated in Figures 9 & 10.

2.1 Water Quality

Table 3 details the quality of the groundwater within the map
f  0 cl •

In general terms, the groundwater in the Melton map area is of 
the sodium-chloride type with some magnesium sulphate. There are 
however, some differences both in concentration and percentage.

A m a j o r  study of the groundwater conditions of a proposed quarry 
site (bounded by Ferris Rd, Mt Cottrell Rd and the 
North-Western Railway) found that two water masses, one in the 
upper and one in the lower aquifer, can be identified from water 
quality (Williams, 1986). Figure 11 illustrates this 
difference where the Stiff diagrams for the upper and lower 
aquifers from test pump well samples and two farm bores have been 
compared. The difference is due to a greater percentage of 
magnesium chloride in the lower aquifer and sodium bicarbonate in

'a

i o

to
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BORB pH

D8001 
D8003 
D8003 
D8Q04 
D8005 
D&006 
D8007 
DS003 
D8009 
D8010 
D8011 
D80i2 
D8013 
DS014 
DlOOOl 8,1

7.5
7.6
7.6 
7.3

7.8 
8.1
7.8 
8.1 
8.2 
8.0
7.8

K16 
K8001 
K6002 
K8006 
K8007 
K8 008 
K3035 
KS036 
K8053 
K8070 
K3071 
K3072 
K3086 
K8087 
K10D09 
K10009 
KlOOll 7.9 
KlOOll 7.8 K10012 8.1 
K10015 7.9 
K1O019 8.5 
P8003 
P8D04 
PlOOOl 7.3 
PlOOlO 8,2 
Y8001

8 . 4 
8 . 0 
8.2 
7.6 
3 . 0 
8 .0 
7.9
7.8 
8 . 2
7.9
7.9 

8.0
7.8
7.8 
8.2 
8.1

8.4
8.5

Y8002 
Y8003 
Y8004 
Y3006 
Y3 007 
Y8009 
yiooo4

8 . 2
7.8
3.0
8.37.3
8.1
7.9 
7.8

TDS
mg/1

5110
613
584
5930
7260
5040
10080
4080
3400
4880

7260
3240
2340
3500
3030
3460
2540
7510

171

soluble

.01

Fe
total

.36

a n a l y s i s
Na K

1826 625 .'0 4 ■ .133270
3240
10380
2061 348 . 203016 840 .00 . 206600 194 0 .03 .073580 1020 .02 .092420
1740
3900 960 .03 .462396 656 .00 .403500 880 .06 .185746 1544 .00 . 025090 990 .03 . 092450 380 .02 .353300 990 .08 .09'2060 190 . 02 .492800 590 .02 .492884 846 1.502480 250 .02 .022061 156 .01 4 .802020 180 .02 .023803 612 .01 2 . 205752 895 . 01 .002 3 00 550 .091817
1807 200 . 02 .848347- 2680
1972 306 . 01 . 70

21

67

539 13 32850 15 42
1340 29 104880 12 56

940 20 68573 20 25870 16 681530 38 58
1420 39 76740 24 . ' 4 8
790 32 96690 14 22730 20 66
677 15 70850 15, 32621 9 • 18690 11 241100 2 2 59
1750 . 32 10 8560 17 64

'13'
207542 11 17' ■

Mg

29

526
64-

Table 3. Water quality.
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31

2250
169
194
2956
3320
2 4 00
5070
2300
1508
2446111 30 832
1615
1645
533065 72 742 .63 76 1115410 23 2570210.-/ .3 9 1500
1130
807190 65 17Q0

144 72 ' 1078170 6 7 1520340 ■ ■ '59 2960190 . 43 : 231063 40 1010180 56 ' 13 0 033 ' 50 83010 3 -■ 21' ' 1230163 ' - 55 1280.41 '- - 54 105027 64 . ,63 929 67 790113 59 1550152 ■ '.4 4' : 273097 51 890
64741 : 19 63 5

3-

39 8 0
739
3830 .
1603
1080
1584 .
1331
1513
1240
3730

105
158
640
270

240 
154 
250 
418 
440 
.210 
4 3 0, 
170 
270 
192 
2 40 
142 
150 
318 
608 
170

85

COj H c q , Cone

774

on

1 87
208

6 4\S2
1 2 4 4

33 790
4 47

30 408
530
311
303
335
1 0 0 7

0 493 3 20 0
30 632 4 50 0
0 290
0 6 80

391
362

.. 0 460
0 3 16 3 84 0
0 500
30 309 9 3 0 0

. 0 . 390
0 4 40.
0 410

■ 0, - 460
0 290.
12 419 4 71 0
C 460  :
0 507 2 9 9 5
0 500
0 . 553 5 95 0
0 3 1 7 9 00 0
0 488
60 ■ 406
65 409

100 1 2 8 8 4
0 481 3 1 7 5
6 251  '

243
6 240

308
18 511
24 6 31
12 396

4 07 1 2 0 0 0
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the upper aquifer. These differences are probably caused by the
being less in the upper aquifer. The analyses also 

show a clear cut salinity gradient with depth. In the upper 
aquifer total dissolved solids (TDS) values of 2020 - 2480 mq/1

With the exception of one bore (Djerriwarrh 8003), all the 
groundwater recorded has levels of total dissolved solids higher 

recommended for human consumption. The World 
wffh a ® desirable limit of 1500 mg/ 1
in e x S e s f o r ^ h r t ^ i r % h ^  "°dium content is^wellmo/? taste threshold recommended by the WHO of 150
mg/1. Generally the iron content is such that it would cause
th^Satlr^ fixtures and could stain clothes washed with

The poundwater would be suitable for some stock watering, the
oivpn^in°^=.K?^ magnesium in drinking water of livestock are y i v e n i n i a D i e T .

The agressiyeness of water is a more complicated quality to 
determine, involving many variables related to both the water
attack the nature of the material .underattack. The State Chemistry Laboratory consider that, in general

3000 .5/1 or g r „ L r  is probably'aggrS;;''

ii

i!

Poultry
Pigs
Horses
Cows in milk 
Ewes with lambs 
Beef cattle
Adult sheep on dry feed

Total Soluble Salts 
rag/ 1

3500
4500
6000
6000
6000

10000
14000

Magnesium
mg/ 1

250
250
250
400
500

Table 4  . Limits for total soluble salts and magnesium 
in drinking water of livestock*

0

STIFF BIflCRftM
CATIONS
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HEQ/LITER
nPflH UPPER AQUIFER US.HPAH LOHER AQUIFER

Figure ii . Water quality variation in the aquifers,
(Williams,1986)
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3 Engineering properties of the soil

One problem with the quantity of test data is that there are 
insufficient to form accurate numeric surfaces. Gridding the data 
and producing isopleth maps is not feasable because of the 
extreme variability in the data over short distances {in three 
dimensions), which makes prediction speculative.

The distribution of soil samples tested to determine the various 
engineering properties is illustrated in Figure 12. The data set is 
essentially a scatter of points (in three dimensional space) 
which require graphical representation to study their 
relationship in any configuration. These graphical pictures are 
useful to confirm or contradict previous concepts, and may reveal 
new ideas in a dramatic way.

There are many of these graphical techniques available. The 
simplest code a single numerical value into a simple character 
(Fig. 13). Others code single values of two or more variables into 
one compound character (Fig. 14).

When designing or choosing compound character scales, 
consideration must be given to whether the scales are separable 
(i.e. whether one can easily shift attention from one coded 
aspect to another), and whether the coded aspects are 
individually value-mergeable into impressions of regional trends.

Of the compound character scales shown in Figure 14, the most 
unusual and versatile is the Chernoff face (Chernoff, 1973). A 
revised version of the face by Davis (Bruckner, 1978) allows the 
coding of up to 20 variables (Fig. 15 & Table 5). Much has been 
written on the merits and demerits of the use of Chernoff's 
faces (Wang, 1978) .

The major difficulty in trying to represent the Melton soil test 
data is that the data has variation in all three dimensions (i.e. 
there are multiple 'z' values at any x,y location).
Representation of this foliation Or layering at quite different 
levels of 'z' has not been solved. One suggestion is the 
procedure of locating the 'most imposing gap' in, the collection 
of 'z' values for nearby (x,y) points followed by smoothing 
(Tukey & Tukey, 1980). Then to study the foliated structure 
several kinds of plots can be generated, such as smoothed gap 
location values, display the original points coded in some way 
to indicate which layer they are in, or make separate displays 
for the points in each layer. All these methods, however, are 
inappropriate, since the variables still require 'layering' into 
intervals.

In representing geochemical data, the use of 'flag maps' can 
overcome the difficulty of three dimensional representation 
(Farrelly, pers. com., 1984). Figure 16 shows the liquid limit 
values illustrated as a flag map. From this it can be seen that the 
geographic variation and the variation with depth is not clearly 
represented. In general, the area to the north and west have higher 
liquid limit values than the areas to the south and east.

27
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A  O Polygons, eic.

Fixed-lenglh whisknrs 
in IW “ soctoi

/  Variabte-lunglh whiskers

Heavliiesa ol lino

Scale In EDA

Constant heaviness size

Constant muliipllclty size

inc3ivi(3ual-value simpl6
s. (Tukey & Tukey, 1900)

Figure J3 , Several possible 
character scale

Weathervane symbols
t J

Polygons or stars

Anderson's glyphs

- o ^ Water level and 
whisker direction

Kleiner-Hanigan tress

Schematic cells

-a o'
■®l®) Chernotl's laces

Figure . Several possible individual-value compoundcharacter seal
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Figure V6
Chernoff 
I Bruckner

CHERNOFF FACE

Variable Facial Feature Default. 
Velue

controls h* face width .60 .20

Ren̂ ê

.70
*2 concrolo 0* ear level .50 • 35 ;65
*3 controls h half-fsce height .50 .50 1.00

is eccentricity of .50 .50 1.00upper ellipse of face
ia eccentricity of 

lower ellipse of face
1.00 .50 1.00 ■*

6̂ controls length of nose ■ 25 • 15 .60
*7 controls p *̂in position of 

center of mouth .50 .20 .60

"a controls curvature of mouth P'.OO 6.00 6.00
controls length of mouth .50 .30 1.00

■ i

^10 controls v ■'e height of center of eyes .10 0.00 .30
*u controls xe aeparation of of eyes .70 .30 .80
*12 controls 0 slant of eyes .50 .20 .60 ■i;
*13 is eccentricity of eyes .60 .60 .80

■ ■ ' V

*U controls Le half-length of eye .50 .20 1.00
M - -*15 controls position of pupils .50 .20 .80

*16 controls height of eyebrow .80 .60 1.00
*17 controls 0 ** -n angle of brow .50 .00 1.00 f'r

*16 controls length of brow .50 .30 1.00
*19 controls r radius of ear .50 .10 1.00 , ^

*20 controls nose width .10 .10 .20

Table K . Description of facial features and ranges. 
(Bruckner, 1978)
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The correlation of high Atterberg limit values, LS values and PS 
values with areas of deeper soil is quite good (Fig. 17) These 
areas with high swell potential and deep soils constitute the worst 
possible conditions for development, in these areas the soil will 

Isrge shrink-swell values and have the maximum depth 
(therefore the maximum volume) for heave (section 4 .2 )

4 Suitability for Development
4.1 Past assessments

' ?

D

In their assessment of the existing environment at Melton, ClarJte 
Gazzard Planners Pty. Ltd. found:

"Foundation conditions experienced in Melton are similar to 
those in Melbourne's Western Suburbs. ‘

The material underlying most of the study area is of basaltic 
clay type. It is moderately expansive but does not present 
serious problems nor impose significant cost penalties in 
normal types of single and double storey domestic and 
commercial construction.

Design of services and foundations needs to compensate for 
some seasonal fluctuations.

Minor areas such as that in the south east near Greigs Road 
where Rockbank Association soil.occurs could present problems 
in road construction. Special measures may need to be taken to 
combat erosion in the zones of alluvium associated with 
Toolern Creek and most extensive in the north east and near 
the reservoir in the south west of the Designated Area."
(Clarke Gazzard, 1S76)

This assessment was based on a CSIRO terrain classification map 
(Grant, 1972) produced at a scale of 1:250000, and enlarged to 
approximately 1:55555 for inclusion in their report. The Terrain 
Patterns of this map compare remarkably closely to the 1:250000 
Melbourne geology map (1972). Both these maps are erroneous.

On the matter of soil classification (presumably in the 
engineering sense), Clarke Gazzard Planners Pty Ltd concluded:

"The major proportion of the study area is underlain by a 
basaltic clay type material. This material is similar to that 
which occurs in the western suburbs of Melbourne, in summer 
being very hard with considerable surface cracking whilst in 
winter it is moist and puggy. it does not present any serious 
problems in regard to conventional domestic or commercial 
types of building up to two storeys in height when properly 
designed to account for the seasonal movements and the 
expansive properties of the soil. Excavations for footing or 
services is somewhat more difficult because of the presence of 
rock floaters which vary considerably in size and may require 
the use of explosives to achieve the desired shape. Such 
difficulties in excavation are reflected in higher earthwork 
costs than would apply in other areas.

Based on the preliminary information available soil conditions 
in the study area do not represent a planning constraint."
(Clarke Gazzard, 1976)

□
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Following recommendations made in the abovementioned report, the 
DVA was commissioned to examine the requirements for drainage and 
flood mitigation at Melton. As a part of this study the DVA 
requested the SCA to report on the land capability of the area, 
part of which examined the suitability of particular areas for 
subdivision and septic effluent disposal.

The investigation identified 12 separate land units, based on 
topography, drainage line entrenchment and soil types. (Fig. 18)
The capabilities for the various units for urban subdivision are 
presented in Table 6 (SCA, 1978).

This study highlights the benefits of an initial rapid 
assessment, for planning purposes. The, important aspect is that 
certain land was recognised as being poorly suited to 
subdivision.

A further study by White and Kelyneck (1985) delineated 32 map 
units describing a specific topographic element and associated 
soil type. The capability of the land was then assessed for 
various land utilisations (viz. secondary roads, septic tank 
absorption fields, building foundations, farm dams, shallow 
excavations, rural subdivisions,' and urban developments).

This study emphasizes the pitfalls in rapidly producing maps 
which imply that a detailed study of the area has been made.
Examples of poor assessments are easily found - the area affected 
by gilgai and subsidence 'sinkholes' (U.R. 1986/4) is rated as 
"good" for building foundations while the area between Toolern 
Creek and Gisborne-Melton Road (which:is here considered good) is 
rated by the assessment as being "very poor".

4.2 Building Foundations

The geological conditions beneath urban areas provide the 
ultimate support for all structures in that city. The relevance 
of the engineering properties of the geological foundation 
materials has therefore been studied for centuries. Since the 
evolution of cities in society, the construction of buildings has 
been subject to regulatory control, often including rules 
regarding foundation conditions. The Code of Hammurabi (2067-2025 BC) 
is thought to be the first set of building regulations ever 
recorded (Leggett, 1973).

In Victoria, the building regulations first incorporated strict 
control of the foundations for building construction in 1980, 
when an amendment to the Uniform Building Regulations (UBR) was 
introduced in response to pressure from the building and 
insurance industries to decrease the incidence of distress in 
domestic housing. There were several reasons for this. Firstly, 
the trend in housing from the 1950's had been toward single-leaf 
masonry veneer construction ('brick veneer'). This form of 
construction is less tolerant to movement (i.e. less flexible) 
thaa the 'weatherboard', or 'fibre' houses of the pre-1950's. In 
addition, the growing desire for quality and the increased

34
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j i ] ' Land Unit and Map Symbol

n
Non creek associated units Capability Factors causing limitations

lI Basalt Plain (B) Fair Shrink-swell, drainage, 
rock, erosion during 
development

ni 1

Gligaied Basalt Plain (BG) Fa i r 
Poor

to Shrink-swell, drainage, 
rock, erosion during 
development

; _ i Stony Rises on Basalt (BR) Fair
Poor

to Depth to rock

fl

Higher Alluvial Terrace (,AH) 

Sink-hole Plain (S)

Fair

Poor

Shrink-swell, drainage, 
erosion during development
Subsidences

n Tertiary Plateau (T) Fair Erodibility

Creek Associated Units
71'

4  to
' i I*'
31

Dished Drainage Lines (D) Fai r Lower areas flood, shrink- 
swell, erosion during 
development

II
if

Hilly-sided Drainage 
Lines (H) Poor Slope, depth to rock, 

flooding on low level 
terraces

a mi Stony Gorge (G) Ve ry 
Poor Slope, rock outcrop

•tin

i
Deep Gorge (DG) Very

Poor Steep, unstable banks

M  

to toI!
Northern Toolern Creek 
Gorge (NG) Very

Poor Unstable, steep banks

Table 6. SCA Land Units - Development limitations,

0
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awareness of consumer rights meant that house owners were less 
forgiving toward signs of distress. Less geologically suitable 
land was being subdivided as Melbourne's western and 
south-western_suburbs grew. A  trend toward tree planting in home 
gardens, particularly native gardens, also increased the 
incidence of distress, since most of the problems were with 
seasonal movement of expansive soils. This same ammendment to the 
regulations also required that a builder guarantee his/her workfor S I X  v p n  rs _for six years.

In 1983 the Victoria Building Regulations (VBR) were 
introduced to bring Victoria into general compliance with 
regulations in other states. The relevant section of these 
regulations covering footings and foundations is
included as Appendix III. Essentially these regulations state that 
foundations are to meet three requirements:
i) Assessment of adequacy - (regulation 32.2)

The adequacy of foundations shall be based on approved
a) well established and relevant local knowledge and 
experience of foundation conditions in the vicinity of the proposed building; or

b) tests on the foundation materials.

ii) Allowable bearing pressures - (regulation 32.4)

the bearing pressure on the foundation of a building shall not 
exceed the values given in the regulations unless-

a) an investigation of the foundations has been conducted and 
a  the building surveyor is satisfied in the light of the report
_j on that investigation, that higher bearing pressures are

justified; or

j [ investigation of the site has been conducted under
“  a S ^ 26 and the bearing pressures are based on the information

obtained from that investigation.

L  iii) Foundation classification (sub-regulations 3 & 4, regulation 33.4)
»• The classification of the foundation of any site on which
11 footings are to be constructed shall be in accordance with the
—* Cisssification of Expansive Behaviour of Melbourne Soils for

Domestic Construction" published by CSIRO and AEBIRA 
n  (Australian Engineering and Building Industry Research
y  Association), (sub-regulation 3)

J areas outside the Metropolitan area (those shown in figure
3 of the publication referred to in sub-regulation (3)) the 

—  site on which the footings are proposed to be constructed
shall be similarly classified by adopting, where practicable,

II the principles stated in that publication and taking into
y  account experience or knowledge of local or traditional

building construction practices, (sub-regulation 4)
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□ Q ua te rna ry  A llu v i- jrn  
-$ a nd s . s ilts  and clays

< <3 <;

Q ua terna ry  A ea lia n  
—sands

Q ua te rna ry  Basalt 
—clays

T e rt ia ry  S edim ent 
—sar;ds and clays

<<<̂  <<<< 
< < <<,

T e rt ia ry  Basalt 
—clays

D evonian G ra nd io rlte  end G ra n ite  
—clays

D evonian R h ycda c ite  
—cJays

S ilu ria n  and Devonian S ed im ent 
—clays

O rd ov ic ian  S edim ent 
—ciays

Fig. 3 . Principal soil types in M elb ourne  (no t fo r design use).

Figure /9. Soil classification
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Grplotiiwl
(|f<riiplirn
ol soil

IVPH ill Hill pH'lill'

Dn[iipl>ori

Oa'i'lifsiinn Geolojicii
d:SCiipliOn

Tvpli.lwilp.pliit Ciastilicaiipn

d('[)ili
Imil

rpolrnci rrrtiiicSifl'S ol tor! App'C»ifiij|t
(liplii
liiiit;!

1 Di’!Cn)'tion EiiipS Stump 
foi'tiniii

SfcliSO! 
Fcotinc Slcbs

IVftiiliff Dplia .—
'liriiaty
Svdiiiirnis

D-lO-JOt
-55rid,5illS Gfoi.Msp7E33.Rfl Qpw 

ti)«|l’lR(U!010-(ll/2
fifd biOivi (Isyfv ‘ill

Rod bipp.'fijiijyclsylo cisy

Dvi'p uiiilo’iiigii'ysiiiid Slible Stable
ondclai’s

0-100
100̂

Stable Slalilf

-sands and 
days fl-300

200-500
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Essentially, the site classes are designated as foil 41

Foundation

Sand and rock 
Silt and some clay

Character

Stable

Moderately reactive clay Reactive 
Highly reactive clay 
Extremely reactive clay

ows; 

Class

S
M
E

Controlled fill
A to P

Sand
Material other than sand

Mine subsidence Problem p
Uncontrolled fill
Landslip
Soft
Collapsing soil

Table 8 . Site classes (AS2870-1986).

! f 
..i
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All site classifications for Victoria 
the following: are based on one or more of

a) Assumption of a soil type without any site investigation from 
a classification map or from well established local knowledge 
provided that soils are known to be consistent over large areas. 
The soil type and site conditions shall be checked by a site 
visit before construction.

b) Site investigation to identify soil profile using one or more 
boreholes or test pits in the site or a number distributed over a 
subdivision.

Site investigation using a penetrometer, for sand sites.
Site investigation including soil sampling and appropriate tests.

c;
d)

Where a Building Authority has designated a presumed site 
classification or simplified system based on a map of site 
classifications, this may be used but shall not preclude the 
adoption of a less severe classification if supported by a site 
investigation and a classification in accordance with the 
standard.

This standard is not referred to in the VBR at present, 
however it is intended to be incorporated if possible 
(E. Carroll, pers. comm., 1986).

An attempt to map the site classifications referred to in AS2870 
is illustrated in Figure 20. This map is derived from a combination 
of soil depth, swell potential and soil genesis. The site 
classification method, then, is by soil profile identification 
(Appendix C, AS2870) rather than by surface movement calculation.
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4.2.1 Class P (problem) sites

The area described in Unpub. Rept. 1986/4 — the 'sinkhole plain' - 
IS the largest of the problem sites identified within the Melton 
development area. The most obvious problem for development of this 
Site IS the active subsidence. Roads, housing, and sewerage systems 
would be seriously damaged by sinkhole development. The 
unpredictability of the sinkholes makes the siting of any 
structures hazardous. It is likely however, that areas of the site 
could be found where the potential for subsidence would be lower.

The soil subsidence occurring in this area would classify the 
site as a class P (problem) site according to AS2870. The 
presence of deep basaltic clay classifies the site as "unstable" 
for strip and stump footings and "intermediate" for slabs or 
footing slabs according to the Victoria Building Regulations 
(VBR). The regulations set out the minimum dimensions for 
either type of footing, which are not condidered adequate for 
this site. The depth of highly expansive clay and the potential 
for sinkhole development create unusual foundation conditions 
which require special engineering design for footings.

Buildings founded on expansive soil need carefal. attention paid 
to building design and maintenance, in order to mitigate or 
control structural damage. Properly engineered foundations, 
segmented interior design, flexible connections to(utility lines, 
and carefully designed lot drainage and landscapinci are required 
for satisfactory building performance.

Selection of bui 
and removal of a 
risk of subsiden 
Placement of the 
footings) would 
though the soil 
does not always 
shrinking can pr 
on the piers.

Iding sites in areas where the soil is thinnest 
1 1 trees surrounding buildings would lessen the 
ce occurring, although not entirely rule it out.
footings on the rock (by designing pier and beam 

ensure that the building would not subside, even 
may. Chen ( 1975) v;arns that pier and beam design 
work in expansive soils, since the swelling and 
oduce considerable lateral and frictional forces

f
k ■!(I' -«

An alternative 
with non-swell 
1.5m under the 
replacement wi 
considerably s 
soils and cush 
of subsidence 
be less dramat 
of the granula

solution would be to replace the foundation soils 
ing granular soils. Chen (1975) suggests at least 
footings and 3m beyond the building line Soil 

1 1 lessen the chances of building distress 
ince it would overcome the effects of the expansive 
ion the effect of any subsidence. The possibility 
occuring still remains, although the effects would 
ic on the surface due to the compensatory movement 
r soil.

Other problem sites identified are very small areas where farm 
dams seen on aerial photographs taken in 1943 and 1967 have been 
infilled.

3R
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4.3 Sewerage

An investigation of the usefulness and limitations of various 
methods of treating or disposing of domestic waste waters was 
carried out by the Environment Protection Authority (EPA) and 
reported on in 1975. The report found that reticulated sewerage 
is the only really satisfactory method of dealing with domestic 
waste water discharges on long-term basis. However, in 
non-sewered areas several alternatives were available for waste 
disposal (Table 9). For environmental reasons only the 
"all-waste" treatment systems are considered suitable, as the 
previous practice of sullage disposal by direct discharge to 
creeks or drains is no longer acceptable.

Of the all-waste disposal units the septic tank with soil 
absorption has some specific geological requirement. Although in 
principle, surface irrigation with effluent is possible, normal
domestic waste disposal do not use this method for both aesthetic
and health reasons. Nearly all septic,tanks using soil absorption 
of effluent use absorption trenches. In the ground absorption 
process, the soil factors which determine the rate of absorption 
of water are:

- infiltrative capacity of the liquid soil interface
- percolative capacity of the soil itself
- effective soil particle size
- trench loading

The first two factors determine the rate at which liquid enters 
the soil and can percolate away, and therefore play the major 
part in absorption process. Treated effluent however is 
considerably different in composition to pure water, and for the 
case where a septic tank effluent is being applied the 
infiltration rate is always less than the percolation rate due to 
clogging of the interface with suspended matter and biological 
growths, as well as a swelling of hydrated soil particles and 
deflocculation by added sodium or potassium ions. (EPA, 1975a)

Measurement of infiltrative capacity is difficult and it is usual 
to measure percolation rates or soil permeability (hydraulic 
conductivity) instead. Both the Victorian Health Commission and 
the EPA have used percolation tests to assess infiltrative 
capacity. The EPA has developed a standard test to measure the 
percolation rate of soils in relation to septic effluent 
absorption (EPA, 1975b). This procedure is based on that of the 
U.S. Public Health Service, and simply entails excavating a 
standard hole in the ground, .soaking the soil in the hole for a 
minimum time, and then measuring the percolation rate of the soil 
as a drop in water level in the hole over a standard time.

Research of three methods of measuring soil permeability 
(Winneberger, 1974 ) shows poor reproducibility w)ien using the 
percolation test method. Past experience in performing many of 
these tests has led to a disregard for the usefulness of the 
test. The results vary markedly according to the soil fabric, 
season and site specific location.

I



WC only

:'i

* Septic tank plus: soil absorption
sand filter 
transpiration bed 
chlorinated discharge

* Incenerator systems

* Humus toilets

* Storage in holding tank — periodic removal

* Chemical stabilisation - storage and removal
* Cesspits

* Pan service

Li

All Waste

* Septic tank plus: soil absorption
sand filter 
transpiration bed 
lagooning
chlorinated discharge

* Small treatment plant plus: chlorinated discharge
lagooning 
transpiration bed 
soil absorption 
sand filter

Sullage Only

* Septic tank plus: soil absorption

* Soakage pit

Table 9. Current domestic waste water disposal methods.



of septic tank effluent areas follows

- moderate to high permeability (above 1 0 - 5  cm/sec)
- percolation rate greater than 2 . 5  cm/hr.
- low clay content
- low shrink/swell potential
- not subject to flooding
- no shallow impermeable horizons
' Im below the trench bottom

development area, it is intended that most of the
dwellings will be conected to a reticulated sewerage system
^''installed For°the^P^"^^ ai^eas, some septic tank systems may
made of suitability of effluent absSrptiSn! irgeneral ^cLy^^"
veJy'lorpSJLlL'lit??'" expansive nati::re and

north west corner (the ’sinkhole plain') presents 
a difficulty for sewage disposal. Because the site is isnlflfpH
i^?:nded b j L ”  S l L S " /  I f i a s l o t^  service the site with reticulated
o  u  w t i t  a  y  e  .

disposal would be limited to above ground
wite?" iiri?;tion^°e^c''?' ‘Chemical or incinerating toilets, "grey 
hno ir,,,  ̂ ^  the permeability of the clay istoo low to provide adequate effluent absorption. Even in areas 
here septic system absorption lines could be located in the

gravel/sand/silt layer, the localised addition ofmois^Sre to the
un erlying expansive clay would cause excessive swell and 
distress in the sewerage system. Similarly, sand filters or other 
in ground disposal would be ultimately unsatisfactory.

4.4 Roadmaking

i i

common practice in roadmaking has been to use 
flexible pavements for most highway and suburban roads The PCA 
have published guidelines for the design of f l e x i b i r p l v d s L t f  
which are used by road engineers in Victoria (CRB, 1980a).

arriving at a pavement thickness and 
composition it is necessary to consider many factors. These mav be classified into five broad categories: c c o l s . inese may

(i) Function of the road
(ii) Traffic loading
(iii) Subgrade conditions
(iv) Properties of the available pavement materials 
(y) Drainage conditions
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The conditions of the subgrade is the most relevant to the
geological mapping in the Melton development area. In 

general, the support provided by the subgrade is the most 
important factor in determining pavement design thickness,
D?enarpJ"^nM Performance (CRB, 1980a). The subgrade'should be 
prepared and compacted so that its long term bearina strength is

possible. In situ strengths during 
differ greatly from the strengths ultimately 

developed at the equilibrium moisture content.

The long term strength of the subgrade is governed by:
- the type of material
- the subgrade moisture regime
- the sensitivity of the subgrade to moisture changes

factors, the last is of particular importance at Melton. 
The extensive expansive clay soils have the potential to 
appreciably change volume with changes in moisture. This swellinq 
or shrinkage of expansive clays is rarely uniform and the 
resulting distortion can severely damage an otherwise sound pavement.

Volumetric changes can be minimised by:

47

1 . Minimising changes in the moisture content, eg. compactinq i 
s u b p a d e  at a moisture content close to thb equilibrium moi;the. , , . , , Will ni\_jj.stuire
content, and maintaining it at this level until covered bv the 
pavement. ^

2. Placing sufficient weight of material over the subqrade to 
counteract the swelling pressure.

3. Modifying the subgrade to reduce its sensitivity to moisture 
by the addition of a stabilising agent such as lime*

The RCA have extensively tested the Melton soils for the 
construction of the Western Freeway Melton By-pass and opted for 
ime stabilization as a suitable soil treatment. The addition of 

iime (approx. 4%) to the subgrade material greatly improves the 
roadmaking properties.

The pavement thickness design procedure described by the RCA is 
based on an empirical relationship between;

and subgrade in terms of its CBR (section 3,11.3),

the pavement thickness required over the subgrade to carry the 
predicted traffic loading at the desired level of performance.,
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(Modified from Farreliy, 1985)
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SIMPLE KRIGING EXAMPLE 

Assuming isotropic and shsHr.
■required to calculate semi-variances all •

-fl

200m

100m -

.X,
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•X,

100m 200m

Given the semi-variogram for the whole area ;

0
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30

20
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200m 
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’'200 2 2003 +
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The point X q Is. estimated using the weighted average :

Xo = X,X,+ Xj, Xj+ X 3X 3+ X 4 X 4

where X,+ X 2+Xj^-X4 =1 

w?i??ei!'' solution to the set of kriging equations is

where 7i,, = = 7 (o) = O

'Xi,2 = 7 ^ 2) = 7 (10-7) = (I.I 

= 7(d,3') =  7 ( S o )  r 8 £,
etc. etc.

The solution to the example is

1

.51

.03

.09

.37

.87

Thus our estimate is ;

Xo = -S'X, + .03Xj -t -0 7 X 3 +-^7 X 4 + e 
with the variance of e , the kriging variance, being

0^ = fi* I. y.^ = \\.S

X, \1 X.2 %,3 1
- 1-

7o,
% . 2 %.3 %,4 t \ a

X, % , 2 %,3. %,4 ■ 1 X
X, 7U ,2 74,3 %,4 ■ I %.4

1 I 1 1 0 1

n

advantage is the automatic down-weiahtfnn Another
direction in which we alreadv navr?Je ^  samples in a
effect' can be seen in o i r e L m n T !  . This 'screen
than X 3 , even though it is closL. to X*^^ ^ lower weighting



APPENDIX II 
CHECK PLOTS FOR SOIL DEPTH
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G R O U P  V I — S T R U C T U R A L  P R O V IS IO N S  

PART 32— FOUNDATIONS

32.!

FOUNDATIONS: ASSESSMENT OF ADEQUACY
32.2 The adequacy o f/o tw d a iio jis shall be based on approved—  

ia ) well established and relevant local knowledge and e.xperience
buildUg ô ^̂  conditions in the vicinity of the proposed

(i) tests on ihc fou nda tion materials.
32.3 * * * * *

A L L O W A B L E  B E A R I N G  P R E S S U R E S — G E N E R A L

bearing pressure on \he fo u nda tion of a building shall not 
exceed the values given in Regulation 32.5 unless—

(a) an investigation o f  \.hQfoundations has been conducted and 
he /im/r/tn̂ snrrowis.satisfied in the light of the report on 
that investigation, that higher bearing pressures are justified;

ib ) an investiptjon of the site has been conducted under AS 
1726 and the bearing pressures are based on the information 
obtained from that investigation.

A L L O W A B L E  B E A R I N G  P R E S S U R E S  

A p p l i c a t i o n  o f  R e g u la t i o n '

32.5 (I) This Regulation shall only apply where the chcc TnH
aSThe allola'bi * h' adopted for the purposes of this Regulation and the allpwdbiL bearing pressures adopted for the purposes of this
Regulation are stated on the plans submitted fo r n bu ild ing  approval. 

Reference to Tables
(2) The allowable bearing pressures f o r  use pursuant t o  thic 

Regulation shall be those prescribed in— pursuant to this
(d) Table 32 . 5A;

:V2T3'
S . k .  2 7 3

(/') Table 32 ,5B; or
(c) Table 32 . 5C—

TalS''''"'̂  to be construed in accordance with the Notes to those

Determination of soil description

P a d  o r  s t r i p  f o o t in g s  n e a r  b o u n d a r i e s

o n t  o??c°r7h';Tpressure s h a l l  h e n  r  0 the allowable bearing
Regulation °'henvise prescribed in thif

t a b l e  32 . 5A  

f o o t i n g s  o n  C O t lE S t V E S O IL

Dvjicription

fl)

V e ry  soft clay nnd 
silt

So fi cJny and sill 
F irm  clay 
SlifTcIny 
V ery  s iiT c Iay  
H ard  d a y

B earin g  P rcrsu res /o r Footings a t G round

P a d  Footings 
(Square o r C ircu lar)

(3 )

S tr ip  Footings

Notes:

■"  ̂ 5 o rg m a le r

: I and I : 5 the
and p.nd roollng.s. between those prescribed for strip footings

m ay be increased by s V p a 'fo r  cach ^ lm  m m T '^ r  bearing pressure
below  Ihe ground s u r L e .  ™  distance w hich the base o f  the footing is

!il 'C,'?T“ ‘ f  ““ .Nil .P*.
liLfd“.r“ ■*“  ~ « i

S o ' S  " " ■ ”' < " < » .



*
(r/) Su l! clay' means soil w hicli m ay readily l>e indeim -J by ihe lliu m b , but 

pcnt’ira ied by the lliu m b  only w iih  great efl'orl,

( f )  Very slid  clay’ means soil w jiicli m ay be readily indem ed by the thum bnail.

( / )  H ard  d a y ’ means soil w hich m ay be indented by the thum bnail but o n ly  w ith  
great d iflicu lly .

(2) For the purposes of these inierprctations day shall include silty 
or sandy clays.

T.A B LE  32 5B  

F O O T IN G S  O N  N O N ’-C O H E S I V E  S O IL S

Dcscrip liim

( I )

AUo'^vahli' Bearing  
Pressure in  kPa  

f o r  a  Fouling  
iocuieci u l G round  
Surfuee

(2 )

Im  reuse in  
A lhw 'uhie  Bearing  
Pressure in  kP a  
f o r  every 30 0  tnni 
u fD e p lh  o f  Base 
o j Foo ling  ih 'tdw  
G ro und  Surfaee

(3 )

M a .\in u im  
AlUnvahle Bearing  
Pressure in  kPa  
Under any  
Conditions

(4)
Loose sand or gravel 
M e d iu m  sand or

50w 15 100

gravel I5 0 w 40 250
Dense sand or gravel 
V ery dense sand or

350w 100 550

grave! 600w 150 700

Nolcsi:

A. F o r the purpose o f this T a b le , w  is the least plan dim ension o f  the footing in 
mclrcs.

B. If, m the op in ion  o f  the bu ild ing  surveyor, the w ater table is likely to rise to a level 
the distance o f  which below  the base o f  the footing is not m ore than w , ihe allow able  
liearing pressure and m ax im u m  allow able bearing pressure shall be one h a lf  o f  that 
otherwise prescrilied.

in terprciaiions shall apply;C. For the purposes o f  this T a b le , the follow ing

(u) ‘Loose sand or gravel’ means sand deposits read ilj rem ovable by shovelling  
only and in to  which a sharp pointetl w ooden post St) m iit st|uare can easily be

d riven  w ith  a ham m er not exceeding 5 kg

(/') ’M ed iu m  sand or gravel’ means sand or gravel deixisiis removable by vigofoiis 
shovelling and in to  which a sharp pointed  wooden post SO m m  square fa ll be 
d riven  w ith a h am m er not exceeding 5 kg w ith  some ditlic iiliy .

(cj '.Oense sand or gravel’ means sand or gravel deposits requiring picking for 
rem oval, and offering high resistance to penelra iion  by excavating tools.

(d )  V ery  dense sand or gravel’ means gravel deposits requiring hard picking for 
rem oval, and o llc riilg h a rd  resistance to disturbance b; excavating tools.

32. r
JR.

t a b l e  ,32 5C  

F O O T IN G .S  O N  R O C K

lleu 'rip fio n
M o K im u m  A iPnvaN c Bearing Prrv^urr^ Inr r  j  ■ 
m  l W „ „ s  C o n d i,io ,u  o f U c i h r f . n  ■'

( f )

l l ia i i ly
I l 'r a r / ir r id

(2 )

M oderate ly
^^'coihrrcd

(J )

fr o s / j  to S lightly  ,  '
if'ra thcrcd

(4 )
S o fl J im oslo nc  nnd  

s im ilnr porous rocks 
Snncfsionc. m u d s to n e  

s im ila r  
scdim cnlary rocks 

SInic, schist and s im ilar  
nicI.Tmorphic rocks 

n .isn it, g ra n ite  and  
s in iiia r igneous rocks

io n  to 40 0

200 to 600  

200  lo  600

200 lo  60 0— ---------

300  In  1000

.lOOlo 1500 

600 to 2000  

500 lo 2000

SOOlo 1500

1200 to 2000 
1500 lo 3000  

1500 lo  4500

Nnte.s;

to which !l,e range ’' p p l i ' ”  n 'rv ! 'h " h ® 'c

rounda[inn$(,frhrr"4J'7JxNN!laî ^̂ ^

C. For the purposes o f  ihi.s Tab le:

o f  w hich can generally be broken by hand ahd pieces

w hich can generally be broken by hand‘ '

^ d o m in a n t ,y o f a  m ineral 

o f w hich can o n ly  be broken w ith difliculty'using h j X ' o l s ^ ” ’ " "

nppl̂ r̂ ;!";:;; mai!:̂,::: r "f’•
nnd m ay be readily  d isin tcgratcd 'by gentle aEilalinn^i r  o f  so'l
soil for the purposes o f  this R egulation and classifred ' a  deemed lo be
conlatncd in Tab les 32 . 5A and 3"> 5B  accordance w ith inlcrprelations

{
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G R O U P  V I - S T R U C T U R A L  P R O V IS IO N S  

PART 33— FOOTINGS NOT ON PILING OR CAISSONS
3>R0VIS10N o r  FOO TINGS

33.1 Suilable lootings shall be provided where necessary to reduce 
the laiensiiy of the pressure of the building on the fu iindadons.

DESIGN OF FOO'i’INCS

33.2 Footings, including slab-on-ground footings, shall be designed 
and constructed ^0 that any relative movements of Separate footings 
und of dilfercnt parts of any one looting under louding or of a I'ooting 
and any other element of the substructure will not impair the stability 
ofor cause significant structural damage to the sitpcrstruciure.
D E E M E D  T O  C O M P L Y

S c o p e

33.3 (I) This Regulation shall apply to concrete strip or pad footings where—  ®
{a) the building does not contain m ore than 4 s/oreys;
(/)) the area of any storey o f the building is not greater than 600 m-; and
it) the bearing pressure exerted by the fooling does not exceed 

the value prescribed in Regulation 32 . 4.
C o n s t r u c t i o n  a n d  p r o p o r t i o n s  o f  f o o t in g s  d e s i g n e d  b y  p r e s c r i b e d  
a l l o o a b l e  b e a r i n g  p r e s s u r e

(2) A footing designed and constructed in accordance with this 
Regulation shall be deemed to comply with Regulation 33.2 if it—

(u) is of reinforced concrete constructed having a compressive 
strength at 28 days of not less than 20 MPa, as determined 
in accordance with AS 1480;

(/)} has a depth of not less than—
(i) the horizontal projection of the footing at right angles 

to the face ot the wall or the column it supports (as 
illustrated in Figure 33.3); or

(ii) 200 m m —
whichever is the greater;

S.'ivr-i73

-Wall o r c o lu m n

_D̂ or f)^or 200mm 
(which ever is greater)

Morizontal Projection of footing 
FIGUREJ3.3

(c) in the case of a pad fooling, contains not less than 0-15 per 
ce.u of the cro.ss-scctional area of the footing, as designed
. s rcmforcemcnt in each direction near the bottom face of
Inc fooling. With a mmimum cover of50 mm:

(d) m 'he case of a strip footing, contains not less than 0-15 per
cent of the cross sectional area of the footing as designed aslongitudinal reinforcement with a minimum cover of
lnlfi!r;i ^  ‘hird andhalf in the bottom third of the footing- and

(0 at splices— for a distance of not less than 500 mm- 
00 at T intersections— for the full width of the laycr-
(Mi) at corners where fabric strips are used as 

rcmforccmeni-for the full width of the fabric layer;

(IV) at corners "’here bars are used as reinforccment-by a 
bent lap bar of 500 m m  each leg. placed in each layer
of rcmforcemcnt near the outer face of the corner. 

d e e m e d  TO COMPLY
Application of Regulation

when c S S  r  h  ^accordance win, ii „ i IS constructed naccordance with the relevant provisions of this Regulation and



S.R. 273 33.4

Regulations. 33.5 to 33.9 shall be deemed to comply with the 
requirements of Regulation 33.2 except where—

(a) by reason of—
(i) the nature of the founda tion ', or
(ii) the design of the building; or
(iii) any other relevant considerations—
the budd ins su rv iyo r is of the opinion that any such fooling 
would .lot be adequate in the partici.lar ease; or 

{b) the building—
(i) contains more than 2 storeys ; or
(ii) has a wall, which, excluding any gable, exceeds 7-2 m 

in height; or
(iii) will contain a concrete lloor other than a slab-on

ground.
C o n c r e t e  s t r e n g t h

(2) Concrete used in footings shall have a compressive strength at 
28 days of not less than 20 MPa, determined in accordance with AS 
1480.
F o u n d a t i o n  c la s s i f i c a t i o n

(3) The classification o f  the fou nda tion of any site on which footings 
are to be cojtst/uetcdshall be in accordance with the “Classification of 
Expansive Behaviour of Melbourne Soils for Domestic Construction" 
published by CSIRO and AEBIRA.

A r e a s  n o t  c o v e red  b y  p u b l i c a t i o n

(4) In areas outside those shown in Figure 3 of the publication 
referred to in sub-regulation (3) the site on w hich footings arc proposed 
to be constructed shall be similarly classified by adopting, where 
practicable, the principles stated in that publication and taking into 
account experience or knowledge of local or traditional building 
construction practices.

D r a w i n g s  lo  i n c lu d e  f o u n d a t i o n  c l a s s i f i c a t i o n

(5) The drawings referred to in Regulation 8.2 (2) shall include the 
/onnr/«t/o«classification adopted pursuant to this Regulation and shall 
be confirmed to the satisfaction of the b u ild in y  sio veyor on the site on 
which the footings arc proposed to be constructed.

33.5

'FOOTINGS FOR STUMPS

S.R. 273

General rcquircment.s

3 3 .5  ( I )  Every fooling for stumps .shall com ply  w ith  the following:

(a) The .size o f  concrete footings for slum ps shall be in 
accordance with AS 1684.

(b) T he  bearing areas o f  footings for slum ps which support a 
wall sheathed w ith  ccmcnt-.sand facing tiles, shall be double  
tho.sc prescribed fo ra  tim ber-fram ed  w-ali in AS 1684.

(c) The footings shall be founded at a depth o f—

(i)  in the case o f  sites classified as stable in accordance 
w'ith Regulation 33 . 3, not less than 450 m m ; or

(ii)  in the case o f  sites classified as interm ediate in 
accordance w ith  R cgu lalio ii 3 3 .3 ,  not less than 700  
mm ; or

(lit )  in the ease o f  sites classified as unstable in accordance 
w ith Regulation 33. 3, not less than I m.

Concession

(2) Notw ithstanding paragraph (c) o f  sub-regulation ( I ), the budd ing  
surveyor m ay perm it the footings for stumps to be founded at a depth 
o f less than 450 m m  i f  he is satisfied by reason o f  experience or local 
knowledge that such a depth would be adequate for the structural 
stability o f  the building in the case o f—

(i) the rc-stu.mping o f  or adcvotions to an existing building;
( i i)  rock fo u n d  at ions', OT

( i ii )  a building in which w alls  o f  stud-fram ed and sheeted 
construction arc supported on stumps.

Excavations

(3) Excavations for footings for stumps shall be—

(<7) properly backfilled with (Zpprovcf/material; and
(b) corripactcd in an approved m anner.

STRIP FOOTINGS

R c ln f o r c c m e n l

33.6 (!) Reinforcement in strip footings shall—
(a) be equally distributed in two layers, one near the top and 

one near the bottom of the footing;
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U>) have a conercie cover of nol less than 50 m m  al any pan;

(r) be laid continuously, each layer being lapped—
(i) at intersections-forils full width;

( I I )  at splices— for not less than 500 m m ;

(iii) at corners where fabric strips are used as 
reinforcement— for the full width of the fabric layer;

(iv) at corners where bars are used as reinforcement— by a 
bent lap bar ol 500 m m  each leg, placed in each layer 
ol reinforcement near the outer face of the corner; and

(v) at steppings, as shown in Figure 33 6
Design generally

(2) Strip footings constructed ofconcrete shall—
(rr) have a width and depth in accordance with Table 33 6; 
ih ) if stepping is necessary, comply with one or more oHhe 

methods shown in Figure 33.6 and have level-bottoms 
oetween steppings;

(c) be reinforced in accordance with Table 33.6-and Figure 
33 . 6; and *

id ) be founded on soil or rock having an allowable bearing 
pressure of not less than 100 kPa.

Reduced footing depth permissible

(3) Where a strip footing designed and constnw led pursuant to this 
Regulation is to rest wholly or partly on a fioaier or rock outcrop the 
depth Olathe strip footing in the vicinity of the floater or rock outcrop 
may subject to sub-regulation (4) be reduced to not less than two 
thirds ol the depth otherwise prescribed by this Regulation.
Reinforcement in  reduced footing depth

is reduced pursuant to sub- 
red S ' ^ d e S - '  s'np footing of

(a) shall be double the amount of that prescribed by Table 
33 .6; and

U>) shall e.xtend at least 500 m m  beyond the section of strip 
footing ol reduced depth.

Pan 33, Page 5
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rm m ila lim  K um hcr
• ,r/

-SVa»rrr JiM'aiarrt/ 
O cp/fi /n  

-  H a ic o f
I 'lfo iin p i
Rdow
(Ihtunff
Surface

A tif r n a f is f
Hcinffircftnrnl

{2)

Xumhcrof
«fFSni0, f'ff '"Conrf

ofll/TAt fi/iiiiymot Top 
o n d  Rnilntn

m a s o n r y  VENnnR, TlMnCR FRASfEP. m e t a l  f r a m e d  o r  SINGI.I
(6) 0)

ELEAFM ASO NR y

One7'wo 300.175 175175 450450 2 3OneTu„ .100.175 325 600
4

600 3 6*
OneTu-e» 100175 675675 750750 13 6*

--^ t  a v i t y  o r  d o u b l e  l e a f  m a s o n r y  W a i  I s

.St.ihic Ohp
T\so 150■150 175175 450450 33 3

lntcrrTirili.nip OnrTvo 350450 525525 600600 34 6*
Urm.ilifc OneTwo 350450 673

675 750750 1 6*

^RcinTorccnicnt IS lo  be provided in I w q  equal layers.

8*

P

W

STRIP FOOTING 
I I .L U S T R a T IO N  t o  t a b l e  33 .6

fart 33. Page 6 CA
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33.6

V
step not g rea te r  than 200mm

1.5(D)
METHOD A

step g reater  th an  200 mm

r /

1 ^

r

D
. ■ 5 . - '

m m

1.5 (D)
METHOD B

step g re a te r  than ( D -  50) mm
but not greater than (1.5D)mm

METHOD C

F IG U H E 3 3  5 S T E P P E D F O O T l.N 'G S

S.R. 273

S I,A B -()j\-G R O U i\D

RcinforcoMHTil in llic sl.iU-on-Kroiirid beani.s

33.7 (!) Rcinlorccmciil in ihc jicnms in siab-on-ground shall—  
UO be pinecd ncnr ihc boltoin of each beam:
U>) have a eoncrcle cover of not le.ss ihnn 50 tnm at any part;

(<•) be lapped—
(i) at inlcr,scc(ion.s— for its full width;
(n) al .splices— for not less than 500 mm;
<i'i) ai corners where fabric strips arc used as 

■ einforccmcnt-for the full width of ihc fabric layer; 
( I V )  at corners where bars arc u.scd as reinforcement— by a 

bent lap bar of 500 m m  each leg, pinecd in each layer 
ofrcmforccmcnt near the oittcr face of the corner; and

(v) al steppings— as shown in Figure 33.6.
Reinfurcemeiit fabric in slah-on-ground

(2) Reinforcement fabric in slab-on-ground s h a ll-

(o) be placed in Ibc upper half of the slab, wiih a concrete cover 
ol nol less than 25 mni at any part;

{/>) be lapped for a distance of not le.ss than 225 mm; and
(0 be supported by bar chairs at spaeings of not more than 

1*2 m in Cither drrcGlion.
Retjuircnienf.s generally

(3) Fvcry .slab-on-ground shall comply with the following:
{(!) Tnp-soil containing significant amounts of organic matter 

slialj be removed from the area on which the slab is to rest.
(/>) Fdge beams of the .slab shall be founded on soil or rock

inn'io bearing prc.ssure of not less thanJWU Krn.
(() 1 he slab shall be founded on soil or rock having an allowable

nearing pressure o f not le.ss than 30 kPa.

he provided with a vapour barrier which

(i) consist of a sheet of polyethylene not less than 0-2 m m  
m thickness:
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33 .̂ 7’

( i i )  be placed beneath the s lab so tha t the b o iio m  surface 
ot the slab js e n tire ly  u n d e rla id ;

( i l l )  be c o n tin u e d  a ro u n d  ihe edge beam s lo  a l least g ro u n d  
leve l o r  to  the  b o tto m  o f  the edge recess, w h ic h e v e r is 
ine  low er;

( iv )  be lapped at a ll jo in ts  fo ra  d is tance  o f  n o t less than  ">00 
m m ; and “

(v )  be taped a ro u n d  pipes w h ich  penetra te  the  slab.
(<’) T he  d im e n s io n s  and re in fo rce m e n t o f  the edge beam s sha ll

f  and an y  p a rt o f
the edge beam  be low  any sucli recess s lia ll have a d e p th  
o f  not less than  150 m m ; and

(n) be construch’d  in  the m anner illu s tra te d  in  F igure  33 7a .

iTiax. 150 mm
-J i

. E

E-S

V

F IG U R E  33.7a 
T a b l e  33 , 7a

Founi^^tjUon 
C liisa^t'J iion  
O 'lJ Buifdsn^

. i

5 /;* ' ( iV  X D) 
in  nun A U tT n u U \i>  iSoHOtfl R t'iflfi}ri‘Ptnrv{

(2)

S um hi'f o f  C l 2. 
Si€> or Y I2 liu rs  

or M js f i i r ; r t ’A-

Fabric

(3)

Sutnber o f  
M ain  Wires 

v fF S T M  
Fabric

Stable
— one storey | 
— (M os io re ys  |

300 X 300 
400 X 400

2
3

3

J n tc rm cJ ia ie  j 1
— one  s to re ) j 300 X JOO
— i^ o s to r e js

J
400 X 400

r
A

6*
S*

33  lA — cnn iiiiiicd

r(7i/,ifr/£r/if)/i
Chssiftcaiion  
ond li i i i i f i in f ’
H cifih i

<1) j

S izc fW y: D) 
in mrn AllcrnaUvc Bottnm

(2)

S’vrtihcr o fC l2 .  
S16 or 172 Bars 

or M a in  Wires 
o f F l lT h f  

Fabric

(31

Number o f  
M ain  Wires 

o fF S T M  
Fabric

l-Instahle | 
“ -i»rie storey |

300 X 600
— two storeys | 400 X 600

3 1 
4 l

6*

•  Pxv* Rcinforccmcni is to  be pros iclcd I;in two equal layers.

“  ”  “ P Uab shalla nc ign t aoove the a d jo in in g  g ro u n d  leve l o f—

»lj=PPnl lo  a drained

(n i)  150 m m , in  any o th e r case.

(A) S tifTcning beams sha ll—

( i)  be co m iru a c d  in  accordance w ith  the d im e n s io n s

r r i t ' ! , ) " -Ii" -nna, i l l i 'S

33 '? B ;^ n d  ‘ ^e  p ro v is io n s  o f  T ab le

( i i i )  he founded on so il o r  rock h a v in g  an a llo w a b le  bearing  
pressure o f  not less than  30 kPa;

infernal wol!
m a x

3 0 0  m m

c e n t r e - l i n e  o f  s f j f f e n 'tn q  
b e a m

■ S t i f f e n in g  b e a m

f i g u r e  33. 7b

P a rt 3 3 , Png;;. ]f)
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33.7
T.AHLE3J.7U

MINI.MUM SiZE, SPACING AND REINFORCEMENT OI^STIFFEKING UEAMS
(H 'x  lyj

Borioin fii'injU/ct rtuw

JnUTnjpJmic
12) !

.\u/nh(’r of 
C S f S l 6 u r  
m  liJn or 
M j j n  )i'iroi

o /b t/T M
f-ul’fic

(3) i

\oni/'ff of 
Mom it'irvi 

u j 'm iM  
fjbric

I
(■» I

Tlnd't’r
or Moiof

UJfi

Ma Mmum .Vpocirig of 
oimonit!,K

liojuts or other 
tejrf\s in 

onydiftxiim tri 
nu'Ufi"1—

3tX> X 4lXJ I
(»

\foiOrtry
Inlorno!

WoUi

(6J

\ 'nstablv I 31X1 X MJO I
4j I

6- I 4 I

•  R d n fu rc< i.n i:m  id to  b f  p r o v i j . a  in  iw »  .n „ a i

3 5

3

S it/n lh T  o f  
Ssorcys

U) A support shall be provided under anv /mmir// ,.,t//in the 
manner prescribed by Pan I of Table' 33 7c 
no. located within 300 m m  of the centre-line o fa  nidS!, ig

(t) co/mnm/«/in accordance with Pan 2 of Table 33 7u 
Reu"; * " ■""waSij;

(II) '(’•he wall IS a loadbeannt; wall, be founded on soil or

“ ̂ °»^‘oadlwaring wall, be founded on soil 
i h a n  3 0  S " ®  "”ô ''able bearing pressure of not less

t a b l e  33 7c

(3)
one
ivso

Typvo/Woff
Consiruciion

(2)
linilH.T or nicial 
limber or meia]

I Laad b caru i^  

! (3)

h u e n u i!  W a ll

one
iwo

niaionry
masonry

no requircmenl 
beam required

I ad(Jtiional slab 
rcinforcemeni
required  

[ bk-am required

I No/i-loadifcanuy

JidL
no requiremcni 
addiiionaJ slab 
reinforeemenl required

no requirement 

beam retiuircd

33.7

rou iu ia iion  
■ C/â sificad<yn

(1)
Siabfc

In ic rm c d ia ir

Unstable

Beam Size
(Wy n) 

(2 )

_A lie m a i,ve  Botiom  R rin fo rcrm rm

.100 X 3tX) 

300 X 400 

300 X 600

t^ymhcr o j  C l 2. A /6  o f  Cumber o /M o in  Wires
) / 7  B ars o r M a in  f j l ' ^ T M  Fabric
lU rc s n fF I IT M  Fabric '
(3)

:g .^ in rc „ rc m c n l B ln  he p ro v id e d  in  iw o  cqu.,,

(4)

(i) he not less than 800 m m  wide;
oTlhe sli w5h 'f'" lo'̂ cr panllie slab with a concrete cover of not less than 30 m n j

(iii) bc^plnced in the manner illustrated in Figure 33.7c;

(iv) comply with the provisions ofparagraph (/);

I -4—internal wad

800 mm

f i g u r e 33. 7 r  
(/) every slab shall—  :

®  icc"i*7's 5,; ™  •.“ If'Ti.'i''’ r
reinforced wiih F72 „,„h o, tars of c,m-3afcm sfrc7Elh':

S S c ' f “S„glh™''""'‘
On) A slab shall be not less than 100 m m  thick 

Part .33. Page 12
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M E T H O D  B

 ̂slab/i'iie'sbb'̂ ĥan be thlv̂ ^̂ ned i’n Provided in ihc
ensure .ha, .here is no /o£ oVsDeng.l"

Reduced fooling deptli permissible

pursiani lo\h1s‘'rcgui^ion!’fs‘'irre®?w^ consimaed
rock ouicrop. i),e depth of:|,e beam in the v cin̂ u- ?f h’ °n"  ̂
ouicrop may. subject to sub-regulation tit hi r m i ‘ or rock .wo.th,rds of the depth -han
Reinforcement in reduced footing depth

l i ! T t a . i « n ° t d  “ f  b y  t h i s

Roi..r«b7nVo777),“ j’C r " ‘‘ “•'-ip
F O O  r i.N G  S L .A B S

this Kegulaiion shall con?pTywiS^hi7oho^^^^ Pursuant to
(ocal knowledge

shall be founded on a ! ™  daSed'fn’
R e g u la tio n  33 . 3 as s ta b li.  accordance w ith

l/>) The c o n fig u ra tio n  o f  the system  sha ll c o n fo rm  w i t h -  

( i)  one o f  the m e th o d s  d lu s tra te d  in  F igu re  33 . 8 ' o r
(Ji) uny othĉ r method not less efff'F'fiv-.a i\ isoillustrated; eflccti\e than the methods

iv^';■:■;■ i

M E T H O D  A

m e t h o d  c

n 0 U R E 3 3 , g

( 0  T he  fo o tin g  p a rt o f  the system  sha ll c o m p ly  w i,h  the 
p ro v is io n s  o f  R c e u la iio n  33 a t - ,  ^  "P ' y  w im  tne

fA i Tu , r. ‘ ' ‘"g u ia tio n  33 6 as i f  it  w ere  a s tr ip  fo o tin g

o f  R j u l d o ? 3 ? r n i 7 ; h ' ' ' H " ° " ' ’ '^  the p ro v is io n s

M t t n b „  i f i ,  J A  a ° l t e U n " r Z d " ' ’ ' ’‘  ' ' ' ® '

,T»m nr"" 'or . „,h.cm, filh n g  IS res tra ined  by an e te rn a l u-all and t ^

si a I k’"" the  cxrerna! Z l

.cfotLt; S  t h T X f
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FOOTINGS .4DJ0INLNG BOU.NDa RIFS; PERMISSIBI F l>RO.)ECTIONS c-K.MiiMULL

33.-9 Notwiilisianding anything in Part 15, a footing may—
(a) support a p a r ly  waH\ and
(/)) c.xtcnd beyond the boundaries of a street u lig n m c til—

(i)

(ii)

to a distance of not more than 300 m m  where the 
highest projecting part of the footing is at a depth of 
not less than 450 m m  but is less than 3 m  below the 
ground level; or
to a distance of not more than 1 m  where the highest 
projecting part of the footing is at a depth of 3 m or 
more below the ground level.

OOo
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SITE CLASSIFICATION METHOD 
EXTRACT FROM AS2870-1986



AS 2870-1986 10
8a.

' I

il

S E C T I O N  2. S I T E  

■ >•'»" •» b»i»-
C L A S S I F I C A T I O N

Foundation Character
.Sand and rock 
Silt and some clav Stable 1 Ŝ
Moderately reactive clay 
Highly reactive clay 
Extremely reactive clav

Reactive M
H
ESand \

Material other than 
sand

Controlled fill A
A to PMine subsidence 

Uncontrolled fill 
Landslip 
Soft

Problem P

Collapsing soils
____________

r  F R O C E D U R F  Atl d.
-ore of the'

m̂lnn'r""" " illiout any site iiivc.sti-
csfnbhshcdTo"al‘i.''''''̂^̂ f̂'“" “'■ well ki ow 1 m  l<»owlcclgo provided tlial soils arc 8I10WI1 to be con.sisteni over large areas The soil
twt" hefô ’"'’ be checked by a sitevisft ticlorc constriiclioi).

( b )  Silc invc.sligaiioii to idciiiify soil profile usine o n e

or more boreholes or test pits ̂  c s m®or " 
niitnbcr drstributed over a subdivision.

('-) investigation using a peneiroineler, for .sand

W r S S i f . "  “ “
(e) Clause 7.2 for South Australia
Where the Building Authority ha.s designated n rrre

( supported by a site invcsligalioii and i  elTiiiilfte c m accordance with this "‘̂bi-̂-Sihcation
7-3 S7A11LM AND RFACTIVr .SITES
2.3.1 Sand nr rock she. Sand sites (m depths in

in

(c)

IliP S S -S s S
merns o ^ C la ts c ^  , ' ‘1 ‘ begeneral require-
L ,V  the procedure fo r the cla.s.sificn-

following methods:
(a) Vi.sual as.se,ssment o f  the site and in te rp re ta tion  o f  

know ledge o f  existing m asonry house walls o n

fan  f  which have existed fo r not less

£ n c e ' l i r V \ b le ^ 2 ^ . ' r ' “ ^

(b) id cn ijr ica tio ii o f  (he soil p ro file  and a classincaiinn 
in  accordance w ith  A ppe n d ix  C  o r fro m  estab 
lishcd data on the perform ance o f  the soil p ro file .

C om pu ta tion  o f  the predicted surface movement

i S w in g ' i i r S - " ' '  w ilh  the fo b

Surface Movement Class

Ts <  20 mill S
20 mm <  J', ̂  40 mm M
40 mm <  y, <  70 m m  • H

y-: > 70 m m  E

Cltcct o f the treatments below may be t a k e n  lnir> 
account lo improve the site cla.ssification:

(a) Rem oval and replacem cm  o f  reactive c la y  w ith  a
on-reactive  m ateria l and p ro te c tio n  o f  anv 

renia jnm g reactive d a y  from  m oisture changes; o r

(b) C overing  the site w ith  a layer o f  com pacted sn ’hle

. ™ n S l . = » f

2.3.5 Soft fotmdalions. S o ft foundations are c h s s i-  
f  ed as Class P where the a llow ab le  bearing pre.ssiiie

ns I p p m S l 'e : ' ' ' ^  "  ^«b.es

(a) U nder s tr ip  o r pad fo o t in g s .................... 100 kPa

o f  L L u  ? fcq in rcd  under the edge fo o tin k  
o f  fo o ting  slabs w ith o u t tie.s  50 kl>”

A llo w a b le  bearing pressures shall be assessed ... 
accordance w ith  A ppend ix  1!. assc.ssed in

fir
TAIII.E 2.1

SIMPEE CLASSIFICATION OF CLAY SH E.S
--------------------------- ---------- ^ r»l cB. )rl t . s urc jtivrn i„ A |.|in „ lix  A )

I ‘ 8 l i l  4 l r l „  r i> , . l t . . , s

!O.U.iii.rMXVru[cLt b C7lego,y J Unninsc nr „.o,c sevcTI

COPYRIGHT

Clu.v.sitiruiJcHi i jf  s ilf 

.S



CONTROLLED FILL SITES.

J

sand fill on sand sites. Controlledsand fill over sand site may be classified as a Class A

DoJIed fill up to 80?i^mde^i'>oi^s^nSdfra?eh

AS 2S70-

underly ing natural soil c S i e S  S S u s e I J . ' S

2.5  PROBLEM SITES. W here (he die in,.i i 
mine subsidence, uncontrolled fill, landslip condit̂oî s 
or soft so 1 (see Clause 2.3.5), the site shall be c l a s S  
as a problem sue (Class P) and a footing systeSS 
be designed in accordance with SeciioiT 5

1

COPYRlGKf



AS 2S70— 1986

APPENDIX C
S IT E  C L A S S IF IC A T IO N  BY S O IL  P R O F IL E  ID E N T IF IC A T IO N  

and C.1 provided iliai [he chv onTh^ol ■ Y'F.'I'? doacrppiioiis in Tables CT, C2

staS ? . e 7 l k 7 1 r , 3 ; l r r „ ' ; r w e r 7 ™ m e l l ' f . " "
co n d h io n , o ,  s„i, p r„ r i,e  „ „  ,„ e  siie d il'fer n.arhevl “ l . S b i r  ^ t . n a l l ^ i t l " ; '

 ni,.si..ii,„
•lie c\pivi(.'(i hudi ns Allcbic'lo '̂ wVicrc'ih" soik' " '"f miinblc soil condilioiis
P«l„l.,gk-al iiwips „,ny IH. ..sc/b,inl.;soilTyi'tlutiH/^ ri! K«-logiciH or
4lk'ma,'i"rd)IssincaM̂ ^̂  ̂ is «o. liL-d iVil,r[.nWril,'cn"son

■ A dirssiiiriHîrii'Z' ;'ik' Z'V;Zai wiciy'o

TABLE CT
CLAeSSIFICATION BASED ON LOCATION AND 

PICAL PROFILE— VICT ORIA
Kxamply.s

M clhonntc and D is fr ia  
IJnsnflic clnys—

0.6 m  dcpih ol’ ciny layer
> 0 6 III tlcpili of clay layer 
Non-hasnllic clays—
{liicliiiliiî siliiriiin aiuJ devouinti 
rcsidunl clays rtnd qiinJcrasiry 
nlliivial clays)
^ 0,6 III ilcpih of chiy layer
> 0.6 in ticpili of clay layer 
lerliary scdinicnls
5? I m  saiul over clay 
< 1 in sand o u t  d.iy, assess on llic hiisis 

ol di-pili of cl.Ty l.ayci —
^ 0.6 III 
> 0.6 ni 

lf'('W(77l/70; /
Alluvial clays
//or.sftaiit and di.M/ici 
<>rcy brown cracking clays 
Gc(7o/jji» 
fiasallic clays—
$ 0,6 in deplli
> 0.6 in (Icpiji 
WaiJin Potuls fornia iion  
Ic rtia ry  sediincms 

P h ili ip  Is la n d
ilasahic clays 
Allnvial clays
S lu 'p ffa n a n  a n d  D is t r k i  
Quaternary alluvial ctay

CliisiiiricHlinn

M|[

SM

S
M

S to fl 

II U) n

MM
M  lo II 
.S lo M

II
M

S to fl

- r . i e i !  on., lociil expci icnce should he coiisidei'cd when c liZ ly lllg" i, si;";

i J
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