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ABSTRACT 
 
In recent times most of house construction in Victoria has occurred in highly expansive soils in 
Melbourne, Geelong, Ballarat, Horsham and middle Murray river areas.  AS2870 – “Residential Slabs 
& Footings” has adopted a “site characterisation” method which relies on surface suction variations 
(∆u), depth of seasonal moisture variation (Hs) and soil shrink/swell indices (Iss ). These parameters 
(all of which are strongly affected by environmental conditions and climate) are used to calculate the 
“characteristic surface movement” (ys). A soil moisture index was proposed by 
geographer/climatologist C.W. Thornthwaite in the late 1930’s which became known as the 
Thornthwaite Moisture Index (TMI). In 1948 he published a formula for this calculation and a United 
States map of the isopleths of these indices. In 1964 G.D. Aitchison and B.G. Richards produced a 
similar map for Australia from Bureau of Meteorology (B0M) data collected from 1940 to 1960. In 1996 
AS2870 included a TMI map of the state of Victoria adapted from this work. The authors here have re-
examined the TMI’s values based on more recent climate data (1993-2012) and discuss these 
changes and their consequences. 
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1 INTRODUCTION 
 
The change in expansive soil volume can cause damage to buildings with shallow footings due to 
differential shrinking and swelling of the foundation soil. This movement is generally irregular and can 
cause damage by the distortion and deflection of walls and floors. Environmental conditions play an 
important role in the behaviour of soils. Soil volume increases during wet periods or by human 
influence and decreases during dry periods. AS2870 has adopted a model to calculate the 
“characteristic” ground movement (ys) caused by varying soil moisture. These models, among other 
matters, rely on a measurement or approximation of: surface suction variation (∆u), depth of seasonal 
moisture variation (Hs) and soil shrink/swell indices (Iss ). The ys value is calculated then used to select 
“deemed-to-comply” footing solutions or assist the engineer to design the footings from “engineering 
principles”. 
 
Annual variations in the intensity of rainfall and evaporation, depth of ground water table and site drainage 
patterns also influence both the extent and the pattern of ground movements. Variations in soil profiles at a site 
can also lead to differences in movement across a site, even if the site experiences a uniform change in moisture. 
AS2870 contains a map of Victoria with TMI isopleths largely adopted from Aitchison’s and Richards’ work in the 
1960’s.  

Table 2 and Figure 1 show the climate zones and their Hs depths. The TMI calculations use 

Thonthwaite’s original soil index formula (1948). 
 
The following paper presents a typical TMI trend line for the Melton weather station in Figure 3 and an 
up-dated map of Victoria TMI based on more recent climatic conditions (1993-2012) in Figure 4. 
 
2 SITE CHARACTERISATION 
 
Seasonal change in rainfall is typically the principal cause of the change of the equilibrium moisture 
depth i.e. the depth at which there is very little change in moisture (Hs). However, this depth also 
varies in different climate zones and with climatic changes (Figure 5). AS2870 has chosen the TMIs as 
an indicator of Hs.  The recent drought ‘Millennium’ (1997-2009) had the most persistent rainfall deficit 
experienced in south-eastern Australia (South Eastern Australian Climate Initiative (SEACI) 2011). 



This event impacted the performance of houses due to foundation soil shrinkage causing edge 
settlement in the slabs.  
 
BoM 2011, 2012 and 2014 reported that Victoria had the most severe drought on record from 1997 to 
2009 with 25%+ less than average rainfall (Bureau of Meteorology 2011, 2012). This drought suddenly 
broke in early April 2010 and was immediately followed by the second-wettest consecutive years 
(2010 and 2011) which created severe flooding events. These events changed the soil moisture 
contents of the highly expansive clays significantly, causing severe slab edge settlement during the 
drought in buildings constructed prior to the drought and severe edge lift (heave) during the wet years, 
particularly in slabs constructed during the drought. Ng & Menzies (2007) state that the differences on 
the amount and period length of high precipitation and evapotranspiration are the principal factors 
influencing the swell-shrink response of clay beneath a building. The swell-shrink behaviour of a clay 
soil is controlled by changes in soil suction. Moisture movement through the soil is due to 
evapotranspiration from its surface in dry weather or recharge following precipitation (Bell and 
Culshaw 2001 cited in Ng and Menzies 2007). 
 
Table 1: Classification for the volcanic sites in the North and West of Melbourne. 
(Part of AS2870 Table 2.1) 

 
 
3 THE SIGNIFICANCE OF THORNTHWAITE MOISTURE INDEX (TMI) 
 
The TMI describes the aridity or humidity of the soil and climate of a region. It is based on a water-
balance model for climate classification: precipitation (supply) and evapotranspiration (demand). 
Originally TMI was mainly used in the U.S.A. to map soil moisture conditions for agriculture but soon 
became a popular method to predict pavement foundation changes, water sources, wetland health 
and land uses. 
 
The wetness of the land surface has proven essential for understanding a variety of biophysical and 
biological processes. Such processes, with particular attention to soil moisture, can affect the 
performance of the built environment. The design and costs of constructing or repairing residential 
footings is greatly influenced by the degree of ground movement, which is driven by the magnitude of 
change in soil moisture. A decrease in surface soil moisture leads, over time, to an increase of the 
depth of soil drying. Any Infrastructure with shallow footings, such as pavements and houses is 
particularly susceptible to these changes.  The effect of climate change on the shallow expansive 
foundation conditions of residential dwellings is costing several hundred billion dollars worldwide 
(Mokhtari & Dehghani 2012). 
 
Climate change will further magnify the risks structural damages as soil movements become more frequent and 
more severe. AS2870 has also created Climate Zones for site classification purposes using TMI ranges ( 

Table 2). A number of researchers have calculated TMIs and produced maps for various Australian 
states. Recently AS2870-2011 has standardized the time period over which the TMI should be 
calculated as 25 years but the calculation method has not yet been agreed on making it difficult to 
compare values from state to state. 
 
Climate change may change the surface suction variation (∆u) and the depth of suction change (Hs) 
and therefore affect the performance of “deemed to comply” footing and slab designs in AS2870. The 
climatic zones in AS2870 (Appendix D1) have been largely developed from the Aitchison and 
Richards map of Australian TMI calculated from the 1940-1960 data (Figure 1). 
 



Table 2:  Relationship of TMI, depth of soil suction change (Hs) and climate zones (AS2870-
2011) 

 

 

 
Figure 1. TMI map from the AS2870 2011 

 
3.1 TMI calculation 
 
The authors adopted Thornthwaite’s (1948) formula (equation 1) to calculate the TMI’s for the 
Australian state of Victoria. This formula is based on the water balance method which is a budgeting 
exercise that assesses the proportion of rainfall that becomes run-off, evapotranspiration and 
groundwater recharge (Mehta, Walter, & DeGloria 2006). Thornthwaite pioneered the water balance 
approach to assess water needs for irrigation, other water related issues and developing a climate 
classification. This approach uses precipitation (P), actual evapotranspiration (AE) and potential 
evapotranspiration (PE) as the key variables. The rate of evapotranspiration is associated to the 
gradient of vapor pressure between the ground surface and the layer of atmosphere receiving the 
evaporated water (Pidwirny 2006).  
 
TMI = (100S- 60D)/Total PE         (1) 

 
Moisture surplus (S) occurs when precipitation exceeds potential evapotranspiration while moisture 
deficit (D) occurs when potential evapotranspiration exceeds actual evapotranspiration. Where 



precipitation is exactly the same as potential evapotranspiration, there is neither water deficiency nor 
water surplus (Thornthwaite 1948) thus the climate and soil moisture is “stable”. TMI is negative when 
precipitation is lower than potential evapotranspiration (S = 0 and D > 0) signifying dry climate. When 
precipitation is higher than potential evapotranspiration (S > 0 and D = 0), TMI is positive hence 
indicating a humid climate. Figure 2 is an example of a water balance graph for Melton in 2011 which 
shows surplus in May and deficit for the rest of the year. The 25 year average TMI is -22 (Figure 3). 
 

 
Figure 2. Water balance graph for Melton, 2011 

 

3.2 Melton TMI’s 
 
The climate data used for the TMI calculation was sourced from SILO

1
 which is based on historical 

climate data provided by the Bureau of Meteorology. Daily values of the precipitation, potential and 
actual evapotranspiration for every stations in Victoria which had readings for the periods were used. 
The daily data of these 3 parameters were converted into yearly TMI values.  
 
Figure 3 shows an example of the TMI changes in Melton which has now become an outer western 
suburb of Melbourne. The running average is calculated over 25 year periods. The trend line is for the 
period from 1889-2012 and shows that this part of Melbourne has had a drying trend since 1889.  
 

 
Figure 3. TMI for Melton weather station with 25 years moving average and trend line 

                                                 
1
 SILO is an enhanced climate data bank hosted by The Science Delivery Division of the Department of Science, Information 

Technology, Innovation and the Arts (DSITIA)  



The updated TMI map (1993-2012) in Figure 4 produced by Leao and Osman-Schlegel using the 
Zones as outlined in AS2870-1996 and the original Thornthwaite formula. is based on the latest TMI 
calculations and the isopleths plotted using advanced spatial statistical methods in the geographic 
information system (GIS). This map clearly shows a significant change from that in AS2870-2011 - 
(Figure 1). The most important being that the area immediately west of Melbourne would now be in 
Climate Zone 4. This map shows that the Mallee condition (Climate Zone 5 & 6) have moved 
southward. The Wimmera condition (Zone 4) has spread South and East and starting to develop in the 
“rain shadow” in Central Gippsland. Zone 2 and 3 have also moved to the South and East and Zones 
1 are retracting. 
 

 
Figure 4. Victoria TMI 1993-2012 (School of Architecture and Built Environment, Deakin University) 
 
3.3 Consequences of changes of TMI 
 
Figure 5 shows the site characterisation models used by AS2870 in each climate zone. In each case 
the surface suction interval (∆u) used is 1.2 pF but the actual surface suction values increase in the 
drier Zones. For example in the wet zones (Zone 1) the ∆u may be 3 to 4.2 pF, whereas in dry Zones 
6 it may be 4 to 5.2 pF. This is not a problem only if the suction/strain relationship is linear over the 
field range of suctions. The ys is calculated using the shrink/swell index of each soil layer considering 
the suction change in each layer. A formula is given to calculate the ys value. As the TMI changes 
(calculated over suitably long periods) the Hs may also change thus affecting the ys value and perhaps 
even the slab design. 



 
Figure 5. AS2870 surface movement characterisation models 
 
DISCUSSIONS 
 
Using the original relationship adopted by AS2870 the Hs would increase in many parts of Victoria 
hence increasing the ys  and requiring a higher slab grade. In the highly expansive clays in the western 
and northern Melbourne the classification would increase from H2 to E (Table 1). 

Where the TMI zone changes it may also affect the exploration methods. Building sites which move 
into the drier Zones (≥4) and have very high plasticity clays often have gilgais thus the number of test 
sites needed are a minimum of 3 (as advised in AS2870). In zones 1 and 2 the minimum exploration 
depth is 1.5 metre (unless rock is found) In zones 3, 4 and 5 the exploration depths are deeper (unless 
rock is found) 
 
In the western suburbs of Melbourne most building sites have very high plasticity clays derived from 
Quarternary age alkaline volcanics. After the issue of AS2870-1996 these sites were being commonly 
classified as “H” (highly reactive clay sites with high ground movements). After the issue of AS2870-
2011 these sites have been commonly classified as H2 (highly reactive clay sites with very high 
ground movements). Both of these classifications are based on climate zone 3 and a TMI range of -15 
to -5 and a Hs of 2.3 metre. However the latest TMI for this area is in the range of -25 to -15 therefore 
would be in climate zone 4 which has an Hs of 3 metre. In most cases this change would increase the 
classification of a significant proportion of the building sites to “E”. (Most of the exceptions being sites 
with shallow rock or carbonate-rich layers) 
 
4 CONCLUSIONS 
 
Recently owner’s complaints and legal action have increased and the first author’s field experience 
suggests that the following may be the cause of the damage arousing these complaints: 

1. Inadequate investigative methods leading to under-classification. 
2. Excessive moisture change increases the slab movement beyond the limits of the design of 

the slab configuration recommended. 
3. Post-construction practices that create conditions beyond the limits of the surface suctions 

used in design. 
 
Recently more chaotic weather effects have created conditions not anticipated either by ASA 2870 or 
by designing engineers. A better and more regular TMI measurements will greatly assist engineers. 
Regular calculation of TMI (e.g. every 10 years with a 30 year running average) will allow the site 
classification model to be kept updated and allow a better estimation of the effects of post-construction 
moisture changes due to natural effects.  
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