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Attachment 2 
(2 pages) 

Site sketch showing test pit locations and the area  abcd  
to which the AS2870 site classification refers 
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Source: Adapted from AGS (2007c) Appendix E, after Guide to Slope Risk Analysis 
Version 3.1 November 2001, Roads and Traffic Authority of New South Wales, and 
Gardiner, V. and Dackombe, R. V. (1983). Geomorphological Field Manual.  Allen & Unwin 
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8Attachment 3 
(10 pages) 

Site and test pit photographs (6 May 2014) 
 

Plate 1 (above).  View southeast and downslope towards the pad for the house (to be built at right of the existing 
buildings).  The slopes in the foreground are 25 – 300.  
 
Plate 2 (below).  View north towards the house pad from the access drive.  The low bank at right has been cut 
through an inferred small shallow translational landslide (activity unknown). 
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Plates 3 (above) and 4 (below).  View north from the house pad.  The shallow valley in the middle ground is 
inferred to be the run-out line (arrowed) of a medium sized shallow translational landslide (probably inactive) 
which originated on thin colluvial soils on 25 – 300 slopes. 
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Plate 5 (above).  View south and cross-slope towards the pad for the house, showing the (presumably 
uncontrolled) fill from the excavation placed by a previous owner.  The slopes in the foreground are flattening 
from 12 – 100.  
 
Plate 6 (below).  Panoramic (distorted) view west and upslope towards the house site.  The access drive is at 
right. 
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Plates 7 (above) and 8 (left).  Hillside 
slopes are in the 30 – 350. range above 
the house site, and comprise thin light 
coloured gravelly sandy silt soils on 
Permian age-bedrock. Bedrock or 
subcrop is common on the slopes. 
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Plate 9 (above).  View south southwest showing the proposed house site (yellow dashed line; approx. 
only), previously-dug auger holes for piers (arrowed), test pits F and G, the steel-posted and undrained 
timber retaining wall (blue dashed line shows water flow), the 350 batter slope behind, and two very 
small rotational landslides on the batter face. 
 
Plate 10 (below).  View northeast towards the proposed house site (yellow dashed line; approx.).  The 
excavator is digging test pit G. 
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Plate 11 (above).  View 
south at very small-scale 
rotational landsliding in 
colluvial soils at the 
southern end of the timber 
retaining wall. 
 
Plate 12 (right).  View 
south at the end of the 
timber retaining wall, 
showing the northern side 
of the small shallow 
translational landslide 
(activity unknown) 
identified in Plate 2.  
Colluvial soil has slid 
(slowly?) over similar 
materials.  The staff is 
about 1.6m long. 
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Plate 13 (above).  View north across the eastern side of the house 
excavation prepared by a previous owner. The staff is 2m long.  
The five arrowed pier holes, each about 0.5m in diameter and 
ranging from 0.3 to 0.5m deep, were excavated in highly 
weathered Permian sandstone bedrock (inset at left).  Bedrock is 
exposed over most of the foreground in this photo.  
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In the following photos of test pit profiles, the staff is graduated in metre long yellow and white segments.  The 
numbers are decimetres (tenths of a metre). 
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18 Attachment 4  

(4 pages including this page) 
Summary of test pits, interpretation of site geolog y, AS2870 site classification and 

Notes for Designers, Builders and Owners 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.1 Site geology  
4.1.1 Published geology of the property 
The geological map1 of the area (Attachment 1) shows the property as wholly underlain by 
sub-horizontal Permian-age sandstones and minor siltstones. 
 
4.1.2 My interpretation of the geology 
Site inspection supports the published geology. The bedrock, where exposed, ranges from 
fresh to extemely weathered, and moderately to strongly fractured.  At the house site, it is 

                                                           
1 Farmer, N. (1981).  Geological atlas 1:50,000 series.  Kingborough.  Tasmanian Department of Mines. 
 

Table 4.1.  Summary of test pit logs 
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19 mainly highly to extremely weathered in test pits, the excavation at the rear of the house 
site, and in previously augerd pier holes. 
 
4.2 Soils 
4.2.1 Texture and thickness 
Undisturbed soils are duplex profiles with light cloured sandy topsoils and brigher coloured clay 
subsoils, best shownby profiles in test pits A – D (Table 4.1). The clays are probably reactive2. 
 
Soils on slopes above and adjacent to the house site are mainly colluvial, light coloured 
gravelly silty sand over low plasticity claye gravelly sand subsoil (not shown in Table 4.1.  
 
4.2.2 Shrink swell testing and soil reactivity 
To assess the reactivity of the undisturbed subsoil materials, and to assist in site classification 
in accordance with AS2870, one undisturbed subsoil sample (Layer 4 in Table 4.1) from the 
site was tested3 for shrink swell capability (the Shrink-Swell Index, Iss). All other soil layers in 
Table 4.1 are regarded as non-reactive (ie Iss = zero). 
 
The test results were: 
 

Pit E (0.7-1.0m) Silty CLAY: weakly mottled orange and grey; high plasticity 
Initial moisture content 24% 
Swelling strain  1.2% 
Shrinkage strain  0.9% 
Shrink swell index (I ss) =  0.8% 
 

This is a low Iss value for clay. Assume the on-site variation in Iss is 0.8 – 1.3%. When it is 
applied to the Layer 4 thicknesses in each test pit (where it is present) the following estimated 
ground surface movements result4: 
 

Test pit A Estimated ground surface movement in range 10 – 15mm (Class S) 
Test pit B Estimated ground surface movement in range 10 – 15mm (Class S) 
Test pit C Estimated ground surface movement in range 10 – 15mm (Class S) 
Test pit D Estimated ground surface movement in range 10 – 15mm (Class S) 
Test pit E Estimated ground surface movement in range 10 – 20mm (Class S) 

 
4.2.3 Bearing capacities of materials 
Shear vane testing of clayey layer 4 (Table 4.1) was done in test pit E, and of extremely 
weathered inferred bedrock (layer 6) in pit G.  The former returned 220kPa at 0.7m, and 
240kPa at 1.5m, for an estimated safe bearing capacity of about 400kPa, which is adequate for 
houses.  The latter returned 240kPa at 0.9m, and 180kPa at 1.1m, for an estimated safe 
bearing capacity also of about 400kPa. 
 

                                                           
2 Reactive clays increase or decrease in volume as their moisture content increases or decreases respectively.  Such 
volume changes can transfer to vertically up or down ground surface movement, which may compromise the integrity 
of house footings unless the surface movement is anticipated and footings are designed to cope with them. This is the 
basis of Australian Standard 2870:2011 Residential slabs and footings, which classifies house sites and provides 
footing designs for the various classes.  
3 Although William C. Cromer Pty. Ltd. is not NATA registered, testing was performed essentially in accordance with 
AS1289.7.1.1-1998.  Methods of testing soils for engineering purposes.  Method 7.1.1.  Soil reactivity tests – 
Determination of the shrinkage index of a soil – Shrink-swell index.  Standards Australia.  From the Shrink-Swell index, 
the maximum ground surface movement can be estimated, and hence the site classification. 
4  

Notes   
1 Regional suction base depth = 2m  
2 Change in suction at surface = 1.5pF 
3 Assumes layer will be completely dry and completely wet at surface during a 50 year period 
4 AS2870 classifications 

 Class Ground surface movement 
 A 0 – 10mm 
 S 10 – 20mm 
 M 20 – 40mm 
 H 40 – 70mm 
 E >70mm 
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20 Groundwater 
No groundwater was noted in any test pit. No springs were observed on the site..   
 
Deeper, permanent groundwater is present beneath the property, but its occurrence will have 
no impact on the house, and vice versa. 
 
Tunnel erosion and soil dispersion 
No instances of tunnel erosion (suggestive of dispersive soils) were noted during site 
investigations. 
 
Nevertheless, four samples (one each from test pits A, B, C and D) were tested for dispersion 
using a modification of the Emerson Aggregate Test. The technique is outlined in 
AS/NZS1547:2000 On-site domestic-wastewater management, Section 4.1D7.  
 
During testing, all samples slaked but showed no or very minor dispersion. Remoulded 
samples did not disperse.  Accordingly, Emerson Class numbers 4, 5 or 6 are indicated. It is 
inferred from these results than dispersive materials do not exist on the property and that 
tunnel erosion of Layer 1 and 2 clayey materials is potentially a low risk issue for development. 
  
 
4.3 Fill 
Fill has been placed as a (presumably) uncontrolled wedge of soil and weathered bedrock at 
the house site, where it forms an outer embankment several metres high.  Topsoil from the 
excavation has been placed at the base of the embankment.  
 
 
4.4 Landslide risk assessment 
See Attachment 5. 
 
 
4.5 AS2870 site classification 
The proposed house site is classified Class P in accordance with Australian Standard 2870 
(2011) Residential slabs and footings because of  
 

(a) the observed and inferred presence of slope instability (refer to Attachment 5), 
 
(b) the presence of adjacent fill up to at least 2m thick, but thinning from the lip of the 

embankment to locally along the eastern side of the house footprint, and 
 

(c) the variable depth to bedrock, and its extremely variable degree of weathering.   
 
Footings for Class P sites require certification by an engineer experienced in footing design. 
The builder should ensure that the engineer has (a) read this report, and (b) inspected and 
approved all holes for piered footings before footings are emplaced.  A suitably experienced 
geotechnical engineer or engineering geologist could inspect the empty footings, provided he 
or she is familiar with this report.   
 
If all footings are placed into (not onto) sandstone bedrock at various stages of weathering, the 
site classification is Class S .  See Notes for designers, engineers and builders below.  
 

Irrespective of the classification, the pier footings at this site shall be 
inspected by a suitable experienced engineer, geotechnical engineer 

or engineering geologist before piers are emplaced. 
 
4.6 Notes for designers, engineers and builders 
4.6.1 Variability of subsurface conditions’ 
Subsurface conditions encountered during construction which appear to differ significantly from 
those described here should be immediately brought to my attention. 
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21 4.6.2 House design 
I have not viewed house plans but am informed by the client that the dwelling will be a single 
storey dwelling, raised on piers one storey above ground to allow (a) a clear area for car 
parking underneath and (b) a level or inclined constructed access from first floor level east to 
the hillside above the oversteepened slope.  
 
The house should be constructed on lightweight materials, and preferably be in a modular, 
articulated form. 
 
This design, with qualifications (see following paragraphs) suits the site.  If a concrete slab 
house is proposed, the slab shall be supported by piers founded everywhere in bedrock. 
 
4.6.3 House bracing and strengthening 
To mitigate the potential consequences of small scale shallow landsliding at and above the site 
(Scenario 5 in Attachment 5), and beneath the house site (Scenario 4), the house piers should 
be adequately founded (see below) and braced to each other.  Similar braces shall be 
extended into the battered slope, or the slope above the batter, or both, to offer further lateral 
support and mitigation of Scenario 3. A suitably experienced engineer shall certify the design. 
 
4.6.4 Footings 
I recommend all piers be extended into sandstone bedrock, at various stages of weathering. 
Along the eastern side of the house footprint, highly weathered but adequately competent 
bedrock is at or within about 0.3m of the excavated surface.  
 
Along the western side of the footprint, and especially in a northerly direction towards pit E, 
expect variable depth to bedrock from about 1 – 1.5m near pit G, to over 2.3m at pit E.  If 
bedrock is not encountered in the vicinity of Pit E, a pier depth of 2m in clayey materials will be 
acceptable.  
 
4.6.5 Excavations and retaining wall 
Minimise further cut and fill.  To enhance upslope slope stability (Scenario 3 in Attachment 5), 
do not extend the existing excavation towards the northeastern corner of the house footprint. 
This retains the current earth support on the natural slope. 
 
The existing retaining wall can be retained, at least in the medium term, because its steel posts 
and timbers are sound, and it is easily holding back the very small landslide material (1 – 3m3) 
created behind it  The wall may need upgrading and strengthening in future.  However, before 
house construction starts, the existing open piers in front of it need to be backfilled with 
concrete.    
 
4.6.6 Use of fill 
No on-site materials should be used as fill to support infrastructure.  .  
 
4.6.7 Drainage 
To prevent surface water moving across the house footprint, a shallow drain needs to be 
installed the full length of the existing retaining wall, and in front of it (at the rear is the norm, 
but there are access problems).  Discharge from the drain needs to be directed to the south of 
the house site, but away from downslope on-site wastewater disposal areas. 
 
4.7 Notes for owners and occupiers 
Australian Geomechanics Society Geoguides 
Al interested parties are advised to read the AGS Geoguides5, and in particular, the examples 
provided for good and bad hillside construction methods.  The latter are included here as 
Attachment 6. 
 
 

                                                           
5 AGS (2007e). The Australian Geoguides for Slope Management and Maintenance.  Australian Geomechanics Vol 42 
No 1 March 2007 
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22 Attachment 5 
(13 pages) 

Landslide Risk Management (LRM) 
 
This Attachment addresses slope stability (landslide) issues for the proposed development in 
accordance with Australian Geomechanics Society (AGS) Landslide Risk Management 
(2007)6. The process is depicted in Figure 5.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                           
6 The five AGS documents are: 
AGS (2007a).  Guideline for Landslide Susceptibility, Hazard and Risk Zoning. Australian Geomechanics, Vol 42 No 1 
March 2007 
AGS (2007b).  Commentary on Guideline for Landslide Susceptibility, Hazard and Risk Zoning. Australian 
Geomechanics, Vol 42 No 1 March 2007 
AGS (2007c).  Practice Notes Guidelines for Landslide Risk Management.  Australian Geomechanics Vol 42 No 1 
March 2007 
AGS (2007d). Commentary on Practice Notes Guidelines for Landslide Risk Management.  Australian Geomechanics 
Vol 42 No 1 March 2007 
AGS (2007e). The Australian Geoguides for Slope Management and Maintenance.  Australian Geomechanics Vol 42 
No 1 March 2007 

Figure 5 .1.  Framework for Landslide Risk Management  
Source: Reproduced without amendment from AGS (2007a).  Guideline for Landslide Susceptibility, Hazard and Risk 
Zoning. Australian Geomechanics, Vol 42 No 1 March 2007 
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23 5.1 Preliminary 
5.1.1 Desktop review of slope instability 
Published evidence 
See Attachment 1 of this report. 
 
The house site and surrounds are in the Low Landslide Hazard band, but a Medium band 
exists quite close on the steeper ground to the east. 
 
I an unaware of any published reports relating to slope stability issues in the neighbourhood of 
the proposed development, or of recognised slope instability issues affecting residential 
development in the general district. 
 
Field evidence 
The following are relevant: 
 

• Slope angles are in the 10 – 120 range on a slope segment below the house, but are in 
the 25 – 300 range east and west of the site. Intermediate ranges exist on the slopes 
immediately east of the house site. 

 
• The steep sloes west of the house appear to have a very thin and variable colluvial soil 

cover, with many subcrops of sandstone bedrock.  Probably, some of the sol cover has 
moved downslope towards the house site. 

 
• The excavation by a previous owner for the house site has created slopes of around 

30 – 350 in an oversteepened cut to the east, and an uncontrolled fill embankment to 
the west (Attachment 2).  Very small scale rotational landsliding has occurred on the 
oversteepened cut, and the failed material has been adequately retained by a 1.8m 
high wall. 

 
• The cutting at the southern end of the house site has exposed a shallow translational 

landslide involving colluvial materials. 
 

• The short, narrow and shallow valley about 50mor so north of the house site appears 
to be a landslide feature, but probably quite old and inactive because no downslope 
run-out material is evident. 

 
5.1.2 Site investigations 
Addressed in the body of this report, and in Attachments. 
 
5.1.3 Site plan 
See Attachment 2 for a geotechnical and geomorphological fact map of the house site and 
environs. See also Figure 5.1 (this Attachment). 
 
5.1.4 Conceptual hydrogeological cross section at n atural scale 
See Figure 5.3 in this Attachment. 
 
5.2 Hazard Analysis 
5.2.1 Landslide characterisation 
Refer to Figure 5.1 and Table 5.1 (this Attachment) for a description of the main forms of 
landslide movement.  
 
Figure 5.2 schematically shows several potential forms (scenarios) of landslide movement in 
relation to the proposed development, under current and post development conditions. The 
post development conditions relate to landslide risk management measures recommended 
here for house construction.  
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Figure 5 .1   Main types of landslide movement  
Source:  From Appendix B of AGS (2007c).  Practice Notes Guidelines for Landslide Risk Management.  
Australian Geomechanics Vol 42 No 1 March 2007 
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25 5.2.2 Frequency analysis 
Table 5.2 (this Attachment) lists the potential occurrence and subjective likelihood of slope 
instability for the proposed development, under current and post development conditions. 
 
5.3 Consequence analysis and qualitative risk to pr operty estimation – 

current situation 
Table 5.3 (this Attachment) is a consequence analysis and risk to property assessment for the 
pre-development scenarios (#1, 2, 3, 4, 5, 6) shown in Figure 5.2 and listed in Table 5.2. 
 
Consequences for the scenarios range from minor to major, and the attendant risks are in the 
Very low to Moderate range. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table  5.1   Main types of landslide  movement  
Source:  From Appendix B of AGS (2007c).  Practice Notes Guidelines for Landslide Risk 
Management.  Australian Geomechanics Vol 42 No 1 March 2007 

  

Table 5 .2   Landslide characterisation in relation to the curre nt proposal  
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Figure 5.2   Interpreted cross section  through proposed house site  (natural scale) , showing 
landslide scenarios 1 – 6 addressed in this Attachm ent. 
See Attachment 4 for location of the section line. 

 
Source:  From Appendix B of AGS (2007c).  Practice Notes Guidelines for Landslide Risk 
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Table 5 .3   Qualitative consequences  and risks to property for landslide scenarios for  the 
  proposed development under current conditions  
 

Table 5 .4   Qualitative consequences and risks to property for landslide scenarios for  the 
  proposed development (after development  
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5.4 Consequence analysis and qualitative risk to pr operty estimation – after 

development 
Table 5.4 (this Attachment) is a consequence analysis and risk to property assessment for the 
pre-development scenarios (#1, 2, 3, 4, 5, 6) shown in Figure 5.2 and listed in Table 5.4. 
 
Risks for scenarios #1, 2, 3 and 5 are unchanged, with risks remaining at Very Low, Low, 
Moderate and Low respectively (ie no reasonable risk mitigation measures can be taken to 
address these scenarios.  
 
Risks for scenarios #4 and 6 after development have been reduced from Moderate to Low 
(highlighted in red in Table 5.4.) by house construction methods, and the probability of 
reducing water infiltration into the uncontrolled fill near the house site. 
 
 
5.5 Qualitative risk to life estimation– current si tuation 
It is subjectively estimated that current slope instability scenarios present acceptable risks to 
life.  No quantitative risk to life has been attempted. 
 
 
5.6 Suggested risk mitigation plan 
See Notes for Designers, Engineers and Builders in Section 4.6 of Attachment 4. 
 
 
5.7 Certificate of currency for Professional Indemn ity Insurance 
A copy of the certificate of currency for PI insurance for William C Cromer Pty Ltd is included 
here as Figure 5.3. 
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Figure 5.3 Certificate of currency for PI insurance for William C Cromer Pty Ltd  
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30 Attachment 6 
(4 pages) 

Summary of geotechnical issues, risks and consequen ces to house site, and suggested 
risk treatment practices (1 page) 
Terminology used in geotechnical risk assessment (1  page), and 
Examples of good and poor hillside engineering prac tices (2 pages) 

 
Table 6.1 Summary of geotechnical issues, risks and  consequences to house site, 

and suggested risk treatment practices 

  Issue Likelihood of 
occurrence 

Consequences 
to property 

Level of risk 
to property Risk treatment 

1 Surface soil erosion Possible Minor Low Control upslope surface runoff and roof 
runoff. Ensure adequate drainage at retaining 
walls.  Do not install upslope cutoff drain 
above house. 

2 Tunnel erosion Unlikely Minor Low As for issue 1 

3 Soil creep Unlikely Minor Low As for issue 1 

4 Shallow-seated 
landslide (involving, 
for example, soil, 
boulder beds, talus, 
colluvium, etc) 

Unlikely to 
Almost certain 

Insignificant to 
Medium 

Low to 
Moderate 

See Attachments 4 and 5 this report 

5 Deep-seated 
landslide (involving, 
eg boulder beds, 
talus, colluvium, 
bedrock etc) 

Barely credible Major Very low No action required 

6 Foundation 
movement due to 
reactive or unstable 
soils 

Possible Medium Moderate Design footings in accordance with the 
AS2870 site classification and related 
comments in Attachment 4 of this report   

7 Low strength 
materials (eg 
uncontrolled fill, 
soft soils) 

Almost certain 
near house site 

Medium (Minor 
at house site) 

High As for issue 6 

8 Vegetation removal Unlikely Minor Low Avoid planting large trees close to buildings 

9 Flooding or 
waterlogging 

Waterlogging 
possible 

Minor Moderate As for issue 1.    

10 Riverbank collapse Not applicable   No action required 

11 On-site wastewater 
disposal 

Certain Minor Low Manage wastewater in accordance with 
separate report by William C Cromer Pty Ltd 

12 Site contamination 
from previous 
activities 

Unlikely Minor Low Visual inspection during site construction, and 
cover or clean up as required. 

13 Earthquake risk Almost certain 
(magnitude 
<5); Likely 
(magnitude>5) 

Insignificant to 
Minor 

Low to 
Moderate 

Generally accept risk.  A similar range of risks 
exists throughout Tasmania. 

14 Sea level rise Not applicable   No action required 

15 Storm surge Not applicable   As above 

16 Shoreline recession Not applicable   As above 

1.  The assessments are unavoidably subjective to varying degrees.   

2.  See next page for an explanation of the terms used in this table.    

3.   Further reading:  Australian Geomechanics Society Subcommittee (2007).  Landslide Risk Management 
      Aust. Geomechanics 42(1) March 2007, pp 1 – 219.    
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31 Terminology used in geotechnical risk assessment (1  page) 
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32 Examples of good and poor hillside engineering prac tices 
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