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1  
WSP Australia Pty Ltd (WSP) has been engaged by Talis Consultants (Talis) to undertake a geotechnical investigation 
for the Wangara Waste Transfer Station (WTS) alterations and expansion project, located at 70 Motivation Drive, 
Wangara, Western Australia. The location of the site is shown in Figure 1, Location Plan. 

The Wangara WTS project involves the addition and alteration of an existing waste transfer facility, including: 

 the construction of a loadout lane, 

 a canopy over the loadout lane, 

 modifications to the existing single storey industrial steel frame building, and associated tracks for haulage trailers. 

To facilitate excavation and underpinning of the existing foundation, a micro-fine cement grout injection program is 
proposed. 
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2  
The objectives of the geotechnical investigation were to: 

 Assess the site conditions, including topography, geomorphology and subsurface profiles, with groundwater 
observations (if encountered) 

 Assess the site classification in accordance with AS 2870, relevant to the proposed structures. 

 Provide geotechnical recommendations for bearing capacity and preliminary design parameters for the proposed 
building modifications and foundation alterations 

 Provide geotechnical recommendations for earthworks, including slope stability in cut/fill areas, excavation support 
and trenching stability to inform loadout lane construction 

 Provide geotechnical recommendations for construction considerations, including site preparation, foundation 
recommendations and ground improvement requirements 

 Provide geotechnical recommendations for the utilisation of micro-fine cement permeation grouting. 
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4  

4.1 surface conditions 

At the time of the investigation, the central part of the site was occupied by an existing single storey structure with 
hardstand asphalt covering majority of the perimeter of the site. The asphalt extended to the kerb, which ran along the 
boundary fence line. Beyond the kerb, a narrow verge area was present, which was sparsely vegetated and appeared to 
contain a layer of very dense crushed limestone from previous site works or road construction. The site is generally flat, 
at an elevation of approximately 68 m AHD. 

4.2 Regional geology 
The Perth sheet of the 1:50,000 Environmental Geology series map indicates that the site is underlain by Sand derived 
from the Tamala Limestone, which is described as pale and olive yellow, medium to coarse-grained, sub-angular to sub-
rounded quartz, trace of feldspar, moderately sorted, of residual origin. An extract of the geological map is presented in 
Figure 3. 

4.3 Subsurface conditions 

Based on the results of the geotechnical investigation, the subsurface conditions at the site can be generalised as 
comprising: 

 ASPHALT 

 FILL  SAND to Gravelly SAND: fine to coarse grained, sub-angular to sub-rounded, pale yellow-brown to brown 
Sand.Gravel is fine to medium grained, sub-angular. This unit extends to around 0.25 m depth, overlying 

 SAND (SP)  Sand derived from Tamala Limestone: fine to coarse grained, sub-angular to sub-rounded, pale grey 
and brown, becoming grey with depth, generally 

 Very dense to a depth of about 2.0 m bgl. 

 Medium dense to a depth of about 7.0 m bgl. 

 Dense extending to the maximum depth investigated of 9.2 m bgl (minimum elevation of about RL 57.8 m 
AHD). 

Deviations from the above generalised stratigraphy occur, and the individual CPT and borehole reports should be referred 
to for further information. 

4.4 Groundwater 
The Perth Groundwater Atlas (1997) indicates the estimated maximum groundwater level is between RL 39 m AHD and 
RL 40 m AHD, which is about 28 m below ground level. 

Groundwater was not encountered to the maximum depth investigated of 9.2 m. 
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5  

5.1 Site classification 

We have assessed the classification of the site in accordance with AS 2870- and Footings  
Construct  AS 2870-2011 defines the site on the basis of a characteristic surface movement associated with the 
seasonal moisture changes in expansive soils. It does not specifically deal with settlement. It should be noted that the AS 
2870-2011 site classification is limited to lightly loaded residential and commercial structures. The structural designer 
should consider this when using the site classification. 

procedures listed within Section 5.2 are performed. 

5.2 Site preparation 
The following site preparation procedures are recommended for the development: 

 Where required, demolish existing buildings and break out hardstand. 

 Remove any deleterious materials from the site, including grubbing out roots and removing organic matter. Any 
buried services, rubble, structural elements and other unsuitable or deleterious material encountered during the 
excavation should be removed. 

 Excavate to footing foundation level where required. The in situ sands are likely to be suitable for re-use as structural 
fill (following the removal of any deleterious material that may be present), and may be stockpiled for later re-use if 
required. 

 Densify the exposed ground beneath floor slabs and footings by compacting to achieve the level of compaction 
specified in Section 5.3 to a minimum of 0.9 m below the underside of footings or ground slabs. This may require 
over-excavation and replacement of soil in compacted layers. 

 Where required, place approved granular fill to the required levels in layers of no greater than 0.3 m loose thickness 
and compact each layer to achieve the level of compaction outlined in Section 5.3. 

 Confirm that the specified level of compaction, as defined in Section 5.3 has been achieved to a depth of 0.9 m 
below the base of the footings and slabs by testing: 

 At each spread footing excavation. 

 At 2.5 m centres along strip footing excavations, and 

 On a grid at 5 m centres beneath slab-on-ground floors. 

The occurrence of undetected unsuitable fill cannot be dismissed. Any deleterious material must be removed from 
beneath the building and replaced with approved granular fill. Allowance for such a contingency should be made in 
earthwork quantities. 

5.3 Compaction 
In situ sand and approved sand fill should be moisture conditioned and compacted using suitable compaction equipment 
to achieve a Perth sand penetrometer (PSP) blow count of at least 8 blows per 0.3 m penetration in accordance with AS 
1289 6.3.3. If difficulty arises in achieving the specified PSP blow counts, then a calibration should be established 
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Allowable bearing pressures for footings of intermediate plan dimensions to those tabulated can be interpolated. Footings 
that have a plan dimension either smaller or larger than those covered by the table above will need to be considered 
individually along with other embedment depths. Footings carrying significant eccentric loading, such as below retaining 
walls, need to be assessed separately. Allowable working bearing pressures of 250 kPa are considered to be an upper 
limit for shallow footings at this site to limit total and differential settlement. 

Settlement of proposed structures will depend upon a number of factors including the applied pressures, footing and base 
preparation. The estimates of settlements provided in Table 5.1 assume that the site preparation measures detailed in 
Section 5.2 have been completed. The estimated settlements are for single isolated footings for the working bearing 
pressure values shown. Differential settlements of up to half the total estimated settlement values are likely between 
footings of similar size, depth and loadings. 

5.6 Excavations 

Based on the investigation results, excavations are predominantly expected to occur within sandy soils. It is expected that 
the sandy soils can be excavated using standard earthmoving equipment (e.g. a 10-tonne or greater mass excavator). 

A short-term slope angle of 1V:1.5H is recommended for dry sands with no seepage at the site, provided there are no 
structures or surcharges located behind the crest. Where this is not possible, the excavation should be supported by 
appropriately designed sheet piling 

Excavations for the construction of footings and the loadout lane must observe the recommendations provided in the 
 behalf of the Government of Western Australia. 

5.6.1 Excavations adjacent to existing structures 

We understand that excavations for the load out lane may be constructed along the western side of the WTS building. 
The floor level of the loadout lane will be approximately 2 m below the level of the existing building, and approximately 
1.2 m below the existing pad footing level. Care during construction and excavation of the loadout lane will be required 
to minimise potential ground movements that may damage the existing WTS structure. An assessment of the type, 
condition and depth of the existing footings of adjacent buildings has not been completed as part of this study, but is 
recommended prior to construction commencing. 

Where excavations are proposed below the adjacent footing, and the distance between footings is less than 1.5 times the 
difference in depth of excavation base level, micro-fine cement grouting is recommended to underpin the adjacent 
footing. 

 

Figure A: Requirement for grout underpinning 
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Where grout underpinning is required, a specialist grouting contractor should be contacted for further design advice. 

5.7 Comments of suitability of permeation grout injection 
Based on the geotechnical investigation and laboratory test results presented in Sections 3.2 and 4.3, our comments on 
feasibility of permeation grout injection are as follows: 

 Sand with a fines content of less than 5% is generally considered to be suitable for permeation grout injection. Fines 
content of the subsurface material encountered during the investigation is between 2.5% and 4.3%. It should be 
noted that samples were obtained from the upper 1.3 m, and not to the full extent of the proposed excavation. 
However, based on our experience with Sand derived from the Tamala Limestone, i
significant grout injection installation issues are not expected based on our findings in Section 4, provided that the 
grout is selected appropriately by the grouting contractor. 

5.8 Pavements 
The subgrade material is likely to comprise engineered fill or in situ sand. Where the subgrade materials are compacted to 
a minimum density level of 96% maximum modified dry density, a subgrade California Bearing Ratio (CBR) of 12% is 
considered appropriate. 

5.9 Stormwater disposal 
Falling head permeability tests were undertaken within HA01 and HA02 at a depth of about 1.0 m. The test was carried 
out using the inverse hand auger hole test method2. The results of returned values ranging from 40 m per day to 60 m per 
day. A design infiltration rate of 5 m per day is considered appropriate for infiltration systems founded at about 1 m 
below ground level. 

The design of any stormwater infiltration system should allow for reductions in the soil permeability arising from: 

 Clogging of sands with fine particles through ongoing infiltration. 

 Densification of in situ sands from compaction during construction. 

Proximity to foundations, the load out lane and below ground structures will impede infiltration from adjacent 
stormwater cells. Design for restricting build-up of water against these items must be considered. 

Where shallow footings are adopted and are founded on compacted backfill or sand, stormwater infiltration cells should 
not be positioned within 3 m of these footings to limit the potential for settlement of the footings caused by localised 
mounding of infiltration water. 

 
 
2  Cocks (2007) Disposal of Stormwater Runoff by Soakage in Perth Western Australia. Journal and News of the Australian 

Geomechanics Society, Volume 43, pp101  114. 
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6 
 

6.1 Scope of services 

This geotechnical site assessment report (the report) has been prepared in accordance with the scope of services set out in 
the contract, or as otherwise agreed, between the client and WSP (scope of services). In some circumstances the scope of 
services may have been limited by a range of factors such as time, budget, access and/or site disturbance constraints. 

6.2 Reliance on data 
In preparing the report, WSP has relied upon data, surveys, analyses, designs, plans and other information provided by 
the client and other individuals and organisations, most of which are referred to in the report (the data). Except as 
otherwise stated in the report, WSP has not verified the accuracy or completeness of the data. To the extent that the 
statements, opinions, facts, information, conclusions and/or recommendations in the report (conclusions) are based in 
whole or part on the data, those conclusions are contingent upon the accuracy and completeness of the data. WSP will not 
be liable in relation to incorrect conclusions should any data, information or condition be incorrect or have been 
concealed, withheld, misrepresented or otherwise not fully disclosed to WSP. 

6.3 Geotechnical investigation 
Geotechnical engineering is based extensively on judgment and opinion. It is far less exact than other engineering 
disciplines. Geotechnical engineering reports are prepared to meet the specific needs of individuals. A report prepared for 
a consulting civil engineer may not be adequate for a construction contractor or even some other consulting civil 
engineer. This report was prepared expressly for the client and expressly for purposes indicated by the client or his 
representative. Use by any other persons for any purpose, or by the client for a different purpose, might result in 
problems. The client should not use this report for other than its intended purpose without seeking additional 
geotechnical advice. 

6.4 This geotechnical report is based on project-specific factors 
This geotechnical engineering report is based on a subsurface investigation which was designed for project-specification 
factors, including the nature of any development, its size and configuration, the location of any development on the site 
and its orientation, and the location of access roads and parking areas. Unless further geotechnical advice is obtained this 
geotechnical engineering report cannot be used: 

 when the nature of any proposed development is changed 

 when the size, configuration location or orientation of any proposed development is modified. 

This geotechnical engineering report cannot be applied to an adjacent site. 

6.5 The limitations of site investigation 
In making an assessment of a site from a limited number of boreholes or test pits there is the possibility that variations 
may occur between test locations. Site exploration identifies specific subsurface conditions only at those points from 
which samples have been taken. The risk that variations will not be detected can be reduced by increasing the frequency 
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of test locations; however this often does not result in any overall cost savings for the project. The investigation program 
undertaken is a professional estimate of the scope of investigation required to provide a general profile of the subsurface 
conditions. The data derived from the site investigation program and subsequent laboratory testing are extrapolated 
across the site to form an inferred geological model and an engineering opinion is rendered about overall subsurface 
conditions and their likely behaviour with regard to the proposed development. Despite investigation the actual 
conditions at the site might differ from those inferred to exist, since no subsurface exploration program, no matter how 
comprehensive, can reveal all subsurface details and anomalies. 

The borehole logs are the subjective interpretation of subsurface conditions at a particular location, made by trained 
personnel. The interpretation may be limited by the method of investigation, and can not always be definitive. For 
example, inspection of an excavation or test pit allows a greater area of the subsurface profile to be inspected than 
borehole investigation, however, such methods are limited by depth and site disturbance restrictions. In borehole 
investigation, the actual interface between materials may be more gradual or abrupt than a report indicates. 

6.6 Subsurface conditions are time dependent 

Subsurface conditions may be modified by changing natural forces or man-made influences. A geotechnical engineering 
report is based on conditions which existed at the time of subsurface exploration. Construction operations at or adjacent 
to the site, and natural events such as floods, or groundwater fluctuations, may also affect subsurface conditions, and thus 
the continuing adequacy of a geotechnical report. The geotechnical engineer should be kept appraised of any such events, 
and should be consulted to determine if additional tests are necessary. 

6.7 Avoid misinterpretation 
A geotechnical engineer should be retained to work with other appropriate design professionals explaining relevant 
geotechnical findings and in reviewing the adequacy of their plans and specifications relative to geotechnical issues. 

6.8 Bore/Profile logs should not be separated from the 
engineering report 

Final bore/profile logs are developed by geotechnical engineers based upon their interpretation of field logs and 
laboratory evaluation of field samples. Customarily, only the final bore/profile logs are included in geotechnical 
engineering reports. These logs should not under any circumstances be redrawn for inclusion in architectural or other 
design drawings. To minimise the likelihood of bore/profile log misinterpretation, contractors should be given access to 
the complete geotechnical engineering report prepared or authorised for their use. Providing the best available 
information to contractors helps prevent costly construction problems. For further information on this matter reference 

Institution of Engineers Australia, National Headquarters, Canberra 1987. 

6.9 Geotechnical involvement during CONSTRUCTION 
During construction, excavation is frequently undertaken which exposes the actual subsurface conditions. For this reason 
geotechnical consultants should be retained through the construction stage, to identify variations if they are exposed and 
to conduct additional tests which may be required and to deal quickly with geotechnical problems if they arise. 
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6.10 Report for benefit of client 
The report has been prepared for the benefit of the client and no other party. WSP assumes no responsibility and will not 
be liable to any other person or organisation for or in relation to any matter dealt with or conclusions expressed in the 
report, or for any loss or damage suffered by any other person or organisation arising from matters dealt with or 
conclusions expressed in the report (including without limitation matters arising from any negligent act or omission of 
WSP or for any loss or damage suffered by any other party relying upon the matters dealt with or conclusions expressed 
in the report). Other parties should not rely upon the report or the accuracy or completeness of any conclusions and 
should make their own enquiries and obtain independent advice in relation to such matters. 

6.11 Other limitations 

WSP will not be liable to update or revise the report to take into account any events or emergent circumstances or facts 
occurring or becoming apparent after the date of the report. 

 






































