




























2.3.1.1 Griffith Main Drain J and Mirrool Creek Flood Study 







2.3.1.2 Griffith Main Drain J and Mirrool Creek Floodplain Risk Management Study and Plan 









Griffith Local Environmental Plan 2014 

Environmental Planning and Assessment Act 1979

Environmental Planning and Assessment Act
Environmental Planning & Assessment Regulation

Biodiversity Conservation (BC) Act 2016; 

Fisheries Management (FM) Act 1994;  

National Parks and Wildlife Act 1974;  

Heritage Act 1977; and the  

(Commonwealth) Environment Protection and Biodiversity Conservation (EPBC) Act 1999.   



4.1.3.1 Flora and Fauna 

4.1.3.2 Heritage 

4.1.3.3 Contamination 

Ulmus parvifolia Phoenix canariensis
Melaleuca linariifolia Brachychiton populneus Eucalyptus



Corymbia ficifolia Callistemon Acacia mearnsii

Avena sativa 
Foeniculum vulgare Cirsium vulgare Pennisetum clandestinum

Paspalum dilatatum Amaranthus cruentus Eragrostis 
erbena bonariensis Bidens pilosa Taraxacum officinale

Setaria viridis

Acacia salicina Eucalyptus camaldulensis 

Sturnus vulgaris Entomyzon cyanotis
Turdus merula Ocyphaps lophotes Acanthiza chrysorrhoa

Passer domesticus Rhipidura leucophrys Grallina
cyanoleuca Taeniopygia bichenovii

Environmental Planning and 
Assessment Act 1979 Environmental Planning and Assessment  Regulation

















7.4.4.1 Option 3 Flow Exchange Discussion 



Note: +ve values indicate flows leaving the town.  –ve flows indicate flows entering the town. 



Note: +ve values indicate an increase flood level; -ve values indicate a decrease in flood level 
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Note: +ve values indicate an increase flood level; -ve values indicate a decrease in flood level 



9.3.1.1 Scenario A (Option 4) 

9.3.1.2 Scenario B (Option 5) 

9.3.1.3 Scenario C (Option 6) 









9.6.1.1 Option 7 

9.6.1.2 Option 8 



9.6.1.3 Option 9 
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1 Introduction  

1.1 Overview 
This report presents the results of geotechnical investigation undertaken by Cardno (NSW/ACT) Pty Ltd for 
Griffith City Council (GCC) for the proposed Hanwood Stormwater Pump & Levee construction project. The 
project comprises works to mitigate flooding issues in the north western area of Hanwood in proximity to 
Kidman Way. 

The proposed works comprise : 

> Construction of a flood levee (embankment) along DC Handepot & DC DA; 

> Installation of  several one way valves within the levee adjacent the Mallee Street & Leonard Road;  

> Installation of a pump station and associated infrastructure at Mallee Street; and 

> Reconstruction of road pavement at intersection of Kidman Way, Mallee Street & Leonard Road.  

The work was conducted at the request of Mr Brett Stonestreet on behalf of GCC on the 20 of March 2018 
and was generally conducted in accordance with Cardno Fee Proposal reference 48980518.001.0385 dated 
26 of February 2018.  

This report should be read in conjunction with Cardno Civil Plans “80518062-CI-100 Series Drawings”.  

1.2 Proposed Levee  
Following the flooding of Hanwood in March 2012, Griffith City Council conducted a flood study & floodplain 
risk management study and plan which identified that the area required flood mitigation works, comprising 
construction of a flood levee and stormwater pumping station.   

The purpose of the proposed pump and levee is to limit the extent of backwater flooding throughout 
Hanwood. The flooding is known to occur when Main Drain ‘J’ to the North of Hanwood, is at capacity which 
extends backwater along DC ‘A’ to the south. This is known to cause significant out of bank flooding 
throughout the Hanwood Area, which can last for numerous days until the tail water from Main Drain ‘J’ 
lowers. The proposed levee will aim to prevent backwater flooding effects on the village, with the stormwater 
pump discharging overland flows which accumulate on the Hanwood side of the levee.  

1.3 Objectives 
This geotechnical report has been prepared to assist in the detailed design and construction of the proposed 
levee and stormwater pump station. The report outlines the investigation findings and provides comments on 
the implication of the geotechnical conditions as well as design and construction implications comprising: 

> Excavation conditions & excavatability of the subsurface profile;  

> Foundation conditions, groundwater conditions and comment on any dewatering requirements;  

> Geotechnical design parameters for all structural elements;  

> Allowable soil bearing capacities; 

> Pavement design for the embankment intersection with Kidman Way; and 

> A general description of surface and subsurface conditions encountered.  
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2 Site Description  

The levee is aligned along and within the northern road reserve of Leonard Road, and along the northern 
and western road reserve of Mallee Street as shown on Figure 1 attached as Appendix A. The proposed 
alignment intersects Kidman Way on the northern side of parallel running Mallee Street and Leonard Rd and 
adjacent to DC-DA. At the time of investigation, the surrounding drainage channels, DC-DA and DC-
Handepot were dry. 

The overall alignment is located within regionally low-lying terrain, with local topography characterised by flat 
alluvial flood plains associated with the Murrumbidgee River which is located approximately 25kms to the 
south. Vegetation across the site comprised predominantly light grass and scattered mature trees. 

A high density of underground utilities (services) were noted during the investigation in the vicinity of the 
Kidman Way intersection. Services included fibre optics, natural gas, telecommunications, and potable water 
mains which were identified by various marker posts and review of the Dial Before You Dig (DBYD) plans. 
Service location was undertaken by a sub-consultant in conjunction with vacuum excavation during 
surveying.  
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3 Investigation Methodology 

The fieldwork was undertaken on 30 April and 1 May 2018 and comprised excavation of eleven (11) test 
bores (BH01-BH11) along the alignment of the proposed levee and in the Kidman Way intersection area.  

Site investigation was undertaken by an experienced Environmental / Geotechnical Scientist and comprised 
the following. 

> A site walkover and visual inspection by an Environmental / Geotechnical Scientist from Cardno including 
site mapping and logging of significant site features. 

> Underground utility location and surveying to inform both the geotechnical investigation scope & civil 
design. 

> Excavation of three (3) test bores (BH01-BH03) using an 8 tonne tracked excavator fitted with a 300mm 
diameter auger, within proximity to proposed pavement reconstruction areas (shoulder of current 
travelling lanes of Kidman Way). The test bores were excavated to a target depth of approximately 1.2 m 
below ground level (BGL), with all test bores reaching the nominated target depth. Test bores were 
undertaken in the road shoulder due traffic management restrictions.  

> Excavation of eight (8) test bores (BH04-BH011) using the same plant along the proposed levee 
alignment. The test bores were excavated to a target depth of 2.8 m BGL with all test bores reaching the 
nominated target depth. 

> Dynamic Cone Penetrometer (DCP) tests were conducted adjacent to the test bores to aid in the 
assessment of subsurface strength conditions and consistencies. 

> Disturbed bulk samples and environmental samples of natural materials were collected for subsequent 
laboratory testing.  

Test bores were located by the use of a handheld GPS unit, as shown overlaid on aerial imagery on Figure 1 
attached as Appendix A. Subsurface conditions are summarised in Section 4.2, and are detailed in the 
Engineering Logs attached in Appendix B along with explanatory notes.  

 

  



Report on Geotechnical Investigation 
Hanwood Stormwater Pump & Levee

80518062-002.0 | 4 August 2018 | Commercial in Confidence 4 

4 Investigation Findings 

4.1 Published Data 
Reference to the Narrandera 1:250 000 Geological Sheet SI 55-10, Edition 2, 1977 [1]  indicates that the site 
is located within Quaternary Age Flood Plain deposits (Qrs) of black and red clayey silt, sand and gravels. 

Reference to the Australian Government Grape and Wine Research and Development Corporations 
(GWRDC) paper titled ‘Soils of the Riverina’ [2] describes the site soils as sandy clay loam to light to heavy 
clay soils. 

4.2 Subsurface Conditions 

4.2.1 Levee Alignment 
The subsurface profile encountered along the proposed levee alignment in boreholes (BH04-BH11) can be 
generally summarised as follows: 

> UNIT F - FILL: Clayey GRAVE, Silty / Gravelly CLAY & CLAY encountered within six of the eight test 
bores (BH04 –BH05, BH07-BH09 & BH11) generally to depths of 0.1 m to 0.2 m BGL, with the exception 
of BH11 where fill was encountered up to 2.0m BGL. The materials were observed to be dry at the time of 
investigation, and of very stiff to hard / dense to very dense consistency. The materials are considered 
likely to comprise predominantly pavement materials and materials removed from the adjacent channel 
beds during maintenance; overlying 

> UNIT A – ALLUVIAL SOIL: Predominantly medium to high plasticity CLAY encountered below the fill 
materials, with component of silt, sand and fine gravels (where present) to the depth of investigation in all 
locations. The material was observed to be dry of its plastic limit, and increasing in moisture content with 
depth increase BGL. The alluvial soils were assessed as very stiff to hard in consistency based on DCP 
testing undertaken. 

4.2.2 Kidman Way Intersection 
The subsurface conditions encountered in the three test bores drilled in the Kidman Way road shoulder 
pavement (BH01 – BH03) comprised: 

> WEARING COURSE: Sprayed seal (multiple seals) to depths of 10-20 mm thickness; overlying 

> PAVEMENT: Sandy GRAVEL pavement materials with component of silt and clay, to depths up to 0.3 m 
BGL. The pavement materials were observed to comprise fine to coarse, sub-rounded to angular gravels, 
of dry to moist condition at the time of investigation; overlying 

> SUBGRADE: Silty / Sandy CLAY (similar to Unit A described above) at existing subgrade level to the limit 
of investigation. The material was observed to be dry of its plastic limit at the time of investigation, and 
was assessed as stiff to very stiff based on DCP testing undertaken.  

4.2.3 General Comments 
Details of the subsurface profiles encountered in the test bores are presented in the engineering logs 
attached in Appendix B together with explanatory notes. 

Groundwater was not encountered during the investigation, however groundwater levels are likely to 
fluctuate with variations in climatic and site conditions. As noted the adjacent drainage channels were dry 
during the investigation, and groundwater may be present at the site when water is present within the 
channels. 
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4.3 Geotechnical Laboratory Test Results  
Laboratory test results are summarised below, with complete laboratory test reports attached in Appendix C. 

4.3.1 PSD & Atterberg Limits Testing  
The results of Particle Size Distribution (PSD) and Atterberg limits testing undertaken on representative 
samples from Unit A are summarised below in Table 4-1. 

Table 4-1 Summary of PSD & Atterberg testing Results  

Location 
 

Depth (m)  Material description LL 
(%) 

PL 
(%) 

PI 
(%) 

%Passing 
2.36mm 

%Passing 
0.075mm 

BH05 0.8-1.0 Silty CLAY, brown, trace sand & gravels 71 17 54 91 84 

BH07 0.9-1.0 Silty CLAY, brown, trace sand 56 20 36 98 81 

BH10 0.5-0.6 Silty CLAY; brown, trace sand - - - 97 85 
Notes to table:  
LL – Liquid Limit 
PL – Plastic Limit 
PI – Plasticity Index 

4.3.2 Material Density Test Results 
The results of standard compaction tests undertaken on representative samples from Unit A are summarised 
below in Table 4-2. 

Table 4-2 Summary of Material Density Test Results 

Location Depth (m) Material Description SOMC (%) SMDD (t/m³) 

BH06 0.7-1.0 Silty CLAY, brown 18.5 1.66 

BH08 1.4-1.6 Silty CLAY, brown 18.5 1.72 

BH11 2.0-2.2 Silty CLAY, brown 15.5 1.79 
Notes to table:  
SOMC – Standard Optimum Moisture Content 
SMDD – Standard Maximum Dry Density  

4.3.3 Shrink Swell Test Results 
The results of the shrink swell tests undertaken on representative samples from Unit A are summarised 
below in Table 4-3 with the test report sheets attached in Appendix C. 

Table 4-3 Summary of Shrink Swell Test Results 

Location Depth 
(m) 

Sample 
Type Soil Type 

Swelling 
Strain 

(Esw %) 

Shrinkage 
Strain  

(Esh %) 

Shrink/Swell 
Index  

(Iss %) 

BH04 1.0-1.2 U50 Silty CLAY; brown 0.0 2.1 1.2 

BH09 0.9-1.0 U50 Silty CLAY; brown 1.8 2.6 2.0 
Notes to table: 
U50: Testing undertaken on thin walled 50mm diameter tube 

4.3.4 Emerson Class Test Results 
The results of an Emerson class test undertaken on a representative sample from Unit A is summarised 
below in Table 4-4. 

Table 4-4 Summary of Emerson Class Test Results 

Location Depth (m) Material Description Emerson 
Class Notes 

BH007 0.4-0.5 Silty CLAY, brown 3 Dry soil does not disperse, however the soil 
remoulded at its plastic limit disperses. 
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4.3.5 California Bearing Ratio Test Results  
The results of California Bearing Ratio (CBR) testing undertaken on representative samples from Unit A are 
summarised below in Table 4-5. 

Table 4-5 Summary of Compaction and CBR Test Results 

Location Depth (m) Material Description 
W 

(%) 
SOMC 

(%) 
MDD 
(t/m³) 

Swell 
(%) 

CBR 
(%) 

BH001 0.5 – 0.8  Silty CLAY 21.9 21.0 1.64 1.0 8.0 

BH002 0.5 – 0.8 Sandy CLAY 12.6 14.5 1.87 1.0 6.0 

Notes:  
W Field Moisture Content 
MDD Maximum Dry Density (Standard compaction) 
SOMC Standard Optimum Moisture Content  

4.3.6 Soil Salinity & Sodicity Test Results 
Results of soil salinity and sodicity tests on representative samples from Unit A are summarised below in Table 
4-6. 

Table 4-6 Summary of Soil Salinity, Sodicity and Resistivity Test Results 

Location 
Depth 

(m) 
pH 

CEC 
(meq/100g) 

ESP 
(%) 

BH005 0.4-0.5 5.8 57 13.2 

BH009 0.4-0.5 5.7 44 12.9 
Notes to table: 
meq/100g: milliequivalent per 100g of dry soil 
CEC: Cation Exchange Capacity 
ESP: Exchangeable Sodium Percentage 

4.3.7 Soil Aggressivity Test Results 
The results of the soil aggressivity test undertaken on representative samples from Unit A are summarised 
below in Table 4-7. 

Table 4-7 Summary of Soil Aggressivity Test Results 

Hole 
ID 

Depth 
(m) 

Soil Type and 
(Groundwater 
Condition) 

pH(1:2) 
for 
concrete 
piles 

EC 
(dS/cm) 

Resistivity 
(Ωcm) 
Classification 
for steel 

Sulphate 
(mg/kg), 
Classification 
for concrete  

Chloride 
(mg/kg), 
Classification for 
concrete  

BH004 0.4-0.5 Silty CLAY (B) 7.5 2.3 440 440 3300 

BH008 0.4-0.5 Silty CLAY (B) 7.6 3.7 270 3500 1900 
Notes to table:  
- Exposure classification calculated in respect to both steel & concrete guidelines outlined in AS2159-2009. 
- It should be noted that Resistivity is only relevant to exposed steel elements. 
- Soil condition A will be encountered where structural elements are founded below the groundwater table, reference to site conditions 
and to the geotechnical logs should be made in order to determine the appropriate soil condition. 
 

Non Aggressive 
Mildly Aggressive 
Moderately Aggressive 
Severely Aggressive 
Very Severely Aggressive 

- Not Tested/ Not Applicable 
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5 Proposed Levee Construction 

5.1 Levee Construction
Levee construction is expected to comprise of an earthen embankment along the majority of the alignment. 
Where the proposed levee intersects Kidman ay it is expected that the entire road intersection (Kidman
Way, Mallee St & Leonards Rd) would require modification of vertical alignments to match the proposed
levee heights adjacent and as such the materials are expected to comprise of sealed pavement gravels in
these locations. Pavement design can be seen detailed in Section 8 below.

All levee works, maintenance, planning and emergency works should be performed in accordance to the
NSW Public Works for Justice NSW – Levee Owners Guideline [3]. Where discrepancies between this report 
and the guideline occur, consultation from an experienced civil / geotechnical engineer should be sought
immediately.

5.2 Levee Design & Specification
The design and material specification for the proposed levee need to consider the following:

> Shrink swell related deformations resultant from seasonal moisture variations and fluctuations in moisture
content;

> Deformations due to stress changes associated with water level fluctuations; and

> Consolidation of the foundation.

Table 5-1 below provides general material requirements and compaction specifications for the construction 
of the levee embankment.

Table 5-1 Levee Embankment Material Specification

Specifications
Zone 1 – Clay Core 

Material
Zone 2 – General Embankment 

Fill

Material Property

Material Description Sandy / Silty CLAYs with minor gravel content

Shrink Swell Index (Iss %) < 2%

Plasticity Index 10-50%

Permeability < 10-9 m/s N/A

Emerson Class Minimum Class 4 Minimum Class 2

Maximum particle Size 50mm 75mm

Percentage Fine Content (Material Passing 
0.075mm)

> 25% > 20%

Compaction Requirements

Compaction (Standard Relative Density AS1289 
5.7.1)

Minimum 98% Minimum 95%

Moisture Content -1 to +2 of SOMC -1 to +2 of SOMC
Notes to table:
SOMC: Standard Optimum Moisture Content
N/A: Not applicable

Considering the site geometry large volumes of fill required for the construction of the levee are not likely to 
be won from onsite sources and importation of offsite material is likely to occur. Some material may be 
generated during the construction of the pumping station, however considering the results of the laboratory 
testing undertaken on site soils, the subsurface clay material would likely require amelioration with gypsum 
or similar to render the material suitable for use as clay core material. Amelioration should be considered in 
conjunction with recommendations for the treatment and placement of highly saline soils as seen in Section 
5.2.9. 
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Information provided by the Griffith City Council indicated that a potential borrow site for the import of 
material for the construction of the levee exists approximately 25kms to the south of Hanwood. Anecdotal 
evidence provided by the council indicated that the material has previously used in a flood levee on 
neighbouring council’s project. Import material would be subject to adequate material testing and 
confirmation from an experienced geotechnical engineer.  

Where geometry prevents the construction of a conventional earthen levee embankment, alternative 
retention systems may be implemented. Alternatives could comprise concrete barriers, continuous sheet 
piles or earthen embankments utilising soil-bentonite slurry walls / concrete cut off walls as an alternative to 
clay core.  

5.2.2 Excavation Stability 
Considering preliminary excavation depths of up to 5m to facilitate the construction of the pump station and 
the site investigation findings, excavations into the filling & underlying alluvial soils are expected to be readily 
undertaken using small to medium (3.5 to 15 tonne) excavation equipment.  

Shallow excavations or trenches (less than 2.0 m depth) in the stiff or better alluvial clay soils would be 
expected to stand close to vertical in the short-term. Unsupported short-term excavations or trenches may 
undergo some local slumping into the excavation where elevated ground water conditions exist and seepage 
is encountered, this could occur after sustained periods of wet weather.  

Where personnel are to enter excavations, options for short-term excavations include benching or battering 
back of the excavations at 2H:1V or the support of excavations within the alluvial clays or the adoption of 
suitable shoring systems such as trench boxes or slip form shoring.  

5.2.3 Filling 
Some minor site regrading is expected in the vicinity of the proposed levee to provide access to the levee 
and associate channels. Where general regrade (not including levee embankment fill) is undertaken it should 
be placed and compacted in accordance with AS 3798-2007 Guidelines on Earthworks for Commercial and 
Residential Developments [4].  

Earthworks procedure should include the following: 

> Removal of any existing uncontrolled filling, stockpiles, topsoil, slopewash / colluvium or deleterious 
materials from the areas where fill is to be placed. Any unsuitable material including foreign matter should 
be removed from the fill areas.  

> Fill materials containing vegetation including tree stumps, roots, root fibres or other organic matter should 
be removed from site.  

> Fill should not comprise material with particle sizes of greater than 100mm or 2/3 of the compacted layer 
thickness.  

> Benching of the slopes where fill is to be placed with slopes steeper than 8H:1V will be required. 

> Placement of fill in uniform horizontal layers with compaction of each layer to a minimum dry density ratio 
of 95% standard compaction (AS 1289-5.5.1) at moisture contents in the order of 85-115% of SOMC or 
±2% but generally as close to SOMC as practical..  

5.2.4 Embankment Batter Slopes 
It should be noted that all batter slopes along the earthen levee alignment should be 1V:4H. Where batter 
slopes steeper than 1V:4H are proposed specific surface erosion control would need to be provided or a 
specific maintenance would be required. Surface erosion control could include vegetated jute mat or 
topsoiling of batter to encourage the development grasses and reduce erosion. 

5.2.5 Vegetation  
Large vegetation shall not be allowed to become established on or near the embankment. Tree roots 
(especially eucalyptus tree roots) can cause the core to crack and encourage piping development, resulting 
in the failure of the levee embankment. 

All trees and shrubs shall be restricted to a minimum distance of 1.5 times the height of the tree away from 
the embankment, where restrictions occur consultation must be sought immediately.  
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5.2.6 Intersecting Services, Stormwater Outlets, One Way Flow Structures and Seepage Collars 
Seepage collars will be required to be constructed along the discharge pipes traversing the levee 
embankment to increase the length of the percolation path and reduce the risk of piping developing around 
the pipes and resulting in failure of the levee.  

Seepage collars are generally made of concrete with a required width depending on pipe diameter but are 
typically three times the pipe diameter.  

5.2.7 Construction Monitoring  
Variations in ground conditions are likely to occur between testing locations. There is the potential for soft 
alluvial soils of variable strength and uncontrolled filling to be encountered at variable depths along the 
proposed alignment. If conditions other than those described are encountered, further advice should be 
sought. During excavation, site inspections should be performed by an experienced geotechnical engineer to 
inspect founding conditions, excavation stability and other issues as discussed in this report. 

5.2.8 Aggressivity of Site Material  
With reference to AS2159-2009, the exposure classification for concrete elements founded in low 
permeability soils (Soil Condition B) such as silts and clays is non aggressive although concrete elements 
founded in ground water (Soil Conditions – A) would be mildly aggressive. Care should be taken during 
design as water table heights could vary significantly due to the site being located adjacent to a drainage 
channel.  

5.2.9 Soil Salinity 
Results of analytical testing of the soils at the Site were compared to the following guideline values derived 
from of Department of Land Water Conservation NSW, 2002: Site Investigations for Urban Salinity [5]. The 
adopted criteria based on the DLWC guidelines [5] are listed in Table 5-2 below. 

Table 5-2 Salinity Class Assessment Criteria in Soil 

Class ECe (dS/m) 

Non- saline <2 

Slightly saline 2-4 

Moderately saline 4-8 

Very saline 8-16 

Highly saline >16 
 

Based on the range of EC results indicated in the aggresivity testing undertaken on representative site soils 
in Table 4-7 and consideration of material types (heavy clay), a multiplication factor has been used for 
calculation of the ECe. The conversion factor of 6 has been adopted based on the Table 6.1 of Department of 
Land Water Conservation NSW, 2002: Site Investigations for Urban Salinity. 

Based on the summary of the laboratory results presented in Table 4-6 & 4-7 the site subsoils tested were 
observed to be very saline and highly saline.   

Particular care must be taken to avoid the reversing or mixing the soil profile when cut and fill operations are 
undertaken, during construction of the pump station in particular where the effect will negatively impact on 
the salinity profile. The excavation and placement of in situ materials of high salinity could be coordinated 
with the excavation of non-saline to slightly saline imported material of similar consistency. This should have 
the effect of reducing overall salinity of the site soils. To minimise the impacts on the proposed structures 
forming the works, consideration should be given to:  

> Minimising water infiltration; 

> The use of native plants when landscaping; 

> Retention of deep rooted vegetation; 

> Minimising soil disturbance; and  

> The use of higher strength concrete with thicker cover and exposure classifications or damp proof 
membranes.  
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5.2.10 Sodicity Assessment 
Sodicity or exchangeable sodium percentage (ESP) is the measure of exchangeable sodium in the soil and 
relates to the likely dispersion on wetting and potential reactivity. In Australia, sodic soils are classified as 
soils with an ESP of 6-14% and highly sodic soils have an ESP of 15% or greater. On the basis of 2 samples 
tested for sodicity (ESP), testing indicates that the underlying alluvial soils are generally sodic.  

Dispersion and erosion can be controlled by prompt replacement of topsoil up to 300 mm thick and 
revegetation on the area following construction. Gypsum treatment of clays used in the construction of the 
levee embankment where site won soils are utilised would likely be required.  
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6 Stormwater Pump Foundation Recommendations 

Foundation for the stormwater pump station are likely to comprise of shallow foundations and as such design 
should be undertaken in accordance to relevant engineering standards and engineering principles. 
Foundation conditions are likely to comprise stiff to very stiff alluvial clay materials, as defined above as Unit 
A.  

Laboratory shrink swell test results indicate that the tested clay soils are generally moderately reactive and 
as such design of the foundation system should consider the effects of shrink swell movements in 
accordance with AS2870-2011 [6]. Expected characteristic surface movements are in the order of 50-60mm.   

6.1 Footings  
All footings should be founded below any topsoil, uncontrolled fill or deleterious materials. All footings for the 
same structure should be founded on strata of similar stiffness and reactivity to minimise the risk of 
differential movements. 

All footings excavations should be inspected prior to installation of structural steel by a suitably experienced 
engineer or geotechnical consultant to confirm that the founding conditions are as described in this report. All 
loose material should be cleared from the footing excavations before concrete is poured. 

6.1.1 Shallow / High Level Foundations  
Footings designed in accordance with engineering principles and founded in stiff or better soils (below 
topsoil, uncontrolled fill or other deleterious material) may be proportioned on an allowable bearing capacity 
of 150kPa. The founding conditions should be assessed by a geotechnical consultant or experienced 
engineer to confirm suitable conditions. 
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7 Preliminary Pavement Thickness Design 

7.1 Proposed Works 
The proposed levee alignment intersects Kidman Way near the intersection of Leonard Road & Kidman 
Way, and as such increases to the vertical alignment of Kidman Way and the adjoining Leonard Road & 
Mallee Street are required. Civil design available at the time of report preparation indicates an increase of up 
to 0.7 m is proposed in the intersection to achieve design levels and facilitate the required levee freeboard 
levels. 

The extent of pavement works is presented on the site plan Figure 1 attached as Appendix A, and comprises 
approximately 200 m of the Kidman Way, and 30-35 m of Leonard Road and Mallee Street to accommodate 
the increase in design level and suitable grades back to existing road levels. 

7.2 Supplied Data 
The Kidman Way is a Roads and Maritime (RMS) asset, and the RMS have provided details of an 
intersection upgrade project located to the south of Hanwood (outside of the site) for consideration.  

Information provided by RMS relevant to the proposed pavement works for the Hanwood Levee is 
summarised below. 

> Existing Kidman Way pavement profile generally comprises a seal or thin asphalt of 20 mm to 50 mm 
thickness, overlying an unbound sandy GRAVEL of 200 mm to 230 mm thickness, overlying a variable 
clayey sand to sandy clay fill of approximately 100 mm thickness overlying a natural clay subgrade. 

> A design subgrade CBR of 3% for the natural subgrade was adopted based on previous intrusive 
investigation and laboratory testing conducted. 

> Design traffic adopted ranged from 1.5 × 107 Design Equivalent Standard Axles (DESA) for a 20 year 
design period, to 4.7 × 107 for 40 years.  

> RMS are considering the option of in-situ stabilising the existing pavement materials to a depth of 220 
mm (in conjunction with addition of 50 mm thickness of DGS20 material) and overlaying with a deep lift 
asphalt of 200 mm thickness. 

7.3 Pavement Options 
Several pavement options would be available for the proposed works, including: 

> Flexible pavement, constructed from unbound flexible materials; 

> Heavily bound pavement, constructed from imported heavily bound basecourse material (subject to 
material availability); 

> Bound pavement, formed from in-situ stabilisation of the existing pavement materials; and 

> Full depth asphalt pavement. 

The following considerations have been made in regards to selecting a suitable pavement type for the works. 

> The existing pavement composition is understood to be constructed from unbound granular materials, as 
indicated by the limited investigation and RMS supplied data, and matching of any new pavements would 
be beneficial.  

> It is unknown if a local material source for plant mixed heavily bound material is available (and considered 
unlikely). 

> Existing design levels are proposed to be raised significantly. 

Based on the above factors, construction of a pavement utilising flexible materials is considered an 
appropriate option. This would be subject to RMS approval, and where alternate options are required 
amendments to this report would be required. 

Given the increase in design level and design thicknesses presented in Section 7.4.3 below, overlay of the 
existing Kidman Way pavement would be feasible within approximately Chainage (Ch) 35 m to 165 m, with 
excavation to accommodate the minimum pavement thickness in the remaining sections.  
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Considering the relatively short sections of adjoining Leonard Road & Mallee Street pavement within the 
proposed works area and pavement tie in requirements, ease of construction etc. separate pavement 
designs have not been provided and it is assumed the sections would be constructed to RMS requirements. 
Review of the vertical alignment suggests excavation to accommodate the proposed pavement would 
generally be required (i.e. pavement overlay not feasible).

7.4 Flexible Pavement Option
It is understood RMS has not yet endorsed Austroads AGPT02-17, and as such pavement design presented 
below has been conducted in accordance with Austroads AGPT02-12 Guide to Pavement Technology, Part 
2: Pavement Structural Design [7].

7.4.1 Design Traffic

Table 7-1 Design Traffic Adopted

Traffic Parameter 20 Year Design Period 40 Year Design Period

DESA 1.5 × 107 4.7 × 107

DSARs 2.4 × 107 7.5 × 107

Notes to table:
DESA: Design Equivalent Standard Axles 
DSARs: Design number of Standard Axle Repetitions for rutting and loss of shape (subgrade strain)

A separate pavement design has not been provided for Leonard Road & Mallee Street, and where alternate 
design traffic is available for the sections, and subject to RMS approval, amendments to the designs 
presented herein could be considered.

7.4.2 Subgrade Conditions
The investigation conducted indicates soaked CBR values in the range of 6% to 8% for samples of the 
natural clay subgrade tested. 

DCP test results obtained during the investigation suggest in-situ CBR values of >5% for the clay subgrade 
materials, with reference to Figure 5.3 from Austroads AGPT02-12 [7].

A design subgrade CBR of 5% is therefore considered appropriate and has been adopted for the pavement 
thickness design presented below.

It should be noted that the investigation was limited to the existing Kidman Way shoulders due to traffic 
control restrictions, and further investigation and confirmatory laboratory testing would be recommended 
over the works area as variation in the existing traveling lane pavements may change recommended 
designs.

7.4.3 Pavement Thickness Design
Pavement thickness design has been undertaken for the widening in accordance with the mechanistic 
procedure indicated in Austroads AGPT02-12 [7]. The software package CIRCLY 6.0 has been used to
confirm the proposed pavement design, with CIRCLY output sheets included in Appendix D. 

A suitable pavement design is shown below in taking into consideration the adopted design 
traffic and subgrade conditions.

It should be noted that the layer thicknesses detailed in the following sections are minimum thicknesses 
regardless of construction tolerances. 
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Table 7-2 Unbound Granular Pavement Design

Layer Thickness

Wearing Course Two coat sprayed seal (1)

Basecourse (2) 180 mm 190 mm

Subbase 340 mm 380 mm

Select - (3) - (3)

Subgrade Subgrade min. CBR 5%

Minimum Total Thickness 520 mm 570 mm

Design Period 20 Years 40 Years

Design Traffic 1.5 × 107 DESA 4.7 × 107 DESA

Notes to table:
(1) Sprayed seal surface recommended to match existing seal type.
(2) Minimum basecourse thickness required for design traffic based on Figure 8.4 from Austroads AGPT02-12 [7].
(3) Select layer could be considered and may be beneficial in overlay areas, subject to RMS approval. Design amendments would be
required where minimum thicknesses above are proposed to be altered.

The minimum total thickness presented above is the minimum cover to subgrade required, and the
difference between proposed design level and base of existing pavement (from available information) would 
exceed the minimum total thickness within approximately Ch 35-165 m. This would provide the capacity to
overlay the existing pavement within this area, which is identified on Figure 2 attached in Appendix A as
‘Approximate extent of pavement overlay’. 

The overlay should comprise construction of the basecourse and subbase layer thicknesses presented in
above at a minimum, and either thickening of the subbase or addition of a select layer where

required (i.e. in the middle of the Kidman Way section where the height increase is the deeper). Additional
boxing at the tie in locations would be required to accommodate the minimum total thickness, within
approximately Ch 0-35 m and Ch 165-202 m. Where existing pavement materials are generated in these 
areas the materials may be suitable for reuse as subbase or select material, subject to confirmatory testing to 
confirm RMS 3051 [8] or RMS 3071 [9] requirements are achieved. 

Potential impacts of flooding to the pavement requires careful consideration with adoption of the above 
flexible pavement design. Particular care is required to provide a waterproof seal, along with adequate 
drainage (discussed further in the following report sections). Impacts to the pavement would be dependent 
on the length of inundation, and where the pavement is unable to be adequately protected, stabilisation to
form a bound pavement would be required. 

7.4.4 Subgrade Preparation
Subgrade preparation for pavement areas should be in general accordance with RMS QA Specification R44
[10].

Recommended treatment for the existing subgrade or select subgrade in construction of a flexible pavement
is as follows:

> Possible removal of the seal (if required) for offsite disposal or recycling within pavement overlay areas;

> Excavation to design subgrade level outside of pavement overlay areas, with the stockpiling of the
existing pavement material for reuse upon approval. Where the works are required to be undertaken in
accordance with RMS R44 specification [10], deeper excavation would be required to achieve the
minimum 1.2 m depth requirement within transition zone areas;

> Following excavation to design subgrade level, the existing pavement would be exposed in the majority of
areas, however medium to high plasticity clay soils are expected to be exposed in some areas. It should
be noted that in periods of heavy rainfall, the clays could some construction difficulties in trafficability and
as such, allowances should be made for appropriate techniques and construction plant;
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> Given the proposed vertical alignment and RMS R44 requirements [10], filling to achieve design levels is 
expected to comprise predominantly select quality material, which should comply with RMS 3071 
requirements [9]; 

> Proof rolling of the exposed subgrade with a heavy (minimum 10 tonne static) roller. Loose or yielding 
areas detected during the proof rolling should be excavated and replaced with compacted select fill or 
subgrade replacement; 

> Select material placed should be compacted to at least 100% of standard maximum dry density (refer 
Table 7-3 below for full details). 

Following satisfactory preparation of the subgrade, the pavement should be placed in accordance with the 
requirements of the appropriate section of this report and RMS Specifications. 

7.4.5 Pavement Interface 
Where the new pavement abuts existing sections, care shall be taken to bench the basecourse layers into 
the existing pavement, in combination with resealing over the interface to prevent moisture penetration into 
the existing / new pavement.  

It should be noted that when variable pavements are abutted the potential for localised failure is greater. 
Care should be exercised in the placement and compaction of the subgrade and pavements in this area to 
maximise the performance of the pavement. Intra-pavement drainage should also be installed at subgrade 
level at the interfaces of existing and new pavement sections (refer Section 7.4.6 below). 

Consideration should also be given to sealing any cracks that may develop between existing and new 
pavements, benching to tie in pavements and the use of a strain relieving membranes at the interface may 
be appropriate. 

7.4.6 Pavement Drainage  
The moisture regime associated with a pavement has a major influence on the performance of the pavement 
since the stiffness/strength of the pavement materials is dependent on the moisture content of the materials. 
The site is located in an area subject to inundation during flooding, and particular care is required to provide 
a waterproof seal for the pavement materials, along with adequate surface and sub-surface drainage to 
ensure the unbound granular materials do not become wet and loose stiffness/strength.  

An intra-pavement drain should be provided at the interface between any sections of variable pavements, 
and where new pavements join to existing pavements. Intra-pavement subsoil drains should be in 
accordance with RMS QA Specification R37 [11] or equivalent and should penetrate to the subgrade or to 
the base of any replaced subgrade material.  

Attention to detail in drainage design and construction is essential for optimum performance. Expensive 
drainage systems can be blocked or otherwise prevented from operating by inappropriate construction 
procedures or drainage design. Poor performance of a drainage system can, in turn, result in major 
deficiencies in the pavement performance. The selection, construction and maintenance of appropriate 
drainage mechanisms and construction materials that are durable and insensitive to moisture change is 
essential. 

7.4.7 Pavement Materials  
Pavement materials and compaction requirements should conform to those outlined below. 

Table 7-3 Pavement Materials and Compaction Requirements 

Pavement Course Material Specification Compaction Requirements 

Basecourse 
High quality crushed 
rock base material 

Complying with RMS QA Specification 3051 
Category A [8] and CBR > 120%, 2% < PI < 
6% 

Min 100% Modified (RMS T112) 
 (60-90% of SOMC) 

Subbase 
Quality crushed rock 
subbase material 

Complying with RMS QA Specification 3051 
Category A [8] and CBR > 20%, PI < 6% 

Min 102% Standard (RMS T111) 
(60-90% of SOMC) 

Selected Material Material complying with RMS QA Spec 3071 
and CBR  30%,  PI  15% 

Min 95% Modified (RMS T112) or 
100% Standard (RMS T111) 
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Minimum testing on all potential pavement select materials should include 10 day soaked CBR, Atterberg 
Limits and Particle Size Distribution analysis. Pre-treatment of materials prior to testing would be advisable 
for material subject to breakdown. 

Wearing Courses should be designed using either RMS Sprayed Sealing Guide [12], QA Specifications 
R106 [13] and R111 [14] or RMS QA Specification R116 [15] using Austroads APRG Report No. 18 [16] 
methodology.  

7.4.8 Construction Materials and References 
All works and materials used in the construction of the pavement should comply with RMS specifications and 
those outlined indicated in this report. Where discrepancies may occur clarification should be sought from 
the RMS on their requirements. Material should be selected to be compatible with the design and the 
existing pavement material. 

As mentioned the site is subject to periodic inundation, and the use of low permeability materials in the 
verges could assist with limiting moisture ingress into the pavement materials via the shoulder. 

It is suggested that the pavement designer be consulted prior to the use of alternate materials. Contractors 
should specify materials to be used in construction at the time of tendering, with all materials to be approved 
by the client prior to incorporation in the works.  

7.4.9 Construction Inspections 
The subgrade and existing pavement will require inspection by an experienced geotechnical consultant after 
boxing out and prior to filling to design subgrade level. The purpose of inspections is to confirm design 
parameters, assess the suitability of the subgrade to support the pavement, and delineate areas which may 
require subgrade replacement or remedial treatment prior to construction. 
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8 Limitations 

Cardno has performed investigation and consulting services for this project in general accordance with 
current professional and industry standards. The extent of testing was limited to discrete test locations and 
variations in ground conditions can occur between test locations that cannot be inferred or predicted.   

A geotechnical consultant or qualified engineer shall provide inspections during construction to confirm 
assumed conditions in this assessment. If subsurface conditions encountered during construction differ from 
those given in this report, further advice shall be sought without delay. 

Cardno, or any other reputable consultant, cannot provide unqualified warranties nor does it assume any 
liability for the site conditions not observed or accessible during the investigations. Site conditions may also 
change subsequent to the investigations and assessment due to ongoing use. 

This report and associated documentation was undertaken for the specific purpose described in the report 
and shall not be relied on for other purposes. This report was prepared solely for the use by Griffith City 
Council and any reliance assumed by other parties on this report shall be at such parties own risk. 
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Explanatory Notes 
The methods of description and classification of soils and rocks used in this report are based on Australian Standard AS1726-
2017 Geotechnical Site Investigations. Material descriptions are deduced from field observation or engineering examination, 
and may be appended or confirmed by in situ or laboratory testing. The information is dependent on the scope of investigation, 
the extent of sampling and testing, and the inherent variability of the conditions encountered.

Subsurface investigation may be conducted by one or a 
combination of the following methods. 

Method  
Test Pitting: excavation/trench 
 BH Backhoe bucket 
 EX Excavator bucket 
 R Ripper 
 H Hydraulic Hammer 
 X Existing excavation 
 N Natural exposure 
Manual drilling: hand operated tools 
 HA Hand Auger 
Continuous sample drilling 
 PT Push tube 
 PS Percussion sampling 
 SON Sonic drilling 
Hammer drilling 
 AH Air hammer 
 AT Air track 
Spiral flight auger drilling 
 AS Auger screwing 
 AD/V Continuous flight auger: V-bit 
 AD/T Continuous spiral flight auger: TC-Bit 
 HFA Continuous hollow flight auger 
Rotary non-core drilling 
 WB Washbore drilling 
 RR Rock roller 
Rotary core drilling 
 PQ 85mm core (wire line core barrel) 
 HQ 63.5mm core (wire line core barrel) 
 NMLC 51.94mm core (conventional core barrel) 
 NQ 47.6mm core (wire line core barrel) 
 DT Diatube (concrete coring) 

Sampling is conducted to facilitate further assessment of 
selected materials encountered. 

Sampling method  
Soil sampling 
 B Bulk disturbed sample 
 D Disturbed sample 
 C Core sample 
 ES Environmental soil sample 
 SPT Standard Penetration Test sample 
 U Thin wall tube ‘undisturbed’ sample 
Water sampling 
 WS Environmental water sample 

Field testing may be conducted as a means of assessment 
of the in situ conditions of materials. 

Field testing 
SPT Standard Penetration Test 
HP/PP Hand/Pocket Penetrometer 
Dynamic Penetrometers (blows per noted increment) 
 DCP Dynamic Cone Penetrometer 
 PSP Perth Sand Penetrometer 
MC Moisture Content 
VS Vane Shear 
PBT Plate Bearing Test 
IMP Borehole Impression Test 
PID Photo Ionization Detector 

If encountered, refusal (R), virtual refusal (VR) or hammer 
bouncing (HB) of penetrometers may be noted. 

The quality of the rock can be assessed by the degree of 
natural defects/fractures and the following. 

Rock quality description 
TCR Total Core Recovery (%) 

 (length of core recovered divided by the length of 
core run) 

RQD Rock Quality Designation (%) 

 (sum of axial lengths of core greater than 
100mm long divided by the length of core run) 

Notes on groundwater conditions encountered may include. 

Groundwater 
Not Encountered Excavation is dry in the short term 
Not Observed Water level observation not possible 
Seepage Water seeping into hole 
Inflow Water flowing/flooding into hole 

Perched groundwater may result in a misleading indication 
of the depth to the true water table. Groundwater levels are 
also likely to fluctuate with variations in climatic and site 
conditions. 

Notes on the stability of excavations may include. 

Excavation conditions 
Stable No obvious/gross short term instability noted 
Spalling Material falling into excavation (minor/major) 
Unstable Collapse of the majority, or one or more face of 

the excavation 
 

 



 

 
 
 

Explanatory Notes: General Soil Description 
The methods of description and classification of soils used in this report are based on Australian Standard AS1726-2017 
Geotechnical Site Investigations. In practice, a material is described as a soil if it can be remoulded by hand in its field condition 
or in water. The dominant component is shown in upper case, with secondary components in lower case. In general 
descriptions cover: soil type, plasticity or particle size/shape, colour, strength or density, moisture and inclusions.

In general, soil types are classified according to the 
dominant particle on the basis of the following particle sizes. 

Soil Classification Particle Size (mm) 
CLAY < 0.002 
SILT 0.002 0.075 
SAND fine 0.075 to 0.21 
 medium 0.21 to 0.6 
 coarse 0.6 to 2.36 
GRAVEL fine 2.36 to 6.7 
 medium 6.7 to 19 
 coarse 19 to 63 
COBBLES 63 to 200 
BOULDERS > 200 

Soil types may be qualified by the presence of minor 
components on the basis of field examination methods 
and/or the soil grading.  

Terminology In coarse grained soils In fine soils 
% fines % coarse % coarse 

Trace ≤5 ≤15 ≤15 
With >5, ≤12 >15, ≤30 >15, ≤30 

The strength of cohesive soils is classified by engineering 
assessment or field/lab testing as follows. 

Strength Symbol Undrained shear strength 
Very Soft VS ≤12kPa 
Soft S 12kPa to ≤25kPa 
Firm F 25kPa to ≤50kPa 
Stiff St 50kPa to ≤100kPa 
Very Stiff VSt 100kPa to ≤200kPa 
Hard H >200kPa 

Cohesionless soils are classified on the basis of relative 
density as follows. 

Relative Density Symbol Density Index 
Very Loose VL <15% 
Loose L 15% to ≤35% 
Medium Dense MD 35% to ≤65% 
Dense D 65% to ≤85% 
Very Dense VD >85% 

The plasticity of cohesive soils is defined by the Liquid Limit 
(LL) as follows. 

Plasticity Silt LL Clay LL 
Low plasticity ≤ 35% ≤ 35% 
Medium plasticity N/A > 35% ≤ 50% 
High plasticity > 50% > 50% 

The moisture condition of soil (w) is described by 
appearance and feel and may be described in relation to the 
Plastic Limit (PL), Liquid Limit (LL) or Optimum Moisture 
Content (OMC). 

Moisture condition and description 
Dry Cohesive soils: hard, friable, dry of plastic limit. 

Granular soils: cohesionless and free-running 
Moist Cool feel and darkened colour: Cohesive soils can 

be moulded. Granular soils tend to cohere 
Wet Cool feel and darkened colour: Cohesive soils 

usually weakened and free water forms when 
handling. Granular soils tend to cohere 

The structure of the soil may be described as follows.   

Zoning Description 
Layer Continuous across exposure or sample 
Lens Discontinuous layer (lenticular shape) 
Pocket Irregular inclusion of different material 

The structure of soil layers may include: defects such as 
softened zones, fissures, cracks, joints and root-holes; and 
coarse grained soils may be described as strongly or weakly 
cemented. 

The soil origin may also be noted if possible to deduce. 

Soil origin and description 
Fill Anthropogenic deposits or disturbed material 
Topsoil Zone of soil affected by roots and root fibres 
Peat Significantly organic soils 
Colluvial Transported down slopes by gravity/water 
Aeolian Transported and deposited by wind 
Alluvial Deposited by rivers 
Estuarine Deposited in coastal estuaries 
Lacustrine Deposited in freshwater lakes 
Marine Deposits in marine environments 
Residual 
soil 

Soil formed by in situ weathering of rock, with 
no structure/fabric of parent rock evident 

Extremely 
weathered 
material 

Formed by in situ weathering of geological 
formations, with the structure/fabric of parent 
rock intact but with soil strength properties 

The origin of the soil generally cannot be deduced solely on 
the appearance of the material and the inference may be 
supplemented by further geological evidence or other field 
observation. Where there is doubt, the terms ‘possibly’ or 
‘probably’ may be used 

 



 

 
 
 

Explanatory Notes: General Rock Description 
The methods of description and classification of rocks used in this report are based on Australian Standard AS1726-2017 
Geotechnical Site Investigations. In practice, if a material cannot be remoulded by hand in its field condition or in water, it is 
described as a rock. In general, descriptions cover: rock type, grain size, structure, colour, degree of weathering, strength, minor 
components or inclusions, and where applicable, the defect types, shape, roughness and coating/infill.

Rock types are generally described according to the 
predominant grain or crystal size, and in groups for each 
rock type as follows. 

Rock type Groups 
Sedimentary Deposited, carbonate (porous or non), 

volcanic ejection 
Igneous Felsic (much quartz, pale), Intermediate, 

or mafic (little quartz, dark) 
Metamorphic Foliated or non-foliated 
Duricrust Cementing minerology (iron oxides or 

hydroxides, silica, calcium carbonate, 
gypsum) 

Reference should be made to AS1726 for details of the rock 
types and methods of classification. 

The classification of rock weathering is described based on 
definitions in AS1726 and summarised as follows. 

Term and symbol Definition 
Residual 
Soil 

RS Soil developed on rock with the 
mass structure and substance of the 
parent rock no longer evident 

Extremely 
weathered 

XW Weathered to such an extent that the 
rock has ‘soil-like’ properties. Mass 
structure and substance still evident 

Distinctly  
weathered 

DW The strength is usually changed and 
may be highly discoloured. Porosity 
may be increased by leaching, or 
decreased due to deposition in 
pores. May be distinguished into MW 
(Moderately Weathered) and HW 
(Highly Weathered). 

Slightly  
weathered 

SW Slightly discoloured; little or no 
change of strength from fresh rock 

Fresh Rock FR The rock shows no sign of 
decomposition or staining 

The rock material strength can be defined based on the 
point load index as follows.  

Term and symbol Point Load Index Is50  
(MPa) 

Very Low VL 0.03 to 0.1 
Low L 0.1 to 0.3 
Medium M 0.3 to 1.0 
High H 1.0 to 3 
Very High VH 3 to 10 
Extremely High EH > 10 

It is important to note that the rock material strength as 
above is distinct from the rock mass strength which can be 
significantly weaker due to the effect of defects. 

A preliminary assessment of rock strength may be made 
using the field guide detailed in AS1726, and this is 
conducted in the absence of point load testing. 

The defect spacing measured normal to defects of the same 
set or bedding, is described as follows. 

Definition Defect Spacing (mm) 
Thinly laminated < 6 
Laminated 6 to 20 
Very thinly bedded 20 to 60 
Thinly bedded 60 to 200 
Medium bedded 200 to 600 
Thickly bedded 600 to 2000 
Very thickly bedded > 2000 

Terms for describing rock and defects are as follows. 

Defect Terms  
Joint JT Sheared zone SZ 
Bedding Parting BP Seam  SM 
Foliation FL Vein VN 
Cleavage CL Drill Lift DL 
Crushed Seam CS Handling Break HB 
Fracture Zone FZ Drilling Break DB 

The shape and roughness of defects in the rock mass are 
described using the following terms. 

Planarity Roughness 
Planar PR Very Rough VR 
Curved  CU Rough RF 
Undulose UN Smooth S 
Irregular  IR Slickensided SL 
Stepped ST Polished POL 
Discontinuous DIS   

The coating or infill associated with defects in the rock mass 
are described as follows. 

Infill and Coating  
Clean CN  
Stained SN  
Carbonaceous X  
Minerals MU Unidentified mineral 
 MS Secondary mineral 
 KT Chlorite 
 CA Calcite 
 Fe Iron Oxide 
 Qz Quartz 
Veneer VNR Thin or patchy coating 
Coating CT Infill up to 1mm 
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