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1. INTRODUCTION

This report presents the outcomes of the geotechnical study for the proposed residential subdivision at Lot 27
Westfield Road, Camillo (“the site”). The location of the site relative to the surrounding area is shown on Figure 1, Site
and Location Plan.

The investigation was requested by Mike Kelly of Property Edge WA Pty Ltd and authorised in a client authorisation
form dated 7 April 2014.

2. SITE CONDITIONS AND PROPOSED DEVELOPMENT

The site is an elongated rectangle in plan and covers approximately 2.2 ha. From publicly available contour plans, the
surface is flat at an elevation of about RL 21 m AHD over most of the site except for the southern end which is slightly
raised, at an elevation of about RL 25 m AHD.

The site is densely grassed with a group of mature and young trees near the middle and along the eastern boundary.
At the south end is an existing single storey residence with various sheds. There are several trees around the
residence.

Railway Avenue along the eastern boundary is on an embankment, about 1.5 m high above the natural ground level.
The residential area to the west of the site appears to be at natural ground level.

At the time of the fieldwork, the ground surface was hard. However, deep wheel ruts in the ground surface suggest
that the area becomes soft and boggy during the rainy season.

We understand that, to tie into the adjacent Railway Avenue and avoid surface flooding, the area will be raised by
about 1 m by the importation of sand fill.

The development is to comprise a number of two storey apartment units. We assume the buildings will be of masonry
construction with slabs on ground and shallow footings.

3. PROJECT OBJECTIVES

The objectives of the study were to:

assess subsurface soil and groundwater conditions across the site;
provide recommendations on suitable footing systems for the proposed development;
provide allowable bearing pressure and settlement estimates for shallow foundations;
provide a site classification(s) in accordance with AS 2870 2011 “Residential Slabs and Footings”;
provide recommendations and geotechnical design parameters for earth retaining structures;
recommend appropriate site preparation procedures including compaction criteria;
assess the permeability of the soil at the site for potential stormwater disposal by infiltration; and
provide a subgrade California bearing ratio (CBR) design value for pavement thickness design by others.

4. FIELDWORK

Fieldwork was carried out on 10 April 2014 and comprised:

a site walk over by a senior geotechnical engineer;
cone penetration tests (CPTs) at 6 locations to depths of between 1.5 m and 6.0 m; and
sampling with the CPT rig, using a 32 mm diameter sampler at depth of between 1.0 m and 2.0 m.
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General

A geotechnical engineer from Galt located the test positions, observed the CPTs, collected samples for inspection and
possible laboratory testing.

The test locations are shown on Figure 1, Site and Location Plan and details are summarised in Table 1, Summary of
Tests. Photographs of the site are presented in Appendix A, Site Photographs.

Table 1: Summary of Tests

Test
Names

Test
Depth

(m)

Thickness of
Sand Cover (m)

Stratigraphy

CPT1 6.0 ~1.0
Clayey SAND overlying hard clayey SAND/sandy CLAY. Minor sand lenses
towards base

CPT2 6.0 Stiff CLAY to 1.5 m becoming hard clayey SAND

CPT3 6.0
Firm becoming stiff CLAY to 1.8 m overlying hard clayey SAND becoming
sandy CLAY

CPT4 1.5R Firm becoming hard CLAY

CPT4A 3.2R Firm becoming hard CLAY to 1.2 m overlying hard clayey SAND

CPT5 6.0 Stiff becoming hard sandy CLAY to 1.8 m overlying lenses of clayey SAND
and sandy CLAY

CPT6 2.5R Stiff becoming firm sandy CLAY to 1.2 m overlying lenses of clayey SAND
and sandy CLAY

Notes: 1. R – CPT refusal – possibly on cemented layer
2. No groundwater was encountered in the holes formed by the CPT.

Cone Penetration Tests

CPTs were undertaken using a 22 tonne truck mounted CPT rig supplied and operated by Probedrill Pty Ltd. The
results of the CPTs are provided in Appendix C, Cone Penetration Test Results along with a method of interpretation
proposed by Robertson et al (1986).

Permeability Testing

No infiltration testing was undertaken at the site as an insufficient thickness of permeable sand is present on the site.

5. LABORATORY TESTING

Laboratory testing on soil samples was undertaken by Mining & Civil Geotest in their NATA accredited laboratory and
comprised determination of:

particle size distribution on 2 samples; and
Atterberg limits and linear shrinkage on 2 samples.

Laboratory test results along with the test methods followed are included in Appendix C, Laboratory Test Results and
are summarised in Table 2, Summary of Laboratory Test Results.
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Table 2: Summary of Laboratory Test Results

Test Pit Depth
(m)

%
Gravel

%
Sand

%
Fines

LL
(%)

PI
(%)

LS
(%)

CPT02 1.0 2.0 0 88 12 SIC NP 0.0

CPT05 1.0 1.5 26 46 28 47 32 13.0
LL: Liquid Limit PI: Plasticity Index LS: Linear Shrinkage
SIC: Slipped in cup NP: Non Plastic

6. SITE CONDITIONS

6.1 Geology

The Armadale sheet of the 1:50,000 scale Environmental Geology series map indicates that the area is underlain by
alluvium comprising sandy clay described as white grey to brown, fine to coarse grained, sub angular to rounded
sand, clay of moderate plasticity, gravel and silt near scarp.

The findings of our investigation are generally in accordance with the geological mapping.

6.2 Subsurface Conditions

Based on the CPT data, we interpret that the site is underlain by the following strata:

Clayey SAND/Sandy CLAY, typically stiff to hard, locally firm, moderate to high plasticity fines, extending from
the ground surface to depths ranging from 1.5 m to 3.0 m; overlying
Clayey/Silty SAND, very dense/hard, between 0.5 m and 1.5 m thick; extending to depths ranging from 2.0 m
to 5.2 m overlying
Clayey SAND/Sandy CLAY, very stiff and hard, extending to the maximum depth investigated of 6.0 m.

Note: 1. Soil descriptions inferred from Robertson et al interpretation and limited sampling.

2. A 1.0 m thick surface layer of sand (with clayey lenses) was encountered in CPT01 in the southern part
of the site. The thickness of sand is expected to increase southwards towards Westfield Road.

3. Shallow refusal of CPT on cemented zones (or possibly roots/other obstructions) in CPT4 and CPT6.

6.3 Groundwater

The Perth Groundwater Atlas (2004) shows the groundwater level to be between RL 17 m and RL 18 m AHD.
However, these groundwater contours were extrapolated from groundwater levels recorded in May 2003 following a
prolonged dry period. Maximum historical groundwater levels are therefore likely to be at a higher level. As most of
the site appears to be low lying, we expect that water ponds on surface over much of the site in the wetter part of the
year.

Groundwater was not encountered within any of the holes formed by the CPT (maximum depth of investigation was
6.0 m).
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7. GEOTECHNICAL ASSESSMENT

7.1 Site Classification

The site classification is based on AS 2870 2011 “Residential Slabs and Footings” which defines the following site
classes:

Table 3: Summary of Site Classification (AS 2780 1996)

Class Description Characteristic Surface
Movement (ys)

A Most sand and rock sites with little or no ground movement from moisture change Not defined
(typically <5 mm)

S Slightly reactive clay sites with only slight ground movement from moisture
changes

0 20 mm

M Moderately reactive clay or silt sites which can experience moderate ground
movement from moisture changes

20 40 mm

H1 Highly reactive clay sites, which may experience high ground movement from
moisture changes

40 60 mm

H2 Highly reactive clay sites, which may experience very high ground movement from
moisture changes

60 75 mm

E Extremely reactive sites, which may experience extreme ground movement from
moisture changes

> 75 mm

P Soft or unstable foundations such as soft clay or silt or loose sands, landslip, mine
subsidence, collapsing soils and soils subject to erosion, reactive sites subject to
abnormal moisture conditions, site underlain by uncontrolled fill, etc

Not defined

Based on our assessment, we consider the entire site (except the southern end) to be class ‘P’ in its current condition.
This is due to:

the presence of clay below the entire site and extensive evidence of clay related surface movement on
Railway Avenue and in the residential area to the west of the site (see Photographs 5 and 6 in Appendix A);
and
the likelihood of surface ponding, poor drainage and poor traffickability during the wet season

Development of this site (other than the higher lying area to the south) in its current conditions is not recommended.

The site classification can be changed to a Class ‘S’ site classification by ensuring that there is a minimum thickness of
0.8 m of compacted inert granular material above the clayey soils.

This thickness of granular material includes any depth of in situ sand present. Any fill required to achieve this
minimum thickness should be in accordance with Section 7.4 and comprise compacted sand (in situ or imported fill)
above the expansive clayey layers.

The recommended minimum thickness of sand fill has been calculated to minimise the potential heave such that a
Class S site classification is achieved. The finished site elevation may have to be raised depending on floodlines and
surface drainage requirements. The assessment of such floodlines is outside the scope of this investigation.
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The southern part (to the south of CPT01), may be classified as Class S due to the expected thickness of about 0.8 m of
sand above the clay. This must be confirmed at the time of the bulk earthworks.

All foundations must be designed in accordance with AS 2780 2011, assuming the given site classification following
subgrade preparation as detailed in Section 7.2.

Seasonal movements are highly likely not only from seasonal wetting and drying but also due to the presence of large
mature trees throughout the area. We refer you to the CSIRO publication “Foundation Maintenance and Footing
Performance: A Homeowner’s Guide” (http://www.unitcare.com.au/pdfs/Foundation_maintenance_csiro.pdf). It
contains useful information relevant to vegetation close to constructions on reactive clay sites. It is possible that site
surface movements could potentially be worse than suggested by the site classification nominated due to the
significant change in soil suctions over the year caused by rainfall (winter, saturated conditions) and dry weather
combined with vegetation (summer, soil suctions will be larger, including suctions at depth from deeper tree roots).

As a guide, single trees may be considered to have a root influence zone in plan approximately equal to their height. A
line of trees may be considered to have a root influence zone in plan equivalent to 1.5 times the height of the trees.

Where trees are removed, it will typically take one year for the soil to reach a state of moisture equilibrium with
respect to the influence otherwise exerted by the trees on soil moisture content.

7.2 Site Preparation

The site preparation measures outlined below are aimed at improvement of the site in preparation for construction of
buildings including on ground slabs and shallow footings, retaining walls, culverts and pavement subgrades.

Recommended site preparation measures are as follows:

strip vegetation from the site including grubbing out of tree roots and removal of rubbish;
strip and stockpile topsoil from the site for potential re use in non structural applications (we consider a
100 mm strip should be adequate);
compact the exposed soil with a minimum of 4 passes of a 10 tonne (minimum static mass) padfoot roller.
Any soft zones must be excavated and replaced with approved fill material;
Given the presence of moderate to high plasticity clays across the site (which hold water and soften
significantly when exposed to water), traffickability of the site may be compromised during and following
winter and any other times of high rainfall. For this reason, broad acre site preparation involving trimming
near clay level is recommended to be conducted in late summer. We would be pleased to provide further
advice on this if required.
Fill to build up levels using approved granular fill (refer to Section 7.4) to the required level. Fill must be
placed and compacted in layers of no greater than 300 mm loose thickness.

We note that compaction of sand within 1 m of the groundwater level can be difficult. Further advice should be
sought in this regard if such compaction is likely to be conducted when groundwater is within 1 m of the surface to be
compacted. We recommend that site preparation occurs in summer, preferably late summer.

After compaction, verify that the required level of compaction has been achieved by testing to a minimum depth of
0.9 m below foundations:

on each lift of fill at the rate of 1 test per 500 m3;
at 15 m centres along retaining wall footings; and
at 15 m centres on pavement subgrades.
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7.3 Compaction

In situ sand and granular fill must be compacted using suitable compaction equipment to achieve a dry density ratio
(DDR) of at least 95% of maximum modified dry density (MMDD) as determined in accordance with AS 1289 5.2.1.

If sand is used as fill and a Perth sand penetrometer (PSP) is used for compaction control, we consider a blow count of
8 blows per 0.3 m penetration to correlate to a density of 95% MMDD. If difficulty arises in achieving the specified
PSP blow count, then a calibration must be established between PSP blow count and the in situ density. This will allow
confirmation of the blow count required to achieve a dry density ratio of at least 95%. We consider that the above
will also be appropriate for PSP testing of the in situ sand. Note: A PSP may only be used for compaction testing of
sand (i.e. material with a maximum particle size of 2 mm and maximum fines content of 5%). Where gravelly or clayey
fill is used, compaction testing must be done using a nuclear density gauge in accordance with AS 1289.5.8.1.

Over excavation and replacement of loose materials may be required where the minimum density ratio cannot be
achieved.

Fill must be placed in horizontal layers of not greater than 0.3 m loose thickness. Each layer must be compacted by
suitable compaction equipment, and carefully controlled to ensure even compaction over the full area and depth of
each layer.

Care will need to be taken when compacting in the vicinity of existing structures. This is particularly important if
vibratory compaction is being carried out. Tynan (1973)1 provides assistance with the selection of compaction
equipment for use adjacent to structures.

We note that compaction within 1 m of the groundwater table is likely to be difficult. Difficulties may be experienced
in places where water ponds on the clayey surface during the rainy season.

7.4 Approved Fill

Imported granular fill must comply with the material requirements as stated in AS 3798 2007, “Guidelines on
Earthworks for Commercial and Residential Developments”. Sand fill must comprise clean sand that is largely free of
organic matter (<2% by weight) and have a fines content of less than 5%.

Where doubt exists about the excavation or use of any materials on site, a geotechnical engineer must be engaged to
inspect and approve the use of potential fill materials.

7.5 Footings

Where footings are placed within compacted granular fill (minimum 0.8 m thick) as described in Section 7.2, an
allowable bearing pressure of 100 kPa may be assumed for footings greater than 0.5 m wide.

The estimated settlement of such footings is estimated to be less than 10 mm. Most of this movement (~70%) is
expected to occur during construction.

Note: In addition to the estimated maximum settlement of 10 mm, we note that movements of the order of 20 mm
may be expected due to changes in the moisture of the underlying clay.

1 Tynan (1973) Ground Vibration and Damage Effects on Buildings, Australia Road Research Board, Special Report No. 11.
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7.6 Stormwater Disposal

As the in situ clayey soil has a relatively high fines content, it has a low permeability. Soakwells should therefore not
be placed into this material.

Soakwells may be used where at least 1.2 m of sand is placed above the clay subgrade. For preliminary design
purposes, a soil permeability (k) of 3 m/day may be used for soakwell design. This value should be confirmed by in
situ testing of the compacted sand fill following completion of the bulk earthworks.

Where possible, soakwells should not be placed within 3 m of footings (subject to local council regulations). Discharge
from soakwells has been known to cause densification of loose sandy soils, leading to settlements of footings and
slabs. Where soakwells are placed closer to footings, they must be carefully wrapped with geotextile to prevent
migration of sand and fines into the soakwell.

7.7 In situ Subgrade CBR

We consider that the in situ subgrade clayey material has a soaked CBR of between 3% and 5% when compacted to a
dry density ratio of 95% using Modified compactive effort.

Where there is at least 500 mm of compacted sand is present as per Section 7.2, a subgrade CBR of 12% may be
assumed for pavement thickness design.

7.8 Retaining Walls

Retaining structures may be designed in accordance with AS 4678 2002 “Earth Retaining Structures”. For the design
of retaining structures, the following parameters in Table 4 are appropriate.

Table 4: Recommended Retaining Wall Design Parameters

Soil Type
Bulk

Density
(t/m3)

Angle of
Internal
Friction
(deg.)

Wall Friction = 0° Wall Friction = 0.5

Coefficient
of Active

Earth
Pressure,

Ka

Coefficient
of Passive

Earth
Pressure,

Kp

Coefficient
of Active

Earth
Pressure,

Ka

Coefficient
of Passive

Earth
Pressure,

Kp

Dense or well compacted sand 18 36 0.26 3.9 0.22 6.5

Note: 1. Earth pressure coefficients are provided in this table for conditions of zero friction between the wall and the
soil and with wall friction of 0.5 . The retaining wall designer must make an independent assessment of
the parameters appropriate to the construction method to be used, including alternative values of wall
friction. A horizontal ground surface behind the wall has been assumed.

2. It is assumed that a suitable drainage layer and/or subsoil system is installed behind all walls such that the
build up of water pressure behind the walls is prevented.

Compaction plant can augment the lateral earth pressure acting on retaining walls. Hand operated compaction
equipment is recommended within 2 m of any retaining walls to minimise compaction pressures.

It is important to note that some ground movement will occur behind any soil retaining system, including gravity
retaining walls.
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8. CLOSURE

We draw your attention to Appendix D of this report, Understanding Your Geotechnical Engineering Report. The
information provided within is intended to inform you as to what your realistic expectations of this report should be.
Guidance is also provided on how to minimise risks associated with groundworks for this project. This information is
provided not to reduce the level of responsibility accepted by Galt, but to ensure that all parties who rely on this
report are aware of the responsibilities each assumes in so doing.

GALT GEOTECHNICS PTY LTD

Rick Piovesan CPEng

Geotechnical Engineer

O:\Jobs\2014\J1401067 Property Edge SI Camillo\03 Correspondence\J1401067 001 R Rev0.docx
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Appendix A: Site Photographs
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Photograph 1: Looking south – CPT rig at CPT01 location

Photograph 2: Typical view of site – looking north along western boundary
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Photograph 3: Looking north from southeast part

Photograph 4: Embankment along Railway Avenue (eastern boundary)
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Photograph 5: Surface deflections on Railway Avenue

Photograph 6: Typical cracking in driveways in residential area west of site
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Appendix B: Cone Penetration Test Data
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O:\Administration\Standard Forms and Documents\PMP18 CPT Interpretation.xlsx
Galt Form PMP18

RL 0 October 2009

DEFINITIONS
qt : Cone tip resistance corrected for pore water pressure
St : Sensitivity
e : Void ratio

Dr : Relative density
OCR : Overconsolidation ratio

OC : Overconsolidated

SOIL BEHAVIOUR TYPE ZONES
1. Sensitive fine grained 7. Silty sand to sandy silt
2. Organic material 8. Sand to silty sand
3. Clay 9. Sand
4. Silty clay to clay 10. Gravelly sand to sand
5. Clayey silt to silty clay 11. Very stiff fine grained material (OC/cemented)
6. Sandy silt to clayey silt 12. Sand to clayey sand (OC/cemented)

NOTES
A. Some overlap in type zones is expected
B. Local correlations are preferred and may indicate soil type boundaries that are different

from those shown above
Reference: Robertson, P.K., Campanella, R.G., Gillespie, D. and Grieg, J. (1986) "Use of Piezometer Cone Data". Proceedings of the ASCE Speciality
Conference In Situ '86: Use of In Situ Tests in Geotechnical Engineering, Blacksburg, pp 1263 80, American Society of Civil Engineers (ASCE)

Friction Ratio (%)

CONE PENETRATION TESTING (CPT)
SOIL TYPE INTERPRETATION

O:\Administration\Standard Forms and Documents\PMP18 CPT Interpretation.xlsx
Galt Form PMP18

RL 0 October 2009
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Appendix C: Laboratory Test Results
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UNDERSTANDING YOUR GEOTECHNICAL 
ENGINEERING REPORT 

GALT FORM PMP11 Rev1 

1. EXPECTATIONS OF A GEOTECHNICAL ENGINEERING REPORT 

This document has been prepared to clarify what is and is not provided in your geotechnical report.  It is intended to inform you 
of what your realistic expectations of this report should be and how to manage your risks associated with geotechnical 
conditions. 

Geotechnical engineering is a less exact science than other engineering disciplines.  We include this information to help you 
understand where our responsibilities as geotechnical engineers begin and end, to help the client recognise his responsibilities 
and risks.  You should read and understand this information.  Please contact  us if you do not understand the report or this 
explanation. We have extensive experience in a wide variety of geotechnical problems and we can help you to manage your risk. 

2. THIS REPORT RELATES TO PROJECT-SPECIFIC CONDITIONS 

This report was developed for a unique set of project-specific conditions to meet the needs of the nominated client.  It took into 
account the following : 

The project objectives as we understood them and as described in this report; 
the specific site mentioned in this report; and 
the current and proposed development at the site.   

It should not be used for any purpose other than that indicated in the report.  You should not rely on this geotechnical report if 
any of the following conditions apply: 

the report was not written for you; 
the report was not written for the site specific to your development; 
the report was not written for your project (including a development at the correct site but other than that listed in the 
report); or 
the report was written before significant changes occurred at the site (such as a development or a change in ground 
conditions). 

You should always inform us of changes in the proposed project (including minor changes) and request an assessment of their 
impact. 

Where we are not informed of developments relevant to your geotechnical engineering report, we cannot be held responsible 
or liable for problems that may arise as a consequence. 

Where design is to be carried out by others using information provided by us, we recommend that we be involved in the design 
process by being engaged for consultation with other members of the design team and by being able to review work produced 
by other members of the design team which relies on geotechnical information provided in our report. 
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3. GEOTECHNICAL ENGINEERING LOGS 

Our reports often include logs of intrusive and non-intrusive geotechnical investigation techniques.  These logs are based on our 
interpretation of field data and laboratory results.  The logs should only be read in conjunction with the report they were issued 
with and should not be re-drawn for inclusion in other documents not prepared by us.   

4. THIRD PARTY RELIANCE 

We have prepared this report for use by the client.  This report must be regarded as confidential to the client and the client’s 
professional advisors.  We do not accept any responsibility for contents of this document from any party other than the 
nominated client.  We take no responsibility for any damages suffered by a third party as a consequence of any decisions or 
actions they may make based on this report.  Any reliance or decisions made by a third party based on this report are the 
responsibility of the third party and not of us. 

5. CHANGE IN SUBSURFACE CONDITIONS 

The geotechnical recommendations in this report are based on the ground conditions that existed at the time when the study 
was undertaken.  Changes in ground conditions can occur in numerous ways including as a result of anthropogenic events (such 
as construction on or adjacent to the site) or natural events (such as floods, groundwater fluctuations or earthquakes).  We 
should be consulted prior to use of this report so that we can comment on its reliability.  It is important to note that where 
ground conditions have changed, additional sampling, testing or analysis may be required to fully assess the changed conditions. 

6. SUBSURFACE CONDITIONS DURING CONSTRUCTION 

Practical constraints mean that we cannot know every minute detail about the subsurface conditions at a particular site.  We use 
engineering judgement to form an opinion about the subsurface conditions at the site.  Some variation to our evaluated 
conditions is likely and significant variation is possible.  Accordingly, our report should not be considered as final as it is 
developed from engineering judgement and opinion. 

The most effective means of dealing with unanticipated ground conditions is to engage us for construction support.  We can only 
finalise our recommendations by observing actual subsurface conditions encountered during construction.  We cannot accept 
liability for a report’s recommendations if we cannot observe construction. 

7. ENVIRONMENTAL ISSUES 

Unless specifically mentioned otherwise in our report, environmental considerations are not included.  The investigation 
techniques used by us in developing our report differ from those for an environmental investigation.  Our report was not 
prepared with environmental considerations in mind and it is the client’s responsibility to satisfy himself that environmental 
considerations have been taken into account for the site.  If you require guidance on how to proceed on evaluating 
environmental risk at the site, we can provide further information and contacts. 
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