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MJT:jlb
Project 45575
22 May 2008

REPORT ON GEOTECHNICAL [NVE‘STIGATION
_ PROPOSED MEDICAL CENTRE
26 BIGGE STREET, LIVERPOOL

1. INTRO'DUC-T-IQN.

-Thrs report presents the results of a geotechmcal mvest;gatron carried out on the site of a
proposed multl-storey medrcal centre 1o be constructed at 26 Bigge Street Liverpool. The work
was commnss:oned bv Mr - Henry AR Cann of Brown Consulting ( NSW) Pty Lid on behalf of the
prop_erty ow_r)ers_. K.o__rdan Piy L.

The constructron of an e:ght storey medlcal centre W|th two levels of basement car parking is
proposed for a vacant site between an exrstlng medrcal centre and a pnvate hospltat
lnvestlgatlon was requrred to provsde mformation on the subsurface condltrons for the design of
foundatrons retalnmg structures and ﬂoor slabs and to assess excavatlon conditions on the

site.

The inVe_sti_g'ation comprised five test bores foliowed by' logging, core photogrephy and
engineering evaluation. Details are given in the report together with suggested design

parameters and comments on design and construction practice.

The investigation- was carried out in conjunction with sampting for a waste classification for
excavated materials. The results of the waste classification investigation will be provided in a

separaie report.

Geotechnical Investigation Project 45575
Bigge Streef, Liverpool : May 2008
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2. SITE DESCRIPTION

" The site is approximately rectanguiar in shape with a frontage of about 30 m on Bigge Street
and a rear laneway and an overall depth of 48 m. The site slopes very gently towards the
south. At the time of investigation the former structures on the site and most vegetation had

been removed.

The site is located between two, multl-storey developments which both have subsurface parking
areas supported by blockwork walts atong the boundanes with the subject site. The: burtdlng to
the north houses the South—Western Day Medical Centre whilst the bwtdmg immediately to the
south |sr-the Sydney South-We_stern Private Hospital.

3. _REeleAl_-_ GEOLOGY

Reference o the 1 100 000 Senes Geologlcal Map for Pennth indicates that the srte 18 probably
undertaln by Bnngelty Shale of Tnassro age Bnngetly Shale typlcally comprrses sﬂtstone fine
.grarned sandstone and Iamlnltes wrth some shate bands The area, however, is shown on the
map as belng close to the boundary between the Brmgelly Shaie and more recent alluwum laid
down |n the ﬂoodptarn of the nearby Georges Rrver Thére was therefore a pDSSIinIty that
atluvral sonls could be encountered overty;ng the weathered reS|dua1 50ils and the bedrock
Detailed: !oggmg of the test bores mdicates that the site is underlam by a shattow depth of filling
and silty clay and then weathered sﬂtstene o the full depth of testing. This sequence confi irms
that the_re_ are no ex_t_ensnre atluvl_at de_posrts on the site and that most of the material, other than

the near surface filling, is derived from the Bringelly Shale.

4, SITE INVESTIGATION METHODS

The site investigation comprised five bores drilled to depths of 9.7 m below existing surface
levels using a combination of spiral flight augers in the near surface soils and rotary core driliing

in the bedrock. Standard penetration tests were conducted at regular depth intervals in the

Project 45575
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May 2008
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soils down to bedrock level to provide information on the engineering properties of the strata.
The Standard Penetration Test also recovers partially disturbed samples which can be utilised

for engineering and contamination testing.

On reaching the level of the bedrock, rotary core drilling commenced using NMLC sized core
barrels to obtain 50 mm diameter samples of the bedrock strata. The bores were continued to a
depth of about 2 m below expected excavation level and were generally terminated in medium

strength rock.

Upon cornpleti'on of the investigation, three of the bores were backfilled with s_p.oil material
obtaihed from the bores whitst twobor‘es (B-H1 énd BHS) were converted into stendpipe
plezometers to measure the Iong term groundwater tevels Siotted PVC t'ut)'.i‘ng (50mrh
dtameter) was mserted into the bore with the annulus between the bore wall, and the slotted
casrng filled wrth coarse sand and then capped to prevent lnﬂow of surface water into the
ptezometer.. The pzezometers were finished with a gatic cover to minimize the risk of

unauthorized usage.

The Iocatton of the bores is given on Drawing 1 in Appendix A. - The surface levels at each bore
'Iocatlon were determsned by surveylng relative to a benchmark on top of the kerb near the

south wester_n corner of the block.

5. FIELD WORK RESULTS

- The de"taile'd bore logs and core photographs are provided in Appendix B which also contains
notes defining the terms which are used to ‘describe the strata and the rock strength

classification.

The bores encountered relatively uniform conditions over the site with filling and very stiff or
hard clay or shaly clay to depths of 1.8 to 3.0 m overlying extremely low strength silistone. The
exiremely iow strength rock generally continued to depths of about 3 — 4.5 m where variably
weathered, fractured, low to medium strength rock with some extremely low strength bands was

encountered. Fresh to slightly weathered, medium strength rock was intersected in most of the

Geotechnical investigation Project 45575
Bigge Street, Liverpool May 2008
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bores below depths of 5 - 8 m. The depths varied across the site indicating that there is some

considerable variation in the depth of weathering on the site.

Table 1 shows a summary of the levels at which each of the strata were encountered in the
bores. These indicate some variation across the site which is typical for sites underiain by

Bringelly Shale.

Table 1 — Summary of Strata

Strata RL of Interface (m AHD)
Description BH1 BH2 | BH3 | BH4 BH5
; —St— 12:3— - 128 - 12:6 123 - —12.7-
TOPSOIL/FILLING - clay and gravei
filling with some concrete and brick .
fragments _ '
e 1 118 12.6 12.4 11.6 12.5
CLAY/SILTY CLAY — generally very '
stiff with some shaly clay
: _ e 10.5 10.7 9.6 10.3 12.0
SIILTSTQNE — exiremely low to very
low strength siltstone _ -
[ A 9.3 9.8 9.5 76 | 96
| SILTSTONE - low to medium _ ' '
strength, fractured siitstone with some
extremely low strength bands
R — 46 7.7 5.1 43 4.7
SILTSTONE — medium strength, 1M
slightly weathered to fresh, slightly.
“fractured siltstone
2.6 3.1 2.9 2.6 3.0
- BD BD BD BD BD
BD = Bore discontinued L-M = Low to'Medium SL = Surface Level

No free groundwater was encountered whilst augering through the near surface soils and it was
not possible to observe any permanent groundwater levels once rotary core drilling commenced
because water is used as a flushing medium- during the coring process. Two standpipe
'piezometers were instalied immediately ubon completion of the drilling and these were bailed
dry on 8 May, 2008. Subsequently, the depth to groundwater was measured at each of these
two locations on 21 May, 2008. The resuits show that the groundwater level! is below the depth
of 8.2 min BH 1. BH 5 was dry to a depth of 8.5 m. 1t is possible that the water within BH 1 at

the date of measurement is due to slight seepage along the clay / siltstone interface.

Geotechnical investigation Project 45575
Bigge Street, Liverpool May 2008
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6. PROPOSED DEVELOPMENT

)t is understood that the proposed development comprises an eight level medical centre with
two levels of basement car parking. The drawings provided indicate that the excavation
extends almost op to the common boundaries between the subject property and adjoining
properties on the northern and southero side of the site. At this stage no information has been
provided on the likely foundation loads but given the scope of the development it is likely that
loads of the order of 5,000 to 7,000 kN would occur. |

The bulk excavation level is understood to be RL 5.7 m with pad footings under the columns
founded'at about RL 53 m This m_eans that excavation depths of the order of 7-m will be

réquired as part of‘the-buik_ excavation.

7.  ENGINEERING EVALUATION

The' pfoboéed deVeIopment oombrises excavaﬁo’n to depths of about 7 m in close proximity to
ad;oxmng bu:ldlngs ‘which are known {o have basements at about 1502 m below existing
natural surfece level. The proposed excavation will therefore be about 5 m ‘below the
' found'atio'n 'Ie\ieis of‘fhe ad;ommg structures Assuming that these buudmgs are founded on
sha!low footlngs the provuswn of adequate suppoit for boundary foundations and for the floor
slabs will be a crltlcal issue for the current development, Other important geotechmcat aspects

of the development include:

»  the excavatability of the sol;

. pr’ovision'of'exca_vatIOn support and suitable batter slopes, if feasible;

» designof retaining walls;

» vibrations that will occur during excavation and its impact upon adjoining structures;
« foundation design for both pad footings and raft _slabs;r

« groundwater levels and probable seepage;

« soil aggressivity and its impact on buried concrete structures.

Comments on these aspects of the development are provided in the subsections below.

Geotechnical Investigation Project 45575
Bigge Street, Liverpool May 2008
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71 Site Conditions

| The investigation indicates that the site is underlain by 2-3 metres of filling and silty clay
overlying extremely low strength to very low strength siltstone which confinued to depths of
ebou't 3 — 4.5 m below existing surface level. Below that depth the bores intersected low
sirength or low to medium strength fractured rock with some extremely low strength bands.
Generally, at about RL 5 consistently medium streng_th slightly fractured siltstone was
encountered and this continued to the termination of the bores at appr_oximately.w m below

existing surface level,

The descriptions given above are simpliﬁed and the conditions on the site vary with the depth of

Weath_et_ing:.énd the degree of fracturing being -so'mewhet different between the__-'bores.

| 7.2 _ Excavetion

T'he' resullt's ef the investiga‘tion indicate that the buik excavation will be through filling and clay
and then weathered rock whlch vanes in strength from extremely Iow strength fo med:um
'strength it |s anticlpated that bulk excavatlon of the. clays could be readlly achieved using
' conventlonal earthmo\nng equipment but moderately hard ripping is expected within the low and

medium st_rength rock units.

- The degree of dlﬁ' culty 1n any excavatlon is a functlon of rock strength and fracturmg and also
the type of eqmpment used and the skill of the machlne operetor ltis- therefore suggested that
the tenderers be required to inspect the core and the core photographs and make their own
Judgment on the. equnpment reqmred io carry out the work and the rate at wh:ch excavatlon can
be performed-. In this way, the contractors should be abte o prowde a single unit rate for
excavation regardtess of material encountered. Such a contract generally precludes any claims
for extras on the basis of difﬁcu‘ities with excavation because it puts the onus squeret'y on the
contractor to assess the site conditions and the equipment needed to achieve bulk excavation.

In carrying out the excavation some vibration can be anticipated. Further advice is provided on

this aspect in Section 7.5.

Geotechnical Investigation Project 45575
Bigge Street, Liverpoo! May 2008
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Materials excavated from the site including the near surface filling and overburden soils are
expected to be disposed off site and as such require classiﬁcation in accordance with
“Environmental Guidelines: Assessment Classification and Management of Non-Liquid Waste
(NSW EPA 1987)" prior to disposal. A separate waste classification report is being prepared on

this aspect of the work.

7.3 Excavation Support and Batter -$=Iopes

fn areas set back from the adjacent site or street frontages it may be possible to construct
temporary batters whlte conventlonal reta:nlng walis are erected Recommended safe batter
slopes in ﬂ!;ng and the very strff and hard cIay are 1V 1H for temporary batter siopes up. to 3. m
‘high. Dependrng upon the condltlons encountered dunng the excavatlon and the prevamng
. weather it may also be necessary to prn and shotcrete the' temporary batters fo prevent fretting

and Iocal slumpmg failures.

Where excavatron takes place up to thhrn 5 m of the common property boundanes some form
of support W|IE be needed particular]y as the excavatlon |s expected 1o be about 5 m below the
adjomlng basement levels: For thIS reason it is recommended that a contrguous bored pile
retamrng wall be :nstalled prlor to excava’uon to pro\nde support at these tocatlons The bored
p||e wall cou!d be desagned as @ cantllevered structure and maybe utlilsed as part of the
permanent basement retamrng walls The walls on ait SldeS wrll need to be cantﬂevered as itis
'unilkely that anchors can be lnstatled safety W|thout compromzsmg the' performance of the
foundations of the adjommg structures or utilities i in the road way at the. ftont and rear of the site.
i is also unlzkeiy that permission -can be obtained to mstalt temporary anchors glven the
sensztlwty of the adjomrng bunidtngs to. bemg disturbed by under—drllllng or the possibility that

anchors may have an adverse rmpact on utrlltres in Blgge Street or-the rear lane way.

In the project brief it was suggested that support may be obtained by drilling sotdier piles with
infill shotcrete panels. This may be feasible on the front andrear boundary-of the site provided
shotcretmg takes place for every 2 m lift of the excavation but lt is not recommended along the
sides of the property where excavation is within 5 m of the common ‘boundaries. The possibility
of undermining the footings or ficor slabs of the adjoining structures and the perimeter retaining

walls is considered too risky and therefore a contiguous pile wall is recommended.

Geotechnical Investigation Project 45575
Bigge Street, Liverpoof . May 2008
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7.4  Retaining Wall Design

In carrying out the design of permanent and temporary retaining walls it is considered that the
design parameters provided in Table 2 could be adopted.

Table 2 — Retaining Wall Design Parameters

Unit Active Earth Pressure Passive Earth Pressure
Soll Weight Coefficients ___ Coefiicient
Strata (kN/m®) 1 Temporary | Permanent | Temporary | Permanent
Filling or Clay ' 20 . 025 035 | 40 3.0
Extremely. low strength - 20 - 0.20 - 030 5.0 3.5
Siltstone _ 7 . _ o ‘
"Low to medium strength L 0t 0.1 1500 kPa | 1000 kPa
Slltstone _ : : ~ _ S L 7 |
| Medium strength - 21 00 0.0 3000 kPa | 1500 kPa
‘Siltstone . - K
7:5 Vibration

7. 5 1 General
Excavatlon o depths of about7 m W|II encounter filling and clay and extremely low- then low and
medlum strength srltstone Excavatlon of the near surface materlais and the. extremely low
strength sﬂtstone should produce Izttte vrbratron apart from. that whloh normalty occurs with
machinery mowng arpund a construotlon S|te However excavatlon within the Iow and medtum
strength rock may requu"e the use of rock’ breakmg equrpment or heavy rrpptng usrng a dozer
with a smgle tyne ripper. These sorts of equrpment create vibrations which can be transmltted
to the foundations of adjoining structures. As the adjoining burldmgs are multi- storey structures
these vibrations can be amplfi ed_ln the ‘upper floors and t_herefore it will be neces_sary to.use
appropriate methods and equipment to keep ground vi’brations at the adjacent buitdings within

acceptable Jimits.

7.5.2 Regulatlons
There are no current Austra!;an Standards for wbratrons generated by construction plant, but
AS2187 (Explosives Code) recommends a maximum vector sum Peak Particle Velocities (PPV)
of 10 mm/sec for houses and low rise residential buildings. However the explosive code notes

that these values are not applicable to specialist structures such as dams, reservoirs, hospitals

Geotechnical Investigation Project 45575
Bigge Street, Liverpool May 2008
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or buildings housing scientific equipment which is sensitive to vibrations. Therefore there is no
guidance as to the levels of vibration which would be acceptable for the adjoining - private

hospital or medical centre.

At this stage it is recommended that a peak particle velocity of 3 mm/sec be adopted but this
" needs to be confirmed on site and with adjoining owners to ensure that any equipment they use
will not be damaged or the performance of the equipment compromised by excavation on this
~ site. Any vibratipn level adopted should apply at the foundation levels of the adjacent structure.

The current Department of Environment and Climate Change (formerly the Environmental
Protect:on Authonty) gu;delmes on wbra’non lnd;cate that PPV for critical worklng areas such as
' 'hospita! operatlng 1heatres and smentn“ ic Eaboratones should not exceed 0. 28 mm/sec. The
transmlssmn of. wbratlon from the building fouindations through the structure will depend upon
the’ degree of damp;ng that takes place and - will also be.a function of the frequency of the
vibration. For this reason it is considered: essentlal that.a vibration trial be conducted during
the initial stages of construc’uon Ideally this would involve the use of equ:pment that is going to
be used- to carry out the excavation but it may be suffi cient to create vibrations outside the
ex;stmg hospltal with a v:bratlng roller and measure the vibrations at foundation level and in any
operating the_atres. In this way, the degree of a_ttenua’uon and damping caused by the building
can be determined so that the required PPV at foundation level can be set.

7.5.3  Excavation Methodology
If hydraulic rock hammers are used in the excavation, there will be a need to develop

procedures to minimise the effects of vibration. The appropriate work methods should allow for:

» Excavation of loose or.rippabie blocks by bucket prior to commencement of any rock
hammering. Care should be taken to ensure that any loosened blocks do not extend

beneath adjoining buildings.
« Progressive breakage of the rock from open excavated faces.
« Selective breaking along open joints where these are present.

+ Movement of large blocks awa'y from the sensitive structures prior to breaking up for

transport from the site.

Geotechnical investigation Profect 45575
Bigge Strest, Liverpool May 2008
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Even with these precautions there is a strong possibility that the use of hydraulic rock hammers
may be severely restricted in time and spatially. To avoid any delays in commencing with the -
excavation, it is recommended that adjoining owners be consulted regarding their requirements

with regards to vibration and noise.

As excavation takes place, it will be essential that vibration monitoring is undertaken to ensure
that the predetermined vibration levels are not exceeded by the contractor.

7.5.4  Vibration Trial
On the assumptlon that the adjommg medlcat centre and private hospltal have equzpment which
-~ is "sensitive o vrbratlen “and the pcssrble distress WhtCh patrents may feel |f subjected to
vrbratlon it is strongly recommended that a vibration trial be undertaken in the mrtral stage of
the excavatton fo devetop a site specn‘" c reiatronshlp between the PPV and the distance of
varrous equrpment from the boundarles At the same fime vrbrat:on monltorrng should take
'place within the . adjomrng bmtdrngs at sensitive tocat}cns so that the extent of any attenuation

wrthrn the structure can be determmed The contactor will then have specrt‘ C targets and will be

' -'abte io select the equrpment appropnate to material berng excavated There is a strong

pcssrbrllty that ‘the use of rock saws or mrtimg heads may. be necessary in order to limit

vrbratrons o acceptable Ievels

7. 5 5 Drlapidatron Survey
~Excavation of low and medium’ strength rock will undoubtedly transmrt some vibrations to
adjacent structures if these are founded on the same matenats For thrs Teason iis suggested
that a drlapldatlon survey be carrred out on all adjoxnmg structures so that any pre-existing
structurat or cosmetrc damage can be identified before work commences A comparatrve
survey can then take place at the completion of constructlon o determine whether work on site

has led to any deterioration in the condition of the surrounding structures.

7.5.6 Monitoring

As the excavation will take place adjacent to structures which are probably highly sensitive to
vibration, it is essential that vibration monitoring continues at all times while excavation takes
place. The monitors should be fitted with alarms which are triggered at predetermined PPV

Geotechnical investigation Project 45575
Bigge Street, Liverpool May 2008
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levels so that the contractor knows when his equipment or procedures are creating potential
problems within the hospital or medical centre.

7.6 Foundations

Low to medium strength siltstone bedrock was encountered at the anticipated bulk excavation
level. Pad footlngs founding in th:s low or medtum strength 31Itstone may be proportloned on
the basis of an ultlmate bearmg pressure of 10 IVIPa In order o llmlt settiements to less than
about 1% of the minimum foottng dimension; it is suggested that an atlowab!e beanng pressure
- of 25 MPa should be adopted for thts materlal Al foundatlons should be snspected by an
'experlenced geotechmcal engineer to conf irm that the materlal i umformly fow or medtum
-strength s;ltstone su;table for the des;gn bearmg pressure before relnforcement -cages are

placed and concrete poured.

7.7  Floor Slabs on-Ground

In the base of the excavati_on low or medium strength rock will be exposed. On this basis itis
considered that a modulus of subgrade reaction of 100 kPa/mm could be used for the design of

floof slabs subjected to foads restricted to an area of 1 m by 1 m.

7.8  Groundwater Levels and Seepage

M'onitoring ‘of the greundwater ievels during construction and subsequent]y has indicated that
the groundwater is at a depth of at teast 8 m below eXIStzng surface levels. Consequently it is
considered there is no special provision requtred for the desngn of floor slabs for uplift or for
permanent hydraulic loads on retaining walls, There will, however, be some seepage along
some bedding planes or highly fractured zones and it will therefore be neceseary to make

provision for pumping seepage water out of the excavation during construction.

Geotechnical Investigation Project 45575
Bigge Streef, Liverpoof May 2008
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7.9  Soil Aggressivity

The irivéstiga‘tion encountered filling, clay and weathered Bringelly Shale which is known to
have been deposited in a marine envirohment. Testing throughout the Sydney Basin has
shown that much of the salt |aid down with the sediments is still present within these bedrock
units. . Relatively ‘high chioride and sulphate concentrations are regularly recorded within
seepage “water and groundwater extracted from the Bringelly and Ashfield Shales. 1t is
therefore recommended that des;gn of concrete structures be undertaken assummg a moderate

aggresswtty for the surrounding materials.

DOUGLAS PARTNERS PTY LTD | | Reviewed by
Michael J Thom Fiona MacGregor
F_’rincipa'l Principal
Geotechnical Investigation Project 45575

Bigge Street, Liverpoo/ May 2008
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Geotechnics - Environment - Groundwater

NOTES RELATING TO THIS REPORT

Introduction

These notes have been prowded to amplify the
geotechnical report in regard to classification methods,
specialist field procedures and certain matters relating to
the Discussion and Comments section. Not all, of course,
are necessarily relevant to all reports.

Geotechnical reports are based on information gained

from limited subsurface test boring and sampling,.

supptemented by knowledge -of local geoiogy -and
experience. For this reason, they must be regarded as
interpretive rather than factual documents, limited to
some extent by the scope of information on which they
rely:

Descriptlon and CIassnflcatlon Methods

.- The methods of descnptlon and classification of soils

“and rocks used in this report are based-on Australian
Standard 1726, Geotechinical Site lnvestrgatrons Code,
In .general, descnptaons cover the following properties -
strength or dens:ty, coiour structure sorl or rock type and
inclusions.

Soil types - are descnbed
predomrratlng pariicle size, qualified by the grad;rg of
‘other-particiés present {eg. sandy c]ay) on the followrng
bases:

accorcirng the

Soil Classification : Partic':le Size
Clay less than.0.002 mm
sit 0.002 to 0.06 mm
‘Sand 0.06 to 2.00. mm’
Gravel 2.00 to-60: 0mm

Cohessve sorls are classﬁ ed on the- basrs of strength
either by laboratory testing or ‘engineering examination.
The strength terms are defined as follows:

B Undrained

Classification Shear Strength kPa

Very soft less than 12

Soft 12—25

Firm 25—80

Stiff 53—100

Very stiff 100—200

Hard Greater than 200

Non-cohesive soils are classified on the basis of
relative density, generally from the results of standard
penetration tests (SPT) or Dutch cone penetrometer tests
{CPT) as below:

SPT CPT
Relative Density “N” Value Cone Value

{blows/300 mm} (g, — MPa)
Very loose lessthan 5 less than 2
Loose 5—10 2—5
Medium dense 10—30 5—15
Dense 30—50 15—25

Very dense greater than 50 greater than 25

Rock types are classified by their geological names.
Where relevant, furtther information regarding rock
classification is given on the following sheet.

Sampling

Sampiing is carfied out during driling to allow
engineering examination (and laboratory testing where
required) of the soil or rock.

Disturbed” samples’ taken ciunng drilling . provide
information on_colour, iype, .inclusions' and, depending
upon ‘the degree of dlsturbance some information on
strength and structure.

Undrsturbed sampIes are taken by pushlng a thin-
walled: sample tube into the soil and withdrawing with a

‘sample-of the soil'in a relatively undisturped state. Such

samples yteEd information on structure and strength, and

_are” necessary for Iaboratory determination” of shear

ahd"compressrblhty Undisturbéd’ samphng is

generaHy effective only in cohesive soils.

‘Details of the. type and method of sampllng are given in
the report

Dnlhng Methods :

The fo]!owmg isa bnef summary of drlllmg methods
currently adopted’ by the Company and some comments
on thelr use and apphcat:on

Test Plts — these are’ excavated wrth a backhoe or a
tracked excavator allowing close examination of the .

in-situ soils if it is safe to descent into the pit. The depth
of. penetratron is limited ‘fo about 3m for a backhoe and -

up.to 6 m for ah excavator.- A potential dlsadvantage is
the disturbance caused by the excavation.

Large Diameter Auger. (eg Pengo) ~—. the hole is’
advanced- by a” ‘Totating -plate- or - short sprral -auger,
generally 300 mm or-larger in diameter. The cuttings are
returned fo the surface at intervals (generally of not more
than 0.5 m) and are disturbed but usually unchanged in
moisture content, tdentrf ication of soil strata is generally
much more reliable than with continuous spiral flight
augers, and is usually supplemented by occasional
undisturbed tube sampling.

Continuous Sample Drilling — the hole is advanced
by pushing & 100 mm diameter socket info. the ground .

_and withdrawing it at intervals to extrude the sampie

This is the most reliable methed of drilling in scils, since
moisture content is unchanged and soil structure,
strength, etc. is only marginally affected.

Continuous Spiral Flight Augers — the hole is
advanced using 90—115 mm diameter continuous spiral
flight augers which are withdrawn at intervals to allow
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sampling or in-situ testing. This is a relatively economical
means of drilling in clays and in sands above the water
table. Samples are retumned to the surface, or may be
coliected after withdrawal of the auger flights, but they are
very distuibed and may be contaminated. Information
from the drilling (as distinct from specific sampling by
SPTs or undisturbed samples) is of relatively lower
reliability, due to remotlding, contamination or softening
- of samples by ground water. '

Non-core Rotary Drilling — the hole is advanced by a
rotary -bit, with water being pumpec! down the drill rods
and ‘returned Up the .annulus, carrying the- drilt cuttings.

Only major changes in stratification can ‘be determined’

from the cutfings, together with some rnforma’non from
'feel and rate of penetratlon

Rotary Mud Drllimg —similar to rotary dnihng, but using
dnlhng mudas & c:rculatmg fluid. The:mud tends o mask

the cuttings and reliable identification.- s :again only -

posmble frem separate lntact sampifng (eg from SPT)

Contmuous Core Dnihng =3 contrnuous core sampie '

is-obtained using & dlamond -ipped core barrel;’ usually
50 mm internal -diameter. . Provided full core recovery .is

achieved (wh:ch is not; always possrble in very weak

rocks and granular- soris) ‘his technique provides a very
reitaeie (but reiatlveiy expenaive) r'rcthod of in .vestigairon

Standard Penetratlon Tests
Standard penetration tests. (abbrewated as SPT) are

used mainly.in non-coheswe soils; but occasnona]iy also,

in cohesive soils as’a means of determining density or

strength and also- of obtalnmg a relatively undisturbed |

sample.  The test procedure is described in Australian
‘Standard 1289, *“Methods. of. Testmg Sons for Engmeenng
Purposes” — Test6.3.1. ..

The test is carried out in a borehole by dnvmg a'50 ram
diameter split sample tube under the lmpact of a 63kg
hammer with a free fall of 760 mm. It is-normal for the
tube to be driven in three successive 150 mm increments
and the ‘N’ value is taken as the number of blows for the
fast 300 mm. In dense sands, very hard clays or weak
rock, the full 450 mm penetratron may not be practlcable
and the test is discontinued,

The test results are reported in the following. form,

s In the case where full penetration is obtained with
succassive blow counts for each 150 mm of say 4, 8
and 7
as 4,6,7
N=13
« In the case where the test is discontinued short of full
penetration, say after 15 blows for the first 150 mm and
30 blows for the next 40 mm
as 15, 30/40 mm.
The resuits of the tests can be related empmcaily to the
engineering properties of the soil.
Occasionally, the test method is used to obtain

samples in 50 mm diameter thin walled sample tubes in
clays. In such circumstances, the test results are shown
on the borelogs in brackets.

Cone Penetrometer Testing and Interpretat_ion

Cone penetrometer testing (sometimes referred to as
Dutch cone — abbreviated as CPT) desciibed .in this
report has been carried out using an electrical friction
cone penetrometer. The test is described in Australian
Standard 1288, Test 6.4.1. .

In the tests, a 35 mm drameter rod-with a cone-tipped
end is pushed continucusly into the soil; the reaction

being- provided by a specially designed truck or rig- which

ig-fitted with an: hydraulic ram system.  Measurements are
made of the end bearing resistance on thé cone and the

friction resistance on a separate 130 mm Iong sleeve,
lmmedlateiy behing the cone, Transducers .in the tip of
the assembly are. connected by electrical wires passing
throtigh the centre of the push rods o an ampin‘" er. and
recorder unit mounted on the control truck. <

As penetrat:on oceurs (at a rate of appre}umately'
20:'mm “per second) ‘the: information .is plotted -on- a
computer screen and at the end of the test is stored on
the complter for iater plotting of the results.

The. :nformataon prowded on’ the p!oﬁed ‘results
compnses —

+ Cone: res;stance — the" actual ‘end bearing force
divided by the cross sectronal area of the cone —
-expressed it MPa, A

» Sleeve frictiony - the’ fnctlonal force on the sleeve
divided by the surface area — - expressed in'kPa,

. Friction ratic — the ratro of sleeve frlction to cone
“resistance, expressed inpercent. .

There are two ‘scales available- for measurement of
cone-resistance; - The lower ‘scale (0—5 MPa) is used-in
very soft sorls where mcreased sensm\nty is requnred and
(0——5_0_ M_Pa) is less sensltlve a_nd_ is shown as a full ling.

The ratios of the sleeve friction to cone resistance will
vary with the type of soil encountered, with higher relative
friction-in clays thanin sands. Friction ratios of 1%—2%
are.commonly encountered in'sands and very soft clays
rising to 4%—10% in stiff clays.- '

In sands, the relationship between cone resistance and
SPT value is commonly in the range:-—

g. (MPa) = (0.4 to 0.6) N (blows per 300 mm)

In clays, the relationship between undrained shear

strength and cone resistance is commonly in the range.-~
g = (121018} ¢y

!nterpretatron of CPT values can also be made fo allow
estimation of modulus or compressibility values to allow
calculation of foundation settlements.

inferred stratification as shown on the attached reporis
is assessed from the cone and friction traces and from
experience and information from nearby boreholes, efc.
This information is presented for general guidance, but
must be regarded as being to some extent interpretive.
The test method provides a continuous profile of
engineering properties, and where precise Information on
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soil classification is required, direct drilling and sampiing .

‘may be preferable.

Hand Penetrometers

Hand penetrometer tests are carried out by driving a
rod into the ground with a falling weight hammer and
measuring the blows for successive 150 mm increments
of penetration. Normally, there is a depth limitation of
1.2 m but this may be extended in certain conditions by
the use of extension rods.
~ Two relatively similar tests are used.

+ Perth sand penetrometer — a 16 mm diameter flat-
ended rod is driven with a 9 kg hammer, dropping
800 mm (AS 1289, Test6.3.3). This test was
developed for testing the density of sands (originating
in Perth) and is mainly used in granular soils and filling.

« Cone penetrometer (sometimes known as the Scala
Penetrometer) — a 16 mm rod with a 20 mm diameter
cone end is-driven with a 9kg hammer dropping
510 mm (AS 1289, Test 6.3.2). The test was
developed  initially for pavement subgrade
investigations, .and published correlations of the test
resuits with California bearing ratio have been
published by various Road Authorities.

Laboratory Testing

Laboratory testing is caried out in accordance with
Australian Standard 1289 "Methods of Testing Soil for
Engineering Purposes”. Details of the test procedure
used are given on the individual report forms.

Bore Logs

The bore logs presented herein are an engineering
andfor geological interpretation of the subsurface
conditions, and their reliability will depend to some extent
on frequency of sampling and the method of drilling.
Ideally, continuous undisturbed sampling or core drilling
will provide the most reliable assessment, but this is not
always practicable, or possible to justify on economic
grounds. In any case, the boreholes represent only a
very small sample of the total subsurface profile.

interpretation of the information and its application to
design. and construction should therefore take into
account the spacing of boreholes, the frequency of
sampling and the possibility of other than ‘straight line’
variations between the boreholes.

Ground Water
Where ground water levels are measured in boreholes,

there are several potential problems;

» in low pemmeability soils, ground water although
present, may enter the hole slowly or perhaps not at all
during the time it is left open.

s A localised perched water table may lead to an
erroneous indication of the true water table.

« Water table levels will vary from time to time with
seasons or recent weather changes. They may not be
the same at the time of construction as are indicated in
the report. ) :

« The use of water or mud as a drilling fluid will mask any
ground water inflow. Water has to be blown out of the
hole and drilling mud must first be washed out of the
hole if water observations are to be made.

More reliable measurements can be made by installing
standpipes which are read at intervals over several days,
or perhaps weeks for low permeability soils.
Piezometers, sealed in a particufar stratum, may be
advisable in low permeability soils or where there may be
interference from a perched water table.

Engineering Reports

Engineering reports are prepared by qualified
personnel and are based on the information obtained and
on current engineering standards of interpretation and
analysis. Where the report has been prepared for a
specific design proposal (eg. a three storey building), the
information and interpretation may not be relevant if the
design proposal is changed {eg. to a twenty storey
building). If this happens, the Company will be pleased to
review the report and the sufficiency of the investigation

 work.

Every care is taken with the report as it refates fo
interpretation of subsurface condition, discussion. of
geotechnical aspects and recommendations or
suggestions for design and construction. However, the
Company cannot always anticipate or assume
responsibility for:

» unexpected variations in ground conditions — the
potential for this will depend partly on bore spacing and

~ sampling frequency

» changes in policy or interpretation of policy by statutory
authorities

» the actions of contractors responding o commercial
pressures. '

if these occur, the Company will be pleased to assist
with investigation or advice to resolve the matter.

Site Anomalies

In the event that conditions encountered on site during
construction appear to vary from those which were
expected from the information contained in the report, the
Company requests that it immediately be notified. Most
nroblems are much more readily resclved when conditions
are exposed than at some later stage, well after the
event.

Reproduction of Information for
Contractual Purposes

Aftention is drawn to the document "Guidelines for the
Provision of Geotechnical Information in Tender
Documents”, published by the Institution of Engineers,
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Australia. Where information obtained from this
investigation is provided for tendering purposes, it is
recommended that all information, including the written
report and discussion, be made available. In
circumstances where the discussion or comments section
is not relevant to the contractual situation, it may be
* appropriate to prepare a specially edited document. The
Company would be pleased to assist in this regard and/or
to make additional report copies available for contract
purposes at a nominal charge.

Site Inspection _

The Company will always be pleased to provide
engineering inspection services for gectechnical aspects
of work to which this report is related. This could range
from a site visit to.confirm that conditions exposed are as
expected, fo full time engineering presence on site.

,Cobyn'ght © 1998 Douglas Pariners Pty Lid
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CLIENT: " Brown Consuiting {NSW) Pty Lid SURFACE LEVEL: 12.3 BORE No: 1

PROJECT: - Proposed Medical Cenfre - EASTING: PROJEGT No: 45575

LOCATION: 26 Bigge Street, Liverpool _ NORTHING: DATE: 13 Msy 08
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Lt filling, with some fine to medium § E } : E/: E } E : ; i H H 8 ?%15.21
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' fregments, mot Pl AT e o

: <. dremely low i]l[ 177 L1414 (B R ] { Nole: Unless otherwise

-t very low strength, extremelyto. | | 1 141 || {11114 ] I 13 1 | staed, rookls frackred |- -

-2 Righly weethered, grey and.brewn | | | p [ {5 |41 101 I 11 1177 slongrough stenar i .
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I : B Y 147, . | B 43 |\iregular rough . . o

sandstune iemmatmns ) g { b1 —: BEEER ; i1 313,74 BES, clay cla| o’
' 1AM 71 = FlLbdq = 1
S|LTST0NE extremelyiow 1 IEREERE NN |EEE N HoH h .
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b, strerighh ironstone'bands -t':ll'—'.! b=t b0 ] 1 gL 1] [§4.89-475m: 3700 planar | ¢ |88 | 14

o EEEER RN IR R I I Lo : :

. SRR i LT HEE Y P ;-_glj;ﬁgg;ﬁﬂ"

] SRR ERET EEREN I T R :
ser] 7 e d =g v taal gy | 54meBe°- 87, clay 1 [ PL{AY=06MPa
BE LT T e es RN 77} 5.57m CORELOSS: f

LT SO EITSTONE - Towio medum R ARG NES ERRE I i R
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[ strength onstone hands { } ; ,[' ] I { tl i H )
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U EAEE R EEE R = IR IR R

L T4 - PN T - 7.39-7.41m: J60°
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Ny 1 SILTSTONE - madium strengih, SRR A ERE RN i1 | 2eemm PL(AY = 0,3MPa |

[ fresh, fraciured, grey, thinly ] e | . 7.:84-8.0m: JO0°
La Jes " ! VA —d LA i 14 :
L laminated silistone SRR N (NRE R (EERE ¢ t1oo] 17 |
Le | —- 1l ' 1 f 111 | 8.22-8.820% B5°, clay
=
AREE] | : =0.
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: T | . _
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L AN I AR AR | puay=o7mpa

F R FPR NI | P31 0 '
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)" Bore discontinued at 8.7m PLET R EREER
- fimit of Investigation Pl bt AR ERE N

RiG: DT 100 DRILLER: L. Cooper LOGGED: Beckeit CASING: MQ e 2.56m

TYPE OF BORING: Sofid flight auger (TC-bit} to 2.50m; Rotary to 3.0m; NMLC-Coring from 3.0m to 8.7m

WATER OBSERVATIONS: No free groundwater observed whilst augering

REMARKS: Standpipe instalied 10 9.7m

SAWPLING EINETU TESTING LEGEND CHECKED
pEna| iy "
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BOREHOLE LOG

CLIENT:  Brown Consuiting (NSW} Pty Ltd SURFACE LEVEL: 12.8 BORE No; 2
PROJECT: Propesed Medical Centre EASTING: PROJECT No: 45575
LOCATION: 26 Bigge Street, Liverpool NORTHING: DATE: 7-B/5/08
DIPIAZIMUTH: 90°/- SHEEY 1 OF 1
Description Veggtﬁ:ﬁ%fg o s?é’ﬁgm .| Fracture Disceniinuifies Sampling & In Situ Testing
= Depth of B e TRl T I % Spacing ®|, | TestResulis
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RIG: DT 00 DRILLER: L Cooper LOGGED: Si CASING: HQ 1o 3.0m
TYPE OF BORING: Sofid fight auger to 2.5m; Rotary to 3.0m; NMLC-Coring to 9.5m
WATER OBSERVATIONS: No free groundwater observed whilst augering
REMARKS:
SAWPLING 3 INSITUTESTING LEGEND SHEGHED
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BOREHOLE LOG

TYPE OF BORING: Solid flight auger fo 2.6m; Rotasy to 3.0m: NMLC-Coring to 8.7m

WATER OBSERVATIONS: No free groundwater observed whilst augering
REMARKS:

SAMPLING & N SITU TESTING LEGEND OHECKED
A Auvger sampla - pp  Pocket penelromeler (kPa)
1 Dishwbed sample PID Photo ionisstion delector tials:
B Bulsample 5 Standard penetration tast Inflieds:
l\# Tuba sample {xmm dia) P, Pointtoad stength 15{50) MPa -
Water sample ¥ BhearVane {kFz) | 5 5/’
C__Comdiiing - Waler se0p £ Water level pae: /O

-CLIENT: Brown Consuiting {NSW) Pty Ltd SURFACE LEVEL: 1286 ~ BORE No: 3 )
PROJECT: Proposed Medical Centre EASTING: PROJECT No: 45575
LOCATION: 28 Binge Street, Liverpool NORTHING: DATE: 6-7/5/08
DIP/AZIMUTH: 90°%— SHEET 1 OF 1
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S THEH T |[— e bd } |

[ 4 9 sARDSTONE ST ; AN R RN | c |10} 88

Lol - low to medium cihre bt I I

sirength, moderately to shightly il I . [ [ I [ I { | 4.15m: J70°
weatherad, fractured fo slightly S 4.31m; J85°
fraciured, fine grained sandstone NURERCEEE RN |

[ b with some silistone laminations ; |[ E i oy { { I[ I || : |l PL{A) = 0.3MPa
1 ' SN 4.85m: Ja0°,

Ls 435 SILTSTONE - Tow fo medium % : 5 { = H : { : 1 1 s ¢ Y
3 strangth, moderately 1o slightly BEER S EEERRE I I . L. PLIA) = 0.3MP
wealhered, shghtly fractwred, grey  § ) pp 1 b v ot | | '\é‘gm: B10°, ironstained 1) = 0.3MFa

| brown sittstone D D o L Redemee o

L cder =l i g eaem asee

—. ¢ |100] 80
IR RN | | 5.8m: J80°
" il | i
[ (IR il
L=t

EL | VT B.4m: J45° 60°

] i IR L RN a.6m: J75° PLA} = 0.3MPa

t {57 SHALE- Tow sength, Sightly it E :

r L-? weathered, skghtly fractured, dark | FrE=g 1111 i
] grey shale with medium to high | RERERERY |

strength band at 7.3m | P =3 T BRI ]
745 1 [ e R -] | ! | 7.3m: J90° ¢ T4g0| g5 | PLA) =1MPa

My SLTSTONE - medium skrength, pif—1tiptl !

! fresh, skightly fractured, dark grey NI RUNIIEE |
siltstone LTI | .
[ s It vt | 7.85m: J65°
[ H[:t-—l:HI_; i
L=t L HIp PL{A} = 0.5MPa
j VLBV i1 | }
Lol INEEE] I RN R ]
[ i ;I%tl_..illlll }
L 1 }-— Fig L
e Pirri— ] i e
P E i it ] PL{A)} = 0.6MPa
EEN AR IRR 1
SN IR IR I
i _ A IR | D ] T
“'{"Bore discontinued at 3.7m R Frivdti ]
P11 11 Pt et |
RiG: DT 100 DRILLER: L Cooaper LOGGED: S) CASING: HQ 1o 2.5m
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' BOREHOLE LOG

CLIENT: Brown Consuiting (NSW) Pty Ltd SURFACE LEVEL: 12.3 BORE No: 4
PROJECT: Proposed Medical Centre EASTING: PROJECT No: 45575
LOCATION: 25 Bigge Strest, Liverpool NORTHING: DATE: 07 May 08
. DIPJAZIMUTH: 90°/- SHEET 1 OF 1
i Degree of | Fractu Discontinuiti Sampling & I Site Tesf
Descnpﬁan . 1) . rac_re iscontinuiiies BHIpHNG il 18sing
| Depth of Wealnering &8 Sltr?::gt]r; &) Spacing » o Test Results
= m) Edgl g Bas| | oeeaw oo | BBglER
S E335pe” [RONNREE [ 55 88| Sv °omee | S OS] commens
bt FILLING - ightgrey sitysand filling | 1 ¢ 0 T 1 RN T FT LI ME
[ ©2nwith some gravel, hurnid :ERARE AR RN A
T FILLING - grey sily ciay fitng, with | 1 1111 SRR
i some fine Sand and gravel, humid E } i I { } } II : : i E H H A
[ "I CLAY -hard, motled orange Fant 1181t BERER [OEf o1t
r grey clay with trace of ironstone [ 11} / |t 1|
" I PEEL| b i | AVE )
|l||| ]Slf!i 1 it 1[ 3'33,23
oL |1:||/1s|r;| 1orE § N =44
IR /7R RN AR R I |
N7 i |
11 / RER .
: LT it roan i
[ 12 20 SITETONE - exiremely low b 1l
o sirength, light arey brown sitstone | | L1 | — Predro gl
[+ with ironstone bands NERERG I EREER! 11
1 I Mt I IR —
b (IR Ot | 1IN O I I (RN 5 25,25,28
3 P [ i Poor ot N=54
L3 bbb -~ Eid bl —
3 3.1 s Lo S i ot et -
L I SILTSTONE - extremely low fo R e 1011 byl Note: Unless ciherwise
i very low strength, extremely to 11 "= AR ! | stated, rock is fractured
highty weathersd, light grey and rad N —: L ! ! ! | atong rough planar
brown silstane with medium E SR i II { % } ! ; H bedding plares oroinis
trength ironstone bands - dipping 0% 10°
sirength lranstone Bar bl b g c |10 o
4 |0 O I T TR T i
’ SRR IR P i O D Fole
ot AERR SRR
1 PEDL Fid IR
455 b Ll . .
- a7 SITSTONE —Tow fo medium REEE ] % [T | 505 CORELOSS:
PP, | strengih, moderately fo slightly R ERR s AR DR B R Ay PL(A) = C3MPa
L[ weathered, sfightly fractured, grey PLER T bR R 12
ot rown siltstona with some NI REEEERE 1 "1 | S5 J70¢
T sandstone laminations P bhE b=y TR | i ¢ | 75 | 85 | PL{A} = 0.3MPa
Crhsr b=l ro e 0ot 1 ssmadee
- I NN el NN AR il
. S ] i 5.77m: CORE LOSS:
L ks . { 330mm
[ S SITSTONE - fow 1o medium then =TT |1
F=f medium strength, slightly = } t % } : I
weathered then fresh, slighily - . 1 (A} = 0.3MP
- fractured, grey silistone ThH b | B.47um: J35 PLIA) = 0.3MP=
[ [ bt [ c les | st
5-7 _ E I } : E 1 6.93m: J45° i
| el N
F L . TpT ey “26m: J90° PL(A) = 0.8MP3
1 ] N
L =] 7.58m; CORE LOSS:
F T R I AR IR RN 0mm PL{A) = 0.8MPa
Ly as _ b= ey ] o rf f7esm Json e,
L | SILTSTONE - medium fohighthen § vy p ({11 1B )11 I cusved, healed
4 high strength, fresh, slightly Prre| e e peon
fractured, grey silistone RN TR AN 111
Ed b= 111 b bl PL{A) = 1MPa
RERE| (SR RRR RRR R I G |10 |00
- FEPEIY B R Porr
F 1 = errabt [ |
PRI~ LAY Pl
-t HEH —- :Hi“ E I ; 9.3m; Jas®
EoE FLI ™ IR 11 -
L e EEEE |k RN TN PLiAy= t1MPa
N "I Bore discontinued at 8.7m 1HEEL TR f 111N
i L L1 )t prep bl g il
RiG: DT 100 PRILLER: L Cooper LOGGED: Si CASING: HQto3.1m
TYPE OF BORING: Solid flight auger to 2.5m; Rotary to 3.1m; NMLC-Coring to 8.7m
WATER OBSERVATIONS:
REMARKS:
SAMPLING & BN SITU TESTING LEGEND CHECKED
8 Dionadcampie B e otion astocor
i : fnitals:”
B B omea) 3 B : (/)] Douglas Partners
W Waler sampls ¥ ShearVane a)"l Date: S‘/os - .
C__ Core dilling > Walerseep ¥ Walerlovel : 2 Geotechnics » Favironment » Groundwaler







BOREHOLE LOG

CLIENT: Brown Consulting (NSW) Pty Ltd
PROJECT: Proposed Medical Centre -
LOCATION: 26 Bigge Strest, Liverpoo]

SURFACE LEVEL: 12.7 BORE No: 5
EASTING: PROJECT No: 45575
NORTHING: DATE: 06 May 08

DIP/AZIMUTH: 90’)’— SHEET 1 OF 1
st Begres of Rock ; it n i i
Description Weagthering M Strength | Fraciure Discontinuities Sampling & In Silu Testing
_| Depth ; USRI T L S| Spacing = Test Resulis
% (m) N Edgd g fgEl (0 | p-peddn Joen ) E1Ed8el &
Strata 5333wz |pEpBREE |3 53 B8 | S-Swr D-DAfew OZI® | Comments
FI!.LINQ~greybmmsiltycsay [TTTT FTT i1 T TP T1 AE
. 0.2 filling, with some fine graimed sand [ 111} FITERT 110
nd gravel, humid IRRER / FILEEL | |1 [L 1| Note: Unless otherwise
I e R R G
S P L Aviver[=3 et ] |t 11 11 | beding planesarjoints
3 SILTSTONE-extreme!y jowio l | | I ] T BER | l 11 Il dipping ato°-10°
F very low strength, lightgreybrown | | 1 (3 I E g T LAVE 38,25/59mm
Lo Shistone EEREE S SRERRE N AT — refusal
I SILTSTONE - extremely low to EEE N R AN 1 1 |1 | 1.3-3.25m: BO° clayey
vary low strength, exiremely lo TR Lillt I I
=l moderately weathered, light grey P T - NERE 11 1
3 and brown siltstone with medium V- 111 1 B
P strength, ironstone bands Tl - -:bb] ¥R (1 1. C {1on| o
bel il et T
| { } Ti—JiFr it | ]I
3 |- | { I
et HElimil i
L3 50 IR RN 1}
[ | SICTSTONE -1 o medhum N I E } : T
-t ‘1 strength, moderately io slightly - -y
- ;veatharad.fractumd 1o skghtly l! { =1 I' | ; P bt xgtgnsjlr%rgsg?ri‘émd PLIA) = 0.3MPa
ractured, grey brown siltstone with R R } { it =
of some sandstone laminations i1 rril i E’i‘g‘;‘ﬁﬁ%’fﬂ% ¢ |88 |42 | PLAY=03MPa
L Plbdi—p 113 ed i il G5 JEO®
= b= AREREI P [ha.02m: J50°
: REREN kAN RARE i, &
445 ]U'IE RS [ ! Pop o H 4 4 45 GORE LOSS: PL{A) = 0.3MPa
Pl [ Pl :
= T — T (T TEfe e
- |'s E : { : i —_ : E bt H 4.92rm; J45°, haaled
3 HEE _"'" |t Ll 5.1 J50°- B0° hegled
1 LT L 1 Pl H 5 drye J35° PL{AY = 0.3MPa
I HL i ! (.
et FHLVE]T | [ C [t10o0] ad
[ N1 | 11 [
-6 5.95-6.15m; medium strength I IR e PLLE TEET PL{A) = 0.5MPa
sandstone band | {1 i b ]-— il gLl
it E|—- I I H
1 B T R MU prretyen
ok . Lome .
I 0
Ly I ER T b Znomm PLA) = 0.5MPa -
=T } { ] : } .. [
A “H ) 11
Er ap S . c 86 130 -
oL 735 SHAILE - very low and low to P I~ b ! PLA) = DaMFe
l medium strength, highly and st Ml B!
Fer slightly weatherad, slightiy RN [ H |
[ [ fractured, dark grey carbonacesus : || } } ] : } :
L L-a  spnshale A = '
SETSTONE - low to medium and { | { M- L NSam TS
[ medium strangth, shighily — . 2m; JB5°- B5®, curve
1 weathered and fresh, fighttodack | | 1 IJi 1§ — pep .35m: J25° PL{A) = 0.4MPa
3 grey silistone with some } } II —_ H : 8.56m: JeD°
L h - : : Jas® =
] carbonaceous shale bands B - L | .58m: JA5°, healed ¢ oo/ oo | PLA)=0MPa
Lo I 1] — RN 8.86m: J45°
b lemfanld | e [f |
FLy—- [ |
IR RN [ 1 PL{A} = 0.3MPa
(ol a7 i e Lid 1l
Bore disconiinued at 9.7m I tEL rElh
L E i b} ] |
RIG: DT 100 DRILLER: L Cooper LOGGED: S| CASING; HQ 1o 1.0m
TYPE OF BORING: Solid flight augerto1 0m; Rotary to 1.3m; NMLC-Coring to 8.7Tm
WATER OBSERVATIONS:
REMARKS: Standpipe installed te 8.7m
P SAMPLING & IN srru;rpEsrggg 'J:.EEGENE?” o CHEGKED
P Dislubed sample PE} Pheto tonisation deleclor Ay
H . tratio Initials:
b RS e e = #71 | 1(/)] Douglas Partners
€ Com dilng D Walerseep % Water level Data: 7795' Geotechnics - Emvironment - Grountwaler
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DESCRIPTION AND CLASSIFICATION OF ROCKS FOR ENGINEERING PURPOSES

DEGREE OF WEATHERING

Term Symbol Definition
Extremely £wW Rock substance affectsd by weathering to the extent that the rock exhibits seil properties - ie. it can
Weathered be remoulded and can be classified according to the Unified Classification Syslem, but the lexture of
the original rock is stilf evident,  ~ -
Highty HW Rock substance affacted by weathering to the extent that Emonite staining or bigaching affects the
Weathered whole of the rock substance and other signs of chemical or physical decomposition are evident.

Porosity and strength may be increased or decreased compared to the fresh rock usually 85 a resuft
of iron leaching or deposition. The colour and strength of the originat fresh rock substance is no

longer recognisable.
Moderately MW Rock substance affected by weathenng to the exten! that staining or discolouration of the rack
Weathered substance Usialy by fmonite has taken place. The colour of the fresh rockis no lenger recognisable,
Slighitly sSwW Rock substance affected by weathering fo the extent that pariial staining or discolouration of the rock
Weathered substance usually by limonite has faken place. The colour and lexture of the fresh reck Is
recoghisable.
Fresh Stained . Fs Rock substance unaffected by wealhering, but showing limonite staining along jomts.
Fresh Fr Rock substance unaffected by weathering.

ROCK STRENGTH

Rock strength Is defined by the Point Load Strength index {Isse;} and refers to the strength of the rock subslance in the direction normat o the
hedding. YThe test procedure is described by Australian Stendard 4133.4.1 - 1993

Approx Unconfined
Point Load Index | Compressive Strength

- Term Symbol Figld Guide leisin e

MPa MPa

Extramely EL Easily remoulded by hand to 3 materiat with soll propetties <0.03 . <08
low

Very low VL Material crumbles under Tirm blows with sharp enc of pick! can £.03-01 . 0.6-2

be peeled with a knife; too hard to cut a triaxial sample by hand.
SPT will refuse. Pleces up to 3¢m thick can be broken by
finger pressure.

Low L Easily scored with a knife; indentations 1 mm lo 3 mm show in 0.1-0.3 2-6
the specimen with fism biows of the pick point; has dulf sound :
uricter hammer, A piece of core 150 mm long 40 mm diameter
may be broken by hand. Sharp edges of core may be friable
and break during handling.

Medium M Readily scored with a knife; a piece of core 150mm long Dy | 0310 8-20
50 mm diameter can be broken by hand with difficulty.
High H Can be sfighlly scralched with a knife. A piece of core 150 mm ' 1-3 20-60

long by 50 mm diameter cannot be broken by hand but can be
broken with pick with "a single firm blow, rock rings undes

hammer
Very high VH Cannol be scratehed with a knife. Hand specimen breaks with 2-10 B0-200
pick after more than one blow, rock rngs under hammer.
Extramely EH Specimen }equires many blows with geclogical pick to break =10 = 200
high through intact material, rock rings under hammer.

Note that these terms refer lo sirength of rock material and not to the strength of the rock mass, which may be considerably weeker due to
rock defects :

. The field guide assessment of rock strength may be usad for preliminary assessment or when point load testing 1s not able lo be
done.

** The approdimate unconfined compressive strangih {g.) shown in the table is based o an assumad ratio to the point load index of
201, This ratic may vary widely.

issued: Apdl 2000 Fage 10f 2
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STRATIFICATION SPACING

Term Separation of
Stratification Pianes

Thinly laminated <6 mm
Laminated & mm to 20 m
Very thinly bedded 20 mm te 65 mm
Thinly bedded G0mmi02m
Medium bedded 0.2mto 0EmM
Thickly bedded g6Emin2m
Very thickly bedded 7 >2m

DEGREE OF FRACTURING

This classification applies-fo diamond dril Sores and refers io the spacing of all types of natural fractures along which the corg is
discontinuous. These include bedding plane partings, joints and other rock defects, bt sxclude known artificial fractures such as driling
breaks. The orientation of rock defects is measured as an angle relstive to a plane perpendicuiar to the core axis. Note that where possible,
recordings of the actual dafect spacing er range of spacings is preferred 1o the general lerms given below. : .

Term

Description

Fragmented
Highly Fractured
Fractured

Slhghtly Fractured
inbroken

The sore consists mainly of fragments with dimensions less than 20 men.
Core lengths are generally less than 20 mim - 40 mm with oceasional fragrents.
Core lengths are mainly 40 mm - 200 mrs with occasional shorter and longer sections,

Core lengths are generafly 200 mm - 1000 mm with occasional shorter and longer seclions.

The core does not ceptain any fracture.

ROCK QUALITY DESIGNATION {RQD)

This is defined as the ratio of sound (Le, fow strength or betler) core in lengths of greater than 100 mm o ihe tatal-length of the core,
expressad in parcent. If the core is broken by handling or by the driling process (i.e. the fracture surfaces are fresh, irreguitar breaks rather
than joint surfaces) the fresh broken pleces are fitted together and counted as cne piece.

SEDIMENTARY ROCK TYPES

This clagsification system provides a stapdardised terminaiogy for the engineering description of sandstone and shales, panticularly in the
Sydney area, bui the terms and definflions may be used elsewhere when applicable.

Rock Type Definition
Conglomerate More than 50% of the rack consists of gravel-sized (greater than 2 mm) fragments
Sandstone: More than 50% of the rock consists of sand-sized {0.06 to 2 mmj} grains
Sitstone; More than 50% of the ruck consists of silt-sized {less than 0.06 mm) granular partictes and the rock is not
ammnated,
Claystone More than 50% of the rock consists of ciwy ar sericitic material and the rock is not laminated.
Shale: More thar S0% of the rock consists of silt or clay-sized particles and the rock is laminated.

Rocks possessing charagternstics of two groups are described by

their predominant particle size with reference also 0 the minar constituents,

eg. clayey sandstone. sandy shale.

Copyright @ 2000 Douglas Pariners Ply Lid

Jssued: Aprl 2000
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GRAPHIC SYMBOLS FOR SOIL & ROCK

SOIL

CONCRETE.
TOPSON.
FILLING
PEAT

CLAY

SILTY CLaY
SANDY CLAY
GEAVEL}_Y _CLAY
SHALY CLAY
ST

CLAYEY SiLT
SANDY SiT
SAND- _
CLAYEY SAND
S]I..T-Y SAND
GRAVEL

SANDY GRAVEL

| BITUMINOUS CONCRETE

CCBBLES/BOULDERS

TALUS
SEAMS

SEAM

>10mm [

SEAM

<iCmm

SEDMENTARY ROCK

BOULDER CONGLOMERATE

CONGLOMERATE

CONGLOMERATIC SANDSTONE |

SANDSTONE FINE GRAINED

'SANDSTONE COARSE GRAINED

o4 SILTSTONE

I LAMINGE

LT MUDSTONE, CLAYSTONE, SHALE

CoaL

UMESTONE

METAMOBPHIC ROCK
| SLATE, PHYLLITE, SCHIST
71 GNEISS

QUARTZITE
IGNEOUS ROCK
-+ 4
+ +i GRANITE
o
+ . _
§ § DOLERITE, BASALT
X X
vvv TUFF
1{ :
PP 1 PORPHYRY
p P

Douglas Pariners

Geotechnics, Environmend, Groundwater
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