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Limitations

This report has been prepared for Ataii Investments c/- Scott Walsh — Walsh? Architects, in
accordance with Ascent Geotechnical Consulting’s (Ascent) Fee Proposal dated 25" October,
2019.

The report is provided for the exclusive use of the property owners, Walsh? Architects, and
their nominated agents, for the specific development and purpose as described in the report.
This report must not be used for purposes other than those outlined in the report or applied
to any other projects.

The information contained within this report is considered accurate at the time of issue with
regard to the current conditions onsite as identified by Ascent and the documentation
provided by others.

The report should be read in its entirety and should not be separated from its attachments or
supporting notes. It should not have sections removed or included in other documents
without the express approval of Ascent.
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Overview
Background

This report presents the findings of a geotechnically focused subsurface investigation carried
out 85-87 Blackbutts Road, Frenchs Forest NSW (the “Site”), by Ascent Geotechnical
Consulting (Ascent). This assessment has been prepared to inform detailed structural design
for footings and construction methodology.

Proposed Development

Details of the proposed development are outlined in a series of architectural plans prepared
by Walsh? Architects, yet to be provided: -

The proposed works comprise the following:

e Demolition of existing single storey brick residence, and site preparation and
clearing,

e Construction of three new seniors living townhouses,

e The proposed development will take place on Lot 2413 in D.P. 752038 — being 85-87
Blackbutts Road, Frenchs Forest NSW.

Relevant Instruments

This geotechnical assessment has been prepared in accordance with the following relevant
guidelines and standards:

e Australian Standard 1726:2017 Geotechnical Site Investigations.

e Australian Standard 2870:2011 Residential Slabs and Footings.

e Australian Standard 1289.6.3.2:1997 Methods of Testing Soils for Engineering
Purposes.

Site Description
Summary

A summary of site conditions identified at the time of our assessment is provided in the
table below (Table 1.).

Table 1: Summary of site conditions.

Parameter Description
Site Visit Morgan Spreadbury-Key - Ascent Geotechnical —02/12/2019
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Site Address 85-87 Blackbutts Road, Frenchs Forest NSW - Lot 2413 in D.P.
752038.
Existing development Single brick residence, tile roof. Small paved brick terrace area.
Aspect North
Average gradient <5 degrees | RL~162.1 at northern boundary to RL ~161.9 at
southern boundary.
Vegetation Medium to large lawn areas, multiple established garden beds,
and medium to large shrubs, and trees.
Retaining Structures Low, stable brick walls supporting garden beds across site,

<0.5m in height.

Neighbouring environment Residentially developed to the east, west and south. Blackbutts
Road to the north.

w2 O e gl R A TE oy T o
Image 1: Site location. 85-87 Blackbutts Road, Frenchs Forest NSW — Red Pin (© Google Maps)

Geology and Geological Interpretation

The Sydney 1:100,000 Geological Sheet 9130 (NSW Dept. Mineral Resources, 1983) indicates
that the site is situated on the boundary between the Middle Triassic age Hawkesbury
Sandstones of the Wianamatta Group (Rh), comprised of medium to course-grained quartz
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sandstones, minor shale and laminite lenses, and the Middle Triassc age Shale and Laminite
of the Wianamatta Group (Rhs).

The soil profile consists of silty/sandy topsoil, quartz sands (O & A Horizons), and sandy clay
(B Horizon) overlying weathered bedrock (C Horizon). Based on our observations and the
results of testing onsite, we would expect competent weathered bedrock, to be found beyond
between 0.75 -1.60m from current surface levels across the site.

NOTE: The local underlying bedrock geology is comprised predominantly of sandstones and
shale. Sandstone bedrock commonly forms undulating benches or terraces. Subsequently
ground conditions and depth to bedrock on site may alter significantly across short distances.
This variability should be anticipated and accounted for in the design and construction of any
new foundations.

Fieldwork

A geotechnically focused site assessment was undertaken on the 2" December, 2019 which
included a visual assessment of the property, its surrounds, and preliminary subsurface
investigations.

Four Dynamic Cone Penetrometer (DCP) tests were carried out to determine the relative
density of the shallow soil profile and attempt to determine the depth to weathered rock (if
encountered). The tests were carried out in accordance with the Australian Standard for
ground testing: AS 1289.6.3.2 — 1997. Possible locations of testing were constrained by
existing structures, hard surfaces and utility locations, as well as ongoing council electrical
works in the north-western area of the site. The location of these tests is shown on the site
plan provided and summary of the test results is presented below, with full details in the
engineering logs presented in the appendix section of this report:

Table 2: Summary DCP test results.

TEST

DCP 1

DCP 2

DCP 3

DCP 4

SUMMARY

Refusal @ 0.75m
Bouncing on

Refusal @ 1.60m
Bouncing on

Refusal @ 1.00m
Bouncing on

Refusal @ 1.05m
Bouncing on

bedrock. No bedrock. Seepage bedrock. No bedrock. No
seepage identified at seepage identified. | seepage identified.
identified. termination.

Minor seepage/ground water identified at base of DCP 2.
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Hand Auger Testing

One Hand Auger borehole (BH1) test was drilled at the approximate location shown on the
site plan to visually identify the subsurface material. An engineering log of the borehole is
presented in the appendix of this report. A summary of the hand auger borehole is presented
in Table 3 below:

Table 3: Hand Auger test results.

BH1 - Depth Material description

0.00 to 0.10m TOPSOIL. SILTY SAND. Grey to black, medium grained, minor rootlets, dry and
loose.

0.10 to 0.25m SAND. Brown to yellow, coarse grained quartz, abundant indurated sandstone
gravel in matrix, dry and loose.

0.25 to 0.35m SANDY CLAY. Brown/orange/white, medium to coarse grained, low plasticity,
abundant indurated sandstone gravel in matrix, soft, dry and crumbly.
Borehole terminated at 0.35m. Difficulty penetrating through weathered

bedrock. No seepage or standing water table encountered.

NOTE: The equipment chosen to undertake ground investigations provides the most cost-
effective method for understanding the subsurface conditions. Our interpretation of the
subsurface conditions is limited to the results of testing undertaken and the known geology
in the area. While every care is taken to accurately identify the subsurface conditions on-site,
variation between the interpreted model presented herein, and the actual conditions onsite
may occur. Should actual ground conditions vary from those anticipated, we would
recommend the geotechnical engineer be informed as soon as possible to advise if
modifications to our recommendations are required.

Geotechnical Assessment

Site Classification

Due to the characteristics of the sites soil profile, the Site is classified as “S” in accordance
with AS 2870:2011. For footings taken to and potted into the underlying sandstone bedrock
a site classification of “A” may be adopted for foundation design.

Ground Water

Normal ground water seepage is expected to move downslope through the soil profile along
the interface with underling bedrock, or any impervious horizons in the profile such as clays.

Minor seepage/groundwater was identified at the termination of DCP 2 at 1.60m from current
surface level of testing location.
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Due to the position of the block relative to the slope and the underlying geology, no significant
standing water table is expected to influence the site.

Surface Water

Overland or surface flows entering the site from the adjoining areas were not identified at
the time of our inspection, however normal overland runoff could enter the site from adjacent
areas during heavy or extended rainfall.

Recommendations

No significant geotechnical hazards should result from the completion of the proposed
development provided the recommendations presented in Table 4 are adhered to.

Table 4: Geotechnical Recommendations.

Recommendation

Description

Soil Excavation

Soil excavation may be required for the construction of the proposed
development, including to establish pad levels and footings across the site.
It is anticipated that these excavations will encounter silty/sandy topsoil
and quartz sand, overlying sandy clay before competent bedrock is
encountered at a maximum depth of ~1.6m from current surface levels
across site. The soil materials should be readily excavated with a bucket
excavator, auger attachment or using hand tools.

Provided the loose soils are battered back to a minimum of 45 degrees, they
should remain stable without support for a short period until permanent
support is in place.

If permanent batters are proposed, the unsupported batter must not be
steeper in gradient than 30 degrees, and should be supported by geotextile
fabric, pinned to the slope and planted with soil binding vegetation.

Rock Excavation

All excavation recommendations as outlined below should be read in
conjunction with Safe Work Australia’s ‘Excavation Work — Code of
Practice’, published March, 2015.

It is essential that any excavation through rock that cannot be readily
achieved with a bucket excavator or ripper should be carried out initially
using a rock saw to minimise the vibration impact and disturbance on the
adjoining properties, and adjacent structures. Any rock breaking must be
carried out only after the rock has been sawed and in short bursts (2-5
seconds) to prevent the vibration amplifying. The break in the rock from the
saw must be between the rock to be broken and the closest adjoining
structure.
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All excavated material is to be removed from the site in accordance with
current Office of Environment and Heritage (OEH) regulations.

Vibrations

The Australian Standard AS2670.2-1990 “Evaluation of human exposure to
whole-body vibrations — continuous and shock induced vibrations in
buildings (1-80 Hz)” suggests a day time limit of 5 mm/s component PPV for
human comfort is acceptable.

We would suggest allowable vibration limits be set at 5mm/s PPV. It is
expected that rock hammers with an approximate weight of 400-600kg will
be adequate to operate within these tolerances. It may be necessary to
move to smaller rock hammers or to rotary grinders or rock saws if
vibrations limits cannot be met.

The propagation of vibrations can be mitigated by pulsing the use of rock
hammers, i.e. short bursts, utilising line sawing along boundaries.

Excavation Support

Vertical or sub-vertical excavation through weathered bedrock should
stand unsupported until permanent supporting structures are installed.
where appropriate batter angles, mentioned above, are impractical, it may
be necessary to provide temporary support for any excavation through
unconsolidated soil or clay. Pier liners, or similar may be appropriate to
maintain the integrity of pier excavations.

Any exposed soil batter is to be covered with plastic sheering, or similar, to
prevent excessive infiltration or evaporation of moisture.

Any permanent vertical or sub-vertical cuts are to be supported by
adequately designed and constructed retaining structures.

Sediment and
Erosion Control

Appropriate design and construction methods shall be implemented during
all site works to minimise erosion and provide sediment control. In
particular, any stockpiled soil will require erosion control measures, such as
siltation fencing and barriers, to be designed by others.

Footings

Visual assessment and the results of our testing, as well as the known
geological conditions of the area, suggested the presence of silty/sandy top
soil, quartz sand and sandy clay overlying weathered sandstone bedrock
expected at a maximum depth of ~1.6m from current surface levels across
the site.

We would recommend all pad, strip or piered footings should be founded
on the underlying weathered bedrock, using piers as required. For fully
cleaned footings, the allowable end bearing pressure is 800 kPa.
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It is essential that the foundation materials of all footing excavations be
inspected and approved before steel reinforcement and concrete is
placed.

Retaining Structures . .
J All retaining structures to be constructed as part of the site works are to be

backfilled to their full height with suitable free-draining materials wrapped
in a non-woven geotextile fabric (i.e Bidim A34 or similar), to prevent the
clogging of the drainage with sediment.

Fills Any fill that may be required is to comprise local sand, clay and weathered

rock. Existing organic topsoil is to be cleared in preparation for the
introduction of fill.

Any new fill material is to be placed in layers not more than 250 mm thick
and compacted to not less than 95% of Standard Optimum Dry Density at
plus or minus 2% of Standard Optimum Moisture Content.

All new fill placement is to be carried out in accordance with AS 3798 — 2007
— Guidelines on earthworks for commercial and residential developments.

Stormwater

Disposal All stormwater collected from hard surfaces is to be collected and piped to

the council stormwater network through any storage tanks or on-site
detention that may be required by the regulating authorities, and in
accordance with all relevant Australian Standards, and the detailed
stormwater management plan by others.

In ion . . . . . .
spections It is essential that the foundation materials of all footing excavations be

inspected and approved by Ascent before steel reinforcement and
concrete is placed.

Should you have any queries regarding this report, please do not hesitate to contact the author of this
report, undersigned.

For and on behalf of, Ascent Geotechnical Consulting Pty Ltd,

Ben Morgan BSc Geol. Karen Allan CPEng MIEAust
Engineering Geologist Senior Geotechnical Engineer
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ASCENT
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Mail: Ben@ascentgeo.com.au

Dynamic Cone Penetration Test Report

Client: Walsh2 Architects Job No: AG 19224
Project: Seniors Living Development Date: 2/12/19
Location: 85-87 Blackbutts Road, Frenchs Forest NSW QOperator: MSK
Test Procedure: AS 1289.6.3.2 — 1997
Test Data
Test No: DCP 1 Test No: DCP 2 Test No: DCP 3 Test No: DCP 4 Test No:
Test Location: Test Location: Test Location: Test Location: Test Location:
Refer to Site Plan Refer to Site Plan Refer to Site Plan Refer to Site Plan
RL: ~161.8 RL: ~161.8 RL: ~161.9 RL: ~161.9 RL:
Soil Classification: Soil Classification: Soil Classification: Soil Classification: Soil Classification:
S S S S
Depth (m)| Blows |Depth (m)| Blows [Depth (m)| Blows |Depth(m)| Blows [Depth (m)| Blows
0.0-0.3 6 0.0-0.3 10 0.0-0.3 20 0.0-0.3 15
0.3-0.6 21 0.3-0.6 19 0.3-0.6 36 0.3-0.6 12
0.6-0.9 10 Rs 0.6-0.9 7 0.6-0.9 24 0.6-0.9 21
09-12 09-12 8 09-12 10 Rs 09-12 13 Rs
1.2-1.5 1.2-1.5 8 1.2-1.5 1.2-1.5
15-1.8 15-1.8 13 Rs 15-1.8 15-1.8
1.8-21 1.8-21 1.8-21 1.8-2.1
21-24 21-24 21-24 21-24
24-27 24-27 24-27 24-27
2.7-3.0 2.7-3.0 27-3.0 27-3.0
3.0-3.3 3.0-3.3 3.0-33 3.0-3.3
3.3-3.6 3.3-3.6 3.3-3.6 3.3-3.6
3.6-39 3.6-3.9 3.6-39 3.6-39
3.9-42 3.9-42 3.9-42 3.9-42
42-45 42-45 42-45 42-45
45-4.8 45-4.8 45-4.8 45-4.8
DCP 1: Refusal @ DCP 2: Refusal @ DCP 3: Refusal @ DCP 4: Refusal @
0.75m Bouncingon |1.60m Bouncing on [1.00m Bouncingon |1.05m Bouncing on
inferred sandstone inferred sandstone inferred sandstone inferred sandstone
bedrock. bedrock. bedrock. bedrock.
Orange/brown/white |Brown/yellow coarse |Orange/brown/white |Orange/brown/white
fine clays on dry tip. |quartz grains on wet [fine clays on dry tip. |fine clays on dry tip.
{ip
Remarks: Available test locations limited by existing structures, hard Weight: 9 kg
surfaces, utility locations and ongoing electrical works. Minor Drop: 510 mm
groundwater encountered. Rod Diameter: 16 mm

Rs = Solid ring/Hammer bouncing
D = Dropped under wieght of Hammer




ASCENT GEOTECHNICAL LOG - BORE HOLE

GEOTECHNICAL CONSULTING

Client: i :
. Wal§h2 A.rc.hltects Job No: AG 19224 BOREHOLE NO.: BH 1
Project: Seniors Living Development Date: 2/12/19
Location:  85-87 Blackbutts Road, Frenchs Forest NSW Operator: MSK Sheet 1 of 1
: . o |
w A CONSISTENCY
A T M M (cohesive soils) :
; Al DEPTH (m) DESCRIPTION OF DRILLED PRODUCT M s
m or
Soil type, colour, grain size, plasticity, mi ts, observati
E i L (Soil type, colour, grain size, plasticity, minor components, observations) 2 RELATIVEDENSITY :l'
R E (sands and gravels)
E L R
S E
0 _ITOPSOIL.SILTY SAND. Grey to black, medium grained, rootlets. ML LOOSE D
0.1
—| SAND. Brown to yellow, coarse quartz grains, abundant indurated sP LOOSE D
025 sandstone gravel in matrix.
—{ SANDY CLAY. Brown/orange/white, medium to coarse grained, low | SC SOFT D
0.35 Iy . . .
— plasticity, abundant indurated sandstone gravel in matrix.
—] Borehole terminated at 0.35m following multiple failed attempts
— to penetrate through weathered bedrock. No groundwater
] encountered.
1.0 |
20 |
NOTE: D - disturbed sample U - undisturbed tube sample B - bulk sample Contractor: N/A
WT - level of water table or free water N - Standard Penetration Test (SPT) Equipment: Hand Auger

See explanation sheets for meaning of all descriptive terms and symbols

Hole width (mm):
Angle from Vertical (°):




GUIDE TO NOTES, DESCRIPTIONS AND TERMS USED ON ENGINEERING LOGS

Graphic Symbols Used - Soil Main Component Only

SAND ; ",~; SILTY SAND &'(
s gab & s o N 2

GRAVEL B 0% SILTY CLAY |= "~
D00 i

- - - AR

CLAY L FILL _920’ QA‘

Soil Description - Refer to AS1726 (2017) for full details.

Particle|USCS
Main Components Size Symbol Typical Names
S % BOULDERS
8 COBBLES |2
% o 63 GW Well graded gravel and sand
£ g GRAVELS mixtures, little or no fines
C (more than 19 GP Poorly graded gravel and sand
g é half of mixtures, little or no fines
~ £ ’\ material is |6.7 GM Silty gravels, gravel sand and silt
(L) ™ E larger than mixes
O © E 2.36 mm 236 ae Clayey gravels, gravel sand and
n ('SCU g size) clay mixes
@) .
IJZJ ; o 0.6 SW Sand and gravel Sand mixes, little
- 8 SANDS or no fines
E:,) T (more than |0.21 sp Sand and gravel Sand mixes, little
W half of or not fines, poorly graded
N = material is
% g smaller SM Sand and silt mixes
than 2.36
8 © mm size) 0-075 SC Sand and clay mixes
- TTOTgANIC SIS, VeTy TIne Sand,
E S P ML rock flour, silty or clayey fine
S EE sand, clayey silts with slight
m L
®© £ | SILTS & CLAYS —_nlasticiry _
Q ~ ﬁ i Inorganic clays of low to medium
é 80 (low to r_n_ed'um CL and CI | plasticity, gravelly clays, sandy
0= o plasticity clays, silty clays and lean clays
495
02 g oL Organic silt
n C_U "
3% 8
= % Q MH Inorganic Silt
< g2 SILTS & CLAYS
% 5 0,\-} (high plasticity) CH Inorganic clays of high plasticity
w © (2 OH Organic silts and clays of medium
3£ to high plasticity; organic silt
L™ ORGANIC SOILS PT Peat and other highly organic soils
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Laboratory Classification - Refer to AS1726 (2017) for full details.

Plasticity
. - 2
% Passing of fine C,= C.=D3p" / Dqg
0.075 mm fraction Deo/ D10 |Deo NOTES
GW 0-5 > 4 Between 1 and 3
GP 0-5 Fails to comply with above
GM Below "A"
> 12% line or PI<4|Fines are silty
Above "A"
GC line or Pl >
> 12% 7 Fines are claye
YEY (1) and (2)
SW 0-5 > 6 | Between 1 and 3
SP 0-5 Fails to comply with above
SM Below "A"
> 12% line or PI<4|Fines are silty
Above "A"
SC line or PI >
> 12% 7 Fines are clayey
ML 60 \ NN\ [ T
)] ]
\ eo\}f‘ 7
50 DREN
e
CL and ClI . v““e 75
& 407 N2
< CHorOoH | LAA1°
w z
[a] /\‘1
Z 30 ! L~
oL s
> .
o clorol
o 207 Pd MH or OH
P
MH o cLorol 7
10 4 =
ot Y P Y B
e e
ML or OL
0 —
0 10 20 30 40 50 80 70 80 90 100
CH
LIQUID LIMIT W, %
NOTE: The U line is an approximate upper bound for most natural soils. Data which plot above the U line may
represent unusual/problem soil behaviour, or unreliable data and should be considered carefully.
OH
FIGURE 5 MODIFIED CASAGRANDE CHART FOR CLASSIFYING SILTS
AND CLAYS ACCORDING TO THEIR BEHAVIOUR
PT

© AS2870-2017

NOTES
(1) Identify fines by method for fine grained soils

(2) Borderline classificaiton occcur when percentage of fines is greater than 5% and
less than 12% and require the use of SP-SM, GW-GC etc.
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Soil Colour is desribed in its moist condition using black, white, grey, red, brown,
orange, yellow, green or blue. Combinations can be used for borderline cases with the

stronger colour preceeding the weaker colour.

Pale, dark or mottled may be used

where necessary. For further details refer to AS1726 (2017) Section 6.1.5

Soil Moisture Condiiton is based on the appearance and feel of the soil as per
AS1726 (2017) Section 6.1.7.
Dry (D) - non-cohesive and free-running
Moist (M) - Soil feels cool, darkened in colour, tends to stick together
Wet (W) - Soil feels cool, darkened in colour, tends to sick together and free water

Material Density and Consistency

Consistenc

- Cohesive Soils

Undrained Unconfined
Field SPT "N" ndraine Compressiv
Term Symbol Shear Stength,
Assessment Value su (kPa) e Strength
: qu, (kPa)
Ooozes between
fingers when VS 0-2 <12 <25
Very Soft squeezed
Easily moulded S 2-4 12 - 25 25 - 50
Soft with fingers
Can be moulded
by strong F 4-8 25 - 50 50 - 100
Firm pressure of
stiff Not possible to St 8- 15 50 - 100 100 - 200
! mould with
Very Stiff fingers VSt 15 - 30 100 - 200 200 - 400
Can be indented
with difficulty by H > 30 > 200 > 400
Hard thumb nail
Consistency - Non-Cohesive Soils
Symb . . Density
Term ol SPT N Value Field Guide Index (%)
Very Loose VL 0-4 Foot imprints readily 0-15
Loose L 4 -10 Shovels easily 15 - 35
Medium Dense| MD 10 - 30 Shovelling difficult 35 - 65
Dense D 30 - 50 Pick required 65 - 85
Very Dense VD > 50 Picking difficult 85 - 100

Page 13 of 16



Rock Weathering Guide

Soil like material developed on extremely weathered rock, the

Residual Soil RS [mass structure and substance fabric are no longer evident, the
material has not been significantly transported

Extremely KW Material is weathered to such an extent that it has "soil" like

Weathered properties, but substance fabric and rock structure is still

Highly HW Rock is discoloured, and rock strength significantly changed by

Weathered b weathering.

Moderately |W MW Rock is discoloured, original rock colour is not recognizaable,

Weathered but little or no change in strength from fresh rock.

Slightly Rock is slightly discoloured but shows little or no change of
SW

Weathered strength from fresh rock.

Fresh Rock FR [Rock shows no signs of decomposition or staining.

*DW - Distinctly weathered - Some change in rock strength due to weathering and
highly discoloured.

Rock Strength Condition (Intact Rock Strength)

Term Symb 1s(50) Field Guide to Strength
Extremely Low| EL |[|< 0.03 |Easily remoulded by hand to a material with soil like
Material crumbles under firm blows wit the sharp end
Very Low VL 0.03 - |of a pick, can be peeled with a knife but too hard to
0.1 |cut into a triaxial sample by hand. Can break pieces
up to 3 cm thick by hand
Easily scored with a knife; indentations 1 mm to 3 mm
Low L 0.1 - |shown after blows with a pick; has dull sound under
0.3 |hammer. A 50 mm diameter sample may be broken
by hand.
Medium Y 0.3 - |Readily scored with a knife; a 50mm diameter core
1.0 [sample can be broken by hand with difficulty
High H 1.0 - |A piece of 50mm diameter cores cannot be broken by
3.0 [|hand; rock rings under hammer blow
. 3.0 - |Hand specimem breaks with pick after more than on
very High VH 10 blow, rock rings under hammer.
Extremely EH - 10 Specimum requires many blows with pick to break
High through intact rock; rock rings under hammer.
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ASCENT

GEOTECHNICAL CONSULTING

General Notes About This Report

Introduction

These supporting notes have been prepared by Ascent Geotechnical Consultants (AGC) to assist our
clients interpret and understand the limitations of this report. Not all sections below are necessarily
relevant to this report.

Limitations

Geotechnical reports are based on information gained from limited sub-surface site testing and
sampling, supplemented by knowledge of local geology and experience. For this reason, they must
be regarded as interpretive rather than factual documents, limited to some extent by the scope of
the information on which they rely.

This report has been prepared for this specific project’s design proposal. This report should not be
relied upon for any other project or if the design proposal of this project changes without the prior
knowledge of AGC.

Subsurface Conditions

Subsurface conditions can change with time and can vary significantly between test locations and
over very short distances. That actual interface between the materials may be far more gradual or
abrupt than interpreted. Therefore, actual conditions in areas not tested may differ from those
predicted since no subsurface investigation, no matter how comprehensive, can reveal al
subsurface details and anomalies.

Groundwater

Groundwater levels indicated in our subsurface testing are recorded at specific times. The
groundwater levels recorded will depend on ground permeability, seepage and environmental
variations.

Site inspections

Ascent Geotechnical Consultants will always be please to provide engineering inspection services
for aspects of work relating to this report. This may range from standard foundation material
inspections for footings, to a full-time engineering presence on site or through one stage of the
development. Ascent Geotechnical Consultants are familiar with a variety of techniques and
approaches that can be used to help reduce risks for all parties to a project, from design to
construction.

Anomalies

If the ground or groundwater conditions onsite prove to differ from those described in this report
we would recommend that Ascent Geotechnical Consulting be contacted as a matter of priority. It
is far easier and less costly to address these issues if they are addressed early on in the project.



Foundation Maintenance

()

and Footing Performance:
A Homeowner’s Guide ooy

Buildings can and often do move. This movement can be up, down, lateral or rotational. The fundamental cause
of movement in buildings can usually be related to one or more problems in the foundation soil. It isimportant for
the homeowner to identify the soil type in order to ascertain the measures that should be put in place in order to

ensure that problems in the foundation soil can be prevented, thus protecting against building movement.
This Building Technology File is designed to identify causes of soilrelated building movement, and to suggest

methods of prevention of resultant cracking in buildings.

The types of soilsusually present under the topsoil in land zoned for
residential buildings can be split into two approximate groups —
granular and clay. Quite often, foundation il is 2 mixture of both
types. The general problems associated with soils having granular
content are usually caused by erosion. Clay soils are subject to
saturation and swell/shrink problems.

Classifications for a given area can generally be obtained by
application to the local authority, but these are sometimes unreliable
and if there is doubt, a geotechnical report should be commissioned.
As mog buildings suffering movement problems are founded on clay
soils, there is an emphasis on dasification of soils according to the
amount of swell and shrinkage they experience with variations of
water content. The table below isTable 2.1 from AS 2870, the
Residential Slab and Footing Code.

' Causes of Movement

Settlement due to construction

There are two types of settlement that occur as a result of

construction;

* Immediate ettkement occurs when 2 building i first placed on its
foundation soil, as a result of compaction of the ©il under the
weight of the structure. The cohesive quality of clay soil mitigates
against this, but granular (particularly sandy) soil is susceptible.

+ Consolidation sttlement is a feature of clay soil and may take
place because of the expuksion of moisture from the il or becanse
of the soil§ lack of resistance to local compressive or shear stresses.
This will usually take place during the fird few months after
construction, but has been Known to take many years in
exceptional cases.

These problems are the province of the builder and should be taken

into consideration as part of the preparation of the site for construc-

tion. Building Technology Hle 19 (BTF 19) deals with these
problems.

Erosion

All soils are prone to eroson, but sandy soil is particularly susceptible
to being washed away. Even clay with 2 sand component of say 10%
or mare can uffer from erosion.

Saturation

Thisis particulady a problem in day soils Satumtion creates a bog-
like suspenson of the il that canses it to lose virtually all of its
bearing capacity. To a leser degree, sand is affected by saturation
because wturated sind may undergo a reduction in volume —
particularly imported sand fill for bedding and blinding layers.
However, this usually occurs as immediate ettlement and should
normally be the province of the builder.

Seasonal swelling and shrinkage of soil

All clays react to the presence of water by slowly absorbing it, making
the soil increase in wolume (see table below). The degree of increase
varies considerably between different dlays, as does the degree of
decrease during the ssbeequent drying out caused by fair weather
periods. Because of the low absorption and expulson rate, this
phenomenon will not usually be noticeable unless there are
prolonged rainy or dry periods, usually of weeks or months,
depending on the land and soil characterigtics.

The swelling of wil creates an upward force on the footings of the
building, and shrinkage creates subsidence that takes away the
support needed by the footing to retain equilibrium.

Shear failure

This phenomenon occurs when the foundation soil does not have

sufficient strength to support the weight of the footing. There are

two mapr post-construction canses;

* Significant load increase.

* Reduction of lateral support of the soil under the footing due to
erosion or excavition.

+ In day soil, shear failure can be caused by saturation of the soil
adjeent to or under the footing.

GENERAL DEFINITIONS OF SITE CLASSES
Class Foundation
A Most sand and rock stes with littke or no ground movement from moisture changes
S Slightly reactive clay sites with only slight ground movement from maoisture changes
M Moderately reactive clay or dlt stes, which can experience moderate ground movement from moisture changes
H Highly reactive day stes, which can experience high ground movement from moisture changes
E Extremely reactive sites, which can experience extreme ground movement from moisture changes
Ato P Filled stes




Tree root growth
Trees and shrubs that are allowed to grow in the vicinity of footings
cun cause foundation soil movement in two ways

+ Rootsthat grow under footings may increase in cross-sectional
size, exerting upward pressure on footings.

* Roolsin the vicinity of footings will shsorb much of the moisture
in the foundation wil, causing shrinkage or subsdence.

"mm"m*'“mm"'

The types of ground movernent described above usually occur
unevenly throughout the building’s foundation soil. Settkement due
to construction tends Lo be uneven because of:

* Differing compaction of foundation soil prior to construction.
+ Differing moisture content of foundation il prior to contruction.

Mowement due to nen-censtruction causesis usually more uneven
still. Eroson can undermine a footing that traverses the flow or can
create the conditions for shear failure by eroding soil adjacent to a
footing that runs in the same direction asthe flow.

Saturation of day foundation il may occur where subfloor walls
create adam that makes water pond. It can also occur wherever there
is & source of water near footings in day soil. This leads to a severe
reduction in the strength of the soil which may create local shear
failure.

Seasonal swelling and shrinkage of day il affects the perimeter of
the building first, then gradually spreads to the interior. The swelling
process will uaally begin ot the uphill extreme of the buikling, oron
the weather side where the land i flat. Swelling gradually reaches the
interior soil as absorption continues. Shrinkage usually beging where
the sun’ heat is greatest.

Effem of Uneven Soil Movement on Structures

Erosion and saturation

Eroson removes the suppont from under footings, tending to create
subsidence of the part of the Sructure under which it occurs.
Brickwork walls will resist the stress created by this removal of
support by bridging the gap or cantilevering until the bricks or the
mortar bedding fuil. Oker masonry has little resistance. Evidence of
failure varies according to dreumstances and symptoms may indude

* Step cracking in the mortar beds in the body of the wall or
sbove/below openings such as doors or windows.

* \ertical cracking in the bricks (usually but not necessarily in line
with the vertical beds or perpends).

Isplated piers affected by erosion or saturation of foundations will
ewentually lose contact with the bearers they support and may tilt or
fall over. The floors that hawe lost this support will become bouncy,
sometimes rattling ornaments etc.

Seasonal swelling/shrinkage in clay

Swelling foundation soil due to rainy periods fird lifts the most
exposed extremities of the footing sysem, then the remainder of the
perimeter footings while gradually permeating inside the building
footprint to lift intemal footings. This swelling first tends to oreate a
dish effect, becanse the extemal footings are pushed higher than the
internal ones.

The first noticeable symptom may be that the floor appears slightly
dished. This is often accompunied by some doons binding on the
floor or the door head, gether with some cracking of comice
mitres In buildings with timber flooring supported by hearers and
joists, the floor cun be bouncy. Extemally there may be visible
dishing of the hip or ridge lines

As the moisture absorption process completes its journey Lo the
innermod areas of the building, the internal footings will rise. If the
spread of moisture is roughly even, it may be that the symptoms will
tempaorarily disgppear, but it is more likely that swelling will be
uneven, creating a difference rather than a disippearance in
symptoms. In buildings with timber flooring supported by bearers
and pists, the isolated piers will rise more easly than the strip
footings or piers under walls, creating noticeable doming of flooring.

Treas can couse stwinkage ond damoge
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As the weather pattem changes and the scil begins to dry out, the
external footings will be first affected, beginning with the locations
where the sun’s effect is strongest. This has the effed of lowering the
external footings. The deming is accentuated and aracking reduces
or disappears where it ocaurred becanse of dishing, but other aracks
open up. The roof lines may become convex.

Doming and dishing are also affected by weather in other ways. In
areus where warm, wet summers and cooler dry winters prevail,
water migration tendsto be toward the interior and doming will be
accentuated, whereas where summers are dry and winters are cold
and wet, migration tends to be toward the exterior and the
underlying propensty istoward dishing.

Movement caused by tree roots

In general, growing roots will exert an upward pressure on footings,
whereas soil subject to drying because of tree or shrub roots will tend
to remove support from under footings by inducing shrinkage.

Complications caused by the structure itself

Most forces that the soil causes to be exerted on dructures are
vertical — i.e. either up or down. However, because these forces are
wldom spread evenly around the footings, and becanse the building
resid s uneven movement because of its rigidity, foroes are exerted
from one part of the buikling to another. The net realt of al thes
forees is usually rotational. T his resultant force often complicates the
diagnoss because the visible symptoms do not simply reflect the
original cause. A commaon symptom is binding of doors on the
vertical member of the frame.

Effects on full masonry structures

Brickwork will resist aracking where it can. It will attempt to span
areas that lose suppont because of subsided foundations or raised
points. It is therefore usual to see aracking @ weak points, such as
openings for windows or doors.

In the event of construdtion settlement, cracking will usually remain
unchanged afer the process of settlement has ceased.

With local shear or erosion, cracking will usualy continue to develop
until the original cause has been remedied, or until the subsidence
has completely neutralised the affected portion of footing and the
gructure has stabilised en other footings that remain effective.

In the cage of swall/shrink effects, the brickwork will in some cases
return Lo its original position after completion of a cydle, howewr it
ismore likely that the rotational effect will not be exactly reversed,
and it is also usual that brickwork will settle in its new position and
will resiy the forces trying to return it o its original postion. This
means that in a case where swelling Lukes place afler construction
and cracking oceurs, the cracking is likely to at least partly remain
after the shrink segment of the cyde is complete. Thus, each time
the cyeke is repeated, the likdihood is that the cracking will become
wider until the sections of brickwork become virtually independent.

With repeated cyeles, once the cracking is established, if there isno
other comphication, it is normal for the inadence of cracking to
qabilie, asthe buikding has the articulation it needs to cope with
the problem. This is by no meuans always the case, however, and
maonitoring of cracks m walls and floors should aways be treated
seriously.

Upheaval caused by growth of tree roots under footingsis not a
sample vertical shear aress There 152 tendency for the mat to also
exert lateral forces that attempt ko separate sections of brick work
after initial cracking has occurred.



The normal structural arrangement is that the inner leaf of brick-
work in the external walls and at kast some of the internal walls
(depending on the roof type) comprise the load-bearing structure on
which any upper floors, ceilings and the roof are supported. In these
cases, it is intemally Msible cracking that should be the main focus
of attention, however there are a few examples of dwdlings whose
external leaf of masonry plays some supporting role, so this should
be checked if there is any doubt. In any case, externally visible
aacking is important as a guide to stresses on the gructure generally,
and it should alse be remembered that the extemal walls must be
cpable of supporting themselves.

Effects on framed structures

Timber or steel framed buildings are less likely to exhibit cracking
due to swell'shrink than masenry buildings bectuse of their
flexibility. Also, the doming/dishing effects tend to be lower becanse
of the lighter weight of walls. The main risks to framed buildings are
encountered because of the isolated pier footings used under walls.
Where erosion or saturation cause a footing to fall away, this can
double the span which a wall must bridge. This additional stress can
create cracking in wall linings, particularly where there is 2 weak

point in the smcture czused by & door or window opening. It is,
howeser, unlikely that framed structures will be so stressed 2s to suffer
serious damage without first exhibiting some or all of the ahove
symptoms for 2 considerable period. The same warning period should
apply in the case of upheaval. It should be noted, howeser, that where
framed buildings are supported by strip footings there is only one leaf
of brickwork and therefore the externally visible walls are the
upporting sructure for the building. In this case, the sabfloor
masonry walls can be expected to behave as full brickwaork walls.

Effects on brick veneer structures

Because the load-besring structure of a brick veneer building is the
frame that mukes up the interior leaf of the extemal walls plus
perhaps the internal walls, depending on the type of mof, the
huilding cun be expected to behave as a framed structure, except that
the external masonry will behawe in a gmilar way 1o the external leal
of a full masonry dructure.

%Warer Service and Drainage

Where a water eervice pipe, a sewer or sormwaler drainage pipeis in
the vicinity of a building, a water leak can cause erosion, swelling or
saturation of susceptible oil. Even a minusculke leak can be enough
to siturate aclay foundation. A leaking tap near a building can have
the same effect. In addition, trenches containing pipescan become
watercourses even though backfilled, particularly where broken
rubble is used as fill. Water that runs aong these trenches can be
responsble for serious eroson, interstrata seepage into subfloor arcas
and saturation.

Pipe leakage and trench water flows also encourage tree and shrob
roots to the source of water, complicating and exacerbating the
problem.

Poor roof plumbing can result in large velumes of rainwater being
woncentrated in a small area of soil:

* Incorrect fallsin roof guttering may result in overflows, as may
gutters blocked with leaves ete.

* Corroded guttering or downpipescan pill water to ground.

= Downpipes not postively connected to a proper sormwater
collection system will direct a concentration of water to il that is
directly adjacent to footings, sometimes causing large scalke
problems such as eroson, ssturation and migration of water under
the building.

%Seriousness of Cracking

In generdl, modt cracking found in masonry walls is & cosmetic
nuisance only and can be kept in repair or even ignored. The table
below is a reproduction of Table C1 of AS 2870.

AS 2870 also publishes figures relating to cracking in concrete floors,
however because wall cracking will usually reach the eritical point
significantly earlier than cracking in slabs, this table is not
reproduced here.

‘Prevention/Cure

Plumbing

Where buikling movement is cansed by water service, roof plumbing,
sewer or sormwater failure, the remedy is to repair the problem.

It is prudent, however, to consder also rerouting pipes away from
the building where possible, and relocating taps to positions where
any leakage will not direct water to the building vicnity. Even where
gully traps are present, there is sometimes sufficient spill to create
erosion or saturation, particulardy in modern ingallations using
smaller diameter PVC fixtures. Indeed, some gully traps are not
situated directly under the taps that are installed to charge them,
with the result that water from the tap may enter the backfilled
trench that houses the sewer piping. If the trench has been poorly
backfilled, the water will either pond or flow along the bottom of
thetrench. As these trenches usually run alongsde the footings and
can be & 2 gmilar depth, it is not hard to see how any water that is
thus directed into a trench can easily affect the foundation’ ability to
support footings or even gain entry to the subfloor area

Ground drainage

In all soils there is the capacity for water to travel on the surface and
below it. Surface water flows can be established by inspedtion during
and after heavy or prolonged rain. If necessary, @ grated drain system
connected Lo the slormwater collection sydem is usually an easy
solution.

It is, however, sometimes necessary when attempting to prevent
water migration that testing be carried out to establish watertable
height and subsoil water flows. This subject is referred to in BTF 19
and may properly be regarded asan area for an expert consultant.

Pmtection of the building perimeter

Itis essential to remember that the soil that affects footings extends
well beyond the actual buikling line. Watering of garden plants,
shrubs and trees causes some of the most serious water problems.
For this reason, particularly where problems exist or are likely to
oceur, it is recommended that an gpron of paving be indalled
around as much of the buikling perimeter as necessary. This paving

CLASSIFICATION OF DAMAGE WITH REFERENCE TO WALLS

Description of typical damage and required repair Approximate crack width Damage
limit (see Note 3) category

Hairline cracks <0.1 mm Q0
Fne aracks which do not need repair <i mm i
Cracks noticeable but easily filled. Doors and windows stick dightly <5 mm 2
Cracks can be repaired and possibly 2 small amount of wall will need 5-15 mm (or 2 number of cracks 3
1o be replaced . Doors and windows dick. Service pipescan fracture. 3mm or more in one group)
Weathertightness often impaired
Extensive repair work inwolving breaking-out and replacing sections of walls, 15-25 mm but als» depend 4
especially over doors and windows. Window and door frames distort. Walls lean on number of aracks
ar bulge noticeably, some loss of bearing in beams. Service pipes disupted
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should extend outwards a minimum of 900 mm (more in highly
reactive soil) and should have a minimum fall away from the
building of 1:60. The finished paving should be no less than 100
mm below brick vent bases.

It is prudent to relocate drainage pipes away from this paving, if
possible, to avoid complications from future leakage. If this is not
practical , earthenware pipes should be replaced by PVC and
backfilling should be of the same soil type as the surrounding soil
and compacted to the same density.

Except in areas where freezing of water is an issue, it is wise to
remove taps in the building arca and relocate them well away from
the building — preferably not uphill from it (see BTF 19).

It may be desirable to install a grated drain at the outside edge of the
paving on the uphill side of the building. If subsoil drainage is
needed this can be installed under the surface drain.

Condensation

In buildings with a subfloor void such as where bearers and joists
support flooring, insufficient ventilation creates ideal conditions for
condensation, particularly where there is little clearance between the
floor and the ground. Condensation adds to the moisture already
present in the subfloor and significantly slows the process of drying
out. Installation of an adequate subfloor ventilation system, cither
natural or mechanical, is desirable.

Warning: Although this Building Technology File deals with
cracking in buildings, it should be said that subfloor moisture can
result in the development of other problems, notably:

= Water that is transmitted into masonry, metal or timber building
elements causes damage and/or decay to those elements.

* High subfloor humidity and moisture content create an ideal
environment for various pests, including termites and spiders.

* Where high moisture levels are transmitted to the flooring and
walls, an increase in the dust mite count can ensue within the
living areas. Dust mites, as well as dampness in general, can be a
health hazard to inhabitants, particularly those who are
abnormally susceptible to respiratory ailments.

The garden

The ideal vegetation layout is to have lawn or plants that require
only light watering immediately adjacent to the drainage or paving
edge, then more demanding plants, shrubs and trees spread out in
that order.

Owverwatering due to misuse of automatic watering systems is a
common cause of saturation and water migration under footings. If
it is necessary to use these systems, it is important (o remove garden
beds to a completely safe distance from buildings.

Existing trees

Where a tree is causing a problem of soil drying or there is the
existence or threat of upheaval of footings, if the offending roots are
subsidiary and their removal will not significantly damage the tree,
they should be severed and a concrete or metal barrier placed
wvertically in the soil to prevent future root growth in the direction of
the building. If it is not possible to remove the relevant roots
without damage to the tree, an application to remowe the tree should
be made to the local authority. A prudent plan is to transplant likely
offenders before they become a problem,

Information on trees, plants and shrubs

State departments oversecing agriculture can give information
regarding root patterns, volume of water needed and safe distance
from buildings of most species, Botanic gardens are also sources of
information. For information on plant roots and drains, see Building
Technology File 17.

Excavation

Excavation around footings must be properly engineered., Soil
supporting footings can only be safely excavated at an angle that
allows the soil under the footing to remain stable. This angle is
called the angle of repose (or friction) and varies significantly
between soil types and conditions. Removal of soil within the angle
of repose will cause subsidence,

Where erosion has occurred that has washed away soil adjacent to
footings, soil of the same classification should be introduced and
compacted to the same density. Where footings have been
undermined, augmentation or other specialist work may be required,
Remediation of footings and foundations is generally the realm of a
specialist consultant.

Where isolated footings rise and fall because of swell/shrink effect,
the homeowner may be tempted to alleviate floor bounce by filling
the gap that has appeared between the bearer and the pier with
blocking, The danger here is that when the next swell segment of the
cycle occurs, the extra blocking will push the floor up into an
accentuated dome and may also cause local shear failure in the soil.
1f it is necessary to use blocking, it should be by a pair of fine
wedges and monitoring should be carried out fortnightly.

This BTF was prepared by John Lewer FAIB, MIAMA, Pariner,
& ion Di 3

The information In this and other issues In the serles was derived from varlous sources and was believed 10 be correct when publis hed,
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EXAMPLES OF GOOD HILLSIDE PRACTICE

o

Vegetation retained

Surface water interception drainage

Watertight, adequately sited and founded
rool walter storage lanks (with due regard for
impact of potential leakage)

Flexible structure

Roof water piped off site or stored

On-site detention tanks, watertight and
adecguately founded. Polental leakage
managed by sub-soil drains

MANTLE OF SOIL AND ROCK

Vegelation retained FRAGMENTS (COLLUVIUM)

— Pier footings into rock
Subsoil drainage may be

required in slope

' Cutting and filling minimised in development

Sewage effluent pumped out or connected 1o sewer.
Tanks adequately founded and watertight. Potential
leakage managed by sub-soil drains

\

BEOROCK ‘- Engineered retaining walls with both surface and

subsurface drainage (constructed before dwelling) S AGS (2006)

EXAMPLES OF POOR HILLSIDE PRACTICE

Unstabilised rock topples
and travels downslope

Vegataton removed ——

Discharges of roofwater soak Steep unsuppontoed
away rather than conducted off cut fails
site or 10 secure storage for re-use

Structure unable 10 tierate e
settiement and cracks -

Poorly compacted fill settles > f]

unevenly and cracks pool v‘
Inadequate waliing unable 2
10 support fil -

Loose. saturated fill shdes
and possibly flows downsiope

Inadequately supporied cut fails l

Saturated
slope fails

Vegetation
reamoved

Mud flow

Absence of sub ge within il
= Ponded waler enters slope and activates landslide

€' AGS (2006)
"~ Possible travel downslope which impacts other development downhill Soe also AGS (2000) Appendix J



BSI0A 2014 10U “J01duIosa(y udisse o) uonduosa(y 10 a3rwe(g Jo 1500 Aeunxoiddy asn Gy 01 1J9] U0 Pasn aq PINOYS A[qRI YL
*Anadoxd 1) 199178 ABUI YOTYA SIPI[SPUE] JIYI0 SSAIPPE O) HHIOM UONBSI{IGEIS [BUCTIIPPE SPN[OUT 10U $30P 1] "UONEPOWIUIOIOR
Ameiodwa) ‘s29) [e32] SB yons 1500 [Enuanbasuod pue ‘sad) uisop [BuOISSAJoId PUB PALNIOO SBY YIIYM IPI[SPUB] Y} JOJ [2AJ] JSH I[QBIA[0] 01 YIS Y} J2PUAI 0] PaImbal sHIoM

#)

uonesiyiqels ‘(saxmonns snjd puep) Azadozd a3 jo uorpod pageurep Ay JO WAWALISUIAI JO 150D Y1 SB Yons ‘2FeuIEp a1 JO 1500 102IIP Y1 JO ABUINSI U aq 01 51 1507) deunxorddy ay] ()
*SOMIOTUIS PAIDAJFRUN
oy} snid puep 2y sapnjour yomym Auadoad pajaspgeun oy Jo anjeA paaoxduit oy Jo 1500 a1 Furaq ‘anfea 1xrewr jo adejuaoiad e se passardxa st afeure(y jo 150 Meunxorddy oy, (7) :sajoN
("XIEN ST 235 "% °0 JO Arepunoq [euonou .
§ INVOIAINOISNI E Je papIAIpqns aq Aew £10323e0 siy) ‘(urena)) 1sowyy) Juaas Anfiqeqoid y3iy 107 a3oN) “afewep I %S0
¥ JONIN "SHIOM UONIESI[IQE}S JUSLUSJEISUIRI 2WIOS JULIINDAI 1S JO Ued J0/PUE ‘2IMIoNys Jo 3ed 0 SEWEp PaIWT| o.x._ %S
“a3ewep 2duanbasuod Jounw Ajiadoid Juadelpe auo JSea] J€ aSnEd pino.) %01 >
€ WNIEW "syIom uonesifiqels adre Sulnnbaz ayis Jo wred JueoIUSIS J0/pUL ‘2INIONIS JO SWOS 0} AFLWEP 2JRISPOA! o%u0b %0C
-agewep souanbasuod wnipawt Apadoxd Juadelpe 2o JSE3] Je 2SNEd p[no)) 'SHIOM UOLESI[IQEIS ki 5
[4 YOIVIN yueoyrudis Suinmbair satrepunoq 231s puo£aq Surpuajxa 10/pue ‘aInJonils Jo JSow 0} dFewep AISUAXT %001 7609
“agewep souanbasuod Jolew Aj1adoid Juadelpe auO ISES] JE ASNED P|N0) "UONESI[IQE)S %
I OIHdOYLSVLVD A 3 3 fewr Sutrmbei 23e g £ fiaord %00T
] syIom Funreaurdua sofew Sunrmbar a3ewep ofeos adie| Jo/pue pakonsap Ajejeidwod (s)armonng
Amepunog angeA
[2A9T a0ydusaqg uonduidsaqg IBUOBON .
agewe( jo 350D Nemnxorddy
ALYAdOYd OL STONTNOIASNOD A0 STUNSVAW FAILVIITV10
*s434 2914 J0u ‘10)dLIosa(q uBisse o} uonduasa(g 1o A}iqeqoid enuuy jeunxorddy asn GySLr 0] o[ W0IJ pasn 2q PINOYS A[qe} YL (1) 30N
*3J1] UBISAP oY) JOAO [NJIOUB] JO J[QBAIIIUODUT ST JUIAD 2 s1eak 000°000°
q 1410390 ATHIvVE 1] UsIsap 3y} [TYIOUE] 10 [QBAT - nw..mww = ._om,.w SIB3A 000002 000°000°L ,01%5 501
q ELAL S20UBSWNONO [euondadxa Jopun AJUO ING I[QBAISIUOD ST JUIAS YL . s1224 000°001 & 0T
awEwep | A 00002 " L
a ATIAIINA 3} IOAO SIOUBJSUINOIID ASIGAPE AISA IOpUN INOJ0 JYTIW JUSAD YL sxeak 000°01 018 501
o) TIEISSOd | 231 UBISap oy} I9AO SUONIPUOD ISIAAPE JSPUN INDI0 P[NOD JUSAS YL E«..>>cccn s1eak 0001 wo;m 01
- SIE3A 00T -
1] ugdisap %
g ATIAIT 91} I9A0 SUONIPUOD ISISAPE Iapun Inodo Ajqeqoid [[im JUsAd YL sreak o7 sreak 001 01
\4 NIVLYED LSONTV "aJ1] UBISAP AT} JAAO INID0 O} PAJOAAXA ST JUAAS Y| s1eak 01 O 01
L1epunog an[eA
[BAIIU] DUILINIY [BuonON aAnBIIpU]
[2Ad7 J10ydusaqg uondrIdsaQg d
PHEPUST IAREAPUT PoRCmT Aypiqeqoag enuny jeunxorddy

AOOHITANIT A0 STINSVAW ALLVIITVNO

ALYAd0Ud OL IS HONISSASSY NI SN Y0OA ADOTONINYAL FALLVIITVNO

INHSSASSY ST HAI'ISANVT D XIANAddV

002 LNIJWIOVNVIN XS 3AINTSANVT 304 SANIT3AIND 3LON 301LOVid




'2pm3 [e1ouad e se uaArd

Kquo a1e asary Ofsur je Auadord 2y Jo aimjeu oy uo puadap ABW PUB JUSWISSISSE NSUI a1 0] sanued [e Aq pauruualep 2q 0} are uonenys Jemonted B 103 suonedrjdun ay L (L) 0N
'sampaooid aouruajurewr adofs [euuiou Aq a3euely "2qeidedoy S MOTAYIA 1A
‘parmbai
ST 2oueujurew Jutoguo ‘(242 STy} 03 SLI 3y 2onpax 0} pannbar u2aq Sey Juaunean Ay, “siojenda o3 ajqeidasoe A[ensn ASH MOT T
"a1qeonoeld se uoos se pajuawajdu
2q P[NOYS YSLI MO 0} 20npaz 0] suondo JuauneaI] MO 0} YSU 2y} 20npaz 03 suondo Juaunean jo uonejuswaydu SR ALVIIAOW W
pue Suruueld ‘uonednsaaur sanmbar jnq (jeacidde s 1oje[ndar 03 102(qnS) SOULISWMOIIO UTELIAD UT PAIRIA[0] 3q ABJA
*Ay1adoid a3 Jo anjeA 2y) 0] UONE[AI UI WNS [BIIUBRISQNS B }SOJ P[NOM JIOA, MO 0} ySu
2onpar o} parmbar suonjdo jusunearn jo uonejuawajdur pue Sutuueld ‘uonednsaAul paiela( “Juaunean Moyim ajqeidasoeun ST HOIH H
“Kyadoxd
31} JO aNJeA UBTY) 2IOWI 1509 0} A[2NI] JIop “[eonoeld jou pue aArsuadxa 00} aq Aewr (M0 0} YSLI 20npaI 0} [enuassa suondo
Juaunean jo uonejuawapduw pue Juruuerd ‘Yoreasar pue uoneS[SIAUT PA[ILIAP SAISUXT “Juaunean noyiim ajqeidasseun
() suonedrndurj ajdwexy [9A9T YSiy
SNOILVIOITdWI TAAHAT ISTH
awn
JuaLIMo 21 J8 pajuawapduw 2q Jou AL YOTYM SMSEBIW [OQUOD S [3IM JO SUONIPUOD FUTISTXA J0F ST I IAIAYM Pajels A[Jea[o 2q JSNUI J1 JUSWISSISSE NSUI € FULIDPISU0D UAYA (9)
"NSTY MO ST 9,1°() UBY3 SS3] JO 20uanbasuod e ey} yons papraipgns aq Lew gy [[2D) 104 (5) 0N
TA TA TA TA A | 01 HTIATED A THIVE J
TA TA T T W <01 navd q
TA T 4 W H w0l ATIAI'INA a
TA W W H 01 ATIISSOd o)
T W H 01 ATINAIT q
(110N H 01 NIVIYIO LSOWTV v
%S0 Amqeqoig
LNV 05—4057: %S %07 %09 %00T [enuuy ajsuxosddy
HONIN ‘¢ WAIGIN ‘€ HOIVI T JIHdOYLSVLVO ‘1 JO IN[EA AREIIPU
@musan 30 350D aemxoaddy aanedpu i) ALIAd0Ud OL SIONANOIASNOD JOOHITINI'T

ALYAd0Ud OL ISTH A0 TAAAT — XTALVI SISXTVNV MSTH ALLVLIITVNO

(QANNIINOD) ALYAIOUd OL MSTA ONISSASSV NI ASN HOA ADOTONTANAL FAILVLITVAO — D XIANAddV
2002 LNJW3OVNVI XS 3AITSANVT ¥04 SANITAAIND 3LON 3011L0Vid




