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This report has been prepared for Mr & Mrs McCarthy C/o Peter Princi — Peter Princi
Architects, in accordance with Ascent Geotechnical Consulting’s (Ascent) Fee Proposal dated
7" August, 2019.

The report is provided for the exclusive use of the property owners, Peter Princi Architects,
and their nominated agents for the specific development and purpose as described in this
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 preliminary geotechnical assessment carried out at 959
Pittwater Road, Collaroy, (the “Site”), by Ascent Geotechnical Consulting Pty Ltd (Ascent). This
assessment has been prepared to meet Northern Beaches Council lodgement requirements
for Development Application.

Proposed Development

Details of the development are outlined in a series of architectural plans prepared by Peter
Princi Architects, Drawing Numbers SK01-SK0O6 and E02-EQ3, Issue A, dated 16" July, 2019: -

The works comprise the following:

Partial demolition of existing structures,

e Construction of new ground floor stairway,

e Construction of new upper ground floor rumpus room, and deck area
e Various internal alterations and additions,

Relevant Instruments
This geotechnical assessment has been prepared in accordance with the following relevant
guidelines and standards:
e Northern Beaches Council — Warringah Local Environment Plan (WLEP) 2011 &
Warringah Development Control Plan (WDCP) 2011.
e Australian Geomechanics Society’s Landslide Risk Management Guidelines (AGS
2007).
e Australian Standard 1726:2017 Geotechnical Site Investigations.
e Australian Standard 2870:2011 Residential Slabs and Footings.

WDCP & WLEP Landslip Risk Class
The site is mapped as Area D on the Landslip Risk Map LSR_009 (Image 1, below).
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WARRINGAH LANDSLIP RISK MAP

| Area A -Slopelessthan 5 degrees

[ AreaB-Flanking Slopes from 5to 26 degrees

M AreaC - Slopes morethan 26 degrees

M AreaD-Collaroy Plateau Area Flanking Slopes 6to 156 degrees
[T AreaE- Collaroy Plateau Area Slopes more than 15 degrees

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 Assessment Morgan Spreadbury-Key - Ascent Geotechnical — 09/08/2019
Site Address 959 Pittwater Road, Collaroy, NSW — Lot 18 in D.P. 10519.
Site Area m” (approx.) 666.70m’ (by Calc.)
Existing development Two storey rendered brick residence, tile roof.
Aspect East
Average gradient ~10 degrees | RL~22 at eastern boundary to RL ~27 at western
boundary.
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Vegetation Small established lawns area, with medium to large palms and
trees.
Retaining Structures Stable, timber walls retaining lawn area at western boundary of

site, ~1.0m in height. Large, stable rendered brick retaining walls
across site, maximum height of ~2.0m.

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

Geology The Sydney 1:100,000 Geological Sheet 9130 (NSW Dept.
Mineral Resources, 1983) indicates that the site is underlain by
the Middle Triassic Newport Formation interbedded laminite,
shale and quartz to lithic-quartz sandstones of the Narrabeen
Group (Rnn).

Geotechnical observations Minor cracking was observed along the rendered walls of the
residence, across the site. The shallow surface cracking is not
believed to be attributed to any slope instability or construction
defects. No significant geotechnical hazards were identified at
the time of visual assessment.

3 N o i
Image 2: Site location. 959 Pittwater Road, Collaroy, NSW — Red Pin (© Google Maps)
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With reference to the Australian Geomechanics Societies definitions, the existing site
conditions and proposed development are considered to constitute an ‘“ACCEPTABLE’ risk to
life and a ‘LOW’ risk to property provided that the recommendations outlined in Table 3 are

adhered to.

Table 3: Geotechnical Recommendations.

Recommendation

Description

Soil Excavation

Minor soil excavations may be required to establish pad levels and footings
for the proposed minor alterations and additions to the existing structures.
It is anticipated that these excavations will encounter sandy top soil and
minor clayey sands overlying weathered bedrock. An accurate depth to
weathered bedrock in the area of the works is currently unknown, however
is expected to be found at relatively shallow depths across the Site.

Provided the shallow sandy soils are battered back to form a slope not
steeper than 35 degrees, they should stand unsupported for a short period
until permanent supportisin place. Unsupported batter slopes in sandy soil
will be prone to erosion in inclement weather.

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

Rock Excavation

No significant rock excavations will be required for the proposed works.

Vibrations

No significant vibrations will result from completion of the proposed works.

Fill

Any new fill on the Site is to be comprised of local sand, clays and weathered
rock. Existing organic topsoil should be cleared and stockpiled for later use,
prior to the placement of any new fill.

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

Excavation Support

No excavation support is anticipated for the proposed works.
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Retaining Structures

Any retaining structures to be constructed as part of the site works are to
be backfilled 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.

Sediment and
Erosion Control

Appropriate design and construction methods shall be required during 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.

Site Classification

Due to the expected shallow underlying weathered bedrock, the site is
classified as Class “S” in accordance with AS 2870:2011.

Footings

We would recommend that all new footings are taken to and founded
directly upon the underlying weathered bedrock. It may be necessary to
excavate small level pads if fixing footings directly to bedrock.

The allowable bearing pressure for footings taken to and socketed into
sandstone bedrock is 600 kPa.

Stormwater

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.

Inspections

It is recommended that the foundation materials of any new 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.
Engineering Geologist
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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
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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 preblems in the foundation soil. It is important for
the homeowner to identify the soil type in order lo ascertain the measures that should be put in place in order to
ensure that problems in the foundation soil can be prevented, thus prolecting againg building movement.

This Building Technology File is designed to idertify causes of soilvelated building movement, and to suggest

methods of prevention of resultant cracking in buildings.

Soil Types

The types of silsusually present under the topsoil in land zoned for
residential buildings can be split into two approximate proups
granular and clay. Quite often, foundation sil is a mixture of both
types. The general problems asociated with soils having granular
content are usially causad by erodon. Clay soils are subject to
saturation and swellfshrink problems,

Clasifications for a given area can penerally be obtained by
application to the local authority, but these are sometimes unreliable
and if there is doubt, a peotechnical report should be commissioned.
As mog buildings siffering movement problems are founded on clay
soils, there is an emphasison dasification of soils according to the
amaount of swell and shrinkage they experience with variations of
water content, The table helow is Table 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 resalt of
construction;

+ Immediate wttlement occurs when a building i frst placed on its
foundation soil, o8 o result of compaction of the il under the
weight of the structure. The cohesive quality of clay soil mitigates
aguinst this, but granuler (particularly sandy) soil is susceptible.
Conselidation sttlement is a feature of clay soil and may take
place because of the expulsion of moisture from the il or because
of the soil’ lack of resistanoe to local compresive or shear streses.
This will usually take place during the firg few months after
construction, but has been known to take many vears in
exceptional cases

These problems are the province of the builder and should be taken
inte consideration as part of the preparation of the site for constg-
tion. Buikling Technology Hle 19 (BTF 19) deals with thes
problems.

Ermsion

All soils are prone to emsdon, but sandy soil is particularly aisceptible
Lo heing washed away. Even clay with a sind component of sy 10%
or more cin aiffer from erosion.

Saturation

Thisis particulady a problem in day soils Satumtion creates a bog-
like susgpengon of the sil that canses it to lose virtually all of its
bearing copacity. To a lesser depree, sund is affected by saturation
hecuuse sturated @and may underge a reduction in volume —
particularly imported sand fill for bedding and blinding layvers.
However, this usually occurs as immediate sttlement and should
normally be the provinee of the builder.

Seasonal swelling and shrinkage of soil

All elays react to the presence of water by slowly absrhing it, making
the soil increase in wlume (see table below). The degree of increase
varies considerably hetween different clays, as does the degree of
decrease during the ssbsequent drying out caused by fair weather
penods. Because of the low absorption and expuldgon 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 eharacterigios.

The swelling of soil creates an upwand force on the footings of the
building, and shrinkape creates sabgdence that takes away the
support neaded by the footing to retain equilibium.

Shear failune

This phenomenon occurs when the foundation sil does not have

sufficient strength to sapport the weight of the footing. T here ane

twn majpr post-constrogtion causes;

* Significant load increse

* Reduction of lateral support of the soil under the footing duste
msion of excavation.

+ In clay soil, shear failure can be caused by satuntion of the soil
adjpcent to or under the footing.

GEMERAL DEFINITIONS OF SITE CLASSES
Class Foundation
A Mot wund and rock dtes with littk or no ground movement from moisture chanpes
5 Slightly reactive clay sites with only slight ground movement from moisture changes
M Maoderately reactive clay or alt dtes, which can experience maoderate pround movement from moeisture chan ges
H Highly reactive clay stes, which can experience high ground movement from moisture changes
E Fectremnely reactive sites, which can experience extremne pround movernent from maoidure chanpes
AtaP Filled sites
P Sites which include soft soils, such as soft clay or slt or loose sands; landslip: mine subsdence;, collapsing soils: sils subject
to erosion: readtive ates subject to abnommal moigore conditions or gtes which cannot be dasified otherwise




Tree oot growth
Trees and shrubs that are allowed te grow in the vicinity of footings
can canse foundation soil movement in two wivs

* Rouotsthat grow under foolings may inorease in cross sectional
size, exerting upward pressure on footings.

* Rootsin the vicinity of footings will shsorh muoch of the moisture
in the foundation sil, caudng shrinkage or subadence.

Unevenness of Movement

The types of ground movernent deseribed above usually occur
unevenly throughout the buildings foundation soil. Settkement due
Lo construction tends Lo be uneven hecause of:

* Differing compaction of foundation soil prior 1o construction.
= Differing maoisture content of funddion il prior to cond rction.

Mosement due to non-construction ciuses is nsually more uneven
still. Froson can underming 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 as the Tow

Saturation of day foundation sil may oocur where ubfloor walls
crzate adam that makes water pond. It can alsoe oocur wherever there
is a e of water near footings in day sil. This leads 1o a severe
redustion in the strength of the soil which may create local shear
filure.

Seasonal swelling and shrinkape of clay sil affectsthe perimeter of
the building first, then gradually spreads to the interior. The swelling
process will nsialy begin at the uphill exreme of the building, oron
the weather side where the land s flat. Swelling gradually reaches the
interior soil us ahsorption continues. Shrinkage usually beging whene
the sunk hea is greatest.

Effects of Uneven Soil Movement on Structures

Erosion and saturation

Erdon removes the suppoen from under footings, tending toe create
subsidence of the part of the gructure under which it cecurs.
Brickwork walls will redst the stress created by this remaoval of
suppor by bridging the gap or cantilevering until the bricks or the
maortar bedding fil. Okder masonry has little redstance. Evidence of
frilure varies according to dreumstances and symptoms may indude

* Slep cracking in the mortar balds in the body of the wall or
above/belrw openings such as doors or windows.

* Vertical cracking in the bricks (ussally but not necesarrily in line
with the vertical beds or perpends).

Isolated piers affected by erosion or sgumtion of foundations will
ewventually los contact with the bearers they support and may tilt or
fall over. The floors that hase lost this sapport will become bouncy,
sometimes ratting ornaments ete.

Seasonal swelling/shrinkage in clay

Sweelling foundation soil due to rainy periods ficd lifts the most
exposed extremities of the footing sydem, then the remainder of the
perimeter footings while graduoally permenting inside the buikling
footprint to lift intemal footings This swelling first tends to create a
dish effect, becase the extemal footings are pushed higher than the
internal ones.

The first noticeable symptom may be that the foor appears slightly
dished. This 15 often acoompanied by some doos binding on the
flewrr ar the door head, wpether with some cracking of comice
mitres. In buildings with timber flooring supported by bearers and
joists, the floor con be bouncy. Extemully there may be wsible
dishing of the hip or ridge lines.

As the moisture absorption process completes its journey to the
innermod areas of the boilding, the internal foetings will dse. If the
sprewd of moisture is roughly even, it may be that the symptoms will
temporanly disappear, but it is more likely that sselling will be
uneven, areating a difference rather than a dissppearance in
symptoms. In buildings with timber fooring sipported by bearers
and fists, the islated piers will riss more easly than the strip
footings or piers under walls, creating naticeahle doming of looring.

. ek 1
Wall cracking |

o

A5 the weather pattem changes and the soil begins todry out, the
externil footings will be first affected, beginning with the locations
where the suns effect is strongest. This has the effedt of lowering the
external footings. The doming is accentuated and cracking reduces
of disappears where it ocaurrel because of dishing, but other cracks
open up. The reof lines may become mnves.

Daming and dishing are also affected by weather in other wins. In
areas where warm, wet summers and cooler dry winters prevail,
watter migrtion tends to be tevwand the interior and doming will be
aeeentuated , whereas where summers are dey and winters are cold
and wet, migration tends to be toward the exterior and the
underlying propendty is toward diching.

Movement caused by tree roots

In peneral, prowing roots will exert an upward pressure on footings,
wheneas soil subjedt to drying becaus of tree or shrub maots will tend
o remove sipport from under footings by inducing shrinkape.

Complications caused by the structune itsef

Muost forces that the soil causes to be exerted on gructures are
vertical — i either up or down. However, hecause these foroes are
wldom spread evenly sround the footings, and becase the building
resid s uneven movemnent because of its rigidity, forces wre eeried
from one part of the building to another. The net resalt of all thess
foroes 15 wanally rotational. T his resalant foroe ofien complicates the
diagnogs because the visible symptoms do not simply reflect the
ariging cause. A comman symplom i binding of doors on the
wvertical member of the frame.

Effeats on full masoney stroctunes

Brickwork will resist eracking where it can. It will attempt to span
areas that lose support becanse of subsided foundations or raised
points. It is therefore naal to see cracking & weak points, such as
openings for windows or doors

In the event of condruction settlement, cracking will usually remain
unchangad after the proces of settlement has ceased .

With local shear or eredon, cracking will usnally continue to develop
until the original cuse has been remaediad, o until the subsidence
has completely nentralised the affected portion of footing and the
gructure has stabilissd on other footings that remain effedive.

In the cuse of swell/dhrink effects, the brickwork will in some coses
return o itsoriging position after completion of & cycle, howewer it
is more likely that the rotational effect will not be exactly reversed,
and it isalso usual that brickwork will settle in its new position and
will resiat the forees trying to return it 10 its original posdtion. This
meuns that in a case where swelling Lakes place afler construction
and cracking occurs, the cracking is likely to at least partly remain
after the shrink scement of the evde iscomplete. Thus, each time
the cycle is repeated, the likelihood s that the cracking will become
wider until the sections of brickwork become virtually independent.

With repeated cveles, onee the cracking is established, if there 15 no
other complication, it is normal for the inddence of cacking 0
dahilis, as the buikding has the articulation it needs to cope with
the problem_ T his is by no means always the cose, however, and
menitoring of cracks n walls and floors should always be treated
aerioushy.

Upheawal cavsed by growth of tree roots under footings is not a
dmple vertical shear aress There isa tendency for the mot o alko
enert lateral forces that attempt W separate sections of bridework
after initiad cracking has occurned.



The normal structural arrangement is that the inner leal of brick-
work in the external walls and at least svme of the internal walls
(depending on the roof type) comprise the load-bearing structure on
which any upper floors, ceilings and the roof ane suppored. In these
cages, it is intemally sisible ermcking that should be the main focus
of attention, however there are a few examples of dwellings whose
external leal of masonry plavs some aipporting fole, o this should
be checked if there is any doubt. In any case, externally visible
cricking is important as a guide to stresses on the gructure penerally,
and it should alse be remembered that the extemal walls must be
arpible of supporting themsslves.

Effocts on framed structures

Timber or steal framed buildings are less likely to exhibit crsking
due 1o swell shrink than masenry buiklings beciuse of their
flexibility. Alsy, the doming'dishing effects tend to be kbwer because
of the lighter weight of walls. The main risks to framed buildings are
encountered hecase 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 a weak

point in the anictune caused by a door or window opening. It is,
however, unlikely that framed structures will be so stressed as 1o suffer
srigus damage without first exhibiting some or all of the abowe
svmptoms for a considerable period. The stme warning period should
apply in the case of upheaval. it should be noted , howewer, that where
framed buildings are supported by strip footings there is only one leaf
of brickwork and therefore the externally visible walls are the
supporting strueture for the buikling. In this case, the sabfloor
masonry walls can be expected to behave as full brickwork walls,

Edfects on brick veneer struclures

Becuuse the load-bearing structure of a brick veneer building is the
frame that makes up the interior leal of the extemal walls plus
perhaps the internal walls, depending on the tvpe of mof, the
huilding can be expected 1o behave as o fremed structure, except that
the external masnry will behave in a dmilar way 10 the external leal
al a full masinry grucure.

Water Service and Drainage

Where & witer service pipe, @ sewer or dormwiler drainage pipeis in
the vicinity of & building, & water leak cin cause ersion, swelling or
sturation of susseptible sxil. Bven a minussulke leak cin be enough
1o siturate a clay foundation. A leaking tap near a building can have
the same effect. In addition, trenches containing pipes can become
wittercourses even though backfilled, particularly where broken
bbbk is used as fill. Water that runs aong thes trenches can be
responsble for serious erodon, interstrata seepape into ubfloor areas
and saturation.

Fipe leakage and trench water flows alse encourage tree and sirub
rools to the ssurce of witer, complicating and exacerbating the
problem.

Foor roof plumbing can result in larpe volumes of rainwater being
ooncentrited in a small area of soil:

= Incormed falls in reof guttering may result in overflows, as may
gutters blocked with leaves ete.

= Corroded guttering of downpipescan spill water to ground.

= Downpipes not pedtively connected to a proper gormwater
collection svstem will diredt a congentration of water to =il that is
directly adjacent to footings, symetimes causng large-scake
problems such as erodon, sturation and migration of water under
the: building.

of Cracking

In peneral, mod cracking found in maseney wallsis a 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 eracking in concrete floors,
however hecause wall cracking will umially reach the eritical point
significantly earlier than cracking in slubs, this table is not
reproduced here

(Emmenlin/ Gl

Plumbing

Where buikling movernent is cansed by water service, roof plumbing,
sewer or dormwater filure, the remedy is W repair the problem.

It is prudent, howeser, to wndder also rerouting pipes awiy from
the building where possible, and relocting taps to positions where
any leakapge will not direst water to the building vicnity. Even where
gully traps are present, there is sometimes sufficient spill to create
emsinn or saturation, particulady in modern ingallations using
smaller diameter PYC 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. IFthe trench has been poorly
hackfilled , the water will either pond or flow along the battom of
thetrench. As these trenches usnally run alongsde the footings and
can be at & amilar depth, it is not hard to see how any water that is
thus directed into a trench can easily affed the foundationt ahility to
support footings or even gain entry to the aibfloor area.

Giround drainage

In all soils thene is the capacity for water to travel on the sirface and
below it Surface water flows can be estublished by inspection during
and after heavy or profonged rain. I necessary, o grated drain system
conneded to the stormwater collection sydem is usually an easy
solution.

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

Protection of the building perimeter

It is ewsential to remember that the soil that affects footings extends
well bevond the adtual building line. Watering of gurden plants,
shrubs and trees cinses some of the most serious water problems.
For this reason, particularly where problems exist or are likely Lo
ocenr, it is recommended that an apron of paving be ingalled
around s much of the builling perimeter as necessary. This paving

CLASSIFICATION OF DAMAGE WITH REFERENCE TO WALLS

Deseription of tyvpical damage and required repair Approximate crack wadth Damage
limit (see MNote 3) i Epnry

Hairline cracks <1 mm Q
Fne cracks which do not need repair <l mm 1
Cracks noticeable but easily filled. Doors and windows gick dightly < mm 2
Crcks cun be repaired and possibly o small amount of wall will nesd 5-15 mm (or a number of cracks 3
1o be replaced. Doors and windows dick. Service pipes can fracture 3 mm or mare in one group)
Weathertightnes often imparred
Extensive repair work involving bresking-out and replacing sections of walls, 1525 mm but als depend 4
especially over doors and windows, Window and door frames distod . Walls lean on number of aadks
ar bulge noticeably, some loss of bearing in beams Service pipes disupted




Gardens for areadive site
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should extend outwards a minimum of %00 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 prizdent to relocate drainage pipes away from this paving, if
possible, to aveid complications from future leakage. If this is not
practical, carthen ware 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 area 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. 1f 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 ereate an ideal
environment for various pests, including termites and spiders.

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

The garden

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

Owerwatering due to misuse of automatic watering systems is a
common cause of saturation and water migration under footings. If
il is necessary o wse these systems, it is important to remove garden
beids to a completely safe distance from butldings.

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 shoukd be severed and a conerete or metal barrier placed
vertically 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 remove the tree showlkd
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
reganding root patterns, volume of water needed and safe distance
from buildings of most specices, Botanic gardens are also sources of
information. For information on plant roots and drains, sec Building
Technology File 17.

Excavation

Excavation arownd 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,

Remediation

Where erosion has ocourred 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 reguired.,
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
eycle occurs, the extra blocking will push the floor up into an
accentuated dome and may also canse local shear failure in the soil.
If it is mecessary 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,
Construction Diognosis.

The Information in this and other lssues In the serles was derlved from varlous sources and was belleved to be corect when publis hed,

The information is advisory, It is provided in good faith and nat claimed 1o be an exhaustive treatment of the relevant subject,

Further professional advice needs 1o be oblained belore laking any action based on the infarmation provided.

Diavibuted by
CSIRO PUBLISHING PO Box 1139, Colingwood 3066, Ausralia

Freecall 1800 645 051 Tl (03) 9662 7666

Fax (03) 9662 7555 www, publish.cim.au

Email: publishing.sales&csiro.au

& CSIA02003. Unauthorised copying of this Building Tachnology file is prohibited



EXAMPLES OF GOOD HILLSIDE PRACTICE

wip

Vegetation refained

Surface water interception drainage

Watartight, adequately sited and founded
rool water 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
adequately founded. Polental leakage
managed by sub-soil drains

Vegelation retained MANTLE OF SCIL AND ROCK
gl FRAGMENTS (COLLUVIUM)
o
Pier foolings into rock
Subsoll drainage may be
required in slope

— Cutting and filling minimised in development

Sewage effluent pumped out or connected lo sewer.
Tanks adequately lounded and watertight. Polential
leakage managed by sub-soil drains

‘——— Engineerad retaining walls with bath surface and

s subsurface drainage (consiructed before dwelling) ©) AGS (2006)

EXAMPLES OF POOR HILLSIDE PRACTICE

Unslabilised rock topples
and travels downslope

Vegetaton removed ——

Discharges of roafwater saak Steap unsuppared
away rather than conducted off cut fails
site oF 10 secure starage 'or re-use

Structure unable to tolerate IR
saftiement and cracks - ; .

Poorly compacted fill sefiles
unevenly and cracks pool

Inadequate walling unabbe
1o support fil

Loose, saturated fill skdes
and possibly flows downsiope

Inadequately supporied cut fails |

Saturaled ] MANTLE OF S0IL & i
slope fails | ROCK FRAGMENTS ’ I
FCOLLUVIM). A i
Vegetation b - Dwelling not founded in bedrock
removed | \ ¥ -
BEDROCK
Mud flow [

ocCUrs s
‘/ ?V
S - —msénc;ﬂmlmﬁnagawmnﬁll

IJ ar A;. Ponded waler enters slope and activates landslide © AGS (2006)

. Possible travel downslope which impacts other development downhill Sea also AGS (2000) Appendix J




BSI10A 2014 10U *101dLIosa( uSisse o] uondirosa( 1o 28ewr( jo 1507 Meunxorddy asn uSLI 01 1J9] UIOI] P2SN 2q PNOYS J[GE LT,
“Auadoxd a1 12a)e ABUI Y2Nm SAPI[SPUR] 1910 SSAIPPE 01 SYIOM UOTIESI[IQE]S [BUONIPPE SPN[UL 10U $30P 1] "UONEPOUILIOIOE
Amoda ‘seag (eSe] se yons 1500 [Enuanbasuod pue ‘s2a) udisop [puoissajod PUB PALMIDO SEY YOTYM IPI[SPUR] Y1 JOJ [2AD] YSLI A[BID[0] 01 IS ) JAPUAI 0] paxnbal oM

()

uonesigels {(samanns snid puer) Luzadord s jo vorpod paSeurep oy Jo JUAWIEISUIAL JO 1503 M1 §8 YaNs ‘aFwurep s Jo 1509 1520p U1 JO J|BUINSA U 8q 07 §11507) apewmrxorddy oy (£)
*SIMIONUIS PAIOAJFETN
aiqy snid pue] ) sepnjow Yoy Auadoad pajoagyeun a Jo anfea pasodunt o Jo 1500 a1 Juaq ‘anfea jevIeur Jo adeuaciad e se passaadxa st oFewe( Jo 1500 aewmxorddy oy () sanoN
(‘X1 YT 23§ "94,1°() JO AIepunoq [euonou .
§ INVOIAINDISNI E 1E papialpgns aq Aew A1odaied sy (urena]) 1sow]y) wass Aupqeqosd ydng 1o ajon) afewep apury %50
¥ FONIN "SHIOM WOESI[IQELS JUILIAJEISUIal awos Juumbar ays jo wed Jo/pue “aumongs Jo yed o oFEWEp pajuur ._.x; %S
z aFewep 2auanbasuos Joutw Jiadoid ju20e(pe JUO JSES] I8 2SNED PO %01 .
€ WNITIW *Sy1044 wOTESI[Iqe)s agre) Suurmbaz ays o wred jresyruSis 0/pue *AIMONNS JO SWOS 0] 2FBWED 2JBISPOA . #0T
*adewrep souanbasuod wnipaw Auaderd juaoe(pe auo JSE3] 18 2STED PINOD) 'SHIOM UONESI[IQEIS 7k :
[4 HOIVIN eonudts Fuinnbar saLepUNOq 21 puoAaq SUIPULIXS I0/PUE “2INIONIS JO 150U 0} AFRWIED JAISUAIXT i #09
“adeurep aouanbasuod 1olew Aradord Juaoelpe auo 1sea] 1B 2SNED P[NOD) "UONESI[IQEIS AL o
I OIHOYLSVLIVD 10§ sygom Juireaudua Jofew Sunmbal aFewep areos 281e] Jo/pue padonsap Aj2iedwod (s)amonnsg %00C
Amepunog angep
42T anydrasaq uondriasag ISUOHON 2AHEAPUL
afewme( jo 150 Newxorddy
ALIAI0Ud OF STINTNOISNOD A0 STUNSVAW FAILVIITV10
"BEiAA 2314 Jou “1oydirasaq udisse o) nondasag Jo Aupqeqolg enmry ajeunxorddy asn g o) 171 woly pasn OIS 2[qe] 3 1210
] 1LI353(] Wat naussag TqeqoId [ v T vV oLl 0} Y3 WOIy Pasn aq pnoys 2[qe) 7L, I N
"3J1] USSP 21} JAO [NJTOUE] JO 2[BATIOUOIUT ST JUAR 3 s1e2k 000°000°
a1 HTHIOTED ATIIVE 1] ua1sap 2yl [THIDUES J0 A[QEAT é TSy 1L SIERA 000007 000°000°1 01%s 501
9J1[ UIIS2P 213 12A0 Sempey Ll
q v s20UR)SWNOID [euondaoxs Japun AJUO JNg 2[QERAISOUOD ST JUAS SN[ ? 000°001 a 0T
a7 E5Teap sreak 000°0T 01§
a ATIAIINA O} I2A0 SIOUBISUINIID 2SI2APE AIDA ISPUN INJ00 JYBIUT JUIAD UL 51224 000°01 01XS 01
3 TTAISSOd | 27 US1sap a1 I9AD SUONIPUOD 25I3APE JAPUN INOJ0 PIN0D JUAAS 2L | u..nma._m_ccm. s1eak 0oO1 1 v.c:_”m 01
- SIEIA 00T :
1] UBIsap &
g ATENIT 9} JIAO SUDTHPUOD BSIRAPE Japun mdoo K[qeqoid [[im jusal oyl stuek 001 01
smeak o7 01%S
v NIVLYEHD LSOWTY "3 US1$AP 2} JAAC INDD0 0) PAOAXA ST JUAAR AL s1Eak O] | - _._u:
] | | Ligpunog aN[BA
S Pt et [BAIIIUY 2IUALINIIY [euonoN FALEIIPU]

apispue 2AanEdIpu] pardmy

Ayngeqosd enuuy Meunxorddy

JOOHITANIT A0 STINSVAW FALLVLITV10

ALYAdOUd OL MSHI HONISSASSY NI SN Y04 ADOTONIIWHAL FJALLVIITVNO

INHAISSASSY MSTH AAT'ISANVT D XIANAddV

200Z LINFWIOVNVIN MSIH 3AINSANYT H04 S3INIT3AIND 310N 3211L0Vid




~apm3 [e1euad € se uaard
Aquo are asarp Sysu je Luadord a1 Jo ammyeu oy uo puadap AP PUE JUSWISSISSE NSUI 2yl 0} sanged (e £q pauruualap 2q 0} are uoneniis renonred € 10y suoreoridun ayL (L) 0N

‘sampaooad asueuajurewr adots [euntou Aq afeuepy aqeidsooy ST MOTATEA 1A
‘parmbai
ST 20UBUJUTEW FUTOTUO ‘[2AS] ST} 01 NSLI 21} 20Npar 0} pannbar uaaq sey Juaunean) a4, "siojemaal o ajqeidanoe A[ensn HSTL MO T
*2]qeonoead se u00s se pajuawapdun
2g PINOYS JSU MO 0} 20NPad 03 SUoNdo JUAUNEA] "M0eT 01 ¥SU 21} 20npal 0} suondo justlean Jo uonejuswapdun ST A1LVIIaon W
pue Juruuerd ‘wonednsaaum sannbar ing ((eacidde s 1o01endas 03 1o2lgns) s2oURISWINOID UTEMSD UT PajeIa[0l aq LBy
*Auadod 2171 Jo anjea 217] 0] UOTIE[AT UT WINS [ETJUEISQNS E S0 PIROM YIO A, "MOT 0] 35U
aonpai o) parmbai suondo jusunean jo voneyuamws(dun pue Furuued ‘uonednsaau paprea( JusuUnEan INOYIM ajqEidasoru ST HOTH H
“Ayadoxd
21[} JO AN[BA UBT} 210U 1500 0} L1391 HJopy [eonoeid jou pue 2arsuadxs 00} 2q ABUI ‘A0 0] YS1I 20npaI 0} [enjuasss suondo
Juaurjean) jo uorjejuswajdur pue Suruueld ‘yoreasal pue uoneS[SIAUT PA[IEIAP SAISUIXNT "JUSWEN Inoyia ajqeydasaeun
(L) suoneandw] ajdwexqg 1242 H5TH
SNOILVIOI'TdIWI THATT NSTH
s
JUALMD 2} 8 pajuatwapdun 2q 10U ABW YOTM S2INSEIW [ONUOD ¥SII [IIM 10 SUONIPUOD SUNSIXS 10 ST 11 IS Pajels A[IB2[0 aq JSNU ]] JUSWISSISSE NS B FULISPISUOD U2y (9)
"SI MO ST 941 °() UBL $52] Jo 20uanbasuod B et} yans papraipqns aq Lew ‘¢ [[20) Io (g) sazoy

TA TA TA TA T 401 AT9IaTID A TIIvVE d

TA TA Al T W 01 Havd q

TA T Al W H 01 ATIMI'IND a

TA W W H 01 HTdISSOd 2

7§ W H 01 ATIMI'T s |

(110N H 01 NIVINID ISOWTV v

%S0 Amqeqoig
INVOIAINDISNI %S %0T %09 %007 [enuuy Pewrxosddy
By HONIW ¢ WNITIW € HOIVIN T JIHdOHLISVLIYD ‘1 Jo an[EA 2AnEdpU]
(a5eureq jo 350D Aempxorddy aapeapu] Pim) XTHIJOUd OL SHONANOASNOD JOOHITAMI'T

AL¥AdOdd OL NSTH A0 TAATT - XTYLVIW SISXTVNV MSTH AAILV.IITV10

(QANNLINOD) ALYAJOUd OL SIS HNISSASSY NI SN H0d ADOTONINHAL AAILVLIITVNO — D XIANAddV
L00Z LINFWIOVNYIN MSIH 3AITSANYT H04 S3ANIT3IAINSD 310N 33110Vdd




