Community Coast Country

NOTICE OF PROPOSED
DEVELOPMENT

Notice is hereby given that an application has been made for
planning approval for the following development:

SITE: 513 Shark Point Road, Penna

PROPOSED DEVELOPMENT:

DWELLING & CHANGE OF USE (DWELLING TO
SECONDARY RESIDENCE)

The relevant plans and documents can be inspected at the Council Offices at 47
Cole Street, Sorell during normal office hours, or the plans may be viewed on
Council’s website at www.sorell.tas.gov.au until Monday 23rd December 2024.

Any person may make representation in relation to the proposal by letter or
electronic mail (sorell.council@sorell.tas.gov.au) addressed to the Generadl
Manager. Representations must be received no later than Monday 23rd December
2024.

APPLICANT: Woolcott Land Services

APPLICATION NO: DA 2024 / 00218 - 1
DATE: 05 December 2024


http://www.sorell.tas.gov.au/
mailto:sorell.council@sorell.tas.gov.au

Part B: Please note that Part B of this form is publicly exhibited.

Full description | Us

Proposed single dwelling. Change of use to existing dwelling to becon
of Proposal: P g 9 9 9 9

Development: Single dwelling

Large or complex proposals should be described in a letter or planning report.

Design and construction cost of proposal: | S s

Is all, or some the work already constructed: No: @ Yes: O

Location of Street address: 5138HARKPOINTRD ................................................................
roposed
\I:/)\/orl:l)<s: Suburb: PENNA ..................................... Postcode: 7171 .......................................
Certificate of Title(s) Volume: 60637/10 ......... Folio: and6063z

Current Use of | Vacant and residential

Site | e e
Current N (s) MARK R & DEBORAH E ACKERLY

Owner/s: AINIE(S) e e e e e e,

Is the Property on the Tasmanian Heritage

Register? No: E VYes: O | /f yes, please provide written advice
egisters

from Heritage Tasmania

Is the proposal to be carried out in more No: O Yes: [

th tage? If yes, please clearly describe in plans
an one stage:

Have any potentially contaminating uses No: [ Yes: [ | [ves please complete the Additional
been undertaken on the site? Information for Non-Residential Use

Is any vegetation proposed to be removed? | No: [F] Yes: O If yes, please ensure plans clearly show
area to be impacted

Does the proposal involve land
administered or owned by either the Crown| No: [0 Yes: O | If yes, please complete the Council or
or Council? Crown land section on page 3

If a new or upgraded vehicular crossing is required from Council to the front boundary please
complete the Vehicular Crossing (and Associated Works) application form
https://www.sorell.tas.gov.au/services/engineering/

Sorell Coungl!

Development Application: 5.2024.218.1 -
Response to Request for Information - 513

Shark Point Road, Penna.pdf
Plans Reference: P2
Date received: 28/11/2024

For further information please contact Council on Page 2 of 4

(03) 6269 0000 or email sorell.council@sorell.tas.gov.au

Web: www.sorell.tas.gov.au PA V1: December 2022



mailto:sorell.council@sorell.tas.gov.au
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https://www.sorell.tas.gov.au/services/egineering/

Part B continued: Please note that Part B of this form is publicly exhibited

Declarations and acknowledgements

« I/we confirm that the application does not contradict any easement, covenant or restriction specified in the
Certificate of Title, Schedule of Easements or Part 5 Agreement for the land.

« |/we consent to Council employees or consultants entering the site and have arranged permission and/or
access for Council’s representatives to enter the land at any time during normal business hours.

« |/we authorise the provision of a copy of any documents relating to this application to any person for the
purposes of assessment or public consultation and have permission of the copyright owner for such copies.

« |/we declare that, in accordance with s52(1) of the Land Use Planning and Approvals Act 1993, that | have
notified the owner(s) of the intention to make this application.

« |/we declare that the information in this application is true and correct.

Details of how the Council manages personal information and how you can request access or corrections to it is
outlined in Council’s Privacy Policy available on the Council website.

« |/we acknowledge that the documentation submitted in support of my application will become a public
record held by Council and may be reproduced by Council in both electronic and hard copy format in order
to facilitate the assessment process, for display purposes during public exhibition, and to fulfil its statutory
obligations. | further acknowledge that following determination of my application, Council will store
documentation relating to my application in electronic format only.

«  Where the General Manager’s consent is also required under s.14 of the Urban Drainage Act 2013, by making
this application I/we also apply for that consent.

Applicant Signature: SIgNATUE: woeeees [ e Date: 28November2024 .........

Crown or General Manager Land Owner Consent
If the land that is the subject of this application is owned or administered by either the Crown or Sorell Council,
the consent of the relevant Minister or the Council General Manager whichever is applicable, must be included
here. This consent should be completed and signed by either the General Manager, the Minister, or a delegate
(as specified in s52 (1D-1G) of the Land Use Planning and Approvals Act 1993).

Please note:

e |f General Manager consent if required, please first complete the General Manager consent application
form available on our website www.sorell.tas.gov.au

e |f the application involves Crown land you will also need a letter of consent.

e Any consent is for the purposes of making this application only and is not consent to undertaken work or
take any other action with respect to the proposed use or development.

I being responsible for the

administration of land at Serell Council
e

. . . . . . Development Application: 5.2024.218.1 -

declare that | have given permission for the making of this application for Response to Request for Information - 513
Shark Point Road, Penna.pdf

Plans Reference: P2

Date received: 28/11/2024

Signature of General Manager,
Minister or Delegate: SIGNALTUIE. oo DAt coveeeee e

For further information please contact Council on Page 3 of 4

(03) 6269 0000 or email sorell.council@sorell.tas.gov.au

Web: www.sorell.tas.gov.au PA V1: December 2022
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The information contained in this document produced by
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Client for the purpose for which it has been commissioned
and prepared and Woolcott Land Services Pty Ltd
undertakes no duty to or accepts any responsibility to any
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material may be copied or reproduced without prior
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1. Introduction

This report has been prepared in support of a planning permit application under Section 57 of the Land

Use Planning and Approvals Act 1993.

Proposed development

Building and works - development of a single dwelling

This application is to be read in conjunction with the following supporting documentation:

Document Consultant

Proposal Plan Engineering Plus / Tasbuilt Homes

This application refers to the following specific definitions:
Term Definition

single dwelling means a dwelling on alot on which no other dwelling, other than a
secondary residence, is situated.

secondary residence means an additional residence which is self-contained and:
a. has a gross floor area not more than 60m2;
b. is appurtenant to a single dwelling;
C. shares with the single dwelling access and parking, and water,

sewerage, gas, electricity and telecommunications
connections and meters; and

d. may include laundry facilities.

site means the lot or lots on which a use or development is located or
proposed to be located.

2.  Subject site and proposal

2.1  Site details

Address 513 Shark Point Road, Penna TAS 7171
Property ID 5908210
Title 60637/10 & 60637/11(subject site)

Subject to adhesion order DA 2024 / 205 -1 upon approval

Land area 710.73m?2 & 814.43m? est. from title plan

Woolcott Land Services & East Coast Surveying g
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Planning Authority Sorell Council
Planning Scheme Tasmanian Planning Scheme - Sorell (Scheme)

Easements None on folio plan

Neighbouring drain on public land.

Application status Discretionary application

Existing Access Single crossover from Shark Point Road
Zone Low Density Residential

General Overlay Dispersive Soils Specific Area Plan
Overlays Waterway and coastal protection area

Bushfire-prone areas
Airport obstacle limitation area

Low landslip hazard band

Existing development Existing outbuilding with stormwater tank.
Existing onsite wastewater system

Existing vehicle crossing (access).

Existing services and infrastructure

Water Serviced
Sewer Not serviced
Stormwater Neighbouring lot via headwall connection.

2.2 Proposal

At the time of application, the proposal is for the development of a single dwelling on the lot Volume:
60637, Folio:10. The proposal also includes a change of use of the existing dwelling on Volume: 60637,
Folio: 11to be a secondary residence, appurtenant to the proposed dwelling. The existing building is
58m?2.

The proposed dwelling will have 3 bedrooms and study; 2 bathrooms; laundry; and living areas with

kitchen. The building includes two decked areas and has a building area of 160.27m?.

The proposal includes existing on site servicing for sewer. This is located on Volume: 60637, Folio: 11.
The adhesion order to be enacted on the land will ensure that the proposed dwelling has continued

access and right to the onsite wastewater system.

Woolcott Land Services & East Coast Surveying
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Water will be connected and stormwater will be directed to the existing discharge point via the existing
tank with overflow on the north east of the lot.

The drainage easement is identified on the title plan, see Figure 2).

2.3 Subject site

The subject site is comprised of two lots (adjoining and under same ownership). Existing development
includes a small Class Ta dwelling (BA 2019 / 20 - 15308210) together with an onsite wastewater system
on 60637/11.

The site has existing access built to 60637/10 serving both lots.

The site is gently sloped down to the coast at the south east.

Figure 1 Aerial view of the subject site (Source: LIST)

Woolcott Land Services & East Coast Surveying 7
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Figure 2 Extracted from folio plan 60637/1

Woolcott Land Services & East Coast Surveying
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3.  Zoning and overlays

3.1 Zoning

The site is zoned Low Density Residential under the Scheme.

Subject site

Low Density Residential

Figure 3 Zoning of the subject site and surrounding area(Source: LIST)

3.2 General Overlays

The subject site is included in the Dispersive Soils Specific Area Plan (SAP)

Figure 4 Areaincluded in the SAP (Source: LIST)

Woolcott Land Services & East Coast Surveying
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3.3 Qverlays

The site is Affected by the Waterway and coastal protection area; Bushfire-prone areas (not shown);

Airport obstacle limitation area(not shown); and Low landslip hazard band overlays.

&
&

@
)
% d

Waterway an
protectionarea

4 Low Iamwazard band

Figure 5 Overlays affecting the subject site (Source: LIST)

4.  Planning Scheme Assessment

4.1  Zone assessment
SOR-S1.0  Dispersive Soils Specific Area Plan

SOR-S1.7 Development Standards for Buildings and Works

SOR-S1.7.1 Development on dispersive soils
Objective

That buildings and works with the potential to disturb dispersive soil are appropriately located or
managed:
a. to minimise the potential to cause erosion; and

b. to reduce risk to property and the environment to an acceptable level.

Woolcott Land Services & East Coast Surveying
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Acceptable Solutions

Performance Criteria

Al Buildings and works must be for: P1 Buildings and works must be designed,
. . sited and constructed to minimise the risks
a)  works not involving the release of associated with dispersive soil to property
cgncentrated wat.er or the and the environment, having regard to:
disturbance of soils;
. . . a) thedispersive potential of soils in the
b) adsj|t.|ons or alterations tq an existing vicinity of proposed buildings,
bmldmg,lor the cc.mgtrucnon.of a driveways, services and the
non-habitable buHang, provided the development area generally;
development areais not more than
100m2; or b) the potential of the development to
. . . affect or be affected by erosion,
c) forest.ry operations in af:cordance with including gully and tunnel erosion;
a certified Forest Practices Plan.

c) thedispersive potential of soils in the
vicinity of water drainage lines,
infiltration areas and trenches, water
storages, ponds, dams and disposal
areas;

d) thelevel of risk and potential
consequences for property and the
environment from potential erosion,
including gully and tunnel erosion;

e) management measures that would
reduce risk to an acceptable level; and

f)  the advice contained in a dispersive
soil management plan.

RESPONSE
P1 The performance criteria apply. The supplied Soil Report provides information that is site

specific and informs the performance criteria response. Please refer to Annexure 3.

10.0 Low Density Residential Zone

10.1 Zone Purpose

10.1.1

10.1.2

10.1.3

RESPONSE

To provide for residential use and development in residential areas where there are
infrastructure or environmental constraints that limit the density, location or form of

development

To provide for non-residential use that does not cause an unreasonable loss of amenity, through

scale, intensity, noise, traffic generation and movement, or other off site impacts.

To provide for Visitor Accommodation that is compatible with residential character.

The proposed residential use and development is in accord with the purpose of the zone.

10.2 Use Table

No Permit

Required

Residential If for a single dwelling.

Woolcott Land Services & East Coast Surveying
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RESPONSE

The proposed Use is a No Permit RequiredUse. The secondary residence is a No Permit Required Use.

10.4  Development Standards for Dwellings
10.4.2 Building height

Objective

That the height of dwellings is compatible with the streetscape and do not cause an unreasonable loss of
amenity for adjoining properties.

Acceptable Solutions Performance Criteria

Al A dwelling must have a building height not P1 The height of dwellings must be compatible
more than 8.5m. with the streetscape and not cause an
unreasonable loss of amenity to adjoining
properties having regard to:

a) thetopography of the site;

b) the height of buildings on the site and
adjacent properties;

c) thebulkand form of existing and
proposed buildings;

d) sunlight to habitable rooms and
private open space of dwellings; and

e) (e)anyovershadowing of adjoining
properties.

RESPONSE

Al The acceptable solution is achieved. The dwelling is 7.41m in height at the highest point.

10.4.3 Setback
Objective

That the siting of dwellings is compatible with the streetscape and does not cause an unreasonable loss of
amenity for adjoining properties.

Acceptable Solutions Performance Criteria

Al Dwellings, excluding protrusions that P1  The siting of a dwelling must be compatible
extend not more than 0.9m into the with the streetscape and character of
frontage setback, must have a setback development existing on established
from a frontage not less than 8m properties in the area, having regard to:

a) thetopography of the site;
b) the setbacks of surrounding buildings;

c) theheight, bulk and form of existing and
proposed buildings;

d) the appearance when viewed from roads
and public open space adjacent to the
site; and

Woolcott Land Services & East Coast Surveying
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e) (e)the safety of road users.

RESPONSE
Al The acceptable solution is achieved. The dwelling has a front setback of 15m+.
A2 Dwellings, excluding outbuildings with a P2 The siting of a dwelling must not cause an
building height of not more than 2.4m and unreasonable loss of amenity to adjoining
protrusions that extend not more than properties, having regard to:

0.9m horizontally from the building, must
have a setback from side and rear

a) thetopography of the site;

boundaries of not less than 5m. b) the size, shape and orientation of the

RESPONSE

site;
c) the setbacks of surrounding buildings;

d) the height, bulk and form of existing
and proposed buildings;

e) the existing buildings and private open
space areas on the site;

f)  sunlight to private open space and
windows of habitable rooms on
adjoining properties; and

g) thecharacter of development existing
on established properties in the area.

P2 The performance criteria are addressed. The setback to the side boundary (south west)is

reduced.

a.

The site is sloping down to the south east but the topography has little bearing on the
setback reduction.

The site is rectangular with a width of 18.29m (at the frontage). The two sites together have
acombined frontage of 36.58m. However, existing development provides some constraint
to the placement of the proposed dwelling and setbacks to the onsite wastewater system
must be considered. Further constraint is provided by the (general) south east - north west
axis of the lot allowing some amount of overshadowing to the southern located land.

From the available aerials of the site, it appears that many dwellings have a reduced or no
setback to side boundaries (allowing for inconsistencies in the cadastre to aerial image).
The setback proposed is 3.7m minimum (where the building protrudes and 4m to the
majority of the building wall extent. This is reasonable in the context of the surrounds.

The proposed is single storey but elevated at one end due to the slope of the land.
Dwellings with similar terrain in the area are similarly built, or, to two storeys. The proposed
is consistent with the existing development in the area being south/south east facing to
the waterside.

The lot is undeveloped but there is existing development on the site. In particular, the
onsite wastewater system (purpose built) is considerable in area. To also allow for private

open space, a setback from the system’s area is required.

Woolcott Land Services & East Coast Surveying 13
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f. Shadow plans are provided. The neighbouring site (to the south west) will receive shadow in
the a.m. which is tapered off in the p.m. The majority of the neighbouring site will have
access to sunlight for the majority of the day.

g. Thesurrounding built character is similar to the proposed in form, style and bulk. Many lots
have very reduced or no setbacks and there are many dwellings that are two storey or
elevated according to the slope of the land. The lots are generally oriented for water views

and generally on an east west (varied) axis.

10.4.4 Site coverage

Objective

That site coverage:

is consistent with the character of existing development in the area;
provides sufficient area for private open space and landscaping; and

assists with the management of stormwater runoff.

Acceptable Solutions Performance Criteria
Al Dwellings must have a site coverage of not P1 The site coverage of dwellings must be
more than 30%. consistent with that existing on established

propertiesin the area, having regard to:
a) thetopography of the site;

b) the capacity of the site to absorb
runoff;

c) thesize and shape of the site;

d) the existing buildings and any
constraints imposed by existing
development;

e) the provision for landscaping and
private open space;

f) the needtoremove vegetation; and

g) the site coverage of adjacent
properties

RESPONSE

Al

The acceptable solution is achieved.

The site coverage is estimated at 14 percent.

10.4.5 Frontage fences for all dwellings

Objective

The height and transparency of frontage fences:

provides adequate privacy and security for residents;

allows the potential for mutual passive surveillance between the road and the dwelling; and

Woolcott Land Services & East Coast Surveying 14
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C. is reasonably consistent with that on adjoining properties.

Acceptable Solutions Performance Criteria
Al No Acceptable Solution. P1 A fence (including a free-standing wall) for
adwelling within 4.5m of a frontage must:

a) provide for security and privacy, while
allowing for passive surveillance of the
road; and

b) be consistent with the height and
transparency of fences in the street,
having regard to:

i. thetopography of the site; and

ii. traffic volumes on the adjoining

road.
RESPONSE
Al The acceptable solution is achieved - no front fences are included in this proposal.
4.2 Code Assessment
C2.0 Parking and Sustainable Transport Code
C2.5 Use Standards
RESPONSE
Al The acceptable solution is achieved. There is ample area provided on the site for two car

parking spaces which meets the requirement under Table C2.1.

C2.6 Development standards for buildings and works

C2.6.1 Construction of parking areas

RESPONSE

Al The proposed driveway and parking area are to be sealed according to the acceptable solution.

C2.6.2 Design and layout of parking areas

RESPONSE
Al Parking and access provision is compliant and a turning areas are provided noting that the site

does not provide more than 4 parking spaces.

C2.6.3 Number of accesses for vehicles

RESPONSE

Al The site has an existing single access point.

Woolcott Land Services & East Coast Surveying 15
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C7.0 Natural Assets Code

C7.6  Development Standards for Buildings and Works

C7.6.1 Buildings and works within a waterway and coastal protection area or a future coastal refugia
area

RESPONSE
The building is not within the waterway and coastal protection area (noting that the building

eaves project to the area as shown on the site plan).

C13.0 Bushfire-Prone Areas Code

C13.2 Application of this Code
C13.2.1 This code applies to:
(a) subdivision of land that is located within, or partially within, a bushfire-prone area; and
(b)a use, on land that is located within, or partially within, a bushfire-prone area, that is a
vulnerable use or hazardous use.

RESPONSE

The Code does not apply to a building application for a dwelling.

C15.0 Landslip Hazard Code

C15.4 Use or Development Exempt from this Code
C15.4.1 The following use or development is exempt from this code:
(a) use of land within a low or medium landslip hazard band, excluding for a critical use,
hazardous use or vulnerable use;
(d) development on land within a low or medium landslip hazard band that requires
authorisation under the Building Act 2016;

RESPONSE

The proposal is exempt from this Code.

C16.0 Safeguarding of Airports Code

C16.4 Use or Development Exempt from this Code
C16.4.1The following use or development is exempt from this code:
(a) development thatis not more than the AHD height specified for the site of the development
in the relevant airport obstacle limitation area.
RESPONSE

The proposal is exempt from the Code.

Woolcott Land Services & East Coast Surveying 16
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3. Conclusion

This application is for a single dwelling and for the existing dwelling to be classed as a secondary
residence on the site. Use of the secondary residence is a‘'no permit required’ use class and the
development of it is previously approved. The use and development on the lot, according to the
proposal plan, is dependent on the adhesion of the site which will be completed upon issue of planning
permit.

The proposed is in accord with the provisions of the Scheme and a planning permit is sought from

Council.

Annexures
Annexure 1 Copy of Title plan and Folio text
Annexure 2 Proposal Plan

Annexure 3 Soil Report
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ENVIRONMENTAL, ENGINEERING AND GROUNDWATER GEOLOGISTS

NEW HOUSE AND GARAGE
513 SHARK POINT ROAD, PENNA

GEOTECHNICAL SUMMARY

In general accordance with AS1726 (1993) Geotechnical Site Investigations

SITE (SOIL TEST) CLASSIFICATION

In general accordance with AS2870 (2011) Residential slabs and footings

AND

WIND LOAD CLASSIFICATION

In general accordance with AS4055 (2006) Wind loads for housing

SORELL
COUNCIL|

| X, J \
Municipality Sorell \:u i ] ) J
Client M. and D. Ackerly X | N i
Location 513 Shark Point Road, Penna,:
Development New house and garage

Date of inspection 17 February 2012



M. and D. ACKERLY: 513 Shark PointRoad, Penna 2
Geotechnical summary, site (soil fest) and wind classifications 8 April 2013

Cover photo
View looking south over Pitt Water from 513 Shark Point Road, Penna, February 2012.

Refer to this report as

Cromer, W. C. (2013). Geotechnical summary, site classification and wind classification, new
house and garage, 513 Shark Point Road, Penna. (Unpublished report for M. and D. Ackerly
by William C. Cromer Pty. Ltd., 8 April 2013; 37 pages.

William C Cromer Pty Ltd may submit hard or electro  nic copies of this report to Mineral
Resources Tasmania to enhance the geotechnical data  base of Tasmania.

Important Note

Permission is hereby given by William C. Cromer as author, and the client, for this report to be
copied and distributed to interested parties, but only if it is reproduced in colour, and only
distributed in full. No responsibility is otherwise taken for the contents.

William C Cromer Pty Ltd ~ 74A Channel Highway Taroona Tasmania 7053
Environmental, engineering and groundwater geologists

Mobile 0408 122 127 email billcromer@bigpoond.com




M. and D. ACKERLY: 513 Shark PointRoad, Penna 3
Geotechnical summary, site (soil fest) and wind classifications 8 April 2013

SUMMARY STATEMENTS

Geotechnical risk
Risks associated with a variety of geotechnical issues potentially affecting proposed house
extensions and a separate water tank/workshop at 513 Shark  Point
Road, Penna are mainly in the Very low to Moderate range (see Attachment 6) and can be
addressed by standard management techniques. A very high risk is associated with reactive
clayey soils. Recommendations are made to manage this and other issues. Subject to these
recommendations, development of this site should proceed.

AS2870 Site Classification

In accordance with Australian Standard 2870 (2011) Residential slabs and footings, the areas
abcd (garage) and efgh (house) in Attachment 3 to this report are classified as Class E (see
Attachment 5). Footings for Class E sites require certification by an engineer experienced in
footing design and AS2870. However, if all footings (strip footings, piers or a combination) are
extended through the reactive clay soil profile into underlying non-plastic weathered dolerite
bedrock, or bedrock itself, then the classification for the garage and house sites is Class S.
Excavation depths to achieve this are presented in Attachment 5.

AS4055 Wind Classification

In accordance with Australian Standard 4055 (2006) Wind loads for housing, the following wind
load classification is made for the proposed extensions at 513 Shark Point Road, Penna:

Wind Region A
Terrain Category classification TC2
Topographic classification T1
Shielding classification PS
Wind classification N2

Max. Design Gust Wind Speed 26m/s [Serviceability limit state (Vy, s)]
40m/s [Ultimate limit state (Vy, )]

W. C. Cromer

Principal

8 April 2013

The 1-page classification is and must remain accomp  anied by the following Attachments

Attachment 1. Location, aerial photography and published geology of the property (1 page)

Attachment 2. Satellite imagery of the property (1 page)

Attachment 3. Site plan showing test pit locations and the areas abcd and efgh to which the AS2870 site
classification refers (1 page)

Attachment 4. Site and test pit photographs (7 pages)

Attachment 5. Summary of test pits, interpretation of site geology; AS2870 site classification and Notes for
Designers, Builders and Owners (5 pages)

Attachment 6. Summary of geotechnical issues, risks and consequences to development site, and suggested

risk treatment practices (1 page)
Terminology used in geotechnical risk assessment (1 page), and
Examples of good and poor hillside engineering practices (2 pages)
Attachment 7. Three 4-page CSIRO pamphlets (13 pages):
CSIRO Information sheet BTF 18. Foundation Maintenance and Footing Performance: A
Homeowner’s Guide (replaces Information Sheet 10/91; dated 2003)
CSIRO Building Technology File No. 19. A builder’s guide to preventing damage to dwellings.
Part 1 — Site investigation and preparation (February 2003)

William C Cromer Pty Ltd ~ 74A Channel Highway Taroona Tasmania 7053
Environmental, engineering and groundwater geologists

Mobile 0408 122 127 email billcromer@bigpoond.com
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CSIRO Building Technology File No. 22. A builder’s guide to preventing damage to dwellings.
Part 2 — Sound construction methods (August 2003)
Designers, builders and developers are encouraged t

o read these publications,
and the other Attachments to this report.

William C Cromer Pty Ltd ~ 74A Channel Highway Taroona Tasmania 7053
Environmental, engineering and groundwater geologists
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Attachment 1

(1 page)
Location, aerial photography and published geology of the property
Sources www.thelist.tas.gov.au, Mineral Resources Tasmania

~ e

H Location |

513 Shark Point Road, Penna

0

Triassic
Sedlmelay Jurassic
roc dolerite

513 Shark Point Road, Penna
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Attachment 2

(1 page)
Satellite imagery of the property
Property boundaries (in pink) are approximate. Do not scale.
(Sources: Google Earth; image date 2009, and Bob Ford Surveyors, Bellerive)
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Attachment 3
(1 page)
Site plan showing test pit locations and the areas abcd and efgh

to which the AS2870 site classification refers
Source: Base plan and elevations from Bob Ford Surveyors, Bellerive
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Attachment 4

(7 pages)
Site and test pit photographs

Plate 1 (above). View southwest on the foreshore below 513 Shark Point Road, showing baked, strongly
fractured sandstone bedrock (right foreground) intruded by Jurassic dolerite.

Plate 2 (below). Fine grained, strongly fractured Jurassic dolerite bedrock exposed on the foreshore
below 513 Shark Point Road.

Wiliam C Cromer Pty Ltd  74A Channel Highway Taroona Tasmania 7053
Environmental, engineering and groundwater geologists
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Plate 3 (above). View southwest across the 30 — 350 slopes of the embankment below 513 Shark Point

Road. Hummocky ground and leaning and curved tree trunks indicate shallow-seated slope instability
(mainly soil creep and small scale landsliding)

Environmental, engineering and groundwater geologists

Wiliam C Cromer Pty Ltd  74A Channel Highway Taroona Tasmania 7053
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Plates 4 (left)
and 5 (below).
In-situ, strongly
fractured
Jurassic dolerite
bedrock
exposed in the
banks of the
intermittent
creek along the
northeastern
boundary to 513
Shark Point
Road.
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In the following photos of test pit profiles, the staff is graduated in metre long red and black segments.
The symbol “E” and its reverse are 5cm high and the numbers are decimetres (tenths of a metre).
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Attachment 5
(5 pages including this page)
Summary of test pits, interpretation of site geolog y, AS2870 site classification and
Notes for Designers, Builders and Owners

Table 5.1 Summary of test pits
Client ACKERLY

Location 513 Shark Point Road, Penna
Date dug 17-Feb-12

Test hole A B C D
Depth dug {m) 22 148 13 13

Northing (GDA94} | 540830 | 540950 | 540830 | 540905
Easting (GDAD4) | 5262177 | 5262165 | 5262142 | 52621480
Water inflow (depths inm) Mone Mone Maone Mone
Standing water level {m) Tali, A, THrs, THrs,

Figures are depths to top and bottam of

No. Layer Details UsCs Interp. layer, in metres
Black to dark grey, CH Topsoil or A Oto05 | Oto0DB | Oto05; | Ot 08,
high  plasticity, pedal, harizan OCF Oto |DCP Oto gy = a0 o4 ta
cloddy; M=PL; Fh-H 1.6m 1.0m 260KPa 0.7,
@0.1m |Sv=260KP
a@0.2m
Ineludes =ity clay;| CHgradingto |SubsoilorB 0atol1.4|06t01.23/045t007
olive hrown  with CL horizon 15005 S
numeraus stmall to 0.8 | =260kPa
creamm travetine @ 0.4m
patches, trace sand
increasing with depth;
high plasticity grading
o | plasticity;
M= P - M
Includes clayey, 8P, BC, GM  |Extremely 1d4t022 O7tol1 6| 08ta13
varieties; olive brown, weathered EAR =1
arange hrown; dolerite bedrock =260kFa
Gravelly |vellowish brown; ow (CB harizon) @0.7m
3 silty SAND |Rlasticty to nonplastic; beneath possible

numeraus EWY dolerite
clasts in pit C (clast

thin wedge aof
Teriary sediment

supported); D; Fh-D-
Qrange brrowr,
4 DOLERITE extremely weatherad

Dolerite bedrock 131019 CR1.6 CR1.3

Notes and abbreviations
USCS = Unified Soil Classification System
Grey cells indicate a missing layer or layers in a test pit
Easting and Morthing coordinates from Google Earth, Datum is GDAZA,

Sampling S0 0.5 to 0.8 means an undisturbed S0mm diam drive tube sample oaver stated depth interval
D 0.1 rmeans a disturbed sample at 0.7m depth
Testing HF = hand penetrometer reading in kPa; 5% = shear vane; DCP = dynamic cone penetrometer
Excavabifity  Equipment = 4.5 tonne excavator; 0.45m bucket; 4 teeth; Operator: Scott Fletcher-Jones
EAR = end as required; MR = no refusal; CR = close to refusal, R = refusal.
Weathering  For rock anly. F = fresh; SWW = slightlv weathered; hi%W = moderately weathered; HWW = highly weathered;
EW = extremely weathered (ie soil properties; material can be remolded in the hand, with or without water)
Moistire D = dry; M= maoist (M<==PL = moisture less than, equal to or greater than Plastic Limit); W = wet.

Consistency  Fb = Friable (crumbles to powder when scraped with thumbnail)
o = Soft (Easily penetrated by fist; 25 — S0kPa)

F = Firm (Easily penetrated by thumb; 50 — 100kPa)

St = Stiff (Indented with thumb; penetrated with difficulty, 100 — 200kPa)
WSt =Nery stiff (Easily indented with thurnbnail; 200 — 400kPa)
H = Hard {Indented by thumbnail with difficulty; =400kPa)

WL ="ery loose (ravelling)

L= Loose (easy shovelling)

MD = Medium dense (hard shovelling)

0= Dense (picking)

W0 =‘ery dense (hard picking)

Rel density

William C Cromer Pty Ltd ~ 74A Channel Highway Taroona Tasmania 7053
Environmental, engineering and groundwater geologists
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Interpretation of site geology and soils

Published geology

The published geology of the property and environs (Attachment 1) shows the property wholly
underlain by dolerite bedrock of Jurassic age, with the SE-trending intermittent creek along the
NE boundary of 513 Shark Point Road marking the geological boundary between the dolerite,
and unconsolidated, Tertiary sediments to the NE.

Observed geology

Dolerite intruding Triassic or Permian sandstone and siltstone is well exposed on the foreshore
below 513 Shark Point Road (Plates 1 and 2, Attachment 4), where it is moderately weathered
and strongly fractured.

Dolerite bedrock is also exposed on the banks of the intermittent creek along the property’s
northeastern boundary (Attachment 3; Plates 4 and 5, Attachment 4), and was observed in
three of the four test pits dug for the present investigations (Attachment 3, and Table 5.1 this
Attachment).

Soils

Soils are weakly duplex (two-layered) profiles (Layers 1 and 2 in Table 5.1, this Attachment) of
high plasticity dark clay up to about 1.3m thick (range 0.7 to 1.4m; average 1.1m). They overlie
light-coloured, non-plastic or low plasticity extremely weathered dolerite bedrock (Layer 3) or
dolerite bedrock (Layer 4).

Fill
No fill was observed on site.

Reactivity of clay soils

To test the reactivity of the clayey subsoil materials, and to assist in site classification in
accordance with AS2870 (1996) Residential slabs and footings — Construction, two
undisturbed samples (one each from pits A and D) were collected for tes;tingl to estimate their
Shrink-Swell Indices (Iss). The test results were:

Pit A (0.5 —0.8m: Sandy CLAY (CH); olive brown, high plasticity, on weathered dolerite

Initial moisture content 21%
Swelling strain 4.5%
Shrinkage strain 2.9%
Shrink swell index (I ss) = 2.9%

Pit D (0.4 — 0.7m: CLAY (CH); dark grey to black, high plasticity, on weathered dolerite

Initial moisture content 31%
Swelling strain 9.0%
Shrinkage strain 7.2%
Shrink swell index (I ss) = 6.5%

The first of these (2.9%, of the Layer 2 subsoil) is low to moderate; the latter (6.5%; Layer 1
topsaoil) is relatively high. are moderate to low values. When each is applied to the La%/er 1 and
2 clay thicknesses in each test pit the following estimated ground surface movements” result.

1 Although William C. Cromer Pty. Ltd. is not NATA registered, testing was performed essentially in accordance with
AS1289.7.1.1-1998. Methods of testing soils for engineering purposes. Method 7.1.1. Soil reactivity tests —
Determination of the shrinkage index of a soil — Shrink-swell index. Standards Australia. From the Shrink-Swell index,
the maximum ground surface movement can be estimated, and hence the site classification.
2 Notes

1 Regional suction base depth = 2m

2 Change in suction at surface = 1.5pF

3 Assumes layer will be completely dry and completely wet at surface during a 50 year period

4 AS2870 classifications

Class Ground surface movement

William C Cromer Pty Ltd ~ 74A Channel Highway Taroona Tasmania 7053
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Test pit A Estimate ground surface movement = 85mm (Class E)

Test pit B Estimate ground surface movement = 80mm (Class E)

Test pit C Estimate ground surface movement = 50mm (Class H1)
Test pit D Estimate ground surface movement = 75mm (Class H2 — E)

Layer 3 in Table 5.1 is non-reactive or only very slightly reactive, and compared to Layers 1
and 2, would not contribute in any significant way to ground surface movement. Layer 4 is also
non-reactive.

Soil strengths and estimated bearing capacities of materials

Layers 1 and 2

Shear vane readings in test pits B, C and D at depths ranging from 0.1 2 — 0.7m consistently
returned undrained shear strengths around 260kPa or higher, corresponding to safe bearing
capacities (at the time of inspection) of about 100kPa or more (Table 5.2). The minimum safe
bearing capacity for a house is 50kPa (Figure 4.1), so under the moisture conditions pertaining
at the time of investigation, the Layer 1 and 2 materials would have had adequate bearing
capacity. Bearing capacity, however, decreases with increasing moisture content in clayey
materials, and across the site may fall to inadequate levels in wet conditions.

Layers 3 and 4
Layers 3 and 4 are of adequate bearing capacity under changing moisture conditions.

Evidence of slope instability
No evidence of slope instability was observed, and none is expected, within the boundaries of
this gently sloping property.

However, the 30 — 35° slopes on the coastal embankment show hummocky ground and tilting
trunks of trees, indicative of landslides and soil creep. Since bedrock dolerite is exposed on
the nearby foreshore, and based on test pitting is also expected at shallow depth beneath the
embankment, the slope instability is inferred to be shallow seated and therefore relatively small
scale. This process of landward retreat of a steep coastal escarpment is normal, but the rate
of retreat in this area is expected to be acceptably slow and little or no observable regression
would be expected over the life of a house.

Fill
No fill was observed on the surface, or noted in test pits.

Tunnel erosion and soil dispersion
No tunnel erosion was observed on site, and the Layer 1 and 2 clay soils are expected to be
non-dispersive.

AS2870 site classification

At the house site

On the basis of the foregoing, the existing garage and house sites (areas abcd and efgh in
Attachment 2) are classified as Class E, based on the thickness and assumed reactivity of the

A 0—10mm
S 10 — 20mm
M 20 — 40mm
H1 40 — 60mm
H1 60 — 75mm
E >75mm

William C Cromer Pty Ltd ~ 74A Channel Highway Taroona Tasmania 7053
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Layer 1 and 2 clayey materials. Footings for Class E sites require certification by an
engineer suitably experienced in footing design and AS2870.

If all footings (strip footings, piers or a combination) are extended through and into Layer 3 or 4
materials, so that no part of them is weight bearing on Layer 1 or 2 materials, then the
classification for the garage and house sites is Class S. The excavation depths required to
achieve this are expected to be in the range 1.5 — 2m in area abcd, and 0.8 — 1.5m in area
efgh (Attachment 3).

Table 5.2 Some suggested correlations between consis tency of clay, penetration
resistance using various field devices, and safe be  aring capacity estimated using
a factor of safety of 2.5. See Figure 5.1 for clari  fication.
Undrained Unconfined )
Shear Compressive Estlg;ztre;d safe
Strength Strength Dynamic Cone CPT capacityraPa)
Consistency Field Test Cu Qu Penetrometer Resistance
Torvane Pocket blows/100 mm * MPa I
kPa) Penetrometer ( fa cir
(kPa) ** Safety = 2.5)
Very soft |Easily penetrated >40 mm by
thumb. Exudes between thumb
and fingers when squeezed in < <25 <1 <0.2 <5
hand.
Soft Easily penetrated 10 mm by
thumb. Moulded by ||ght flnger 12-25 25-50 1 02-04 5-10
pressure
Firm Impression by thumb with
moderate effort. Moulded by 25-50 50 - 100 12 04-0.8 10-20
strong finger pressure
Stiff Slight impression by thumb
cannot be moulded with finger. 50 - 100 100- 200 2-4 08-15 20 -40
Very Stif :ﬁ?’ngﬁh' Readily indented by | 130 200 | 200- 400 4-8 15-3.0 40 - 80
Hard Brittle. Indented with difficulty by
thumbnail. >200 >400 >8 >3.0 >80
400 Safe bearing capacity (kPa) = _Undrained shear strength (kPa)
360 Factor of Safety
320
280 . . .
= . Example: Undrained shear strength of at least 260kPa at 0.4m in test pit B
2 540 approximates ultimate bearing capacity of soil at that depth
s
© 200 ;
E Bfeatrlngt pressure
= of structure ma
“ 160 ; s
= increase with its
7D 150 weight)
Safe bearing capacity of at least 100kPa at 0.4m in test pit B after
80 applying a factor of safety of around 2.5. Does not address settlement.
PTe] Rl 50kPa: assumed bearing pressure of single storey house
0l
Figure 5.1 Relationships between shear vane readings of undrai ned shear strength, estimated

safe bearing capacity, and the assumed bearing pres  sure of a structure
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Groundwater

Groundwater is expected to be present under unconfined conditions in the fractured dolerite
bedrock beneath the property. Residential development is expected to have little or no
observable affect on groundwater conditions, and vice versa.

Notes for designers and builders

Variability of subsurface conditions’

Subsurface variability is expected on site: eg the thickness of clayey soil is expected to vary
across the site. Excavation depth for footings must therefore be similarly varied to avoid the
Layer 1 and 2 materials.

The target materials for footings (Layer 3 or 4 materials) are readily recognised by their light
colour, relatively coarse grain size and non-plastic nature.

Subsurface conditions encountered during construction which appear to differ significantly from
those described here should be immediately brought to my attention.

Footings
It is suggested that footings for all proposed structures are everywhere founded into Layer 3 or
4 materials.

Drainage

As a general comment, all surface and roof runoff shall be adequately controlled and either
diverted around any development, or collected in tanks for later use. Site drainage shall not
compromise the operation of on-site wastewater treatment and disposal.

Preventing damage to buildings
In conjunction with the site specific suggestions in the present report, read the CSIRO Bulletins
BTF19 and 22 in Attachment 7.

Notes for owners and occupiers
Read the CSIRO Bulletin BTF18 in Attachment 7 of this report.

Risks associated with a variety of geotechnical issues potentially affecting development at the
site are mainly in the Very Low to Low range (see Attachment 6) and can be addressed by
standard management techniques.

William C Cromer Pty Ltd ~ 74A Channel Highway Taroona Tasmania 7053

Environmental, engineering and groundwater geologists
Mobile 0408 122 127 email billcromer@bigpond.com




M. and D. ACKERLY: 513 Shark PointRoad, Penna
Geotechnical summary, site (soil test) and wind classifications

20
8 April 2013

Summary of geotechnical issues, risks and consequen

Attachment 6

(4 pages)

suggested risk treatment practices (1 page)
Terminology used in geotechnical risk assessment (1
Examples of good and poor hillside engineering prac

page), and

ces to development site, and

tices (2 pages)

Table 6.1 Summary of geotechnical issues, risks and consequences to
development site, and suggested risk treatment prac tices
Likelihood of Consequences Level of risk .
Issue occurrence to property to property Risk treatment
1 Surface soil erosion Possible Minor Low Control upslope surface runoff and roof
runoff.
Tunnel erosion Unlikely Minor Very low As for issue 1
Soil creep Unlikely Minor Very low As for issue 1
Shallow-seated Rare (Likely Minor Very low As for issue 1. Ensure adequate support for
landslide (involving, off-site on (Moderate excavations. Avoid loading colluvium.
for example, soil, embankment) off-site on Footings to bedrock..
boulder beds, talus, embankment)
colluvium, etc)

5 Deep-seated Rare Major Low No action required
landslide (involving,
eg boulder beds,
talus, colluvium,
bedrock etc)

6 Foundation Almost certain Medium to Very high Design footings in accordance with the
movement due to Major AS2870 site classification and related
reactive or unstable comments in this report
soils

7 Low strength Unlikely Medium Low As for issue 6
materials (eg
uncontrolled fill,
soft soils)

8 Vegetation removal Unlikely Minor Low Avoid removal or planting large trees close to

buildings

9 Flooding or Unlikely Minor Low As for issue 1. Ensure adequate drainage
waterlogging behind retaining walls. Consider upslope

cutoff drain above house.

10  Riverbank collapse Unlikely Minor Low

11  On-site wastewater N/A. Site has
disposal reticulated

Council
sewerage

12  Site contamination Unlikely Minor Low Visual inspection during site construction, and
from previous cover or clean up as required
activities

13  Earthquake risk Almost certain Insignificant to Low to Generally accept risk. A similar range of risks

(magnitude Minor Moderate exists throughout Tasmania.
<5); Likely
(magnitude>5)

14  Sealevelrise Likely Minor Moderate No action required

15  Storm surge Likely Minor Moderate As above

16  Shoreline recession Likely Minor Moderate As above

1. The assessments are unavoidably subjective to varying degrees.

2. See next page for an explanation of the terms used in this table.

3. Further reading: Australian Geomechanics Society Subcommittee (2007). Landslide Risk Management
Aust. Geomechanics 42(1) March 2007, pp 1 — 219.
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Terminology used in geotechnical risk assessment (1

page)
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Examples of good and poor hillside engineering prac tices

PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007

EXAMPLES OF GOOD HILLSIDE PRACTICE

Vegetation retained N

Surface water interception drainage

Watertight, adequately sited and founded
roof water storage lanks (with due regard for
impact of potential ieakage)

Flexible structure

Roof water piped off site or stored

On-site detention tanks, walertight and
adequately founded. Potential leakage
managed by sub-soil drains

MANTLE OF SOIL AND ROCK

Vegetation retained FRAGMENTS (COLLUVIUM)

Pier footings into rock

Subsoil drainage may be
required in slope

QOFF STREET
A PARKING

e Cutting and filling minimised in development
ROADWAY A
3 - Sewage effluent pumped out or connected to sewer.
Tanks adequately founded and watertight. Potential
leakage managed by sub-sail drains

‘- Engineered retaining walls with both surface and

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

EXAMPLES OF POOR HILLSIDE PRACTICE

Unstabilised rock topples
and travels downslope

Vegetation removed

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

Structure unable to tolerate
settiement and cracks

Poorly compacted fill settles
unevenly and cracks pool

Inadequate walling unable
to support fill

Loose, saturated fill slides
and possibly flows downslope

Inadequately supported cut fails

Saturated
slope fails

Vegetation
removed
BEDROCK

Mud flow |
oCCUrs

Absence of subsoil drainage within fill

Ponded water enters slope and activates landslide

(St AGS (2006)
~ Possible travel downslope which impacts other development downhill See also AGS (2000) Appendix J
114 Australian Geomechanics Vol 42 No 1 March 2007
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APPENDIX G - SOME GUIDELINES FOR HILLSIDE CONSTRUCTION

ADVICE

GOOD ENGINEERING PRACTICE

POOR ENGINEERING PRACTICE

GEOTECHNICAL
ASSESSMENT

Obtain advice from a gualified. experienced geotechnicul practitioner at early
stage of planning and before site warks

Prepare detailed plan and start site works before
geotcchnical advice

PLANNING

SITE PLANNING

Having obtained geotechiical advice, plan the development with the risk
arising from the ideatified hazards and consequences in mind.

Plan development without regard for the Risk,

DESIGN AND CONSTRUCTION

HOUSE DESIGN

Uise flexible structures which meorporite property designed brickwork, timbicr
ar steel Trames, tmber or panel ¢ladding,

Consider use of split levels.

Lse decks for recrentional arcas where appropriale.

Floor plans which require extensive cutting and
filling,
Maovement intolerant structures.

| SITE CLEARING

Retain natural vegetation whereyver practicable.

Indiscriminately clear the site

ACCESS &
DRIVEWAYS

Satisfy requirements below for cuts. fills, retaining walls and drainage.
Council specitications for grades may need Lo be modified.
Diriveways and parking areas mavy need W be Tully supported an piers.

Excavate and fill for site access before
geatcchmeal advice

EARTHWORKS

Retain naturil contours whergver possible,

Indiscriminatory bulk earthworks.

Curs

Minimise depth
Support with engineered retaining walls or batler w approprize slope.
Provide drainage measures and erosion contel,

Large seale cuts and benching,
Unsupported cnis
Tgnore drainage requirements

FiLLs

height.

Strip vegetation and topsotl and key into nawral slopes prior o filling
Uise clean fill materials and compact o engineering standards,

Balter to appropriate slope or support with engin fretaining wall.
Provide surfuce drainage and approprate subsurlace dranage.

Loose or poorly eompacted fille sehich if it fails.
may flow a considerable distance including
onto property helow,

Block matral drainage lines.

Fill over existing vegetation and topsoeil.
Include  stumps,  trees, ¢
beulders, building rubble

vegetation,  topsoil,

Rock Ovrerors
& BOULDERS

Remaove or stabilise boulders which may have vnacceptable rsk.
Support rock Faces where necessury.

RETAINING
WALLS

Engineer design Lo resist applicd soil and water forces,

Found on rock whes icable.

Provide subsurface drair within wall backfill and surface drainage on slope
aboy
Construcl wall as suon as pessibie alter cuthill operation.

Disturb or undercut  detached  blocks  or

boulders.
Construct a structurstly inadequate wall such as
sandstone flagging,  brick  or  unremforeed

blockwork.
Lack of subsurface draing and weepholes,

FOOTINGS

Found within rock where practicable,

Use rows ol piers or strip [ootings oriented op and down slope,
Design Lorla s il necessary,

Backlill fooling excavations o exclude ingress of surface water

Found on tapsoil. loose fill; detached boulders
orundercm cliffs.

SWIMMING POOLS

Engineer designed.

Support on piers Lo rock where practivable

Provide with under-drainage and Aty drain outler whe
Design Tor high soil pressures which may develop on uphill side whilse there
iy be litde or no lateral suppori on downhill gide

¢ practicable.

DRAINAGE

SURPACE

Provide at tops of cut and fill stopes,

Discharge 1o sireet drainage or nileral water courses,

Provide general falls to prevent bleckage by siliation and incorporate silt raps.
Line to minimise mflration and make flexible where possible.

Special structures w dissipate energy @l changes of slope andfor direction

| Discharge at top of fills and cuts.

Allow water to pond on bench areas.

SLUBSURFACE

Provide Nlter around subsurface drain,

Prowide draimn hehind retaining walls.

Use flexible pipelines with access for maintenance.
Prevent inflow of surface watar.

SEPTIC &
SULLAGE

Usually requires pump-out or mains sewer systems; absorption trenches may
be possible in some areas if sk is acceptable.
Storage tanks should be waier-tight and adequately founded.

EROSIGON
CONTROL &
LANDSCARING

Control erosion as this may lead o instability.
Revegetate cleaed

Discharge roof runoff into absorplion trenches.

Discharge sullage divectly onto and inko slopes,
Use absorption trenches wilhoul consideration

Failure to observe earthworks and drainage
recommendations when landscaping.

DRAWINGS AND SITE VISITS DURING CONSTRUCTION

DRAWINGS

Building Application drawings should be viewed by geotechnical consuliant

SITE VISITS

Site Visits by consullant may be appropriate during construction)

INSPECTION AND MAINTENANCE BY OWNER

OWNER'S
RESPONSIBILITY

Clean drainage systems; repair broken joints in drains and leaks in supply
PEPES.

Where structieral distress is evident see ¢
11 scepage observed, determine causes or seek advice on conseqguences

Ivice

Australian Geomechanics Vol 42 No 1 March 2007
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Attachment 7
(13 pages including this page)
Three 4-page CSIRO pamphlets

CSIRO Information sheet BTF 18. Foundation Maintenance and Footing Performance: A
Homeowner’s Guide (replaces Information Sheet 10/91; dated 2003)

CSIRO Building Technology File No. 19. A builder’s guide to preventing damage to dwellings.
Part 1 — Site investigation and preparation (February 2003)

CSIRO Building Technology File No. 22. A builder’s guide to preventing damage to dwellings.
Part 2 — Sound construction methods (August 2003)
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Foundahion Maintenance
and Footing Performance:
A Homeowner’s Guide

)

BTF 18

replaces
Infermation

Sheet 10/91

Buildings can and often do move. This movement can be up, down, lateral or rotafional. The fundamental cause
of movement in buildings can usually be related to one or more problems in the foundotion soil. It s important for

the homeowner to identi

the soil type in order fo ascertain the measures that should be putin place in order fo

ensure that problems in the foundation soil can be prevented, thus protecting against building movement.

This Building Technelogy File is designed io identify causes of soil-relaied building movement, and o suggest

methods of prevention of resultant eracking in buildings.

Soil Types

The rypes of soils usually presenc under the ropsoil n land zoned for
resiclential |3ui|€[§11gs can be spﬁt Info T :1]7}3m1im:1r¢'. areups —
granular and clay, Quire often, foundarion soil is o mixmure of both
types. The general problems assoctared with soils having granular
enment are usually caused by erosion. Clay soils are subject o
saguration aed swellfshrink problems.

Classifications for a given ares can generally be obrained by
applicerion 1o the Jocal suhoriny, bue chese are sometimes uereliable
and if there is doubr, a ;;mrtchnjc;tl TeporT should be commissioned.
As most buildings suffering movement problems are founded on clay
soils, chere is an emphasis on classificatdon of soils according 1 the
amoune of swell and shrinkage they experience with variations of
water cortent. The mable below 15 Table 2.1 from AS J870, the
Residencial Slab and Footing Cade.

| Causes of Movement

Sertlement due to construction

-]li'lcf‘.‘ QT T E_‘p']'N.'b Uf SEI:lEmf[}l fh.'[l' QCCUr as a n‘_'!-‘l.lll: UTF
CONSTrUction:

Immedinge seulement ocours when a building is Hest placed an'ics
foundation soil, 25 2 result of compacton of the soil under the
weighit of the structure. The cohesive qualite of dlay soil mitsates
against this, but granudar (particularly sandy} soil &5 susceptible.
Conselidarion secrlement is & fearare of glay soil and may ke
place because of the expulsion of moisture from the soil or beause
af the sail’s lack of resistance o6 lodal compiessive of shear stresses,
Thiewill usually take place duzing dhe frg fow months alter
{I’[]Smwl—i{)n. b'lll' h:l$ l]tc']'l Ei]'lu\’r'[] o Tii;{ﬂ [n;llll'_-' }I‘:ﬂr.‘n i'l'l
exceprional cases.

Thiese problems are the provines of the bailder and should be taken
into consideration as part of the preparation of the site for construc-
tioi, Building Techaalogy File 19 (BT 19) deals with these
problems.

Frosion

All sails are prone o crosion, bue sendy soil 15 prricularly suscepeible
1o being washed awain Even clay with & sand companent of say 10%
ar mote can suffer from erosion,

Saturation

This iz parricularly 2 preblem in clay seils. Samration creares a bog-
likie suspension of the soil thar causes it 1o lose virmually all of i
bearing capaciey. To a lesser degree, sand is alfecred by sariration
because saturared sand may underge a reduction in volume —
parricularly impored sand fill for bedding and blinding layers.
Heesewer, this ‘.JSL:.T:E]I\-' oeoirs as immediare sertement and should
normally be the province of the builder,

Scasonal swelling and shrinkage of soil
All elays react o the presence of water by slowly absorbing it, making
the soil ingremss in volume (s rable below). The degree of increase
warles considerably berween different clavs, as does the degree of
decrease during the subsequent deviog out caised by fair weather
periads. Because of the low absorprion and expulsion rare; this
p'llcnnmcnon will o us1|'.'lll}' be noticeable tnless thers are
pralonged rainy o dry periads, usually of vecks or months.
depending on the land and soil chavacreristics,

pending

The swelling ot soil creates an upward force on the footings of the
byilding; and shrinkage creates subsidence thar makes away the
support needed by the fooring o rerain equilibrium,

Shear failure

This phenomenon oceurs when the foundarion soil does not have
sufficienr srrcngrl': Ie SUppOTT rhe wchhr of the faorl ng. Thereare
ERD Aol post-constrilcrion calses:

Significant load incrense,

= Reducrion of Ligral support of the sodl under the footing due o
COOLION O EXCEVATICR.

I clay soil, shear filure can be caused by sanurarion of the soil
adjacent m or under the fooring,

£l

GEMNERAL DEFINITIONS OF SITE CLASSES
Class Foundation
1 Bt sand and ok sices with licde or no ground movement from noisture changes
5 Slighely reacrive clay sires with onby shight gronnd movement from moissure changes
M Moderarely. reactive clay or silesites; which can sxpericnee moderate ground movement from motsture changes
H Highly reacrive clay sices, which can experience high ground moverent from moisture changes
E Estremely reactive sites, which can experience extreme ground movement from moisture changes
Acsal Filled sites
P Sives which include sofr soils, such as soft day or sile or foose sands; dandslips mine subsidence; eollapsing sollss soils sulsjeer
o eroklon; teacnive siees subjoer to zbnormal motstere condinons or ates which cannoe be dassified othenwise
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“Tree root growth
Trees and sheabs thar are allowsd o grow in the vicinity of footings
can cause foundasion soil mevement in two ways:

* Reots that grow under footings may increase in Ernss-sectional
size, exerding upward pressiise on fotings.

» Raats in cthe vicinioe of footings will abserb much of the moisture
inn the foundation soil, camsing shrinkage or subsidence.
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The types of grounid movement described above usually eccur
unevenly throughour che buildings feundation seil. Serdlement due
o panseruction tends to be uneven becanse of

= Differsing compaction of foundation soil prior wo constraction.
= Differing muoisture conrene of [oundation sail prios o construction.,

Mavemens due o non-constrection causes is usualbe more uneven
srill. Erosion can undermicie a fooring thae traverses the fow or can
erenre the conditions %o shear iluee by emding soil adjacentwa
footing thar fues in the same direction as the flow.

Sasuration of clay foundation soil may oecur where subfloor walls
create a dam that makes waser pond, It ean also ocenr wherever there
e meuree of warer near footings inclay suil. This leads o a severe
reduction in the strength of the sofl which may create local shear
Failute.

Seasonal swelling and shrinkage of clay soil affects the petimerer of
the building firse, then gradustly spreads o che interior The swelling
process will gseally begin ar the nphill exrrene af ehe building or on

the weather side where the land is flac. Swelling gradually reaches the.

inrerior soil 25 abserprion continees. Shrinkage wsually begins where
the sun’s heat is greatesr.

Effects of Uneven Soil Movement on Structures

Erosion and saturation

Frosion remaves the suppost rom under fonnngs, rending to orete
suhsidence of the part of the strucrure under which it ooours,
Tirickvenck walls will resise the swess creased by chis removal of
sapport by bridging the gap or cantilevering uneil the bricks ar the
mortar bedding feil. Older masonry bas liede resisrance. Evidence of
fadture varies according Lo circumstances and sympromss oy indude:

¢ Step cracking in che morsar beds in the boady of the wall or
abovelbelow openings such us doors or windows.

3

sical crecking i ohe bricks (usually bur not necessarily in line
with the vertical beds or perpends).

Lsalated piers affecred by erosion or samrarion of foundations awill
evenrually lase concr with the bearers they suppert and may tile or
[all pver. The foors that heve lost this suppore will became bouncy,
sometinnes fateling Groaments ere.

Seasonal swellingfshrinkage in clay

Swelling foundation soil due to rainy periods fizst Tifts the most
exposed exmremities of the foosing system, then the remainder of the
perimetst foorings while gradually permesting inside the building
footprint o [ift internal footings. This swelling Firse tends to creare 2
dish effect, because the excernal fooritigs are pushed higher than the
internal cnes.

The first noticeable symprom may be that the floor appears slightly
dished. This is ofien sccomginied by sonze doors binding on the
floor or the deor head, w-_g\:aher with some ;'.r.'LcL;ing af cornice
mitres, I buildins with rimber floosing supperted by bearers and
fodsts, the floar can be bouncy, Externally there may be visible
dishing of the hip or ridze lines.

& the moistare sharprion process completes its journey to the
innermose aveas of the buifaiu:_;, the inrernal foorings will tise. 1f the
spreid of moisiure is toughly even, I may b that the spmproms will
remporasily disappear, but it is mors likely that swelling will be
wneven, ereting 2 difference sather than a disappesrance in
symiptoms. In buildings with timber flooring supported by hearers
andl joists, the isalated piers will rise more qisily than de serip
fooringy: or plers wnder walls, crearing noticeable doming of flonring.

Trees can couse shrinkage end damoge

As the weather patiern changes and the soil begins o dry ou, the
cxrernal footings will be first alfecrod. beginning with the locirions
where the sun's effeot Is strongese. This has the effece of Towering <&
excernal foorings. The doning 5s accentuared and cracking reduces
or disapprears where it sccurred because of dishing, bur other crack
open ap. The roof lines may become conves.

Daming and dishing are also affeczed by weather in other wais, In
arcas where warm, wet sutmens and cooler dry winrers prevail,
warer migration tends o be roward dhe interior and doming will b
aceentuated, whereas where summers are drv and winters are cold
and wer, migration ends ro be roward the exterior and the

underbving propensicy is roward dishing.

Movement caused by tree roots

In general, arewing ronts will exert an npwerd pressure on footing:
whereas soil subject 1o drying because of ee or shrub toors will we
1o rermave support From under footings by Inducing shrinkage.

Complicarions caused by the structure itself

Winst forces that the soil caiuses o be cgeired on structures are
vertical — Le. either up or down. However, because these forces are
seldom spread cvenly around the foorings, and becase the buildin
resists uneven moverent hecause of ies rigidity, forces arc exervad
from one part of the building 10 another, The net result of all thes
forces is useally rotational, This resultant farce often complicares ©
disanosis because the visible symproms do not simply reflect the
ariginal cause. A common symprom s hinding of doars on the
vertical member of the frame:

Effects on full masonry stractures

Brickwark will sesist cracking where it can. [r will atempe o span
areas that lase support because of subsided foundarions ot raized
points, Lt is therefore wsual to seo cracking ar weak poinws, suchias
openings for windows or doors.

Trr the evenr of construction serclement, cracking will usually rems
unchansed after the prosess of serrlement has cosed.

With local shear or erogion, cracking will usually continge 1o deel
ursil the original cause has been remedied, or anil the subsidence
vas complercly newrralised the alfecred possion of foeting and e
strucrire has seabilised on ather footings that remain chtecrive.

I thie case of swielllshtink effecrs, the brickwork will in some case
seturn to jts erigingl position after completion of a gyde, however
is mare likely that the romtional effect will not be exactly reversed
and it Is also usaal thar brickswork will settle i its new position a1
weill resise the forces srving Lo setem it to s original posities. Thi
peans that in 4 case where swelling rakes place after construcrion
and eracking ocours, the cracking i likely 1o ar least pardy remmdle
after the shrink segment of the crele i complere. Thus, eath time
the eyele i repeated, the ikelihood i thae the cracking will becor
wider wnril the sections of briclowerk become virwally independe

With repeated cyeles, onee the cracking is established, if rhere is £
ather complicacion, i

to, it is monmal for the incidence of eracking w
stabilise, a5 the building has the articularion it needs to cope with
the problem. This is by no means always the ‘case, however, and
monitering af cracks in walls and foors should alveays be treared
seriousiv.

Upheaval cansed by growth of wee roots under faartings is nata
simple verrical shear soress. There bs @ tendency for the ot fo als
exere Jateral forces thar atieimpr so separate seetions of brickwork
after mitial cracking has ocqurred.

Williom C Cromer Pty Ltd ~ 74A Channel Highway Taroona
Environmental, engineering and groundwater geologists
Mobile 0408 122 127 email billcromer@bigpond.com

Tasmania 7053




28
8 April 2013

M. and D. ACKERLY: 513 Shark PointRoad, Penna
Geotechnical summary, site (soil test) and wind classifications

The nermal stroesoral srrangement i thae the inner beat of brick-
work in the exrernal walls and ar bezss some of che internal swalls
(depending on the roof trpet comprise the load-bearing structuce on
which any upper floors, ceilings and the roef are supporred. In chese
cascs, i¢ is incernally visible cracking chat should be che nmain focus

of atention, however there are 2 few examples of dwellings whose

external leaf of masonry plays some supporring role, so this should
he checked ifthere s ary doubt. In any casce, E‘{I:U'JQHV visthle.

Erac kll‘g 15 menrmur e glud.c EG SLIESECE 00 the sriectere g\ﬂ'ucl"‘t"l}
and it should also be remembered that the external walls must be
capable of supporting themselves,

Effects on framed structures

Timber or steel framed buildings are less likely ro exhibic cr:la:king
due to swell/shrink than masonry huildings becanse of their
flexibility. Also, the doming/dishing effects rend o be lower because
of the lighier weight of walls, The msin dsks to Fromed boildings are
encountersd because of the solated pier foodings used under walls.
Where etosion or samration cause 2 fooring w fall away, this cen
double the span which 2 wall musc bridge. This additional stréss can
COEATe 1 cking i wadl |in]ngs, P:‘tﬂ;(!lj_‘fl":\r where there is a weak
poine in che sticruve caused by a dooror window opening. It is,
l;u.\t_\.cr, L:]JJ.I.[(E‘I} that fraed straeneres will be so stressed s 10 sufler
seriouy damage withoue fiese exhibiting some or all of the above
symproms for & considerable period, The same warning peried should
apply In the case of upheaval, [t should be noted, however, that where
framed buildings are supporied by strip footings there is only one leaf
of brickwork: and diereloee the smrernally visible wells are the
suppadting scruceure for the building. In this case, the subfloar
masancy wills can be expecred 1ohehave as fall brickwork walls.

Fffects an brick veneer structures

Because the load-bearing sruerure of a brick veneer building is the
frame that makes up the interior leal of the excernal walls plus
peehaps the tvernal walls, depending on che tpe of oof, the
building can be expecred to bebave a5 a framed structure, excepr that
the exrernal masoney will behave in a similar way ro the excernal leaf
af a fufl masonry stricrie.

| Water Service and Drainage

Where & warer service pipe, a sewer or stormwaier diainage pipe i in
thevicinity of'a building, a warer feak can cause erosion, swelling or
sataratien of susceptille soil. Even o minuseole leak: can be envugl
w0 satueane 2 clay foundation: A leaking aap neara building can have
the same effect. In addition, wenches containing pipes can become
WATCICOTIESSS CVEn [hm:gh backfilled, parricufa.f!y where braken
rubble is used as fill. Wheer thac mns along these trenches can be
responsible For serions crosion, mtersteata seepage nto subflocr areas
ii!'l(l :iah]r.'lrinn.

Fipe leakage and reench wearer Flows also encourage tree and shrub
roots 1o the source of warer, complicating and exacerbaring the
proflem. .

Tonr wuf'p]umbing can pesule in larse volumes of minwater being
concentrated in a small acea of soil:

[L}LC)TLEL .rd}]‘ 111 !001 "I_l"'l.' “{’, n'lﬂ.:\' r‘.‘.‘:lLE[ il'- H-V{'.fﬂ{,“‘.‘;. a5 EJ'l'.l._'r'
gutters blocked wish 1rsm"s eI

= Corroded gattering or downpipes cen spill water o ground.

* Pownpipes nior positively conneceed mo @ proper stormivater
collection system will direet & concentration of warer ro soil that is
dirn’.rl}' ndj:ar(‘nr T Fne-{ings, sometimes crusing large-seale
problems such as erosion, sanration dnd migration of water under
the building.

Seriousness of Cracking

It general, most cracking found in masanry walls is a cosmeric
nuisance only and carrbe keépt in repair or even Jenored. The whle
helaw 15 a reproduction of Table C1of AS 2870

AR 2870 also publishes Ggures relating w cracking in concrece floors,
hewever because wall eracking will usually reach the eritical point
significansly cadier than cracking in slabs, this wble is not

reproduced hete,

| Prevention/Cure

Plumbing

Wihrere bunlding movement fseansad by weater service, root plumbing,
sewer or stormwater failere, the remedy is to repair the problen.

Ie 35 prudent, however, to cansider also rerouting pipes away fron
the building whete possible, and relocating taps w. pesitions where
any leakaze will nox direce warer o the building vicinity. Evers where
eully traps are presenc, there i sometinies sufficient spill o creare
crosion or satusation, perticulady in modern instailations using
sonaller diamerer PVC fixrares. [ndeed. some zully rraps are oot
sicugred directly under che taps thar are installed w charge them,
with the result that warer frone the tep may enter the backhlled
reench that }iﬁusc:‘s the sewer p'ipin 1F the trench !1'15 brq‘n 'v;mrlv
Tackfilled. the warer will either pond or flow ‘L[ung the horram of
the mench. As these rrenches usially run q!z;l*_g;.u;e the TODEE]]?_,; and
can bear asimilan deprh, i ds nor hard w see how any water that s
thus direcred into @ trench can easily affece the foundaion’s abiliny to
supproet footings or evert gain eny o the subfloor arcs.

Ground drainage

In all soils chere is the capaciu 'o* water to travel on the sarface and
below ie. Surface water Hows can he cstablished by inspecion during
and after h:‘s\'}- or rJre'rk;;‘ngﬂ‘1 rain. [f necessary, a gra[\,d drain sysien
connected to the stormwarer collection system s naually an casy
solurion..

Ir is, hewever, somistioes necessary when atlemiping oo prevent
wares migration that testing be carried our o establish varerrable
Betght and subsoil water Qows. This subject & referred ro in BTF 19
ﬂﬂd mi‘y ]1|'opt‘.r]}-‘ ['.l(" r(‘g:al'c‘l(‘ﬁ. AF AN T Fﬁf {41 {"X]}CIL I_'I)!]$L|.E{u:1|_,

Protection of the building perimeter

It ;B' {.‘&S&'[]liﬂl 10} T\'_m(_']]'lbf_'!' dl:tl: i.hf_‘ .5(35] fhaf QF{C\’,‘['S {WFLL:%\S ('X':(‘J.lds
will beyond the actual bniiding line. Wharering uf‘gasﬁ.:n plans,
-‘;Inﬂtbh' ard TRCCS CRLECE SOMC U‘fThC I0ST serious Watcr Prﬁh]c]n.‘.
Forthis reason, particulardy where problems exise ar are Jikely ta

suenr, it is recommended diat an apron of paving be :mullu‘]
around ax mach of the building perimerer s necessary. This paving

CLASSIFICATION OF DAMAGE WITH REFERENCE TO WALLS

Dleseription of typical damage and requited repair Approximate crack width Dlamage
fimit {see Mote 3} category

Hairling cracks <01 o g
Fine eracks which dn et necd ru.p.nr <l mm |
Cracks noticeable but eastly filled. Duors '=11.<I windenws stick slighily <5 mm 2
Cracks can be repaired and possibly 2 small amoosnt oF wall will sieed 5-15 mm {ora number of cracks 3
s b n:‘p]a;‘ed. Broores and windaws stick. Service pj pus can feactund, A mm or more (0 one group}
Weathertghiness ofeern impaired
Extensive cepair work im(bli.'ing breaking-out and replacing secions of walls, 1525 mim bur also depend 4
especially aver doors and windows. Window and door frames distorr, Walls Jean on puinber of oracks
o bu]«e 11oucu:abiv somne loss of hearing in beams, Se.mm pipes disrupted
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Gardens for a reacdive site

-u TFTTE
L=, oy Patio

[T
- __|  Drained
Carport pathoney
Path

aild extend ourwards 2 minimany of 900 mm {nore in highly
stive soil) and shoild have 2 minimum Sll away from the
Iding of L:60. The finished paving should be no less than 10D
1 h‘.‘l{}'“: [’lr'l(_'l{ L ]'?G..M.’S

s prudent to velocats drinaze pipes away from this paving, if
sible, to avoid wmpbcauous from Farars makagc If this 15 not
erical; earchenware pipes should be repluced by FYC and
Lfilling shoukl be of the same soil ope as the surrounding soil
L comparied 1o che same densizy.

sept in arcas where freczing of warer Is dn fssug, 1t ls wise 1o
sove taps o the building ares gnd relocate them well away rom
building — prefécably not uphill from it (see BTF 190

nay be desicable toinsaall a grared drain ac the outside edge of the
ingr on the uplill side of the building. 1F subscil drainage is
ded thiscan be installéd under the surface drain.

ndensation

buildings with a sitbfloor void such as where bearers and joises
sport flooring, insufficient venrilarion ercates el conditions for
wdensation, particularly whers there is linde clearance berween the
st-and the ground, Condensation adds w che meismre already
seat i the subfloor and significanty slows the process of drying
Installatien of an adequare subfloar venstlation sysrerm, either
ural or mechanical, is desirable.

wiing: Althowgh this Building Technology File deals wick
cking in buildings, it should be said that subfloor moisture can
altin the {[,cw;]upmcn: ofuther prulu]eins, nmably:

4 Water that & rransmdered inro masonry, metal or timber buildin
clements causes damage andfor decay o those elements:

« High subfloor humidity snd moistuee content creare an ideal
environment for variews pests, including reroives and spiders.

o Wihen: hlgh moistire fevels are transmicted o the ﬂnurmg and
walls, an incresse in-the dust mite count can ensuewithin the
living areas, Dust eniees, as well as dampress in general, can be
health hazard o inhabitants, particularly those who are
g]bj,}orma”}' S'I.L‘\'L'I’_'Piii)l{: £y n::sp'u'alory Hﬂ.l'ﬂfltls.

The garden

The ideal vegeration layout i 1o have lawi or placts thac require
only Tight watering immediarely adjacent to the drainage or paving
edee, then more demanding plants, shrubs znd wrees spread out in
thie ander

Crerwarering due to misuse of anamarnc warering systemy is 4
commen cause of situration and warer migratan upder foorings.
i1 s necessary B use these sYSTEITS, It 15 i:npm-ta.uu 10 PEIOVS gard{
beds o a complescly sefe distance from buildmgs.

Existing teees

Whers a tree is causing 3 problem of soll doying or there 35 the
cxistence or threat of upheaval of feotiogs, if the Gf"("r‘ding it et
subsidiary and their removal will not sigrificandy damage che tee
shey shueld be severed and 2 concrere or meral barrier pl-lr.td
vertically in the soil 1o prevent future root growth in the dinsetion
the building. [fit is not possible te remove the refevans raots
without damage o the tree, an application Lo remeve the e sho
be madde 1o the lacal authoring A prodent plan B o feansplant lik
affenders before they become a problem.

Information on trecs, plants and shrubs

Stare depariments oversecing agricultare can give informacien
regarding root patermns, volume of water netded and safe distanee
fromm buildings of mest species, Botanic gardens ate also sourees ol
information. For infermation on plant mows and deing, seo Build
Technology Tile 17.

Excavation

Hxcavation around footings must be properly engincered. Soil
supporeing footings can only be salely excavated atan angle that
wlpws the soil wnder the rnmm" cor remizin stable, This .‘m«’\r[t‘ iz
called the angle of repose (or Friction} and varies s:gﬁlﬁt‘z_ml}r
berweers soil types and conditions. Removal of soil within the ang
of repose witl cagse subsidence,

Remed_ _inﬁon

Where erosion hay occurced thar has washed away soll adjacent w
Fh-:}rj,ngs, sail of the same dassibcanen should be inrrodysed and
compacted to the same densine. Where footings have been
undermined, suzmentation or sther specialist wirk may be requis
Remediztion of [notings and foundations is generally the realm of
Spt!ciﬂlj_‘;t consultant,

Where isolated foorings rize and fall because of swellfshrink effect,
the homemwner may be wempred 1o-alleviare floor bounce by flling
the pap thar has d.p;:l{..!.l‘t:d. between the bearer and the pier with
biocking The danger here is chat when the next swell segment oftk
eyele oeeurs, the extra blocking will push the Nloos up into an
acventuzred dome and may alse cause local shear filure in the soi
IF it is necéssary to use blocking, it should be by 2 pair of fine
wedges and monicering skould be carried our fertnightly

This BTF wuas prepared by John Lewer FAIB, MIAMA, Partner,
Construction Diognosis.

The Information in this and och jssies in the Serles was derived from varicss Sources 2l was belleved tobe correct whm Dub|l$i"x>d

Thix mfonnauon isadvisory. it is provided in guo-d Earth-anqs nc::c cla med {0 bean schaustive lreatnmn o me re1wan'r ﬁLbJ?\"‘t

Furﬂmr‘ pu-o!egalnnsa smrlcs needs 1o be obmr\ctl bﬁore :ak nq any action pasad o the mfor nairun ;:lro‘vldeci

Distributed by
CSIRD PUBLISHING PO Box 1139, Collingwood 3066, Auvstralia
Freecall 1800 445 051 Tel [03) 9662 7o6s  Fox [03) 9662 7555  www.publish.esiro.au
Email: publishing. salesBosing.a

2 CSIRU"QCIUS. Uriaothorised copying of thiz Building Tw.hnolo;g}r fibe i prohibitecs
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A builder’s guide to preventing
damage to dwellings

Part 1 - Site investigation and preparation

| THE PROBLEMS

History

Many homes in Australia suffer from one or more of the seversl
maladies that result from conditions that could have been
pravented had the engincer and/or blilder undertaken thorough
site investigation and subsegquent site preparation. This work is
just as important as employing sound practice in construction —
in fact, at law it is increasingly seen as part of sound building
practice. The result is that 3 reasonably competent builder is
fiow expected to know more about building movement caused by
foundation 5oils than was the case before the landmark legal
battles of the middle 1990s,

The growth of consumerism has led 1o the notion that 2
cansumer can rely on the builder 1o be competent in all matters
related to construction. We know that the builder relies on the
competence of speciglists and professionals, but in the end it
is the builder’s duty to the customer 1o ensure that the building is
niot adversely affected by defective foundations. There are marny
builders who ane sufficiently compsatent in soils to carry out the
level of elementary investigation reguired for most small sites.
For them, thiz document may serve as a checklist for their
initial inspection and & reminder that if they discover any soil
problems, they should engage a suitably gualified enginesr. For
those builders who are not familiar with site investigation, this
document is designed to give the rudiments of soifs as they
affect housing in most pants of Australia, and to help the
practiticner on the road toward an understanding of the issuss.
Such buflders, whils in the process of leaming, would be wise to
engage an expert engineer for site investigation prior 1o
finalization of the enginesring design drawings.

The predominant practice in residential construction is for the
huilder to ignare the soil except for the provision of bearing
surfaces for fontings. (n fact, Clause 3.2 of AS 1684 requires
the site 1o be clear of tree roots ete. and to be well drained. AS
2ETO requires soil classification and gives a brief description of
the allowable methods, AS 3798 detsils 3 number of issues
that should be covered in a site investigation, All of thess
standards have been incorporated inlo the Building Code of
Australia (BCA). Because the BCA has been adopted by every
relevant jurisdiction in the nation, the law requires the builder to
abide by the provisions in the standards or have an engineerad
solution aceeptad that will meet the performance requirements
af the BCA.

Results of soil problems

The upshat of all the above is that no longer are defects such
as falls in floor levels, cracking in floor tiles, cracking in
concrates slabs, cracking in walls and ceilings {especially
cornices), squeaky floofing, binding doors and windows,
deflacting roof slopes, and cracked mortar bedding to ridge and
hip caps believed to be caused by a natural phenamenan
beyord the responsibility of the builder. The builder should
therefore carry out proper site investigation and prepars the site
accordinghy.

Water problems

The principal enemy is water — sither flowing, ponding, seep
by gravitational force, migrating by capillary action or in the
vapadr, Any masonry product that can absorly water can be
damaged by it or by the chemicals cariod with water; any
permeable martar is also susceplible; timber will decay in
contact with water or vapour; gypsum plasterboard decompos
steel iz obviously also vuinerable,

Aside fram direct damage to building clements, waler very
commanly causes damage to buildings indirectly by working
the foundation soil — erosion. subsidence. swelling and
shrinkage of soil by absorption and shedding of moisture.

Buildings with subfloor voids, such as found when imber or 5
frame Moors are constructed, also suffer from high humidit
the subfloor when water flows or ponding exist. This can
encourage decay of the timber, cup the floorboards and raig
the humidity level in the lving space.

This introduces another dimension of the problems crested
water — that of living organisms. The presence Of walar attrac
insects mcluding termites, In tum, predators such as spide
arg also attracted. Perhaps the most insidious and serious
hazard i introdueed by dust mites and some types of fung:
that have bean shown to greatly incresse the incidence of
respiratory ailment symploms in suscsptible occupants.

Slabon-ground construction iz also subject to water incursi
problems, The added problem this methed has is the ease
which water can gain sccess to the cavity via weepholes. One
the cavily, it creales & damp environment which is very slov
dry, transferring meisture to the inner lesf walls and timber
finighes and creating high humidity in the living space,

Vegetation problems

The other source of instability to structures that this BTF de:
with iz vegetation and organic matter. Tree roots can cause
upheaval when growing and subsidence when decomposed,
well a5 creating uneven maoisture content by taking in water
Qrganic material generslly in the subsoil is not stable and e
not properly compact. thereforé making & poor foundation fi
structung.

SOIL TYPES

The types of soils usually present under the topsoil in land Foi
for residential buildings can be split into two spproximate grol
granular and cohesive, Quite often foundation 30l is a mixtur
both types. The general problems associated with soils having
granular content ane usually caused by erosion, Cohesive &
are either clay or silt. Clay soils are by Tar the more commo
and arg subject to saturation and swell/shrink problems.
Az most buildings sufferdng continuing movement problems ¢
founded on clay soils, there is an emphasis on classificatio
soils according to the amount of swell and shrinkage they
experience with varations of water content, The fallowing te
is reproduced from AS 2870,
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TABLE 2.1
GENERAL DEFIMITIONS DF SITE CLASSES

Class Foundation

A ‘Must sand 2nd Tock sites with [ttie or no grourd movement.
frarm moisiure changes

5 Slightly reactive clav sites™ with only slight ground mowereat
from rmaisture changes

1] Moderately reactive clay o silt sites, which can experiencs
‘moderate ground movement fram molsture changas.

H Highly reactive clay sites, which can expérience high ground
mavement fram moisbue changes.

E Extremely mactive sites, which can expenence extreme ground
mvesnent from malsture changes

#to P Filled sites (3ee Clause 2.4.6)

P Sites which include soft soils, such as soft clay or sift or loose
sands; andstip; ming subsidence; collapsing s0iks; Soils sulject
1o erosion; reactive sites subject 1o abnommal maisture
conditions or stes which cannat be classified otherise

« For examples of tlay sites dlassificd a8 Cioss S, refer to Appendis D.

SOIL PROBLEMS

Rock

Excluding movement caused by seismic events, manolithic rock

is not subject to movement problems. However, there are things

to wakch for:

= Footings may be founded on boulders or ‘floaters’ which can
move due to erosion of scil around them.

+ Rock is susceptible to water migration via faults and between
strata. Many dwellings founded on sandstone suffer from
warer in the subfloor,

Granular soils

There are & number of problems to be avoided:

= Thase soils are not cohesive and can be susceptible to local
shear Tailure when not confined. For this reason, building on
sand dunes is inadvisable.

Sandy soils are prone to erosion 50 senvice trenches. pipes,
surface water and ground water flows can be hazards.
Organic material left in the soil may be eaten by termites,
leaving a void which will be filled by surrounding granular soil,
thus reducing the baaring capacity of the foundation in that
area.

Zand expands when damp — surface tension will adhere water
ta graing, thus expanding the volume. Corversely, when
saturated, sand is at its lowest volure, The Tact that these
Cchenges occur means that care must be exercised to ensure
that sand is well-compacted when constructing footings,

-

Silt
The chief risk presented by silt is its susceptibility to erosion, 50
the hazards that apply to granular soils may also apply to silt,

Clay

Maost clays provide good residential foundations when dry, but

most clays react significantly 1o the introduction of water:

s Local shear failure is not uncommaon when soft clays are wel,

» When saturated, virtuslly any clay substantizlly loses its
bearing capacity.

+ The cohesive guality of clay makes it slower to compress
urider load than other soil types.

= A gmall volume of water can have a significant effect on Clay.

= Clay absorbs and sheds water slowly.

CAUSES OF MOVEMENT

Settlement due to construction

There are two types of selllement that obcur as a result of

canstruction:

« Immediate settiement. takes place when a building is first
placed on its foundation soil, as a result of compaction of the
=il under the weight of the structure. The cobesive guality of
clay zoil mitizates against this, but granular, particularly sandy
=0il, s susceplible,

s Consolidation settlement is a feature of clay soil and may
take place because of the expulsion of moisture from the soil
or because of the soil's lack of resistance to logal

coempressive or shear stresses. This will largely take place
during the first few months after construction, but has beg
known Lo take many years in exceptional cases,

Erosion

All soils are prone 10 erosion, but sandy soil is particularly
susceptible 1o being washed away, Even clay, particularly witl
sand component of say 10% or more, can suffer from erosior

Saturation

This is particularly 2 problem in clay soils, Saturation creates
hog-ike suspension of the soil that causes it 1o lose virtuall
of ite bearing capacity. To & lesser degree, sand is affected
saturation because saturated sand may undergo a reduction in
volume — particulary imported sand fll for edding and blindir
layers — however this ususlly cocurs &5 immediate settlemer

Seasonal swelling & shrinkage of soil

Ag san be soen in the table sbove, all clays react 10 the
presence of water by slowly absorbing it making the soil
ingrease in volume. The degree of increase varies considera
in warious clays, as does the degree of decrease durng the
subsequent drying out caused by Tair weather periods. Becao
of the low absorption and expulsion rete, this phengmengn &
not usually be significant unless there are prolonged rainy o1
pesiods, usually of weeks or months, depending on the land
=00l characteristics.

The swelling of soil creates an upward force on the footings
the building and shrinkage creates subsidence that takes aw:
the support needed by the footing to retain equilibriurm,

Shear failure

Thiz phenemenon occurs whan the foundation soil does not
have sufficient strength 1o suppart the weight of the footing.
This can accur through saturation of clay, failure of & damp
reactive clay when atlempting to raise a footing that is being
acted on by a superior downward force, or any soil that lose:
compaction,

Tree root growth

Trees and shrubs that are allowed to grow in the vicinity of
footings can cause foundation soil movement in two ways:
Roots that grow under footings may increase in cross
sectional size, exerting upward pressure on foolings,
Rools in the vicinity of footings will absor much of the
meisture in the foundation soil, causing shrinkage or
subsidence.

In addition, roots that are left in the ground after the tree is
felled can be eaten by termites andyar destroyed by decay. ”
leaves a void which can turn into & watarcourse andfor caus
subsidence under or adjacent to the foolings.

ESITE INVESTIGATION
Factors

Thie factors that need 10 Do vestigated are:
+ Spil classification,

* Soil condition.

+ Watertable,

+ Ground slope.

= Trees, shrubs and organic material.

= Bervice renches.

* Water run-off.

Soil classification test

AS 2870 requires that the soil to be uged as foundation for
construction be classified. The requirement is that the soil £
classified not by itS geotechnic type, but by iLs reactivity.
Reactivity can be defingd as the change in volume brought
about i the soil by the introduction or removal of water - in
ather words, the swell and shrinkage, Soil classes A 5, M. §
and E cover the range of reactivity, and P is used where soil
hias abrormalities that do net allow normal classification. In
some long-established areas, information on soil class may
obtained from buildings adigcent to the site, where the
buildings are footed on lightly stiffened stip footings or slat
orrground. AS 2870 Tzbles 2.2, €1 and CZ are 2 guids to
determining =oil class by measunng differential movement ©
Masonry cracking.
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This casy classification method should, however, be regarded as
the exczption rather than the rule, because the majority of now
buildings are constructed in areas where adjacent buildings, if
they exist, are not sufficiently well established (o enable seund
data to be taken. In years gone by, local councils assumed
some responsibility for providing soil classification o applicants
for developments, but local authorities are ingreasingly divesting
themselves of this type of service and, in any case, council area
classifications do not necessarily apply 1o specific sites.
Iherefone, the job falls back an the enginear and the builder to
ascertain the soil class which will determine the footing and
masonry design.

It is desirable to inspect the site before clearing and for
excavation, becayuse although the ground may be covered with
tapsail, organic material or vegetation, there may be valuzbie
evidence that will not be apparent after exgavation. Usually, test
pits or boreholes can. without difficulty. be dug to reach the
depth required by Clause 2.3.2 &nd Table 2.4 of AS 2870,
reprodiced below,

2.3.3 Depth of investigation The soil profile shall he
examined lo & minfmom depth equal to 0,75 times the
depth of the suclion change, H,, as given in Table 2.4,
but not less thar 1.5 m, unless rock is encountered or
i the opinian of the classifier, further dniling is
urngcessary for the purpose of identifving the soil
profile in accordance with Clause 2.2.1(a).

I | TABLE 2.4
RECOMMENDED S0IL SUCTION CHANGE
PROFILES FOR CERTAIN LOCATIONS
Location Change In suction Depth of design
at the sofl surface suction change
(4w} pF (Hg) m

Al aioe i 4.0 |
AlburyWodanga 1.2 3.0 I
Efisban /1pswich 1.2 1.5-2.3 (see Note)
Hobart 1.5 2.0
Huriter Yallay 1.5 2.0
Launceston 1.2 2.0
Melbouma 1.2 1.5-2.3 {see Nate)
Neweastle /Gosford 1.5 35
Perth 1.2 3.0
Sveney 1.5 i
Teowieomba 1.2 1.8-2.3 {zea Mote)
NOTE: The variation:in ¢, depends 1argely on chimatic variation.

This investigation is necessary if correct soil classification has
not Been ascertainaed by other means. For & Class 1 building, a
single test hole is usually sufficient for soil classification.
Heowever, if 2t a predominartly clay site, the clay extends to the
bottam of the borehole, or if abnormalities are apparent, further
imvestigation will be reguired. This may need to be carded out or
follorwsd up by a suiltably gualified engineer and, in the case of
Clay soil, some laboratory analysis may be needed. In any case,
while soil class may be ascertained by one borehole, 2 better
picture of class and condition will emerde if investigation
extends to the footprint extremities, particularly on sloping
sites, For most purposes, a manually dug test pit is morg useful
thar a berehole, but if boreholes are o be used, 400 mm
diameter gives good vision.

The site investigation will also incorporate examination of the
surface for cracking, gilgais, grades, identification of tree
species and their locations relative to the proposed building,
signs of ponding, saturation or erosion, condition of the road,
kerbs, gulleys, surrcunding land as to water run-off, and filled
trenches carrying services such as stormwater, sewer,
telephone, gas, clectricity,

Thigre is a trend, particularly in the case of standard designs
like project homes, for enginears 1o assume a soil class when
designing a structure, then wvsit the site when the footings
excavation is under way in order 1o verify their assumption or, if
the soil furns out to be less stable, order more and/or deeper
pigrs. This practice has shorloomings:
# The enginger tends to rely on the excavation contractor to
report on issues instead of carrying aub Bis/her own tests,

= |t is usually not possible to ascertain the difference betw
%, M and H class scils by a site inspection undertaken =
after excavation has been carried out, particularly where
imported fill is used.
In the event of a change being deemed necessary, the
ensuing instructions become ad hoo corrective measure:
rather than holistic design considerations which would
worked through if the design were undertaken with the =
characteristics in mind,
The instructions inevitably mean that the consumer pays
variation due 1o ‘latent conditions’ that were within the
builder’s power o discover.
= Sile drainage characteristics and nequirements are never
addrassed.

Ll

This is not Lo say that the engineer should not visit the site
vigw the footings excavations, but rather to point out that t
not the time to he designing the structure.

Soil condition

When assessing the condition of soil for use as foundatior
materizl, the primary concerns are moisture content, depth
watertabie, evidence of surface and ground water flows or
moisture migration, and voids which may cause subsidence
and/or act as ducts for water flows,

Ignoring any topsoil, which will be slommed off before
construction, the walls of the test pit will give an indication
the moisture comtent of the soil:

* Dry sand will tend not to hold its shape when squeezed.
* Moist or wet sand will tend 1o hold its shape when squee
+ Dy clay, even soft clay, tends 1o be firm.

¢ Maoist clay tends to be plastic.

¢ Saturated clay tends to be boggy

The next sign to look for is seepage, which will usualiy but
abways emanagte from the uphill side of the hole, The depth
compaction, amount of flow and fype of soil should be note:
should be realised that seepage or any other form of meis!
migration may not show itself immediately and, where testi
for maisture migration, it may be necessary to seal the top
the pit and leave it for several days or longer

Watertable

A hole that is 1.5 m or more desepis likely to show the
watertable, especially in deforested or buill-up areas. The
watertable becomes important whera it is high and can aff
the shility of the seil surlfzee o dry ool and, in the case of
to achieve a reasonably even moisture content throughout
faditprint.

Ground slope

Thie Tall of the land iz important for two reasons:

< In prder to achieve even settlement and maintain equilibr
acrgss the structure, it is essential to found it on similar
throughout. With a sloping site this can become difficult
because strata may not be consistently deep around the
footprint: they may not, in fact, even be continucus as th
alppe continues down. It is not unusual for & slops to cu
through strata and in this event it is essential for the
designer to know heforehand because it may affect the v
approach 1o footings.

Either bscause of discontinuous strata or because of the
necessity Lo cut at the uphill elevation, water flows often
regch the surface adiacent 10 the footings or in the subflc

a

For both the above reasons it i advisable 1o dig holes at ¢
upper and lower extremities, first to check for a satisfactor
cammion soil, then 1o look for seepage. To check for water
surizcing within the feotpnnl, LS only Necessany 10 inspes
walk on the seil. Another sign may be profusion of vegetati
a different Lype of vegetation.

Trees, shrubs & organic material

It is important to mark on a site plan the loestion of any tn
large shrub o stump within er adjacent to the footprint. 1ti
unusual for arborists to grub out stumps after felling but le
major reets, The same result ¢an occur when trees are rer
by & maching. it iz essential to ensure that the stump and
significant roots are removed and the soil is compactad.in
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woid. The excavator should be instricted to remove any
organic material while cutting or skimming. In addition,
particularly where a sandy foundation exists, it is good
practice to probe the subseil in the immediate area around
where & stump has been removed. A good tool to use is alm
length of =10 mm round reinforcemant bar. Driven with a
hammier, this will discover not only tree roots, but floaters and

| woids or poorly compacted areas. In some cases, poarly
compacted greas are composed of leaves and other decayed
vegetable matter. This material must not be left under or
adjacent to the location of any footings as it will reduce in
volume and cause & void.

Service trenches

It is not unusial to find that trenches that are dug (o house
sernvices are not well backfillad or compacted. Often the trench is
used as a repository for trade spoil. Whera & subaoil water flow
picks up such a trench, & watercourse is provided where water
may be delivered zlongside or even under footings, Typically,
sewer gnd stormwater pipes run adjiacent to and,/or under
footings. Where bulding additions are being constructed it is
important to check around existing service. trenches that may
carry water 1o the proposed construction. OF course, it is also
imperative to ensure that trenches dug for the new project are
properly located, backhilled and compacted, but this topic 1s
dealt with in BTF 20. During the site investigation, other than any
pre-existing domestic serice trenches. the following are some
of the possible problems:

« Trenches under the footpath or roadway for telephone cables,
gas, electricity. stormwater or sewer all have risers o the:
surface. Often, water oan gain access to the trench from
argund the riser or manhole, then flow along or pond in the:
trench until finding & way to flow out, through the proposed
domestic feed, or just by permeating the soil in the area.
Street starmwater gullies can also be vulnerable, particularly
older ones with brickwark in their structure.

The possibility of leaking water, stormwater or sewer piping
should not be ignored.

Where the new structure is downhill from these water SOUrCes,
meisture can surface under the building or &L the external
footing where the soil has been cut. Builders sometimes believe
that running agricultural pipe around the external side of the
footing excavation solves the problem. This is not always the
case, because some systems in common use may collect only
a moderate percentage of the water, particularly when not
expertly instailed. In fact, this practice often delivers water
dirgctly to the footing area.

Water run-off

Surface water must not be allowed to flow to the building, A
thorough inspection of the topography is necessary in order 1o
properly allow for finished ground falls and water run-off
collection. Particularly on's sloping site, the finished falls can
be critical to the maintenanse of good drainage.

REMEDIAL MEASURES

Other than the exception of water flow through rock faults,
which is very difficult to stop, almeost all of the problems shove
can be addressed by correct drainage of the soil or, in the case
of poar existing trenches, remaoval of poor ballast material then
refilling and compacting.

Correct drainage is an engineenng matter and, unless very
straightforward, should be the provinee of a suitably qualified
person, however in essence the job is to prevent water from
caming into contact with the building or entering the soil within
the footprint and its enwirons,

The object of good ground draimags should be to exclude all

possible water from the building, the foundation and its area of

influence, There is & notion that reactive clays should be kept at

& constant moisture content in order to provide eguilibrium.

frrigation systems have been developed to try to provide

constant moisture content 1o subfloor.areas, but these can fail

because there are other factors invohed, e

= A building creates its own environment and predominant
weather conditions will either create moisture flow toward the
centre of the subflgor or away from it This influence IS never
avenly distributed but varies with several factors.

= Solar influence dries some areas more rapidly than others.

« Ground slope or other factors can result in uneven water
content at various parts of the perimeter,

These and other naturally occurring tactors mean that the
irrigation system would have to be very sophisticated indeed in
arger to keep all the foundation sedl and immedizstely adjacent
soil at the same stage of volumetric expansion.

in practice, the best solution in all but extreme cases is to drain
the ground and surface water away from the buildimg and keep
the foundations dry. In reactive clay thig is likely to result in
cracking due to some shrinkage, and this needs to be redressed,
but once this has been remedied and providing the drainage
system is kept in working order, the. building will remain stable.

Thiz document has coverad the bulk of the issues that a builder
should deal with in regard 1o discovery of pre-existing conditicns
that can affect the stability of the foundation soil. There are
also several construction do’s and don'ts that the buoider must
kriow about and put into practice in-order to make sure that the
building itself does not contribute to instability of the soil and
resultant movement in the structure. These matters are dealt
with in BTF 22.

'FURTHER READING

AS 1684, Residential Timber-framed Construction, Standards
Australia, Sydney, 1999,

AS 2BTQ, Residential Slabs and Footings - Construction,
Standards Australia, Sydney, Amdt 2, 2003.
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BTF 22, A Builder’s Guide to Preventing Damage to Dwellings:
Part Z - Sound Construction Methods. GSIRO, Highett, Victara,
2003,
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A builder’s guide to preventing

damage to dwellings
Part 2 - Sound construction methods

| THE PROBLEMS

Site water problem identification

It is essential to investigate the site and prepare it in such a
way that ground and surface water are prevented from entering
the building footprint, whether the building has suspended
floors: or is footed on a ground slab. Site investigation methods
arg dealt with in BTF 19, which should be read prior to reading
this BIF. It is also recommended that BTF 18 be read as
additicnal information on this subject.

Legal considerations

Good site drainage always addresses both surface and ground
water flows. Lack of aftention 1o potential building movement
Caused by moeisture migration can be a costly oversight for the
builder, who may be found lable for damage long after any
statutory warranty has expired. The Building Code of Australia
(BCA) has not made site drainage mandatory, although it does
sel outl acceptable construction practice in Volume 2, Clause
3.1.2, to be used where 3 local drainage authority deems it
necessary. This makes for uncer tainty in the minds of builders
as to their responsibilities, but the courts tend to view the
builder as the expert and, where some foreseeable damage
occurs, Tt is usually found that the builder should have used
methods that would have prevented the damage.

Where site investigation has revealed that there is existing or
potential erosion problem, or where reactive clay subsoil is
present, the builder is wise Lo give written advice to the owner
and strongly recommend that ground drainage be installed.
Where the owner declings in wiiting, sorme jurisdictions are
known to have acceptad that it is wathin the contractor’s rights
to cantinue the project. However, ground drainage is an area
where contractors ignore or try to side-step at their own peril,

As to water entering & buiiding, the BCA is quite clear. It is the
task of the builder to prevent rainwater from entering a building,
even when the rainwater is propelled by a storm of a magnitude
that would only be expected to occur, on average, oncein a
hundred years. What is not so obwvious to many is that water
should not be allowesd to enter the cavity, which is there not as
2 drain or repository for water that enters through openings,
but 5% & break between the outer and inner leaves of exterior
walls to prevent water from permeating through as it used to
do when buildings were constructed of 230 mm solid brick-
work, When water enters the cavity in volume, a wet, dark
and enclosed environment is set up that can result in serious
consequences for the health and amenity of the oocoupants.

Water problems in buildisigs are usugsily comulative, resulting from
several oversights rather than from a single source. This BTF is
designed as a general checklist of commonly occurring flaws. in
construction methods, to help the builder deliver a product that
will be durable, weatherproof and provide a healthy environment.

lSl.IRFJI.I:E AND GROUND WATER PREVENTION

It is-no longer acceptable for 4 builder to claim that building
movement is outside his or her power 1o prevent, The subsoil of

tand that is available for building development normally has &
allwable bearing capacity well in excess of the loads impose
by class Ta buildings. The movemnent problems that are
experienced by buildings are very often brought about by the
failure of the builder and designers to deal with site water.

Surface and ground water that is allowed within the footprint ¢
the: building causes erosion and foundation soil movement, whic
in turn causes an exacerbation of cracking in slabs. cracking
and faifure in masonry and finishes; doming and dishing of
floors; cupping and fifting of tmber flooring; decay to timber
members; degradation of metals and mortar; doming and
dishing of roofs, leading to breakage of tiles and degradation
of mortar beds.

Surface drainage methods

The basis of good surface water drainage is to;

+ Have the finished exterior ground level at the building perimet
a minimum of 150 mm below finished floor level, ground
foor cavity flashing weepholes or subfloor vénts, whichevel
are the lowest, However. where a slab is uSed as part of a
termite management system, 75 mm at the top of the slab
edge must be visible or able to be made visible.

In the finished ground, provide a 1:20 fall away from the
building for &t least the first metre. Nothing that needs to b
watered, including lawn, should be within this graded area
and it should preferably be a hard surface.

The above requirements mean that thought may nead to be
given to finished floor level etc. before the plans ge to council

Where there is natural topography that leads 1o surface wats
being encouraged toward the building, z dish or other surface
drain should be installed and connected to the stormwater
system through a pit.

Ground water drainage methods
If it is desired to keep the sail dry in areas other than the

‘building footprint, it should be realised that this other drainage

may not be sufficient to prevent water entering the footprint,
and additional grainage for the building may be necessary. It
should be understood that ground drainage is a complex subject
often requiring the expertise of an engineer who is suitably com
petent in hydrology and geotechnics. For anything other than
straightforward problems, even drainers or builders experiencer
in installing ground drainage should engage & consultant to
assist in the.design. This section is therefore intended to give
reminders to already competent people. and to assist others
toward a rudimentary understanding to help them discuss the
issues with a consultant, I addition. it is essential for a
builder or drainer to comply with the minimum reguirements o
BCA Volume 2. Clause 3.1.2, and AS 3500.3.2. Sections 6-8.
unless installing a system certified by an engineer,

The first step is to investigate the depth and volume of the

subsoil flow of water. Test pits, particularly on the uphill perimetes
of the footprint should be dug as outlined in BTF 19. It is, how
aver, important to remmember that ground drainage problems ars
not restricted to sloping sites. Some of the most susceptible
sites are on flat fand, particularly where the area is ringed by
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higher ground. In addition, as explained in BTF 18, where warm,
wet summers and colder, dry winters are experienced, the
building itself will tend to cause inward water migration.

In any case, the minimum depth of drainage should comply with
BCA Volume 2, Clause 3.1.2.4, that the top of the drain bea
minimum of 400 mm below ground and 100 mm below the
adiacent footing. This means that the trench should be dug at
a safe distance from the footing to ensure that the foundation
is not affected. If this is not practicable, temporary measures
to support the trench walls may be needed and/or the strength
of the pipe material may need to be increased. It is important
to remermber that in clay the allowable angle between the
external bottom corner of the footing and the nearest part of
the bottom of the trench is usually 45°, whereas the normally
applicable angle for compact granular soil is 307, These may
be exceeded where the trench fill is well compacted and the
piping is ner-compressible, but supervision by & competent
engineer is normally necessary for soil classification and
strength issues. A good working arrangement is to locate the
trench toward the edge of the area that is graded away from
the building to allow rur-off of surface water,

Having discovered the required depth, the next step s to
establish whether it is above the depth of the focal authority's
stormesater system, to determing the method of dispersal of
the captured water. [t must be borme in mind that the BCA's
minimum fall for ground drainage is 1:300, and a silt arrestor
requires a minimurn drop of 50 mm from the invert of the inlet
to the inner roof of the outlet. If the depth of the grourd
drainage is too low for the council system, councils may allow
a soakage pit for any naturally occurring ground water, so that
the drainage can divert the water from the uphill side of the
building to the downhill side. The builder should confirm this
with the council,

Next, the type of drainage should be determined. For general
purposes, a geocomposite system using 90 mm slotted storm-
water pipe with fabric sock and geofabric perimeter material
is adequate. however suppliers can advise on other systems. It
is desirable in any ground drainage system and essential where
the Fall is shallower than 1:100 to install inspection openings
to enable the system to be flushed put, These should be at
changes of direction greater-than 45° and at the connection to
the stormwater system. Where practicable, pits make the ideal
INspection opening, particularly when configured as silt arrestors.,

Drainage to rock substrates

BTF 19 discusses the special drainage problems with rock
foundations. While a solid rock foundation remains stable
regardiess of water flows, water damage to building elements
and high subfloor relative humidity can have potentially serious
consequences. When the ground fioor is to be suspended, and
particulariy whien using timber framing and/or flooring, drains
should be cut around the perimeter where water can other wise
enter the subfloor, Tatally preventing water entering the subfloor
area can be impracticable because of faults and interstrata
gaps. Where water flows on rock foundations cannot be pre-
wented, the design should allow for an open subflogr and an
increased minimum clearance between the floor and the ground,
commensurate with the volume of water experienced. If a come
pletely open subfloor is impracticable. openings should be as
large as possidle, particularly where subfloor walls would
otherwise dam water. Watercourses should be cut out to divert
water if this is beneficial to the aim of removing water a5 5000
as possible. A mechanical ventilation system may need to be
installed as an augmentation to the measures discussad above,
bt when relied upon witheut sufficient other precautions, such
@ system may be inadequate.

Subfloor ponding

When constructing dwellings with suspended floors, itis
gssential to grade the subfloor area so that no depressions
remain that can allow water to pond. With rock foundations it
may he necessary to use concrete to fill depressions.

Dampproof courses

Greund moisture usually carries salts and other chemicals.
When maisture migrates through masonry by capillary action,
some chemicals may be transported. IUis often these chemicals
that attack the building elements. Different dampproof course
{DPC) materials are susceptible to different chemicals.

It is not always possible to predict the nature of pollutants to
which the underside of a DPC will be exposed. This is one of
the reasons that moisture should be kept away from the build:
ing. DPCs that have poor plasticity or develop poor plasticity
through exposure to water and chemicals, are unsuited for use
where building movement cannot be totally prevented, because
they tend to break. When a DRC is discontinuous it allows
water to penetrate the gap. This is one common way that
rising damp occurs in huildings constructed in the modern era

The safest suggestion for overcoming the problem of lack of
durability in DPCs for applications where high moisture content
is expected, 5 to double up, perhaps using two different types
one on top of the other.

Antcapping

Antcapping should never be used as & DPC unless is has been
tested and designed for this purpose. Galvanising will break dewn
over tme when in constant contact with moisture, particularly
when salts are present, It is essential to isolate the antcapping
from any water in the masonry by using a DPC between. The
galvanising should also be checked for quality and any cuts or
damage should be coated with cold galvanising, because even
when the antcapping is isolated from direct contact with water,
constant high humidity in the air will tend to attack the steel,
Onee corrpsion has eaten through the metal, termites are given
a path of entry te the building. This is not a rare condition,

: RAINWATER PREVENTION

Ir-addition to surface and ground water considerations, there
are several issues of construction that builders must address
in order to prevent rainwater from entering the building.

Rairwvater is not only a problem when it enters the living area
as water, but also when it i allowed into the cavities and
voids and onto building members that can degrade or decay. In
addition, rzinwater has a more insidipus danger in that it give!
life to fungus and promotes pests like: dust mites - these con-
ditions are conducive to illness in people whe are abnormally
susceptibie to breathing disorders.

Builders and tradespeople often atlempt to make a building
weatherproof by the use of sealants. It should be realized that
sealants cannol be regarded as a durabie solution to most
weatherproofing problems. Durability can only be attained by
sound construction method.

Ridge capping

Mgr tar bedding to rldqc capping is permeable, even with
flexible pointing applied over it. Water can migrate through the
bedding and pond on the tile above the bedding. Any condans-
ation tends 10 perpetuate the moisture and, in addition, where
SUMMers are warm amd wet and winters are cold and dry the
tendency is for moisture to be drawn in. The above factors ten
to create an overflow of water that may drip into the roof space
of run dowin the soffit of the tiling, decaying battening or fram
ing and/or eventually damaging fastenings. This flow adds Lo
flows caused by the natural absorption of water through tiles
and-any wind-driven rain that penstrates the gaps between
tiles. These are the flows that lead To inundation of the roof.
Weepholes should be created in the beds at the depressions
in tiles to allow water to flow to the top surface of the tiles.

Where footing moverment occurs, usually due to the action of
water on the foundation soil, the roof moves. Cut and pitched
roofs will dome and dish in the same way that floors do. becaust
aof the uneven rise and fall of reactive clay soils. This movernent
causes @ stress on rigid members of the roof steucture such

as mortar beds to hips, ridges and verges, which hog and sag
tending to crack the mortar andor the tiles. When 7:2 cement
sand mortar pointing is used, this will retard the cracking, bu'
it will eventually crack and when it does, the water entry will
increase accordingly. On truss roofs the effect is less but still
sufficient to cause cracking. If there is no footing movement.
the pointing tends to last many years. Where some movemean
is expected, it is recommendead that flexible pointing be used.

Sarking

In general, roof tiles are of marginal suitability for nstalling o
a roof slope of less than 187 and should never be used where
the pitch is lower than 157 For other roof slopes below 257, th
manufacturer’s recommendations should be checked before
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installing a particular profile. Where flat profile tiles are to be
used on-a root that has a pitch below 257 or where any tiles
are to be used on a roof below 207, sarking should be installed
to prevent water entering the roof woid. Where the common
rafter length is greater than 4500 mm and sarking is not fitted
to the whole slope, the table shown below (source: AS 2050,
Table 5} should be consulted and sarking may have to be fitted
to the lowes end of the slope.

“SARKING REQUIREMENTS IN I;Et.nﬁl]ﬂ
~ TOPITCH/RAFTER LENGTH

|
Roof  Maximum rafter length without sarking
{degrees of pitch) {mm})
=18<20 4500
22022 5500 |

In addition, on any slope with a pitch of 207 or less, an anti-
ponding board should be installed between the bottom batten
and the aversail to ensure that the sarking does not sag
sufficiently to create poading, o allow rainwater inte the eaves
or structural elements.

Guttering too high

The front bead of eaves guttering is usually higher than the
highest point of the rear vertical face that sits against the
fascia board. A common mistake where there is a long run to
the. downpipe, is to install the guttering with the front bead
level with or above the top of the fascia so as to allow for fall
to the downpipe. The reasons why this is an error are:

« Where there is a roof overhang, this allows water to overflow
onte.the eaves fining. In the case of framed external leaf
walls, the rainwater is fed into the frame,

Where there is mo overhang and extruded bricks are used for
the external leaf, the overflowing water spills into the core
holes and saturates the brickwork from within,

Where water cannot feed entirely into the extruded brick-
wiork or where pressed clay bricks are used, rainwater falls
directly into the cavity if ong is present.

This is one of the reasons that the BCA calls for downpipes at
a maximum of 12 m intervals, Such intervals mean that 6m
stiould be the maximum distance away from a downpipe for any
part of the guttering. The minimum fall for eaves qutters is
1:500, 56 gutters can be installed with a 12 rem fall from the
highest point to the downpipe

Section 3 of AS 3500.3.2 requires that the front bead of the
guttering is lower than the top of the fascia, 50 as w0 allow
overflow and prevent rainwater entering the building. A process
contained in AS 3500.3.2, Appendices G and H, is used to
determing how much fower the front bead of the guitesing must
be than the top of the fascia board. Appendix G aiso contains
some examples of acceptable alternatives,

Roof flashings

All metal materials on a roof should be compatible. Lead
flashings should not be used with Colorbond/ Zincalume roofing.
Galvanic action will degrade the zinc and cause corrosion that
will lead to reof leakage. In the event that reroofing introduces
Colorbond/ Zincalume to a roof that has existing lead flashings,
the lead should be coated on both sides using a suitable paint.
Other incompatibifities are listed in AS 3500.3.2, Tables 4.2
and 4.3,

Rainwater spreaders

Where water is collected by guttering to an upper roof and
deposited onto a lower roof wia & spreader, the fower slope is
calted upon Lo carry an agditional volume of water - sometimes
too great a wolume. It must be realised that tile SySlEms ane
designed to prevent water entry in accordance with the per-
formance requirements of the BCA Volume 2, Clause 2.2.1 (b)),
which states: *(b) Surface waler, resulting from a starot having
an average recurrence interval of 100 years must not enter
the buifding.”

When rainwater is gathered from a large catchment and
concentrated by a spreader on another catchment, the volume
of water on that catchment may well be above the capacity of

the: tiling to cope, particularty in a case where wind is tending
o drive the rain up the slope. This type of overloading cannot
be taken into account by tile designers or building designers
If it is intended to use a rainwater Spreader on @ tiled roof, the
tile manufacturer should be consulted. Spreaders may also
create a lecal guitering overflow.

Another even more serious problem is caused by the practice
of locating a spreader on a flashing. This allows the combin-
ation of wind and the praximity of the flashing and the tile to
push water up and-over the top of the tile, then inta the roof
space. This practice should never oceur. If a spreader is allow-
able on @ Toof slope, it should always be well below any flashing,
but the best practice is to run the water from the upper roof
to the ground by & downpipe.

Roof/wall interfaces

Where a roof meets: a cavity wall and the wall then becomes
internal, such as a garage abutting a two-storey dwelling, a tray
flashing is necessary to carry water to an external wall cavity
flashing. Where the roof slopes away from the wall this can be
a horizontal combination of overflashing and cavity flashing
The most important consideration is the provision of a positive
method of transferral from the tray flashing Lo the standard
flonr-level cavity flashing so that no water can escape,

‘Where the roof slopes along the wall the combination overflash-
ing/cavity flashing is stepped. A requirement of this is that
the "uphill’ end of the cavity flashing be turned up Lo ensure
that water follows the steps down ta the standard floor-levet
cavity flashing. Other information is available in BCA Voluma 2,
Clause 2.2.4.10.

Cavity flashings

Brickwork is permeabile: A single teaf of brickwork will allow
water to migrate from the exterior to the Cavity, This is the main
reason that a cavity is necessary. In fact, when significant
wind-driven rain falls against single-feaf brickwork, water can
b plainly seen rumning down the internal face.

More and more is being learned about the problems associated
with water that is trapped in the cavity, This water can quickly
accumulate, but because it is not exposed to sunlight, it can
take a significant time to dissipate. Water ina cavity is not
Just harmiul to building elements. but it also promotes fungal
growth and creates an ideal environment for termites, other
insects, spiders and mites, including dust mites, which are
knowen tor be harmful to pecple who are susceptible to respir-
atory ailments. In addition, the humidity that is created can
transfer moisture into the inner leaf of walling that is
measurable on the internal face. This is particularly true in
southern exposure rooms and 15 undesirable, partcularly in
Irving or bedroom areas.

Because cavity flashings are bedded into the masonry during the
building of the wall, mortar is dropped inta the flashing as the
wzll fises, These droppings eccumulate and harden. Because of
their height inconsistancy, water will inevitably be dammed in
the cavity, Also, weephales become partially or fully blocked by
these mortar groppings, further reducing the possibility that
water will escape,

Wortar droppings should be cleaned out of the flashing before
they become difficult to remove, at least once a day during the
bricklaying process. As the wall rises and cleaning by hand
becomes impracticable, a hose can be used, provided that the
miortar beds at the flashing level are sufficiently cured to resist
deterioration by the water. Anything that bridges the cavity
between the inner and outer feaves of walling and allows the
transfer of water to the inner leaf must be removed.

Another common defect is that the flashing does not extend to
the outer edge of the external lzaf, The function of a cavity flash
ing isto gather water and direct it to the external face of the
brickwork., It usually alse acts as a DPC whose function is to

prevent vertical moisture migration (either up or down}. A DPC
or flashing that does not extend to the outer edge of the brick-
work will allow rigration down by gravity or up by capillary action.

If the brickwork is to be cement rendered, the flashing should
be continuous to the face of te render. A neat way o overcome
this is to create a v-joint at the flashing, then cut the flashing
off at the inner extremity of the v-joint. This method creates a
control joint that will prevent unsightly cracking of the render.

Williom C Cromer Pty Ltd ~ 74A Channel Highway Taroona Tasmania 7053
Environmental, engineering and groundwater geologists
Mobile 0408 122 127 email billcromer@bigpond.com




37
8 April 2013

M. and D. ACKERLY: 513 Shark PointRoad, Penna
Geotechnical summary, site (soil test) and wind classifications

Weepholes

AS 3700, Clause 12.7.2.3, requires that weepholes are formed
immediately above the cavity flashing and that mortar is removed
from the joint 50 that the opening is clean and the flashing is
exposed. This is to ensure the free flow of water from the cavity.
It is not uncommon to find blocked weepholes, recesssd DPCs
and fouled cavity flashings all on the same job.

Window and door openings

The popularity of unevenly faced Bricks has led to a problem at
openings. The problem arises where brickwork reveals do not
prasent a straight ling against windows, and is exacerbated
by the fact that these bricks are generally not suited to flush
mortar bedding. Conseguently, it is commpn to see gaps at
windowTeveal interfaces caused by brick unevenness and
raked joints. Such gaps mean that the building envelope is not
weatherproof within the requirements of the BCA,

It should be realised that the cavity is not envisaged as a part
of a water removal system, but is there to prevent moisture
permeation from the outer skin to the inner skin, It may alsoact
as-a last line of defence in the event of an extraordinary event,
however the idea that a builder should leave gaps in the builg-
ng envelope through which water can penctrate into the cavity
is in direct conflict with the objectives and requirements of the
BCA, Anvexternal wall that routinely allows water to enter the
cavity, turns that cavity into-a hazard to the building elements,
ard to the health and amenity of the occupants. It is the job af
the builder 1o make the envelope weatherproof. The construct:
jon system must prevent significant volumes of water entering
the cavity.

In the case of window and door reveals, the bricklayer, while
being mindful of the danger of ceramic growth, should not
rake or iron the joint past the leading edge of the frame. In
some cases where gaps must be feft because long walls make
ceramic growth 4 hazard, or where the brick profile is badly
uneven, storm moulds should be instalied, and badding should
be fefr flush with the leading edge of the storm maould:

It is also common to see cases whene an overwide cavity cregtes
insufficient overiap between the window and the brickwork
reveal, Where this pcours, storm moulds are also called for.

Window gaskets

When fithed to brick veneer construction, windows need 1o be
clear aof the brickwork sill so as to allow for timber shrinkage iy
the frame, The usual allowance is 5=10 mm clearance to ground
floor windows and a minimum of 15 mm on the second storey.
For this purpese, aluminium window assemblies are fitted with
neoprene gaskets to bridge the gap between the window frame
and the brickwork sill. As with reveals, the brickwork sill should
have joints left flush from the leading edge of the gasket to the
rear edge of the sill, Commonly, little attention is paid to seat-
ing the gasket to provide a waterpeoof surface. Mortar is left
on top of sill bricks which, when timber shrinkage reduces or
closes the gap, pushes the gasket up and away from the brick
and allows water to enter the cavity. Mortar should be cleansd
off the top of bricks while laying. In addition, brickiayers
commionly turn the ends of gaskets down into the perpends at
the sill/ reveal joints. This is poor practice; as it leaves a gap
above the gasket where water can gain entry to the cavity
and which also encourages water into the mortar where the
gasket turns down. These gaskets should be cleanly cut off
flush with the reveal and the mortar should be flush with the
sill brickwork. If the reveal bed aligns with the gasket there is
no reason that the gasket cannot be bedded into it

Sills and thresholds

Where brickwork, sills-are significantly sloped, it is common to
find that the bricks are cut to have a minimal overlap with the
gasket. These gaskets need a minimum 15 mim overlap with

the sill bricks where the sill is-at 20 to the horizontal, For
lesser angles the necessary overlap increases.

Brickwork patic and other door thresholds are often laid
without any fall away from the building. This will always result
in water entering the cavity. Some bricklayers fill the cavity in
at the doprway to prevent water incursion, but this does not
work and only inhibits the operation of the flashing, The builder
must provide the bricklayer with sufficient height to allow for
weepholes to be continued across the doorway as necessary,
and for either a soldier course sill with sufficient fall or room
to lay a sloped tiling threshold,

Subfloor vents

In dwellings having suspended ground floors, particularly where
timber floor framing is used. adeguate cross-flow ventilation
must be installed o counteract condensation. BCA Volume 2,
Section 3.4.1, gives minimum ventilation standards that are
deemed to satisfy the performance reguirements. The reguirec
ventilation ared is based on the perimeter length of the buiiding
and differs depending on:

= The zone in which the dwelling is located.

* The moisture content of the foundation soil.

It is also important to realise that where the floor is lower to
the ground, there is less volume of air to dissipate the moisture
that is ransferred to it from the ground

Landscaping

Two impor tant aspects of fandscaping that relate to water entry
were introduced in the surface drainage section above, viz.:

+ The finished exterior ground level at the building perimeter
should be a minimum of 150 mm below finished floor level,
ground floor cavity flashing weepholes or subflogr vents,
whichever are the lowest. However, if paving is o be used
arcund the building perimeter, the clearance may be 50 mm.
Where a slab is used as part of a termite management
system, 75 mim at the top of the slab edge must be visible
or able 1o be made visible,

The finishied ground should have a 1:20 fall away from the
buiiding for at least the first metre: Nothing that needs to
bewatered, including lawn, should be within this graded
area and it should preferably be a hiard surface.

In addition, the landscaper should only install automatic
watering systems where the beds that they service are lower
than the base of the footings or where they are separated
from the building by a properly engineered Ssurface and grownd
water drainage system,
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AS 3700, Masonry Structures. Standards Australia, Sydney,
2001.
BTF 18. Foundation Maintenance and Foating Performance -
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EAVE & SOFFIT CONSTRUCTION ABCB VOLUME 2 PART 7.4.5

EAVE WIDTH - 300MM

SOFFIT / EAVE LINED WITH 'HARDIFLEX' CEMENT SHEETING
®* TRIMMERS LOCATED WITHIN [200 MM OF EXTERNAL CORNERS TO BE SPACED @ 500 MM CENTERS, REMAINDER OF SHEET - 700 MM CENTERS
®* FASTENER / FIXINGS WITHIN |200 MM OF EXTERNAL CORNERS @ 200 MM CENTERS, REMAINDER OF SHEET - 300 MM CENTERS
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SUB FLOOR VENTILATION. NcC voL 2 PART 6.2.1

* A MINIMUM oF 150 MM OF SUB FLOOR CLEARANCE IS TO BE PROVIDED BETWEEN FINISHED SURFACE LEVEL & THE UNDERSIDE OF THE FLOOR BEARER.

* A MINIMUM oF 6000 MM2 PER METRE OF SUB FLOOR VENTILATION IS TO BE UNIFORMLY DISTRIBUTED AROUND THE EXTERNAL AND INTERNAL WALLS OF THE BUILDING.
®* VENTS TO BE LOCATED NO GREATER THAN 600 MM FROM AN INTERNAL OR EXTERNAL CORNER.

PRYDA 230X75 - 52 HOLE VENT MAXIMUM SPACING |050 MM ALONG WALL OR
PRYDA 230XI65 - |17 HOLE VENT MAXIMUM SPACING 2350 MM ALONG WALL

ADDITIONAL VENTILATION PROVISIONS TO BE INSTALLED WHERE OBSTRUCTIONS SUCH AS

CONCRETE VERANDAH'S, DECKS, PATIOS AND PAVING ARE INSTALLED & OBSTRUCT VENTILATION.
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