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21t October 2022

Ref No: H22-3293.

Lucena Engineering
6 George Street
Tintenbar, NSW 2478

Dear Lucena Engineering,

Re: Proposed New Dwelling at 56 Ann Street, Mullumbimby, NSW 2482.

Australian Soil and Concrete Testing Pty Ltd (ASCT) is pleased to present the completed Geotechnical Site
Investigation report, in response to your request.

As per your commission, ASCT was tasked with investigation works appropriate to classification of the site in
accordance with Australian Standard AS 2870 — Residential Slabs & Footings, and associated parameters
requisite to the proper design & construction of a structural footings system.

Details of our investigation process, the findings and results are contained within the body of this report.
However, please find below a summation of the investigation results;

Site Classification (AS 2870) Abnormal Site - Class P
(requiring Professional engineering input)

Potential Problems Encountered Fill >0.4m in Depth
Characteristic Surface Movement (Y;) 20 to 40mm
Allowable Bearing Capacity 100 kPa (Below 0.5m)
Groundwater Encountered at 1.9m
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1.0 Introduction & Understanding

The subject of this site investigation report is;

56 Ann Street, Mullumbimby, NSW 2482.

It is our understanding that a new residential dwelling proposed for the site. Accurate information regarding
the ‘footprint’ of the proposed structure was available at the time of investigation.

Information, including anecdotal evidence, provided by our client has been accepted as accurate & complete,
and incorporated into the investigation process as appropriate.

2.0 Desktop Study

ASCT maintains an extensive library of previous AS 2870 site classifications. This important resource is
consulted with every ASCT site investigation, and appropriate information has been employed during this
investigation.

A limited inspection of the available aerial photography, provided no significant information regarding the site
history.

Inspection of soil mapping for the area, TWEED HEADS - Geological Series Sheet SH 56-3 (1:250,000), predicts
soils of the Qa — Alluvial Plain origin.

The site was determined to lie within Climatic Zone 1, and therein have a Depth of design suction change (Hs)
in the order of 1.5m.

Having regard to the guidance provided within AS 2870, a value of Soil suction change (ApF) of 1.2 Pico farads
(pF) was deemed appropriate for the site.

3.0 Field Work

Field work at the investigation site was conducted by ASCT representative on the 7" October 2022.
These works included;

e Recording of all significant site features having, or potentially having, an effect on the site
classification.

e Recording the location, and/or physical measurements, of certain significant features (e.g.: ASCT test

holes, Tree heights, Slopes, Structures).

Digital photography.

A determination of the ultimate bearing pressure exhibited by the site soils.

Excavation, and logging of one or more test holes.

An assessment of groundwater conditions.

o The retrieval of one or more soil samples, for subsequent laboratory testing.

3.1 Site Description

The site as found by ASCT on the day of the field work is described below. Photo and a simple plan of the site
are included in Appendix A.
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The site is located in an established residential area amidst gently sloping terrain.

Some small tree and vegetation surrounding the sites perimeter may affect the sites normal moisture
conditions.

No significant water sources were observed.
No outcropping of boulders is evident within the site.

At the time of investigation vehicle/drill rig access onto the site was easily achievable.

3.2 Sub-Surface Profile
Detailed borehole logs, in accordance with AS 1726 section 6.2, are included in Appendix A.

In essence; the sub-surface profile consists of Silty Sand (SM) underlain by Silty Clay (Cl, CH) through to the
target investigation depth.

The site exhibits uncontrolled fill materials, of a non-reactive and reactive type, up to a depth of 0.8m.
The investigation results indicate that an essentially uniform sub-surface profile exists across the site.

The sub-surface conditions encountered are unlikely to hinder normal footing construction.

3.3 Groundwater

During the investigation field-work, groundwater was encountered at a depth of 1.9m below the existing
surface (consult the borehole logs in Appendix A).

The presence of groundwater table/seepage depends on rainfall, ground conditions, permeability, adjacent
creek/river water levels and will differ over time.

While it is impossible to accurately predict future levels in a complex groundwater system, especially in a
limited investigation such as this, ASCT believes that groundwater is unlikely to be of detriment to the
proposed footings system.

3.4 Bearing Capacity

Where possible ASCT employs the results of AS 1289.6.3.2 — Dynamic Cone Penetrometer (DCP) testing, in the
assessment of bearing capacity. In such instances the results of the DCP testing are included on the borehole
logs, provided in Appendix A. Other inputs, such as visual/tactile assessments and the use of portable
engineering equipment (e.g.: pocket penetrometer), also contribute to the overall assessment.

Having allowance for the weakest state of foundation materials, during normal (natural) site conditions, we
have determined the allowable (or design) bearing capacity to be;

e 100kPa. This is reasonable and likely to be adequate for the support of a normal footings system.

As with all sites, the value of bearing capacity varies with depth. The design bearing capacity given above is
available within a zone 0.5 to 2.0m below the existing surface.
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4.0 Laboratory Work

During the field-work phase a disturbed soil sample was retrieved from Borehole 2, at a depth of 0.5m.

The sample was submitted to our NATA accredited Ballina facility for testing, in accordance with;
AS 1289.3.1.2 — Liquid Limit of a Soil (One point Casagrande).
This laboratory testing produced results of;

Liquid Limit 53%.

5.0 Characteristic Surface Movement

Incorporating appropriate values for the Climatic Zone, depth of design suction change (Hs), soil suction
change (ApF), lateral restraint factor (a), the thickness of each layer (h), and the properties of each layer
(Instability Index lpt); We have calculated the expected volume change associated with natural changes in soil
moisture, and its’ effect at the surface of the soil profile.

The resultant value is known as the Characteristic Surface Movement (Ys), and we have determined it to be in
the order of 20 to 40mm in line with AS 2870 Site Class M — “Moderately Reactive”.

6.0 Site Problems

AS 2870 contains a list of potential problems that exclude a site from being classified under one of the
‘Normal’ classifications. Such sites are classified as Class P, so that the issues can be addressed using a tailored
solution, by a professional Engineer.

Unfortunately, one or more of these potential problems were encountered at your site resulting in a
classification of ‘Class P’. While the problems may have been discussed in other sections of this report, they
are listed here in the interests of clarity;

e Fill is greater than 0.4m in depth at borehole 1 (0.8m). Under AS 2870 sites containing reactive fill
greater than 0.4m in depth are classified ‘P’ and require further engineering consideration.

7.0 Earthworks, Site Preparation and Trafficability (If Applicable)

Any earthworks undertaken should be carried out in a responsible manner in accordance with the relevant
parts of AS3798 — 2007. It is recommended that all earthworks be carried out under Level 1 inspection and
testing arrangements as detailed in clause 8.2 of AS3798-2007.

Prior to the placement of any structural fill across the site, any topsoil, unsuitable, deleterious and organically
contaminated surface soils should be stripped to depths exposing competent ground. In addition, any tree
roots remaining from any clearing operations should be completely removed.

The stripped surface prior to filling should be tyned, moisture conditioned and re-compacted to the minimum
density ratios detailed in AS 3798-2007 of 95% Standard compaction for residential and 98% standard
compaction for commercial developments.

All bulk fill materials should be placed in layers of approximately 0.2m loose and be moisture conditioned
within the range of £2% of Optimum Moisture Content (OMC). Then compacted to the minimum density ratios
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detailed in AS 3798-2007 of 95% Standard compaction for residential developments and 98% standard
compaction for commercial developments.

Excluding any organic and deleterious materials, it is considered that the majority of materials won from
excavation on site will generally be suitable for reuse as bulk filling provided that moisture content of the soils
on placement approximates to the Optimum Moisture Content (OMC).

Where medium to high plasticity clays are proposed to be re-used as new structural filling materials in building
or pavement areas, it is recommended that the cohesive material be placed at depth and granular material or
weathered rock be placed close to the subgrade level. This will reduce the effects of seasonal moisture
changes and foundations soil reactivity and improve surface trafficability.

It is appropriate to maintain surface drainage conditions during earthworks and ensure that runoff water is
discharged away from the construction area to prevent any water ponding. Generally, clayey and silty
materials are susceptible to moisture changes.

8.0 Responsibilities

The Australian Standard AS 2870 includes the following statements “Footing design and construction involves a
number of steps: site classification, selection of the footings system, structural design, construction in
accordance with the required design details and construction methods, and proper maintenance. In particular,
the owner has a responsibility to ensure the site is properly maintained and the Standard attempts to guide
owners in this area.”.

We draw your attention to this responsibility and have provided a copy of the CSIRO BTF-18 “Foundation
maintenance and Footing performance: A Homeowner’s Guide” to assist you. The measures suggested in the
CSIRO guide are simple & cost effective, and we recommend that you observe them in consultation with your
designer.

We have taken every care to be to accurate, complete & objective in the execution of your commission.
Should you have any queries, or require further assistance, please do not hesitate to contact our office. This
report is your intellectual property and we will not provide it to any 3™ party without your permission. May we
also respectfully request that if you provide this report to others (e.g.: your builder): you provide it in its’
entirety, to avoid any miscommunication.

Yours faithfully,
Australian Soil & Concrete Testing Pty Ltd

Zar Harper
Engineering Geologist
BSc (Geology)
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LIMITATIONS OF GEOTECHNICAL SITE INVESTIGATION

COMMISSION OF SERVICES

This geotechnical site assessment report (“The Geotechnical Report”) has been prepared in accordance with the
commission set out in the contract or quote, or as otherwise agreed between the Customer and Australian Soil &
Concrete Testing P/L (ASCT). The commission may be limited by a range of factors such as time, cost, accessibility or site
constraints and conditions.

RELIANCE ON INFORMATION PROVIDED

In preparing the report, ASCT has relied upon information provided, surveys, analyses, designs, plans and other
documentation provided by the customer or other individuals and organisations, most of which are referred to in
preparing the report. Except as otherwise stated in the report, ASCT has not verified the accuracy or completeness of the
information provided to the extent that the statements, opinions, facts, information, conclusions and recommendations
in the report are based in whole or in part on the information provided. The recommendations and conclusions are
contingent upon the accuracy and completeness of the information provided. ASCT will not be liable in relation to
incorrect conclusions should any provided information or site condition be incorrect or have been concealed, withheld,
mis-represented or otherwise not fully disclosed to ASCT.

GEOTECHNICAL INVESTIGATION

Geotechnical site classification is based extensively on judgment and opinion. It is far less exact than other engineering
disciplines. Geotechnical lot classification reports are prepared to meet the specific needs of individuals. This report was
prepared expressly for the Customer and expressly for the purposes indicated. Use by any other persons for any purpose
or by the customer for a different purpose, may result in problems which ASCT cannot be responsible for. The Customer
should not use this report for other than its intended purpose without seeking additional geotechnical advice.

THIS GEOTECHNICAL REPORT IS BASED ON SITE SPECIFIC FACTORS

This geotechnical report is based on a subsurface investigation which only identifies the conditions at the locations and
time when the investigation was undertaken. Unless further geotechnical advice is obtained this geotechnical report
cannot be used when the nature of the site is changed or when the proposed development is modified for the site.

This geotechnical report cannot be applied to an adjacent site. The Limitations of Geotechnical Site Investigation in
making an assessment of a site from a limited number of boreholes or test pits is the possibility that actual conditions
may vary from those identified at the investigation locations. The Site investigation identifies specific subsurface
conditions only at those points from which samples have been taken. The investigation programme undertaken is used to
provide a general profile of the subsurface condition. The information obtained from the site investigation and
subsequent laboratory testing is used to form a presumed opinion regarding the overall subsurface conditions and their
likely behaviour with regard to the proposed development. The borehole logs are the subjective interpretation of the
limited site investigation and cannot always be definitive.

SUBSURFACE CONDITIONS ARE TIME DEPENDENT

A geotechnical report is based on conditions which existed at the time of site investigation. The subsurface conditions
may change due to natural forces or man-made influences. Civil works at or adjacent to the site and natural events such
as floods or groundwater fluctuations may also affect subsurface conditions and the relevance of the geotechnical report.
The geotechnical report should therefore be regarded as preliminary and ASCT should be consulted if unexpected
conditions are encountered to determine the impact on the recommendations of the report.
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SLOPE STABILITY
This report does not cover slope stability. If this is required, an independent assessment and investigation should be
undertaken by a qualified Geotechnical Engineer.

AVOID MISINTERPRETATION

The geotechnical report may be misinterpreted by other design professionals. ASCT should be retained to explain
relevant geotechnical findings and to review the adequacy of plans and specifications and the implications to the report.
The geotechnical report should be maintained as a whole and should not be copied, divided or altered.

GEOTECHNICAL INVOLVEMENT DURING CONSTRUCTION

It is recommended that ASCT should be retained through the construction stage to confirm the actual subsurface
conditions are consistent with the geotechnical report. If variations are encountered additional tests may be required to
confirm conditions comply with the design specifications and advise on changes to the construction if required.

REPORT FOR BENEFIT OF CUSTOMER

The geotechnical report has been prepared for the benefit of the customer and no other party. ASCT assumes no
responsibility and will not be liable to any other person or organisation for, or in relation to, any matter dealt with or
conclusion expressed in the report. ASCT will not be responsible for any loss or damage suffered by any other person or
organisation arising from matters dealt with or conclusion expressed in the report (including, without limitation, matters
arising from any negligent act or omission of ASCT or any loss or damage suffered by any other party relying upon the
matters dealt with or conclusions expressed in the report). Other parties should not rely upon the report or the accuracy
and completeness of any conclusions and should make their own enquiries and obtain independent advice in relation to
such matters.

OTHER LIMITATIONS
ASCT will not be liable to update or revise the report to take into account any events of emergent circumstances or facts
occurring or becoming apparent after the date of the report.
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APPENDIX A - Site Photo, Site Plan & Borehole Logs.

View of the site facing a northerly direction.

ASCT Doc No. A103 Rev 1, 10/06/2020 Page 8 of 15



ASCT

PO Box 4129 Goonellabah, NSW 2480
70 Lancaster Drive, Goonellabah 2480
Telephone: (02) 6686 8567

Fax: (02) 6686 8396

A.B.N: 92 602 346 127

DEMOLITION NOTES:

=ALL DEMOLITION TO AS 2601-2041 -
DEMOLITION OF STRUCTURES. -

LEGEMD

- SUBJECT BOUNDARY

- ADJACENT EOUNDARY

- TO BE DEMOLISHED

- CENTRE LINE

- EDGE OF BITUMEN

- ROAD KERE INVERT

- ROAD KERE TOP

- TRACK |
BUILD GUTTER H

BUILD ROOF |
BUILD WAL

- FENCE

*EXISTING STRUCTURE SHOWN IS INDICATIVE
ORLY. ALL EXASTING STRUCTURAL ELEMENTS
TOBE VERIFIED OM SITE.

“ENSURE LOCATION OF ALL SERVICES, ABOVE
AND UNDER GROUND IS KNCWH PRIDR TO
DEMOLITION. DISCOMNECT ALL SERVICES.

“DILAPIDATION REPORTS TO BE PREPARED
FOR NEIGHBOURING PROPERTIES WHERE
PROPOSED WORKS, DEMOLITION, VIERATION,
CONSTRUCTION, ETC LAY CAUSE IMPACT - STERS & STAIRS
- POWER LINE |
“PROVIDE ALL NECESSARY SUPPORTS FOR  STORM WATER -
EXISTING STRUCTURE DURING DEMOLITION. - EEWER

OF OWELLING AND/OR NEIGHBOURS

*PROVIDE WEATHER PROTECTION TO AREAS |
EXPOSED DURING DEMOLITION.

“SECURE SITE WITH APPROVED FENCING/
HOARDING.

“FROTECT ALL GARDENS BEDS AMND TREES.

TR . ATN95 185055 eune

L

L0226L1 da

*HAZARDOUS MATERIALS ARE TO BE
REMOWVED OF AND DISPOSED OF IN STRICT
ACCORDANCE WITH EPA REQUIREMENTS. ‘

ag
sover T

*ALL PROTECTIVE MEASURES ARE TO BE
UTILIZED DURING DEKOLITION IN

ACCORDANCE WITH CLAUISE 1.5 AND 1.7 OF |
AS2E0-2041

53

“TAKE APPROPRIATE MEASURES TO MINIMISE
DUST, & FLYING DEBRIS.

*ENSURE ALL EXPOSED SOIL 1S STABILISED |

carapace

- PROPOSED
PRIMARY
DWELLING

7795

28
SEC3
DP 4721

I m
LI

FROM WIND, RAIN WATER RUN-OFF, HEAVY
LOADS ETC. TO MINIMISE EROSION,

*WORKS ARE TO BE CARRIED OUT TO ENSURE
ALL DEBRIS |5 COMTAINED WITHIN THE SITE.

*ALL SEDIMENT CONTROL MEASURES TO BE
IK FLACE BEFORE DEMOLITION BEGINS.
PROTECT ALL STORMWATER INLETS.

“0BTAIN ALL NECESSARY PERMITS SHOULD
ANY ROAD OR FOOTRATH 0BSTRUCTION OR
CLOSURE BE AEQUIRED.

*QCCUPATIONAL HEALTH AND SAFETY
REGULATIONS SHALL BE ADMERED TO AT ALL
TIMES. (SEE AS 4801}

13341S

“CONTRACTOR TO CONFIRM WITH DWNER
ALL MATERIALS, FICTURES, AND FITTINGS TD
BE EITHER REUSED, RECYCLED, SOLD OR
DISPOSED DF.

“RECYCLE AND/OR REUSE WHERE PRACTICAL
57T0 CWNERS DIRECTION.

4
AT

x'zm
_'_'_'T T Teoor - T
\ '
\ !
| |
\ .

N

“DEMOLITION CONTRACTOR TO HAVE
RECYCLING SYSTEMS IM PLACE SUCH THAT A
MINIMUM OF B53 OF CONSTRUCTION WASTE
THAT LEAVES THE SITE IS TO BE RECYCLED.

et

e e
47.178

e

HLYOMONITIOH

27 !
SEC 3 a 10m l
DP 4721

1200 -A3 2
(=}
o

7/7f~.’~f—f—f—r—r—v~—7~4
|

g ey S TR S B
198° 50" 5" PALING

ANV

.88,
— Lo,

.

i

e

i B 2 STOREY
l -~

v i '

| BZ22 cLap House = |
I //METALRUDF = |

Project:

Kria M=Fatkan Dasign
‘G400 691 788

Praposed Development - New Dwellings

Va Barber Hua

56 Ann St Mullumbimby NSW 2482
AUSTRALIA

Client:

¥ COMMORWEALTH CLF
66 111 AND WAL, THEY SAUST NOT BE

BEPRIGLCED ORCOPIED I ANY FLAM WITHOUT THE
WNTTER PERMISSION K13 MCFAONEN

CHT ALT

Address:

Revisions

Site Plan

Issue:

Descriptian:

Dale: [injuials:

Project D 131

DiswnBy KM

SK1

Checked KM

Scale @ A3 1:200

Plan of the site, with ASCT test positions.

ASCT Doc No. A103 Rev 1, 10/06/2020

Page 9 of 15



ASCT

PO Box 4129 Goonellabah, NSW 2480
70 Lancaster Drive, Goonellabah 2480
Telephone: (02) 6686 8567

Fax: (02) 6686 8396
A.B.N: 92 602 346 127

BOREHOLE LOG SHEET

- 1

Client:
Project:
Borehole Position:
Surface Elevation:

Lucena Engineering

56 Ann Street, Mullumbimby

See Site Sketch
Existing Surface Level

ASCT Ref No:
Client Ref No:
Drilling Method:
Drill Bit:

H22-3293
NA

Power Auger
100mm @ TC

Depth (m)

Graphic
Symbol

Group
Symbol

Soil Description (AS 1726)

Consistency / Relative
Density / Rock Strength

DCP Blows / Test

100mm Sample

Cone Tip

0.0
0.1
0.2
03
04
0.5
0.6
0.7
0.8
0.9
1.0
11
1.2
13
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2

23
24
25
2.6
2.7
2.8
29
3.0
31
3.2
33
34
35
36
37
3.8
39
4.0
41
4.2
43
4.4
45
4.6
4.7
4.8
4.9
5.0

SP

cl

CH

CH

Silty SAND, FILL: grey, non plastic, no dry strength, fine to
medium grained, moist.

Silty CLAY, FILL: grey, medium plasticity, medium

dry strength, trace fine to coarse grained gravel,

moist.

Silty CLAY, NATURAL: orange, high plasticity, high
dry strength, trace fine grained gravel, moist.

Silty CLAY, NATURAL: grey, high plasticity, high dry
strength, moist.

groundwater encountered

DRILLIBG TERMINATED: target depth reached.

Loose
Soft
to
Firm

Stiff

Stiff

Very Stiff

1

DU W WWwWwwWwwwwwwwNemNNNREN

[=)]

Stopped
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BOREHOLE LOG SHEET

- 2

Client:
Project:
Borehole Position:
Surface Elevation:

Lucena Engineering

56 Ann Street, Mullumbimby

See Site Sketch
Existing Surface Level

ASCT Ref No: H22-3293
Client Ref No: NA
Drilling Method: Power Auger
Drill Bit:  100mm @ TC

Depth (m)

Graphic
Symbol

Group
Symbol

Soil Description (AS 1726)

DCP Blows /
100mm

Consistency / Relative
Density / Rock Strength

Test
Sample

0.0
0.1
0.2
03
04
0.5
0.6
0.7
0.8
0.9
1.0
11
1.2
13
1.4
1.5
1.6
1.7
1.8
1.9
2.0

2.1
2.2
23
24
25
2.6
2.7
2.8
29
3.0
31
3.2
33
34
35
36
37
3.8
39
4.0
41
4.2
43
4.4
45
4.6
4.7
4.8
4.9
5.0

Cone Tip

CH

CH

CH

Silty CLAY, FILL: grey, high plasticity, high dry strength,
moist.

Silty CLAY, NATURAL: orange, high plasticity, high

dry strength, trace fine grained gravel, moist.

Silty CLAY, NATURAL: grey, high plasticity, high dry
strength, moist.

colour change: mottled grey/pale brown

DRILLING TERMINATED: target depth reached.

1

Firm

MR

Stiff 3
Refusal

Disturbed
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Foundation Maintenance
and Footing Performance: -

BTF 18-2011
replaces

A Homeowner’s Guide information

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

be prevented, thus protecting against building movement.

This Building Technology File is designed to identify causes of soil-related building movement, and to suggest methods of

prevention of resultant cracking in buildings.

Soil Types

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

Classifications for a given area can generally be obrained by
application to the local authority, but these are sometimes unreliable
and if there is doubt, a geotechnical report should be commissioned.
As most buildings suffering movement problems are founded on clay
soils, there is an emphasis on classification of soils according to the
amount of swell and shrinkage they experience with variations of
water content. The table below is Table 2.1 from AS 2870-2011, the
Residential Slab and Footing Code.

Causes of Movement

Settlement due to construction

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

construction:

¢ Immediate settlement occurs when a building is first placcd
on its foundation soil, as a result of compaction of the soil under
the weight of the structure. The cohesive quality of clay soil
mitigates against this, but granular (particularly sandy) soil is
susccptiblc.

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 local compressive or shear stresses.
This will usually take place during the first few months after
construction, but has been known to take many years in
exceptional cases.

These problems are the province of the builder and should be taken
into consideration as part of the preparation of the site for
construction. Building Technology File 19 (BTF 19) deals with these

Pl'()b[ cms.

Erosion

All soils are prone to crosion, but sandy seil is particularly susceptible
to being washed away. Even clay with a sand component of say 10%
or more can suffer from erosion.

Saturation

This is parcicularly a problem in clay soils. Saturation creates a bog-
like suspension of the soil that causes it to lose virtually all of its
bearing capacity. To a lesser degree, sand is affected by saturation
[JL‘CHUSL‘ satu[atcd Slnd may und(:rgo a rL‘dUCtiUﬂ in \'ulumc,
particularly imported sand fill for bedding and blinding layers.
However, this usually occurs as immediate sertlement and should
normally be the province of the builder.

Seasonal swelling and shrinkage of soil

A“ Clﬂ)’.‘i react to thf pre.serlct' (]F water hy 51()\V1Y ﬂb&()[biﬂg it, rnaking
the sail increase in volume (see table below). The degree of increase
varies c()nkideral’:ly hetween diﬁ‘erent (13“{3, as dUE!s tl'l€ degree Of
decrease during the subsequent drying out caused by fair weather
periods. Because of the low absorption and expulsion rate, this
phenomenon will not usually be noticeable unless there are
prt)[()nged rainy or dry periods, USUEHY ()FWC‘Ck_S or l'l'l()l'lths,
depending on the land and soil characteristics.

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

Shear failure

This phenomenon occurs when the foundarion soil does not have

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

TW0 Major post-Construction causes:

* Significant load increase.

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

In clay soil, shear failure can be caused by saturation of the soil
adjacent to or under the footing.

GENERAL DEFINITIONS OF SITE CLASSES
Class Foundation

A M()St Sﬁrld Elnd l'()C]( sites \)\'.lth lirtle Or no g[ound movement fr()m moisture chznges

S S]ighdy reactive (|ay sites, which may experience nr||)f slight grnund movement from moisture (l‘mnges

M Moderately reactive clay or silt sites, which may experience moderate ground movement from moisture changes
Hi1 Highly reactive clay sites, which may experience high ground movement from moisture changes
H2 Highly reactive clay sites, which may experience very high ground movement from moisture changes

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

Nortes

1. Where controlled fill has been used, the site may be classified A to E according ro the rype of fill used.

2. Filled sites. Class P is used for sites which include soft fills, such as clay or silt or loose sands; landslip: mine subsidence; collapsing soils; soil subject to erosion;

reactive sites subject ro abnormal moisture conditions or sites which cannot be classified otherwise
3. Where deep-seated maisture changes exist on sites at depths of 3 m or greater, furcher classification is needed for Classes M to E (M-D, HI-D, H2-D and E-Dj.
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Tree root growth
Trees and shrubs thar 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 footings.

* Roots in the vicinity of footings will absorb much of the moisture
in the foundation soil, causing shrinkage or subsidence.

Unevenness of Movement

The types of ground movement described above usually occur
unevenly throughout the building’s foundartion soil. Sertlement due
to construction tends to be uneven because of:

. Differing compaction of foundation soil prior to construction.
* Differing moisture content of foundarion soil prior to
construction,

Movement due to non-canstruction causes is usually more uneven
still. Erosion can undermine a footing thar traverses the flow or can
create the conditions for shear failure by eroding soil adjacent to a
footing that runs in the same direction as the flow.

Saturatiorl DF clay foundatinn S(Ji] rnay occur where suhﬂ(mr \54'3"5 creare
a dam that makes water pond. It can also occur wherever there is a
source of water near footings in clay soil. This leads to a severe
reduction in the strength of the soil which may create local shear failure.

Seasonal swe"ing and shrinkage ﬂFClay soil affects the perimeter of
the building first, then gradually spreads to the interior. The swelling
process will usually begin at the uphill extreme of the building, or on
the weather side where the land is flat. Swelling gradually reaches the
interior soil as absorption continues. Shrinkage usually begins where
the sun’s heat is greatest.

Effects of Uneven Soil Movement on Structures

Erosion and saturation

Erosion removes the support from under footings, tending to create
subsidence of the part of the structure under which it occurs.
Brickwork walls will resist the stress created by this removal of
support by bridging the gap or cantilevering until the bricks or the
mortar bedding fail. Older masonry has little resistance. Evidence of
failure varies according to circumstances and symptoms may include:

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

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

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

Seasonal swelling/shrinkage in clay

Swelling foundation soil due to rainy periods first lifts the most exposed
extremities of the ﬁ}&lring system, then the remainder of the perimeter
footings while gradually permeating inside the building footprint to lift
internal Fuming:.. This awclling first tends to create a dish effect,
because the external footings are pushed higher than the internal ones.

The first noticeable symptom may be that the floor appears slightly
dished. This is often accompanied by some doors binding on the
floor or the door head, together with some cracking of cornice
mitres. [n buildings with timber flooring supported by bearers and
joists, the floor can be bouncy. Externally there may be visible
dishing of the hip or ridge lines.

As the moisture absorption process completes its journey to the
innermost areas of the building, the internal footings will rise. If the
spread of moisture is roughly even, it may be that the symproms will
temporarily disappear, but it is more likely that swelling will be
uneven, creating a difference rather than a disappearance in
symptoms. In buildings with timber flooring supported by bearers
and joists, the isolated piers will rise more casily than the scrip
footings or piers under walls, creating noticeable doming of floaring.
As the weather pattern changes and the soil begins to dry out, the
external foorings will be first affecred, beginning with the locarions
where the sun’s effect is strongest. This has the effect of lowering the

Trees can cause shrinkage and damage

Wall cracking
due fo uneven
looting setlement

external footings. The doming is accentuated and cracking reduces
or disappears where it occurred because of dishing, but other cracks
open up. The roof lines may become convex.

Doming and dishing are also affected by weather in other ways. In
arcas where warm, wet summers and cooler dry winters prevail, water
migration tends to be toward the interior and Cloming will be
accentuated, whereas where summers are dry and winters are cold
and wet, migration tends o be toward the exrerior and the
underlying propensity is toward dishing.

Movement caused by tree roots

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

Complications caused by the structure itself

Maost forces thar the soil causes to be exerted on structures are
vertical — i.e. either up or down. However, because these forces are
seldom spread evenly around the footings, and because the building
resists uneven movement because of its rigidity, forces are exerred
from one part of the building to another. The net result of all these
forces is usually rotational. This resultant farce often complicartes the
diagnosis because the visible symptoms do not simply reflect the
original cause. A common symptom is binding of doors on the
vertical member of the frame.

Effects on full masonry structures

Brickwork will resist cra.cking where it can. It will attempt to span
areas that lose support because of subsided foundartions or raised
points. It is therefore usual to see cracking at weak points, such as
openings for windows or doors.

In the evenr of construction settlemenr, cracking will usually remain
unchanged after the process of settlement has ceased.

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

In the case of swell/shrink effects, the brickwork will in some cases
return to its original position after completion of a cycle, however it
is more likely that the rotational effect will not be exactly reversed,
and it is also usual thar brickwork will sertle in its new position and
will resist the forces trying to return it to its original position. This
means that in a case where swelling takes place after construcrion
and cracking occurs, the cracking is likely to at least partly remain
after the shrink segment of the cycle is complete. Thus, each time the
cycle is repeated, the likelihood is that the cracking will become
wider unril the sections of brickwork become virrually independent.

With repeated cycles, once the cracking is established, if there is no
other complication, it is normal for the incidence of cracking to
stabilise, as the building has the articulation it needs to cope with the
problem. This is by no means always the case, however, and monitoring
of cracks in walls and flaors should always be treated seriously.

Uph{‘a\'al Cﬂuﬁcd by grl)wth Df: tree roots undl‘r fﬂﬂ[‘lngs is nor a
simple vertical shear stress. There is a tendency for the root to also
oxert lﬂ[('l'al FﬂrCCS thar at[(‘mpt ™ SCParﬂfC secrions Uf brickw()[k
after initial cracking has occurred.
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The normal structural arrangement is that che inner leaf of
hrickwurk in thf_‘ exte[nai “’3115 ﬂnd at ]e:.lﬁr some ()f rhe inrernai Wails
(depending on the roof type) comprise the load-bearing structure on
“’h]’fh :my UPPC[’ ﬂ(!()rs, ceiiings Eil'ld thf_‘ r()()l::lr(-: supported. []'l thESf_‘
cases, it is internally visible cracking that should be the main focus of
attention, h()wever there area F(‘.'W ex;lrnples ()F dweliings V\-’hOS(‘.‘
external leaf of masonry plays some supporting role, so this should be
checked if there is any doubt. In any case, exremally visible cracking
is important as a guide to stresses on the structure generally, and it
Sh(ll—lld ﬂ]S[) be remembered [hﬂ[ [hE exrernal walls must be capabie [!f
supporting themselves.

Effects on framed structures

Timber or steel framed buildings are less likely to exhibit cracking due
to swell/shrink than masonry buildings because of their ﬂexibility‘
Also, the doming/dishing effects tend to be lower because of the
lighter weight of walls. The main risks to framed buildings are
encountered because of the isolated pier footings used under walls.
Where erosion or saturation causes a footing to fall away, this can
double the span which a wall must bridge. This additional stress can
create cracking in wall lining&, particularly where there is a weak
point in the structure caused by a door or window opening, It is,
however, unlikely that framed structures will be so stressed as to suffer
serious damage without first exhibiting some or all of the above
symptoms for a considerable period. The same warning period should
apply in the case of upheaval. It should be noted, however, that where
framed buildings are supported by strip foorings there is only ane leaf
of brickwork and therefore the externally visible walls are the
supporting strrucrure for the buiiding. In this case, the subfloor
masonry walls can be expected to behave as full brickwork walls.

Effects on brick veneer structures

Because the load-bearing structure of a brick veneer building is the
FIame rhaf makeﬁ Lip thﬁ‘ inrerior leaFOF [he EX[E‘[nﬂi Wﬂn.& Piuﬁ
perhaps the internal walls, depending on the type of roof, the
hu]ldiﬂg can bf_' Expef[ed o behﬂ\'f_‘ as a f[amed structure, Excfpt that
the external masonry will behave in a similar way to the external leaf
Ufﬂ Fu“ masonry structure.

Water Service and Drainage

Where a warter service pipe, a sewer Or stormwater drairmgc pipe is in
the vicinity of a building, a water leak can cause erosion, swelling or
saruration ()fsusccptihlc soil. Even a minuscule leak can be cmmgh o
saturate a clay foundation. A leaking tap near a building can have the
same effect. In addition, trenches containing pipes can become
watercourses even though backfilled, particularly where broken
rubble is used as fill. Water that runs along these trenches can be
responsible for serious erosion, interstrata seepage into subfloor arcas
and saturation.

Pipe leakage and trench water flows also encourage tree and shrub

roots to the source of water, complicaring and exacerbaring the

problem. Poor roof plumbing can result in large volumes of rainwater

being concentrated in a small area of soil:

* Incorrect falls in roof guttering may result in overflows, as may
gutters blocked with leaves etc.

* Corroded guttering or downpipes can spill water to ground.

* Downpipes not positively connected to a proper scormwater
collection system will direct a concentration of water to soil that is
directly adjacent to footings, sometimes causing large-scale
problems such as erosion, saturation and migration of water under
the building,

Seriousness of Cracking

In general, most cracking found in masonry walls is a cosmetic
nuisance only and can be kept in repair or even ignored. The table
below is a reproduction of Table C1 of AS 2870-2011.

AS 2870-2011 also publishes figures relating to cracking in concrete
floors, however because wall cracking will usually reach the critical
point significam:iy carlier than cmcking in slabs, this table is not
reproduced here.

Prevention/Cure

Plumbing

Where building movement is caused by warer service, roof
plumbing, sewer ar starmwater failure, the remedy is to repair the
problem. It is prudent, however, to consider also rerouting pipes
away from the building where possible, and relocating taps to
positions where any leakage will not direct water to the building
vicinity. Even where gully traps are present, there is sometimes
sufficient spill to create erosion or saturation, particularly in modern
installations using smaller diameter PVC fixtures. Indeed, some
gully traps are not situated directly under the taps that are installed
to charge them, with the result that water from the tap may enter
the backfilled trench that houses the sewer piping. If the trench has
been poorly backfilled, the water will either pond or flow along the
bottam of the trench. As these trenches usually run alongside the
footings and can be at a similar depth, it is not hard to see how any
water thar is thus directed into a trench can easily affect the
foundarion’s ability to support footings or even gain entry to the
subfloor area.

Ground drainage

In lel Sl)i[ﬁ theri’ is [he Cﬂpﬂf‘lry Fﬁr water to trﬂ\-‘el on rhe SLIrFaCE End
below it. Surface water flows can be established by inspection during
and aftfr hfﬂ\’y or Pr(]l“ngﬂd rain. If HECESSEI)} a gratt‘d drﬂin &ystf_’m
connected to the stormwater collection system is usually an casy
solution.

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

Protection of the building perimeter

It is essential to remember that the soil that affects footings extends
well beyond the actual building line. Watering of garden plants,
shrubs and trees causes some of the most serious warer problems.

For this reason, particularly where problems exist or are likely to
occur, it is recommended that an apron of paving be installed around
as much of the building perimeter as necessary. This paving should

CLASSIFICATION OF DAMAGE WITH REFERENCE TO WALLS
Approximate crack width Damage

Description of typical damage and required repair limit (see Note 3) category
Hairline cracks <0.1 mm 0
Fine cracks which do not need repair <1 mm 1
Cracks noticeable but easily filled. Doors and windows stick slightly. <5 mm 2
Cracks can be repaired and possibly a small amount of wall will need to be 5-15 mm (or a number of cracks 3
replaced. Doors and windows stick. Service pipes can fracture. Weathertightness 3 mm or more in one group)
often impaired.
Extensive repair work invelving breaking-out and replacing sections of walls, 15-25 mm but also depends on 4
cspccin]ly over doors and windows. Window and door frames distorr. Walls lean number of cracks
or bulgc nuticcably, some loss of bc:uing in beams. Service pipes disruptcd.
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Gardens for a reactive site

Shrubs

Clump of trees;
height selected
for distance
from house

-Lawh- 2
T
Patio
LULR
_| Drained

Carport pathway

Path —|

Garden bed
covered with

Driveway| Pt

:Medium
height tree.

extend outwards a minimum of 900 mm (more in highly reactive
s0il) and should have a minimum fall away from the building of
1:60. The finished paving should be no less than 100 mm below
brick vent bases.

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

Excepr in areas where freezing of warer is an issue, it is wise to
remove taps in the building area and relocate them well away from
the building — preferably nor uphill from it (see BTF 19).

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

Condensation

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

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

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

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

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

The garden

The ideal vegerarion layour is to have lawn or plants that require only
light watering immediately adjacent to the drainage or paving edge,
then more demanding plants, shrubs and trees spread our in that order.
Overwatering due to misuse of automaric watering systems is a
common cause of saturation and water migration under footings. If it
is necessary to use these systems, it is important to remove garden
beds to a completely safe distance from buildings.

Existing trees

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

Information on trees, plants and shrubs

State dcpartmcn[s overseeing agriculmru can give informartion
regarding root patterns, volume of water needed and safe distance
from buildings of most species. Botanic g:udcrl.s are also sources of
information. For informacion on plant roots and drains, see Building
Technology File 17.

Excavation

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

Remediation

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

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

This BTF was prepared by John Lewer FAIB, MIAMA, Partner,
Construction Diagnosis.

The information in this and other issues in the series was derived from various sources and was believed to be correct when published.

The information is advisory. It is provided in good faith and not claimed to be an exhaustive treatment of the relevant subject.

Further professional advice needs 1o be obtained before taking any action based on the information provided.
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