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Dear Mr Preston

I refer to your email of 17 July 2018 to the Earthquake Commission (EQC) requesting the following
information under the Official Information Act 1982 (the Act):

e | request that all drafts research paper 0380 be provided, as clearly the response from
Renee Walker was, at best, in error.

e | request all papers and minutes and any communications between EQC, its employees,
contractors and agents, the EAG, and any staff or contractors associated with the
support of the EAG, that relate to the briefings provided to parties outside EQC or EAG,
on work related to research papers 0380.

Your request was transferred by EQC to the Ministry of Business, Innovation and Employment (MBIE) on
3 August 2018 under section 14(b)(ii) of the Act, as EQC believed the information requested relates
more closely connected with the functions of MBIE.

In response to the first part of your request MBIE did a search of its information system and found the
following documents. These are released to you in full:

e Guidance on house repairs and reconstruction following the Canterbury Earthquakes —
10 November 2010

e Preview of the update to: Guidance on house repairs and reconstruction following the
Canterbury Earthquakes — October 2011

On the second part | am refusing this under section 18(e) of the Act as the document alleged to contain
the information requested does not exist or cannot be found.

You have the right under section 28(3) of the Act to request a review by the Ombudsman.
The relevant details can be found here:

www.ombudsman.parliament.nz

Yours sincerely

A

S
Dave Robson

Manager, Building Performance and Engineering

Building, Resources & Markets

15 Stout Street, PO Box 1473, Wellington 6140 New Zealand

E info@mbie.govt.nz T +64 4 472 0030
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1.0 Introduction

1.1 Scope

This preview document:

» supports the announcement of Canterbury
Green Zone repair and reconstruction options
following the 2010/11 Canterbury earthquake
sequence

* provides a summary of updated technical
guidance to engineering solutions for repairing
and rebuilding houses, following the series of
earthquakes, that will shortly be provided by the
Department of Building and Housing

¢ outlines the technical categorisation system that
will determine the appropriate methodologies
for house repairs in the Green Zone on the\fla
in the Canterbury region

s provides options to enable repairg
reconstruction to proceed i i

ill lish a full
dapye on house ]
g the Cante ake,
in December 2010N NSN3 a

t and pfovides
0 proceed in
rtent is published.

houses in Canterbury that have
ed by the earthquakes.

The updated guidance document will primarily
focus on solutions for Green Zone’ land on the
flat. The 22 February 2011 aftershock brought a
greater understanding of damage to houses from

liquefaction, particularly the extentepground likely

to settle appreciably in future es. This has

led to land on the flat being<s three

technical land categorj e Ygtermined b @
uRfacti

the expected future performance. \
guidance will ntrate ®A providing
solutiong #¢? o Technical

thes!

fi

Investigati engineering design.
Itisli piles founded to a good
by e required, but other innovative

t, are being trialled. Future guidance on
diu¥ions in this third Technical Category may be
Svailable by the end of 2011.

The guidance will also provide additional information
on assessment approaches for properties in Port
Hills areas affected by rock fall, landslip and shaking
damage, as well as additional information on repair
and assessment processes.

The guidance document is intended for use by

the engineering design, construction and insurance
sectors, local authorities, and their professional
advisers and contractors. Publication of this -
document forms part of the Government’s
co-ordinated response during the transition to
long-term recovery in Canterbury.

1 Green Zone was announced by CERA, initially on 23 June 2011 as being fand where repairs or reconstruction can proceed.

This is progressively being updated. Refer www.cera.govt.nz.
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1.2 Background 1.3 Acknowledgement

The Darfield, Canterbury earthquake of 4 In preparing the updated guidance on house
September 2010 was an internationally significant repairs and reconstruction following the Canterbury
event that focused attention on damage to earthquakes, the Department acknowledges the
residential properties from liquefaction and lateral contribution from:

eri Y
n ahgremediatio
ta¥an from the %
% x

iety (SESOC)

spreading. The 22 February 2011 Christchurch
earthquake caused further liguefaction that affected
houses across a far wider area of Christchurch; it
also caused extensive rock fall and some landsliding
in the Port Hills. Significant shaking damage was
observed in the hill suburbs. Other significant
aftershocks, most notably on 13 June 2011, also
caused liquefaction in the low-lying areas that were
worst affected in the main earthquakes, and further

shaking damage to hillside properties.
As at the end of August 2011, approximately
ake

¢ The Department's Engi
Group comprising
specialists with repr

qtigty for Earthquake

385,000 insurance claims relating t
properties had been submitted
Commission (EQC). Of theggpaR
are likely to have expe, 'en

Bnkin & Taylor

ahd reconstruction activity
rable pressure on the insurance

Q\¢Onsenting capacity available. insurers and
@ gsufers need confidence that the rebuilding work
sfobust, without unnecessary costs. The guidance
that will be provided aims for a consistent approach
that minimises the individual investigation and
design effort required for each property. It will take
a prudent approach that is mindful of both costs and
risks, providing solutions and construction methods

that aim to meet the requirements of the Building
Act and Building Code.

2
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2 0 The Technical Guidance document

2.1 Scope of updated guidance
document

A large proportion of the significant damage to
residential dwellings in the Canterbury earthquakes
was caused by ground deformation resulting from
the effects of liquefaction, rock fall, and some
landslip.

Liquefaction gave rise to differential and overall
vertical settlement effects and lateral spreading.
The latter was the most damaging to buildings
and infrastructure.

The Department’s updated guidance document
will provide standard methods and solutions for the
assessment, repair and rebuilding of foundatiqn @

floor elements for areas on the flat.
ment
vided,

repairs,

Advice on assessing the effects of|

Along with fimited general f
as in most cases spe
Recognised re e n be used f
damage r i rong ground
but so rticularly for g
s u ments, wi
@
Cahterbury foc
The optlo ndatlons in the
gu1da |I| be specific to residential
p iredtly affected by the Canterbury series

e incl

es. Natnonal best-practice guidance

nlng residential dwellings to take account
potential liquefaction will be prepared in due
course, and will draw upon information in this
document.

Types of dwelling covered in document

The document will focus principally on one-storey
and two-storey light timber framed dwellings,
which are the dominant form of construction in the
affected area. Accordingly, the d nt will refer
to the timberframed buildings ZS 3604.

There are, however, f of.2onstruction.an
materials for which othexdesige’approaches an
documentati y {for example, non-

as NZS 422

nd solutions proposed in the
cument will not be mandatory. It will
ued as guidance under section 175 of the
ilding Act 2004.

The document aims to provide guidance to Building
Control Authorities to assist them to comply with
the Building Act, using the ‘reasonable grounds’
test under section 49 of the Act.
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2.2 Objectives

The principal objectives of the guidance document
will be to provide repair and reconstruction
solutions and options that:

» are appropriate to the level of land and building
damage experienced

» take account of the likely future performance
of the ground

¢ meet Building Act and Building Code
requirements

e are acceptable to insurers.

The approaches and options outlined in the
guidance document will focus on meeting cuggen
regulatory requirements, with a view to also

0 N ' . J: - .
contracts and 3 2y cialis
geotechnical e ring advice. @

2.3 Structure of the guidance document
The document will be structured in two parts, A
and B.

¢ Part A provides technical guidape®, including
specific information on ass and repairs
or rebuilding options.

e Part B contains b urrdechhical information
that gives the.gontex th¥ information in
A, includj ments 6n relevant ing

S.
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3.0 Technical Categories for liguefaction

3.1 Technical Categories from the standard NZS 3604 tests - ie scala
. s ) ) penetrometer, hand auger). Technical Categories 2
To 9!anfy and simplify repair and reconstruction and 3 are outside the definition of ‘good ground’ for
options and to enable resources to be focused standard residential construction, and are therefore
on areas of greatest risk, the CERA Green Zone not included within the scope of 3604.
on-the-flat has been divided into three Technical
Categories that reflect both the liquefaction The ditferent Technical Catego ined &
experienced to date and future performance on Christchurch City, S akariri
expectations. The Categories and corresponding Residential Foundati

criteria are summarised as follows: e TC1grey

» Technical Category 1 (TC1): e TC2
— Future land damage from liquefaction is o
unlikely, and ground settlements are expected

to be within normally accepted tolerances.

¢ Technical Category 2 (TC2):

liguefaction is possible in futug

earthquakes. ‘Q‘
¢ Technjcal Category 3 A

- Moderate to si damage fri surers, their Project Management Organisations
liquefactjgpts p future lar PMO's), Building Consent Authorities, designers
earthqua and builders will have access to the Canterbury

x Recovery Orbit website, as necessary. This will
. 1 enable access to Technical Category and existing
of damage in E%d\i;;‘:r Y. sones geotechnical information specific to the site,
) akes have be termn.we provide a means to enter geotechnical data
Tedghical Categor(N Tec ategory 2includes . jiacted and facilitate building consent

focations wherdlind soil types are potentially

3 ) ; applications.
suscept afeas where liquefaction
was gTved, as well as observations 3.2 Other land considerations
. Other land aspects are still being worked through
i e Ny s gaierally 'rega'rd'e.d & with government and local authorities. These
mplying with the ‘good ground’ definition of include the risk of flood to finished floor levels in
ZS 36042; this means it is suitable for standard some areas, and any land remediation.

residential construction (subject to confirmation

2The definition of ‘good ground’ in NZS 3604 was modified when it was referenced in Acceptable Solution B1/AS1.
Ground in Canterbury with the potential for liquefaction and fateral spread was excluded, refer to:
http:/fwww.dbh.govt.nzfliquefaction-construction-on-ground-guidance.
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4.0 Overview of foundation repair and
rebuilld approaches

4.1 Interim repair and reconstruction
options

Until the updated guidelines are published the
following table provides options to enable repairs.

and reconstruction to proceed, using the December

2010 Guidance on house repair and reconstruction &

following the Canterbury earthquake as a basis. A @
/\

Wh ound

Foundation Where new foundation j floor slab)
Technical lincluding floor siab) répaired onl
ndation

(R
Categories are required® 09 riteia provided if oble damage
“ \) of December 20 é\
For foundations, follow NZS 360 5®\/ 6%“

Timber Framed Buildings, as¢hpdi
its referencing in Building Cod table

TC1 Solution B1/AS1 requigmd\gyctile Teinforcing ¢

in slabs: refer i G % et ~

www.dbh ¢ ury-eart 9 b

seism' it

Ilgh
'th suspend ors and Refer to December 2010
Q jons in acc 04:2011 Guidance
Normal repair

methods used

3

Useen options 1 to 4 as Also refer to
; d etember 2010 Guidance with December 2010
Itthee on that the depth of compacted Guidance

yncreased to 800mm minimum and the
geotextile reinforcement replaced with

C“ Geogrid reinforcement
/)

Specific geotechnical investigations and
specific engineering design required Specific geotechnical
investigations-and specific
engineering design

%ﬁ ill under Option 1 should be

TC3 Deep piles if suitable bearing layer < 10 m

Further guidance being developed following reduired
testing of other foundation system options

33olutions provided are minimum recommendations. Homeowners can always choose more robust options, noting the need to discuss
this with the insurer.

4Note that the criteria to leave as is, relevel or replace foundations provided in Table 4.1 of the December 2010 document is being
slightly relaxed in the updated guidance document, based on further research,
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4.2 Repairs for liquefaction settlement

The extent and method of repairs requires careful
consideration, including an understanding of what
is practically achievable. In many cases where
minor or moderate settlement has occurred, it

is considered that foundations and floors can

be re-levelled. In some cases the foundations
have sustained significant damage and require
replacement, but there is only minor damage to the
house superstructure above (wall and roof framing,
linings and cladding). In these cases, to reduce the
period of displacement for the occupants, it may
be appropriate to lift the house and construct new
foundations and floors.

4.3 Reconstruction in liquefaction @
- affected areas

As a guiding prin;:iplé to mitiga of
liquefaction, it is preferabl ight
materials rather than bea rals” Light

construction {roof..w s) significa

reduces the i 5

reducing trg se otential. F
r

e will exert as

eight arour@hthe pe
a heavy rogt~qpasgrpyyladding and
slab dwel

The guidan umertymll, however, provide

foundayj r Technical Categories 1 and

2t er forms and weights of cladding
e used.

llings on Technical Category 1 sites, timber
s and timber floors, or concrete foundations
(with B1/AS1 modifications®) that comply with the
timber framed buildings standard, NZS 3604, are
considered appropriate.

For dwellings on Technical Category 2 sites, further
enhanced foundation systems (e.g. a stiffer and
more effectively tied concrete siab placed on

well compacted gravels) are recommended as
appropriate solutions. The additionatpost of
constructing a more robust foyrggtiePand floor
system than the minimumen '

Siled-falndations. It is also noted that, while the

amed dwellings in future liguefaction events in
these areas is difficult to quantify, this type of
construction is more readily repairable than
other forms of construction.

Specific information on foundation repair and
reconstruction options will not be provided in this
version of the updated guidance document for
dwellings onTechnical Category 3 sites. Field trials
are being undertaken during October to evaluate
site land remediation options. Further information
to assist with foundations in Technical Category 3
wilt be provided in coming months.

SModifications in Acceptable Solution B1/AS1 include additional requirements for siab reinforcement and ties between the slab and
footings - see www.dbh.govt.nzfliquefactio n-construction-on-ground-guidance

Preview of the update to: Guidance on house repairs and reconstruction foliowing the Canterbury Earthquakes - 21 October 2011
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Individual house owners in any of the Technical
Categories may wish to go above and beyond

the solutions that will be suggested in the
document. They may specify a higher level of
foundation performance. The document will provide
information on the relevant engineering principles
and parameters to be adopted for an enhanced
foundation and floor system. It should assist
engineers undertaking specific structural and
geotechnical engineering design, and inform
discussions with insurers as to whether the
system falls within the scope of the insurance
policy.

4.4 Landslip and rock fall

Foundations subject to landslip and rock fail will
require specific engineering design. Broad guidance
on landslip and the assessment of rpgaining walls
will also be provided in the guida cument.

N
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Overview

Context

This draft document was prepared as part of a project to establish the feasibility and indicative
content of a Guidance Document to be produced by the Department of Building and Housing.

This draft was prepared during October 2010, with the objective of providing a basis for rapid
guidance to organisations involved in the repair and reconstruction of houses affec ég by this

t
earthquake. The principal focus is the construction and insurance sectors and | horities,
and their professional advisers and contractors. The earthquake and its eff lex, a
it is acknowledged that the full picture about how residential structures r liquefensti

effects has yet to be established, with research being ongoing. It well at s§e a

of the recommendations in document are added to or changed

The options and recommendations in this draft docum
by the Darfield, Canterbury earthquake. While inf
liquefaction on residential dwellings is provided, ki

guide for addressing liquefaction in other@o

Purpose and Scope @

" The purpose of this draft dac 0 provigéd f
objectives and requirem repajikend \a¢gnstruction of houses damaged in the Darfield,
Canterbury Earthqug @

tion and floor elements, and standard methodologies are

areas of superstrucs such as chimneys
The docu ses the different requirements of insurance contracts and building
regula Is\ans as they apply to both repairs and the construction of new elements and

85. The land damage zones and categories from the Tonkin and Taylor Stage 2
'summarised, and observations made regarding the future likelihood of liquefaction.
Repair criteria and assessment approaches are outlined, along with re-levelling techniques and
options for replacement foundation elements.

Future Performance

The effect of the widespread liquefaction in certain areas of Canterbury has been to cause
differential settlement, tilting and in some cases spreading of foundations. The land remediation
approaches being adopted by Government will have the effect of significantly reducing the future
risk of lateral spreading, which was the most damaging liquefaction effect in this earthquake.

Liquefaction may well occur in future earthquakes in the affected areas, and may again result'in
differential settlement. The suggested options for new foundation elements provide a measure of
additional protection should liquefaction occur in future earthquakes, taking the opportunity to
mitigate the risks of future damage at relatively minor cost. The recommendations reflect the
basic engineering principle that wide, stiff and appropriately tied foundation systems will perform
better than other foundation and floor forms.

The contents of this draft document do not represent government policy




Draft for Discussion at 10 November 2010 Workshop Only 5

Individual house owners may wish to go above and beyond the solutions suggested in this
document, and specify a higher level of foundation performance than required by either building
regulations or insurance. This document provides information on the relevant engineering
principles and parameters to be adopted for an enhanced foundation and floor system, for which
specific structural and possibly geotechnical engineering input will be necessary, in addition to

discussions with insurers.

Application
Table 1 below summarises the principal building outcome objectives corresponding to the land
zones defined in the Tonkin and Taylor Stage 2 report.

The outcome objectives listed in the table are regarded as meeting the fundamepial requirements
of both building regulations and insurance, as outlined in Section 2.

Table 2 on the following page extends this to summarise the recomm% gnh pro
elements for the foundations and other parts of the building coxrésgondiRg to thesgou
objectives. y e : @

(RudObfectives
'-’ ‘Building Damage .

Table 1: Land and Buildi 0\ e Obj

 LandZone | Land Damage - plnding e

ith foundations to resist liquefaction
@\ \Repaired building
Repaired building with new foundations to minimise
G New building with foundations to minimise superstructure
damage from liquefaction
Very Severe Land | superstructure damage from future liquefaction
Damage New building (most likely) with foundation designs to '

A No ApRa Ne!
nd is subject to liquefaction as shown
/)Qi - <% lished hazard maps
superstructure damage from future liquefaction
<N
Vv _ Repaired building .
Moderate, Major or | Repaired building with new foundations to minimise

C

minimise superstructure damage from liquefaction

No Apparent Land
Damage
Minor Land For buildings in areas that have not been the subject of
Not Zoned Damage specific land assessment (eg. building damage only or
isolated areas of land damage), the above combinations

Moderate Land
apply depending on the specific circumstances

Damage
Major Land
Damage
e Very Severe Land | New building with foundations specifically designed to
Restriction Zone Damage resist liquefaction (including lateral spreading)

P P S

The contents of this draft document do not represent government policy
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Table 2: Summary of Design Process Elements Corresponding to Overall Outcome

Objectives

Overall Outcome Objective

'D:esigri Process

Walls, Suspended Floors
and Roof

Foundafion an'd Floor

Repaired building

Existing house repaired; plus
addition of smoke detectors

Repairs where necessary

Re-levelled and repaired building

Existing house repaired; plus
addition of smoke detectors

Reinstatement only, via re-

levelling (Ssgtion 5.1)

New foundations and floors to minimise

o

minimise superstructure damage from

To NZS 3604 requirem
future liquefaction

Existing house repaired; plus | Guidan t solutio
superstructure damage from future o !
liquefaction addition of smoke detectors « 5.2) o
New building with foundations to Oy L da}c)‘e >
4

B

S s
Dog@go ions
Ny

New building with foundations

specifically designed to resist

liquefaction (including lateral
spreading)

ngineering Design
(Section 6)

The extent an

equires careful consideration, including an understanding of
what is practlca

The criteria and optjg
land remediation X
and C).
n many cases where minor or moderate settlement has occurred,
bove (wall and roof framing, linings and cladding) have sustained only minor

these cases it may be appropriate to lift the house up and construct new foundations
and floors, with the objective of reducing the overall period of displacement of occupants.

Where new foundation elements are considered necessary, enhanced foundation systems (eg. a
stiffer and better tied concrete slab placed on well compacted gravels) are recommended as the
solution to be provided under insurance provisions. Six foundation and floor options are outlined
for both foundation replacement and full reconstruction options. The additional cost of
constructing a more robust foundation and floor system than the minimum requirements of the
light timber framed structures code (NZS 3604) by providing effective tie reinforcement in thicker
concrete slab floors is considered minor in the context of the overall repair or rebuilding cost, and

should give a significant improvement in performance in future earthquake events in the affected
areas. )

The contents of this draft document do not represent government policy
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Site Verification

The suburb geotechnical reports being prepared for EQC will investigate the deeper soil profiles
and the liquefaction hazards for a number of suburbs affected by liquefaction in Christchurch.
They will address the geotechnical seismic risk/issues for the suburb as a whole, and provide
sufficient information for the design of structures for this hazard.

Field investigations for individual sites may therefore be limited to Scala Penetrometer Testing
and hand augers to confirm that the upper 2m of land meets NZS 3604 requirements for static
bearing. It is expected that these reports need not be more than a one page letter or template
detailing the observed damage, and providing confirmation that the upper 2m provides sufficient

bearing capacity. @@ @
> QP

NG
’
- S/
Land No land
. damage Adaage -
Area covared
by
subdivigional
“report |
Subjectto
liquefaction
sefllement .
Sonly
1
Ao : 4 ‘New/
Repair fo Repair to
dweling dwellng reeonamcted
Remedial Remedlal -
warks works
underiaken undertaken
byEQCor by individuat
. . : = |
No 3604—1y|l:le 3604-type Comprehen- No 3604-type No i
investigation | | investigation sive investigation | |Geotechnical . |Geotechnical
?&:‘:‘fh:aﬁ required required geotechnical ?&zl:tfh:{l?r: required investigation ?:g;fh::ﬂ investigation | .
e u?red (Techniclan/ | {(Geolechnical investigation & u?red (Technlcian/ required - u?nad required
q pro forma) Engineer) required req pra forma) : q

Figure 1: Summary of relationship between individual site investigation and
land damage

The contents of this draft document do not represent government policy
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1. Introduction and Scope

1.1 Background

The Canterbury Earthquake of 4 September 2010 had generated approximately 105,000
claims to the Earthquake Commission (EQC) by the end of October 2010. Of these,
approximately 10,000 are likely to have a land component of damage. The majority of
dwellings damaged will have minor damage including damaged chimneys and superficial
cracking to cladding/linings. Approximately 50,000 claims have estimated dwglling

damage between $10,000 and $100,000 (excl GST).
% EQC

Following the earthquake, an Engineering Advisory Group was es
consider a range of technical issues affecting parties involv the Xgpair an X

reconstruction of residential dwellings. %
The principal focus of the Group was to establj ity a @ content of a
Guidance Document to be subsequently @ e De‘i nt, uilding and

Housing.

Most of the damage to resideptal \QWg arthquake was caused by the
&‘@ , im\\ oRIFtmneys and unrestrained masonry
) agpade wage \@5- Py strong ground shaking.
et diffepe i) sétttement (vertical) effects and lateral
ging to buildings and infrastructure.

The focus of the document is on foundation and floor elements, and standard
methodologies are provided for both structural repairs and new construction. Guidance is
also provided for common areas of superstructure concern such as chimneys.

This draft was prepared during October 2010, with the objective of providing a basis for
rapid guidance to organisations involved in the repair and reconstruction of houses
affected by this earthquake. The principal focus is the construction and insurance sectors
and local authorities, and their professional advisers and contractors. The earthquake and
its effects are complex, and it is acknowledged that the full picture about how residential
structures responded to liquefaction effects has yet to be established, with research being
ongoing. It may well be that some aspects of the recommendations in document are
added to or changed over time.

The contents of this draft document do not represent government policy



Draft for Discussion at 10 November 2010 Workshop Only 9

1.3

The options and recommendations in this draft document are specific to houses directly
affected by the Darfield, Canterbury earthquake. While they contain information on
mitigating the effects of liquefaction on residential dwellings, this document does not
represent a best practice guide for addressing liquefaction in other parts of Canterbury or

New Zealand.

The document summarises the different requirements of insurance contracts and building
regulatory provisions as they apply to both repairs and the construction of new elements
and whole dwellings. The land damage zones and categoties from the Tonkin and Taylor
Stage 2 reports are summarised, and observations made regarding the future likelihood of
liquefaction. Repair critetia and assessment approaches are outlined, along with re-

levelling techniques and options-for replacement foundation elements.
Organisations Involved @\%’ @
The organisations directly involved in the preparation @m ent are'§ %

¢ Department of Building and Housing
e NZ Structural Engineering Soci@ ' %

+ o T 5 ) @
, 2 ‘%@

ve be with during the préparation of this

il of N aland

Chi " Waimakariri District and Selwyn District Councils
of Professional Engineers New Zealand

The contents of this draft document do not represent government policy
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2.1

Summary of Insurance and Regulatory Requirements

Insurance Requirements

This section provides a synopsis of insurance principles and requirements of the
Earthquake Commission Act 1993 in relation to dwelling claims arising from the 2010
Darfield, Canterbury Earthquake. The land component of the claims will be dealt with by
others, which includes aspects of compliance with current codes.

The Claimants’ insurance policies are essentially a legal contract between t
the insurer. EQC covers the insured’s dwelling and any structures ap
dwelling for the first $100,000 + GST. The relevant insurance co
dwelling portion of the claim up beyond this level in accordange wi
and conditions of the contract. For the majority of clain@

this will mean full replacement, which includes aspec
For dwelling claims that cost less than $100 T) whg
repair the dwelling because the claim is C cap, €

¢ Reijnstate to a condition s
extensive than, the buj
and provided the

ia

o If circumst; permit,

reasonabl is Nk
but.a » ircumst
%ﬁ state bligdon extends to the costs required to comply with any

r fees payable in the course of reinstatement such as_
rS and fees payable to local authorities.

The relevant provisions of the EQC Act generally mean that ‘Like for Like’ entitles the
claimant to have their dwelling repaired fully to its pre-earthquake condition. To borrow
the words in the EQC Act, repairs should restore the building to ‘substantially the same’ as
its condition when new, unless circumstances do not permit full reinstatement or the cost
of an as new replacement.

With regard to the obligations of private insurers, the following applies:

1. The reinstatement requirements of the private insurer will depend entirely on the
terms of the contract between that insurer and the insured person.

2. These obligations vary to some extent between insurers and even between different
policy wordings provided by the same insurer. For example, it is understood that one
insurer provides two different policies which respectively require them to:

» Repair the building to the state it was in before the damage or pay the cost of
repairing, allowing for depreciation and wear and tear.

» Repair or rebuild or to an “as new"” condition.

The contents of this draft document do not represent government policy
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The latter of these covers is very similar to the EQC insurance, but does not have the
proviso that the repair may be limited to a “reasonably sufficient manner”. On the other
hand, the former insurance policy is more limited than the EQC cover and only provides
for repair on an indemnity rather than replacement basis.

2.2 Regulatory Requirements

This section sets out some of the matters under the Building Act 2004 which will need to
be considered when houses damaged by the Canterbury Earthquake are being repaired

and reconstructed.

The requirements will vary depending on the particular circumstance repairs or

rebuild. The below sections provide a general explanation of th

to be considered.

2.2.1 Performance Objectives for the repair ang
The points below relate only to singl

A) Relevant Building Act 200
1, All building work m
2. Building work.i

S ¢k

OR t g code that relate to:

of egdape from fire, and

nd facilities for persons with disabilities.

@)@ continue to comply with the other provisions of the building code to at least the

same extent as before the earthquake.

4. The requirement to provide access and facilities for people with disabilities does not
apply to private houses. Special requirements for houses relating to fire safety are
essentially limited to the installation of smoke detectors (and if the house is not fully

detached there may be other requirements).

5. Therefore, requirements of s 112 can generally be satisfied by ensuring that repaired
houses have smoke alarms and by ensuring that the other elements of the house,
such as structural, weathertightness, sanitary, etc, performance of the house, are no
worse than before the earthquake.

6. In summary, this means that if a house is being repaired, any work undertaken to
effect the repair needs to comply with the building code. However, with the exception
of fire safety, the remainder of the house only needs to comply with the building code
to the same extent as it did before the earthquake.

The contents of this draft document do not represent government policy
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Houses written off and rebuilt on the same title

7. Rebuilt houses would be considered new houses and they would be required to comply
with the current building code (refer Appendix 1).

Building Code requirements to prevent structural collapse (B1.3.1)

8. The building code clause B1 Structure requires new building work to have a low
probability of rupture, becoming unstable or collapsing (clause B1.3.1).

9. Quantification of this requirement is well understood by structural engineers. AS/NZS
1170 is widely used by engineers as a guide to meet the requirements o uﬂdmg code
clause Bl and is referenced in Verification Method B1/VM1, which if fe
treated as complying with building code clause B1.

10. Buildings which are designed using AS/NZS1170 are requited Y0g&ti followin{%

primary design cases: §
@% ds that the
properties are based

1. The Serviceability Limit State (SLS) design ¢a
2. The Ultimate Limit State (ULS) desig
in 50 years, the nominal
oderate to significant structural

dULS load.

feasible to repair a building or structure which
load,

. are at risk of being subjected to a level of seismic shaking Wthh is
than its design ULS seismic load. It should be noted however, that this
obability of exceedance is extremely low.

LS design case is a load, or combination of loads, which a buuldmg or structure is
llkely to be subjected to more frequently during its design life. If properly designed -
and constructed, a building should suffer no structural damage when it is subjected to
an SLS load. SLS seismic loads for residential properties are based on a 1 in 25 year
earthquake.

14. In land damaged areas where there was lateral spreading, a number of house
foundations did rupture during the Canterbury earthquake and were consequently
close to collapse. Rebuilding on land that continues to have the potential for lateral
spread will require specific foundation design to resist failure.

Building Code requirements to prevent loss of amenity (B1.3.2)

15. Building Code clause B1 also requires new building work to have a low probability of
causing loss of amenity through undue deformation, vibratory response, degradation
or other physical characteristics throughout their lives (clause B1.3.2).

16. Amenity is defined as “an attribute of a building which contributes to the health,
physical independence and well being of the building’s user but which is not associated
with disease or a specific illness”.

The contents of this draft document do not represent government policy
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17. Current acceptable solutions, verification methods and standards do not provide an
explanation of what is meant by “loss of amenity”. However, loss of amenity might
include with loss of services including sewer and water connections, damage to
sanitary fixtures (bathroom, kitchen, laundry), or the building envelope not being
weathertight. Deformation limits that may cause cracks to the structure or dadding

are addressed in Section 4.

18. Measures should be taken when designing and building foundations on land with the
potential for liquefaction to minimise the possibility of loss of amenity should a similar

event occur.

Ground damage in Christchurch

19. Liquefaction and lateral spread issues have not been specifically
Standards, Verification Methods or Acceptable Solutions sup

ot sarlices should enter the building at few well defined, well
rough connections that are as flexible as possible that wili fail in
wddtions outside the slab system and are then easy and quick to re-

@2 _Whete a house is being entirely rebuilt, the superstructuré, if built in accordance with
NZS 3604, will comply with Code Clause B1.

24. Al building elements must be built to current building code requirements (treated
timber framing, drainage cavities for cladding where appropriate, insulation and

double glazing, etc).

C) Repair of damaged houses and replacing the foundation

25, A house superstructure that is still reasonably intact may be able to be temporarily
lifted off existing foundations so that new foundations can be built. The new
foundation would be required to comply with the Building Code, refer paragraph 22
and 23 above, using generic solutions proposed in Section 6.

26. Replacing the existing house on the new foundations is similar to house removal
operations that take place extensively around the country. The house only needs to
perform to the same level as it did prior to the earthquake apart from fire safety’.

! Structural or energy efficiency upgrades may be required if houses are moved to new locations in different wind,
seismic or climate zones. This will not be the case when they are restored in the same location.

The contents of this draft document do not represent government policy
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However building work undertaken will need to meet Building Code requirements.
Smoke detectors will need to be fitted if they are not already in place.

27. Part of the house may need complete replacement. Any new part of the house will
need to meet all Building Code requirements (refer paragraphs 24 and 25 above).

D) Repair of damaged houses in-situ

28. Per A) above, the building work being carried out must comply with the current
building code, but the rest of the house only need to perform to the same level as it
did prior to the earthquake, apart from fire safety. Smoke detectors will need to be
fitted if they are not already in place (and if the house is not fully detached there may
be other requirements).

29. There is a range of issues to consider for repaired houses, and are
covered as follows: K%
Foundations and Floors @ @

2 > 0

gh floor

e cracked slabs — damage to Damp Proof
slab from original ground damage or {s ¢-levsilin .
Grouting solutions to lift the slab gg .% SO tha ane is not broken.

Large cracks may have alregdy, daxiadg the slab would need to

he
(@. Made,~
eel. A is a fundamental assumption
ton tol ew construction are provided in a
ccepta

be broken out and me

ble Solutions or Verification Methods as
Q% 9, 3114, 3604 and 3404). Refer to Table 4.1

equirements for bracing but overall the house only needs to perform to
aMfie level as before,

@ racks repaired, brick veneer tied to framing, weathertight to the same level as
previous (noting that there may be additional issues where the house had
weathertight issues prior to the earthquake).

» Insulation, including windows(double or single glazed) to the same level as
previous. Where there is access to wall cavities, it would be clearly sensible for the
owner to upgrade insulation, but this would be betterment. The EECA Warm up
NZ programme may be able to be accessed.

Roofs

¢ Most roof damage is probably from chimney collapse. Matching imperial tiles may
not always be possible and more extensive replacement may be required.

» It may be sensible in some cases to replace heavy roofs with lightweight materials.

The contents of this draft document do not represent government policy
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Chimneys
¢ Refer Section 5.2 for repair options.

Services
e Ensure earthing straps are reconnected.

« Ensure that appropriate tradespeople are used to reconnect electricity, gas and oil
fired central heating services and appropriate certificates are issued.

2.2.2 Building Consents
Not all building work requires a building consent (refer Building for speethc
exclusions). In particular, building work described in Schedul f

uilding
not require a building consent. Appendix 3 provides a,li typidal work r uir%
rebuild or repair houses following the Canterbury ez ith re
whether a building consent is necessary. It

the appropriate Council to confirm whetheraydy{ /o4 {
Whether or not a building consgatis 1, (ol ust comply with the
building code (BA04 s 17) e \

@%»

The contents of this draft document do not represent government policy
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3.1

Future Performance Objectives and Expectations for Land and
Buildings

This section outlines the current understanding of the performance of land and dwellings
in the 2010 earthquake. Relevant future performance criteria for both repaired and
reconstructed dwellings are established from an understanding of the performance of land
and buildings in the recent earthquake and relevant design standards described in Section
2.

Land and Building Damage and Performance Assessment @
Observed Land Damage &

developed for the lgga e!
Geotechnical Soch 16

n shown in Figure 3.1 below.

Land Damage
t
d A

Minor Moderate Major Very
Severe

LA

N

Non-liquefied \——

. i g

Differential Settlement Lateral Spreading

Figure 3.1. Schematic section of spatial distribution of zones of land damage

The contents of this draft document do not represent government policy
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Table 3.1 — Local mapping categories

s  Major differential ge!

e Damage to raads e (4.
. Dwe{@lly uninha ANNT:
m ) N, q

Descriptor
Land Description Perlf-::g;nce
Damage
Extensive lateral spreading (>1 m) L5
Surface rupture, large open cracks, (>100 mmj
Extensive liquefaction (ejected sand)
e Significant horizontal & vertical displacement >500 mm
Very Severe
Heavy structural damage to buildings
e Dislocation of roads/services
e Dwellings most likely to be uninhabitable and beyond
ecohomic repair
e Extensive liquefaction {ejected sand) L
e large cracks from ground oscillations
e Horizontal & vertical displacemen @
Major e Structural damage to bujjdifg @@)

)

but not visible from the road frontage
- Potential chimney damage

“" P s of § &@1 ﬂ:tgd sand) L2to L3
\ allcr ound oscillations (<50 mm)
% ement of cracks
O me stietural damage to buildings
e rate differential settlement >1/100
@ Moderate damage to roads/services
e The majority of houses are likely to be habitable in the
<% mefiium te_rm with reduced servicea.bility but are
variable with respect to cost to repair them.
@ e Shaking-induced damage - cyclic deformation 10to L3
e Minor ground cracking (tension) and buckling
{compression)
o No liquefaction visible at the surface
Minor e No permanent horizontal or vertical displacements
e Occasional minor structural damage and varying
degrees of cosmetic damage
e  Minor Street, pavement and landscaping repairs
required.
e No apparent land damage LO
+ No signs of liguefaction at the surface
Building e Potential building damage due to earthquake shaking

- Ppotential internal and external wall damage

assessed in the field versus effects from liquefaction as discussed in the NZGS Guideline.

* performance Level based on general Interpretation (NZGS, 2010). This table focuses on observed land damage as

The contents of this draft document do not represent government policy
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Land damage from the earthquake generally comprised lateral spreading close to water
courses/streams/rivers (major to very severe) and liquefaction induced settlements (minor
to very severe). The lateral spreading extended in some areas up to 400 m laterally from
water courses-with up to 4 m lateral ground movement. Settlements of up to 500 mm
from liquefaction occurred over large areas, with significant differential settlements
occurring over short distances.

Observed Building Damage

Building damage can be divided into two broad categories: damage that was caused solely
from earthquake shaking (No apparent land damage to minor land damage zone), and
damage that resulted from seismic induced ground deformation (minor to ve severe
land damage zone).

With respect to the current building damage, three broad categor oder R
and severe) are applicable for insurance considerations, as | Tab
below. @

Table 3.2 - Categories o
. Repair Cost $§>V E&B})
| (Excludes GST) P ® Aﬂé\

Minor <$10,000 ,&h&s}ilntenor lipiTs N ctural cracks in the exterior.
"

Moderate | $10,000 to N G e OO Halvie
$100,000 ks i %s which affect weather tightness.

Severe >$10 N ildi "iv! , twisted, broken through hogging or
iSRIR Q:i- ential settlement generally more than 50 mm,

A" \ "
Build due te"y vement causes stretching, hogging, dishing, racking/
twistin 7 differe =fent, differential displacement or any combination of the
above. The sefe e building damage is dependent on the damage type, the type

of buildi geometry and the amount of foundation movement which has

occ
wing three broad groups of dwellings have been used in the subsequent sections

@s document:

Type A Timber framed suspended timber floor structures supported only on
piles

Type B Timber framed suspended timber floor structures with perimeter
concrete foundation

Type C Timber framed dwelling on concrete floor

: {
| T O I O I R
]_ygeAljiguse-—:ri@berFlooi_'wlth Plles -~ Fooling _

. n i | S :mi\ﬂ?_ﬁ?} g
Tvpe 8 House —Timber Elaor with Periméter Tyge CHouse = Slabon Grade

Figure 3.2: Type A,BandC Dwellings
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The apparent damage to Type A buildings is generally easier and less costly to repair.
Type C buildings are typical of the newer subdivisions of Kaiapoi, Bexley and Brooklands,
with a significant number of buildings being less than 10 years old. These buildings are
typically supported on a shallow reinforced concrete perimeter strip footing, with concrete
cast-on-grade floors. The floors are, in many cases, unreinforced, and not tied in to the
perimeter foundations. These foundation and flooring systems have been observed to
perform poorly in those areas that have undergone land deformation. In addition, such
buildings will be difficult and more costly to repair.

Linking Land and Building Performance Expectations

The relevant building code performance requirements are set outin the hquake
Loadings Code NZS 1170.5: 2004. The performance requirements fo

ntial buildi
are:
- Ultimate Limit State - under a seismic event with a ar@ bability o
exceedence of 1/500, people are not to be end a collaps ft
structure is to be avoided. - § :
A i ability of
i

- Serviceability Limit State - under a SEQ®
exceedence of 1/25, damage @
These performance requir ;@ Rowever.soeafddahe building structure only, and

no reference is made jg¥ g@ahv ErformandeNs chhe building is founded.

‘ ‘Q dingvAct 2004 requires that a building be “not
ﬁtg(: qosion, subsidence, inundation or slippage. There is

fanagement Act 1991 relating to subdivision consent.
Wever, damage is expected. The geotechnical issue is what
nder such high levels of shaking, and how this compares with
2k levels. An examination of the land and building performance
ake, which approached that of a ULS level event, provides a guide.

7

W\ Son'from this event is that there are significant advantages in people being able to
Snain in their homes for as long as possible after the event. .So this means employing
building practices to limit the damage so that buildings remain habitable and ultimately
gain a Green (Inspected) placard from Council. The performance target should therefore
be one of habitability. A future policy of encouraging wide, stiff foundation systems such
as stiff rafts (e.g. waffle slab) or stiff inter-connected footings is considered to be the best
way of improving performance with respect to both amenity and collapse.

In the areas where liquefaction occurred (with the exception of the very severe land
damage zone), the residential houses have been considered to have broadly met the ULS
performance requirements (i.e. there were no observed collapsed houses or loss of life).
In the very severe land damage.zone, the houses were in varying states, but no collapses
were observed. There was however greater potential for loss of life to occupants in the
houses in these zones. In addition, in many areas the habitability of dwellings was
compromised by excessive land movement. On this basis it could be assumed that the
land in the very severe land damage areas did not perform to design requirements.

Where buildings can be repaired on their existing foundations, it is likely that the damage
to the buildings is not so severe that they needed to be evacuated (i.e. no Red or Yellow
placards issued by councils) and that the buildings have remained habitable. Accordingly,

The contents of this draft document do not represent government policy
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the land and buildings have performed adequately under close to the design (ULS)
earthquake, and therefore can broadly considered to have complied with the relevant
building code.

Where buildings require demolition because they cannot be repaired within the building
value, but have remained habitable (i.e. a Green council placard), these buildings and the
land beneath them can also be considered code compliant.

Where major land deformation has occurred due to flow sliding and lateral spreading, and
significant differential settlement, and significant building damage has occurred (Red
council placard), it is considered that additional measures need to be incorporated,

through engineered designed building foundations and/or ground protectio comply
with the building code.

Dr David Hopkins (Department of Building and Housing) made th summ

the views of experts who are involved in examining the i n

ety Of theMdarth a
gathering data to better understand its implications: e

Comparing the intensity of ground shaking~Q e\ $ebtem e with that
used in the design of new buildings apdIRRRSiNE ure, ingperformance and
damage caused suggests that this e derate ith much less impact

than expected from a “desig,

B for buildings and infrastructure in
as a result of the earthquake. There is

XS¥dings a "“ Qs Cture was generally as expected by experts. The
A remin@a P engineering design and good quality construction

/ uce the damage to buildings caused by liquefaction and lateral
1g robust foundations, tying of floor slabs to buildings, using piled

sy ground improvement or densification of the liquefiable layers. The choice
ipod will depend on cost-effectiveness. '

If houses are to be rebuilt in the very severe land damage zone, then specific engineering
design would be required. It may be appropriate to incorporate structural measures in
their design to allow for significant lateral spreading, or else to put in place some form of
ground treatment works to limit the lateral spreading strains to more tolerable limits for
the structures.

3.2 Future Building Performance Expectations

Land that has liquefied in this event is also likely to be vulnerable to future liquefaction in
future strong shaking events. )

Where houses are rebuilt, the option exists to construct a more robust foundation, to
provide a greater level of petformance’in a future liquefaction event, particularly with
respect to amenity. A stiff foundation system where all the elements are tied together will
tolerate differential ground settlement better than the unreinforced slabs and non-
connected strip footings present in many of the damaged dwellings. This is likely to allow

The contents of this draft document do not represent government policy
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more effective and economic repair following any future liquefaction event. Differential
settlement of the structure would still be expected, but damage may be reduced, and re-

levelling would be more feasible. .

Housing stock that does get repaired without any foundation improvement is likely to
perform in a similar manner as observed in this event.

With regard to the design of new dwellings, the buildings should be designed to be able to
resist possible lateral spreading of the ground beneath the foundation of up to 50mm and
to limit future tilting, sagging or hogging of the foundation to less than 1 in 400. The
issue of acceptable levels of differential settlement is addressed in Sectioh 4.2.

For the design of new and remediated buildings, foundation systems a s’- e buildings
themselves need to be designed to accommodate total settlement -
settlements and lateral strains of the ground that may occur iR {UNKES ht. The
foundations and buildings need to be sufficiently stiff to re tRaf &x
movements do not result in severe distortion due to i
Where possible, the foundation system should
levelling by jacking at perimeter points. Wit
system should also have sufficient tensi
relation to the ground without break@

withstand forces equal to fri e

1

It is also recommend
more flexibility at

@2@5&
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4.1

Repair Criteria and Assessment Approaches

This section provides recommended criteria for the different levels of repair for houses
with damage from the earthquake. Suggested assessment approaches are also outlined.

Definitions
Displacements

To assist with the understanding of the descriptions provided in this and sub
sections, the following pictorial definitions for floor displacement are prow

(i) Simple Settlement Cases

uent

Uniform Settlg@_gﬁ o

N

biffe ement ¢

1>

N/

t difficult behaviour on which-to set acceptable limits.

N :
(ii) Differe 'a@ﬁ:{ :
Parts o )@ on sefdle by djrfs¥ent amounts results in uneven slopes in the floor.
é@l %ys

Sagging or Dishing
/ﬁh—-——-—-—-—\
el N

et B St B e T T

Twisting of the foundation can occur where
all corners of the foundation have settled
by different amounts.

Differential Settlement — Abrupt Change

vt

8
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4.2

(iii) Lateral Stretching

Lateral stretching of a foundation may occur when the ground beneath it spreads laterally
during the ground shaking. If the floor plate of the dwelling is not strong.gnough, then
the lateral spreading will cause an extension of the floor plate (i.e. th 3
will crack or the timber floor will fracture generally at joints be

Combinations of any of the above settlement cases and@m

and stretching are possible. @

R i @&s 3604:1999 that is
“a block or column-like memb ansmi % building and its contents
to the ground”. @@ ‘

Piles
For the purposes of this document “§

Foundatio ors %
Repaf ssessn% gories and Criteria

AN\ c ained in Table 4.1 on the following page are to be used to
e v ‘;.:J?g of not houses need to be re-levelled, and then secondly if action
is necessafy with\dard to either a re-level, a foundation rebuild or a house rebuild

outlined in Section 5.1.

The recommended approaches for replacing existing foundation and floor systems whilst
retaining the house superstructure are outfined in Section 5.2.

The contents of this draft document do not represent government policy
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4.3
4.3.1

o

Investigation Approaches

The degree of out-of-level of the damaged floor should be established using appropriate
means, such as a dumpy or laser level and staff.

The degree of lateral extension of the ground floor plate of the house should be
established. Note that this is different to the lateral movement of the ground beneath the
house, and needs to be measured on the structure. This may be done by adding the
crack widths in the floor slab along the length of the floor and across the width of the
floor. For suspended timber floors supported only by piles, this will require a careful
inspection of the exterior claddings at the bottoms of ground floor walls for signs of lateral
extension. It is expected that lateral extension in this case will be concenixated at one or
two discrete locations where connections in the framing have failed.

The degree of extension and/or flexural damage to the perim&ﬁ jon (if;
ioghor t :

should also be established. This can be done by carefyki ecti he qusid

the foundation. Cracks should be measured and in the pr raihforcing
steel (with a torch in large cracks or a cover crackd 5mm) but
there is no vertical misalignment or out-0 gnme hat reinforcing
steel is present. © E

sing clay bricks, concrete bricks, precast concrete
“and they will be situated either on the outside of
ome bélises may have both cases present.

e “s’:; f’chimneys will generally be obvious. Clay brick chimneys,

consiIc -‘ fine mortar are likely to have suffered significant damage (i.e. have
{)& ysed above the roof line or from a lower point in the case of external
p\ey). External chimneys may also have tilted away from the face of the adjacent
If

, if there has been settlement of the foundation under the earthquake action.

Repair options for brick chimneys are presented in section 5.2.1.

4.3.2 Wall Bracing

Superstructure deformations associated with significant levels of foundation deformation
and repair may have caused sufficient damage to the wall bracing systems to reduce their
ability to resist future earthquake and wind actions efficiently.

Where there is evidence of significant racking of walls (e.g. shear deformations on sheet
junctions and associated nail/screw popping, lifting of sheets from behind skirting boards
and/or diagonal cracking of sheets or residual structure deformation), the wall linings will
need to be replaced, re-stopped and re-decorated. Trims (e.g. scotias, skirtings) will need
to be removed and possibly replaced. Fine cracks at the junctions of sheets with no
accompanying nail/screw popping indicate that there is little damage to the bracing
system and replacement of sheets will not be required.

The contents of this draft document do not represent government policy
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4.3.3

434

External sheet cladding connections and joints must also be checked and re-fixed. Houses
built since 1978 are likely to rely on the bracing capacity of exterior sheet claddings (e.g.
fibre-cement board).

Wall and Roof Frame Connections

Wall frame connections and, to a lesser extent, roof frame connections, may have been
damaged if severe deformation of the structure has occurred due to ground settlement or
lateral spreading. It is not possible to provide blanket criteria for assessment of the
damage to framing and framing connections and each house must be considered
individually.

Roof framing is generally triangulated, meaning that it is self bracin tion is
gable ended roof where roof plane or roof space bracing is relied 0 e bragi

the ridgeline direction. If the roof shows signs of major distgrsion (Whch coul be

result of ground disturbance or ground shaking), then a_eh8c¥dtall roof braci eldbers
and their connections will be necessary. Such damage. liKely wj oof

cladding, such as concrete or clay tiles. '

Connections between roof framing and wallX'Q i

the ceiling linings have separated : t

ight @ el ;ramed houses will have been affected by
0

the wall linings or
ceiling junction.

Light Gauge Steel fi

erbury earthquake. These houses are
f NZS 3604.

yelige steel framed houses is likely to behave differently to
p¥jected to excessive differential displacements. Where timber may

The contents of this draft document do not represent government policy
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5. Repairing Houses

This section contains methodologies for the reinstatement or replacement of house
structures that have been affected by ground settlement (liquefaction) or ground
spreading, or both of these effects.

House foundation and floor types are categorised according to Table 5.1 below. The Type
B and C house foundations have been sub-divided into those supporting light and medium
weight claddings (B1 and C1) and those supporting heavy claddings such as brick veneer

Table 5.1: House Foundation and Flow& N ﬁ

Timber framed suspended timber floor stru %, sURBotted oply of| bits

-

onfaoneseiefbor (slab on grade). Brick or concrete
ey

extupe £l

ex \yith perimeter concrete
axeXiaNadding (veneer).
X\db on grade). Stucco,

ifckuded

\[pPrepairs for ‘above the
o chimneys, wall bracing,

Type A
Stucco, Weatherboard or light texture i R\
Type B1 | Timber framed suspended timber SHGQ drdetves with gerineerLoncrete
foundation. Stucco, Weather M ﬂ@
Type B2 | Timber framed suspendgd ‘N" stru il
foundation. Brick or. ‘g% son
Type C1 | Timber framed. 4§ty on-coneretey -4'\
Weatherbpal{ep Xghy texture aaa 1o NE.
Type C2 'ﬁmb frres %
[PESORY G @d er).
Y™ N

ry of the provided in Table 5.2 following, with detailed
ppendices 4 and 5.

floor plate’ damage to superstructure
wall and roof frame connections are provided

The contents of this draft document do not represent government policy
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51

51.1

5.1.2

Re-levelling or Replacing Foundations and Floors

Concrete or Timber Piles Throughout (Type A)

These foundation systems are likely to be present where the dwelling is clad with
lightweight (e.g. timber or fibre cement weatherboards, sheet claddings, EIFS claddings)
or medium-weight materials (e.g. stucco).

Re-levelling foundation

In these instances, it may be possible to re-level the existing foundation or [i
superstructure, including the timber floor, re-pile as necessary and remedj
caused to the claddings and linings of the structure. A summary of t
Table 5.2 with a more detailed process description included in Ap [

Re-building foundation

removal company engaged to relocate of\}
given in Table 5.2 with a more de

Perimeter Concrete Fo
B1)
These foundation 0fs are 0

claddings

medi INwaterials %t
Re-levelling

possible to lift the superstructure, including the floor, and

 Lifting Option 1: Perimeter Foundation Jacking Using Portable Jacks

 Lifting Option 2: Perimeter Foundation Jacking Using Piles (Screw or
similar)

 Lifting Option 3: Perimeter Foundation Jacking Using Expanding
Urethane Foam

The third option is a proprietary lifting process where urethane foam is injected into the
ground beneath the foundation at multiple points along the length of the foundation. The
expanding foam lifts the foundation. This process also densifies the surrounding ground
which serves as a reaction layer for the lifting operation. The process is specialised and
must be undertaken by an experienced operator.

The contents of this draft document do not represent government policy



Draft for Discussion at 10 November 2010 Workshop Only 31

5.1.3

Re-building foundation

The degree of settlement that has occurred in this instance will be such that the perimeter
foundation is expected to be heavily damaged and not easily reparable. The period of
original construction of the house is likely to require the replacement of the perimeter
concrete foundation with a new perimeter concrete foundation, to maintain the style. A
summary of the process is given in Table 5.2 with a more detailed process description

included in Appendix 5.

Perimeter Concrete Foundation Wall (Heavyweight veneer cladding) (Type B2)

These continuous foundation walls are always present where the dwelling has a timber
floor and is clad with heavy cladding materials (e.g. brick or concrete ry veneer).

In these instances, it is likely to be very difficult to lift the fou t ca

significant damage to the veneer cladding. However, it isgcom ed that t
operation is undertaken with the veneer in place ang- n is'mad e
of repairing the existing veneer rather than demett @ ol febuild e

foundation is level. @
If the veneer is removed, the owner e to ulgsior installed in the
BN t the owner’s expense.

exterior walls if this was not
e used. A summary of the process is given

0
@ inggace, bu
ﬂ ;;
s\eled pracess description included in Appendix 4.

be very difficult to lift the superstructure, including veneer

uising irreparable damage to the veneer cladding. It will be necessary
vebuild the veneer once the new foundation has been constructed and
uperstructure has been re-installed on the foundation.

c

@I he veneer is removed, the owner may choose to have insulation installed in the

514

exterior walls if this was not already in place, but this will be at the owner’s expense.

Once the veneer has been removed, the remedial works will follow the steps outlined in
section 5.1.2 and then the veneer will be re-built on the new foundation. A summary of
the process is given in Table 5.2 and a more detailed process description included in

Appendix 5.
slab on grade floors (Light or medium weight claddings) (Type C1)

Re-levelling foundation

In instances of slab on grade floors where the dwelling is clad with fightweight claddings
(e.g. timber or fibre cement weatherboards, sheet claddings, EIFS claddings) or medium-
weight materials (e.g. stucco), it is possible to lift the superstructure, including the floor,
and remediate any damage caused to the claddings and linings of the structure. A
summary of the process is given in Table 5.2 with a more detailed process description

included in Appendix 4.

The contents of this draft document do not represent government policy
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5.1.5

Re-building foundation

The degree of settlement that has occurred in this instance will be such that the floor slab
and edge beam are expected to be heavily damaged and not easily reparable. The slab
will be badly deformed and cracked. The repair process will involve lifting the
superstructure (from the bottom plate) demolishing and re-building the slab and edge
thickening. A summary of the process is given in Table 5.2 with a more detailed process
description included in Appendix 5.

Slab on grade floors (Heavyweight veneer cladding) (Type C2)

Concrete slab on grade floor systems are often used with heavy cladding matetials (e.g.
brick or concrete masonry veneer). In these instances, it is likely to be ve icult to lift
the floor without causing significant damage to the veneer cladding. Ho %is
recommended that the levelling operation is undertaken with the v and a
decision is made on the possibility of repairing the existing venee i
and rebuilding once the floor is level.

Re-building foundatiaing’ %@ | '
In these ins reneer olished to allow the supérstructure to be lifted
i 0 d then replaced.

N4 and then the veneer will be re-built on the new foundation. A summary of
sess is given in Table 5.2 with a more detailed process description included in

The contents of this draft document do not represent goverhmént policy
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5.2

5.2.1

Repairing Superstructure Elements

Chimneys

Repaired chimneys must meet the Buildin
and Fire Safety. Any repairs or re-builds must be done correctly to

of a potential house fire.

The top of the chimney must be a minimum of 600mm above the ridge line

(AS/NZS 2918).

Environment Canterbury requirements:

permissible.

In Christchurch Ciean Air
fuel burner is permissible outside of the winter perio

wood.

In Christchurch Clean Air Zone 2 — exist]
permissible but only with dry wood.

r@

Existing chimney prior fo Repair Option 1:

earthquake damage

Unreinforced masonry

or precast concrete
blocks -

Damage sustained.:

Stack above roof has
pled but bottom is
stlll ﬂush against the

house

Comgletely demohsh
the chimney and

repair the outside

wall of the dwelling.
Note: if the chimney
has separated from the
wall at the soffit by more
than 10mm then it must
be demolished to the
foundation. Rebuild

if required to B1/AS3

or similar.

Outside Christchurch, Kaiapoi, Rangiora and Ashburton Clean A|r Zon n fires are
Zone 1 — use of an open fi re or a gr 5 year
g S but

- nds 8@@@5 are

masonry chumneys located on the

Repair Option 2:

Demolish the
chimney to the
top of the

base and gather
and weatherproof.
Seal fireplace.
Repair external
cladding, roof and
soffit

g Code performance requirements for Structure
prevent the possibility

The contents of this draft document do not represent government policy
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Double flue
Stainless steel inner

¥ @

Repair Option 3: Repair Option 4: Repalr Option 5
Demolish the Demolish the
chimney to below chimney to below bel t
ip '* h
e ON

the roof line, brace the roof line and

with timber frame at flash a new steel flue
ceiling level and and shield for old
repair the roof. chimney stack venting,
Seal fireplace.

If the chimney has tilted a by an amount greater than
10mm at the eaves, thg : f the soil beneath the chimney,
which may have beep th , oty | ake occurred. Check for obvious signs
of aging of the cr N d; \g f moss and debris between the chimney and

Ifiti .‘ ment is a result of the earthquake then demolish the
chimne riate, reinforced as per Figure 2 or Figure 3 of B1/AS3,
including t of the chimney. A 300mm layer of compacted hardfill beneath the
chimne should be included and the chimney base tied to the house

I chimney repair options

Often internal fireplaces have been built back-to-back to provide heating for adjacent
rooms. Their greater mass of the fireplace than adjacent timber floor systems may have
caused greater settlement of the chimney in the earthquake, which tends to pull the
adjacent floor down with it. If this settlement causes a slope in the adjacent floor of
greater than 1% (10mm in 1m), the floor framing should be detached from the chimney
foundation, raised to the correct level and re-fixed to the chimney foundation. A screed
can be used to raise the hearth and firebox floor to the same level. I!

The following options are suggested for unreinforced masonty chimneys located within the
dwelling:

The contents of this draft document do not represent government policy
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A )
Existing chimney prior to Condition of chimney Condition of chimney
earthquake damage breast and stack to breast and stack to
. roof is good. roof is good.
Unreinforced masonry .
or precast concrete Remediation Option 1:
blocks Demolish chlmnel)q/ toa
. point just above the

Damage sustained: ceiling framing and cap.
Stack above roof has Repalr roof frame and
toppled. roof cladding.

- SEAL FIREPLACE TO

PREVENT FUTURE U$

Condition of chimney
breast and stack to

roof is poor.
ftation Option 3: Remediation Option 4:
emolish chimney to a Demolish chimney to
oint just above the ground floor level'and
ceiling framing and build repair roof, wall and '
timber framed chimney ceiling framing. -
with steel flue and shiélding Remove hearths if

required and repair

to match AS/NZS 2918.
floor and walls.

5.2.2 Wall Bracing

Where there is evidence of significant racking of walls (e.g. shear deformations on interior
sheet lining junctions and associated nail/screw popping, lifting of sheets from behind
skirting boards and/or diagonal cracking of sheets), the wall linings will need to be
replaced, re-stopped and re-decorated. Trims (e.g. scotias, skirtings) wil need to be

removed and possibly replaced.-

Any damage to the wall framing members will need to be repaired. Note that significant
damage to the framing is unlikely unless there has been substantial spreading or
substantial abrupt change differential seftlement beneath the house.

External sheet cladding connections and joints must also be checked and re-fixed. If the
cladding has a bracing function then the sheet fixings must be checked and if damaged
appropriate fixings will need to be installed in the intervening gaps and the finish

reinstated.

The contents of this draft document do not represent government policy
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5.2,3 Wall and Roof Frame Connections

Fractured timber members must be replaced or spliced to ensure their continued function.
Joints between members that have been pulled apart must be reinstated and re-fixed.
Such damage in walls will generally only be expected if the wall linings are showing signs
of severe distress (such as detached sheets).

Roof framing is generally triangulated, meaning that it is self bracing. The exception is a
gable ended roof where roof plane or roof space bracing is relied on to provide bracing in
the ridgeline direction. If the roof shows signs of major distortion (which could be as a

result of ground disturbance or ground shaking), then a check of all roof spac
connections will be necessary, and repairs undertaken to reinstate the brac

If the wall linings or the ceiling linings have separated more jhe
wall/ceiling junction, it may be necessary to remove the ge
5.2.4 Light Gauge Steel framing

support framing has likely bydkfe
inspection of the framing, £gt)

The contents of this draft document do not represent government policy
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6. Rebuilding Houses

6.1 General
For the areas where most houses are to be rebuilt, the land remediation measure being
undertaken by Government will largely eliminate the possibility of significant lateral
spreading occurring. As outlined in Section 3, it is considered appropriate to allow for
potential lateral spreading of up to 50mm horizontally for all areas other than in Building
Restriction Zones. For Building Restriction zones, specific engineering design is required
for any new dwellings in these areas, and this must take into account the potential for
significant lateral spreading unless the subject of site land remediation.

Rebuilding houses on land which s still susceptible to liquefactiopyg e but whi
is likely to only suffer nominal lateral spreading as above will i ndatigRsyite
that is capable of resisting some tension effects, also b able anning o e
local settlements of the ground beneath the house. @

Gt of the new foundation
in a near flat plane after a future

#single body.

J4¥3F the design of the superstructure (i.e. everything above the
is however acceptable for reconstruction of any house within the scope
that is, the dimensional limitations are adhered to, and the use is limited to

akCe Level 2 (AS/NZS 1170.0).

@The indicative foundation and floor options presented in sections 6.2.2 and 6.2.3 following
will require design and detailing by structural engineers. They are expected to be able to
withstand lateral spreading of the ground beneath the foundation of up to 50mm, and

bridge a length of B of settled soé%or sudden lack of support) beneath the foundation

and cantilever a distance of up to i over settled soil at the building footprint extremities.

These shaded parameters are subject to further discussion. Consideration is also
being given to possible alignment with the simple housing foundation solutions
(including with respect to issues such as regularity fimits), and expansive soil

class equivalence.

N A D BT Bt € T, TN P S TR
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Site preparation should ensure that all grass and topsoil is removed prior to the placement
of foundations or gravel fill. Historically, poorly graded river gravels (tailings or 20/40
river stone) have been used under slabs. These materials should have a separation
geotextile (Bibum A19 or equivalent) placed between the stone and the subgrade and the
tailings should be compacted in minimum 200 mm layers using a plate compactor.
Alternatively, a well graded aggregate (AP 40 or similar) could be used, which should also
be compacted in minimum 200 mm layers with a plate compactor, but no separation
geotextile layer is required.

Site investigation requirements are outlined in Section 7.1.

6.2 Indicative New Foundation and Floor Options @% @
s'for h es%
iadhof 1150

This section provides details of alternative foundation and ﬂ@?’gt

are likely to be affected by liquefaction in future earthg return

years or greater,

6.2.2 Floor Construction — Reinforced Concr:
Several options may be employed, but ea

The common options include:

well graded graygl} fhJEan ipRad-a\leibforced NZS 3604 slab foundation (only
suitable for th AR .

New Foun on 1 ‘&

@ New house
: 2 D12 and R10-600 at slab

thickening beneath load
bearing walls °

c
£
o
w0
Existin hix
ground level l

2 D12 top and bottom
of edge beam

Note: NZS 3604 ground clearances adjacent to house foundation must be complied with

The contents of this draft document do not represent government policy
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Option 2 - Construct a thick slab foundation over the existing soil (no special soil

preparation)

New Foundation Option 2

e

ew house

D12 - 250 e.w. to
and bottom of slal

Existing-
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Option 4 - Construct a stiffened waffle slab over the existing soil (no special soil

preparation)
e ).‘- ;pe\ Q- ‘4
M SR T PR
News howse ]
Gronnd S5

i XAEF’\‘\ & i!]\'\v\ S

Option 5 - Construct a post-tensioned waffle slab ove @Qg
preparation)

The generic post-tensioning option for
15.2mm strand tendons in an un-bond

us ;suall i gle 12.9 or
. The fagtdng 8pplited greased and
sheathed strands are supported | sl bar ci@ ehsioned through mono

formwork. Tensioning is

strand anchorages fixed at , rough

carried out using calibratg@n eh "
ioning Fe\ckehe } ed-dnd a cover cap (anticorrosive grease
filled) is fi oav ecess is mortared over. -

Pos to about 1MPa (in time) to overcome drying
shrin hd gi ging, through settlement, capacity. Spacing of the tendons
is nomfally 1 s each way

al

e
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Option 6 - Drive piles to solid bea
slab with reinforced thickening on

together (no special soil preparation).

6.2.3 Floor Construction — Timber

Dption b

G.‘ﬂ% '\6 IS

leual

.._-,/
Nesa bowse

ring beneath a liquefiable layer and construct a floor
pile rows in both directions to tie the tops of the piles

—t
-,

e, e

R

kc‘!f‘?({a\\'j\e
Sad

—~

A timber framed floor on timber or concrete \

3604 is not seen as an acceptable mea
a new house structure to resist the pgt¢e

3604.

6.3 Guidap

o

For these specifically designed cases,

(&L AORKANS

SRS g

j=>

: :cific Engineering Design
\/

ay be developed as specific designs in more complicated land and/ or
ations than will be applicable for the above options, or to achieve increased

els"of performance in future earthquakes.

.4.05:3 520?\/13 E%@ @

S eatthquake event. However,

fickeh the site, it may be economic to

the following criteria should be satisfied:

A full geotechnical investigation of the site should be carried out before designing

the foundation

Design for the potential for |lateral ground spreading of up to E—_'Q’r‘"nﬁ, asa
minimuim, or other values as indicated from the geotechnical investigation

Design for the potential for differential settlement of the supporting ground that
may create a length of no support for the ground floor of B beneath sections of
the floor and B at the extremes of the floor (ie ends and outer corners)

Design to ensure that the floor does not hog or sag more than 1in 400 (i.e. 25mm

hog or sag at the centre of a 10m length)

Appropriate provision should be made
to accommodate the potential different

in the geotechnical report.

for “flexible” services entry to the dwelling
ial settlement of the foundation as indicated
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7.1

Recommended Arrangements for Engineering Input

During the Assessment and Repair Specification Phase

A number of building consents have already been applied for by property owners to repair
or reconstruct dwellings following the 2010 earthquake. In most of these cases, local
Councils have requiring as part of the consent application a site specific geotechnical
report that assesses the future risk of liquefaction. To adequately assess the future
liquefaction hazard at a specific site, a full geotechnical investigation would be required
including either drilled boreholes or Cone Penetrometer Tests together wit undwater
monitoring and laboratory testing. While Scala Penetrometer Testing | le of
extending to sufficient depth to determine the full liquefaction ris!g% a

determine the depth of any stiff overlying raft if present.
I to

Assuming the recent earthquake was approaching an
recent behaviour of the ground at individual sites.i
likely performance of the site in a future ULS

geotechnical report with field investigati R
sites that have suffered land damage.fro cent would have major

SN . A pragmatic approach

nd r iation work. The Tonkin and Taylor Ltd Darfield
d ins maps which identify three land zonation categories.
e worst affected suburban areas, but do not extend into the

zonation categories have been used on the maps (see example in Figure 7.1):
e Zone A - No land damage

» Zone B - Land damage in areas where the ground surface may be disturbed and
require minor surface levelling and possible filling or compaction may be required.

e Zone C - Land damage in the areas where substantial land remediation will be
undertaken,

Land damage refers to places where liquefaction has resulted in settlement and or lateral
spreading.
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Reconstruction Zones — Bexley Example

-

{3

Figure 7.1 Example of Bexley Zone map

@Suburb 'éeotechnical investigations and reports will be undertaken by EQC for a number of
the mapped suburbs. These are being prepared for two purposes:

1. For the design of the perimeter land treatment work if required

2. To address the overall liquefaction hazard

The suburb géotechnical reports will investigate the deeper soil profiles and the
liquefaction hazards. They will address the geotechnical seismic risk/issues for the suburb
as a whole, and provide sufficient information for the design of structures for this hazard.

In the areas covered by the suburb geotechnical reports, deep subsoil investigations (i.e.
Boreholes or Cone Penetrometer Tests (CPTs)) will not be required on individual sites. In
these areas, for reconstructed houses only, an NZS 3604-type geotechnical investigation
will be required (unless one already exists for the specific site).

In this context, an NZS 3’604-type investigation is an investigation that meets the
requirements of NZS3604 for the normal static conditions, excluding the effects of
liquefaction.

The contents of this draft document do not represent government policy
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Field investigations may therefore be limited to Scala Penetrometer Testing (DCP) and
hand augers to confirm that the upper 2m of land meets NZS 3604 requirements for static
bearing (ie. ultimate bearing capacity of 300kPa or other capacity as indicated from the
suburb geotechnical reports). It is expected that these field investigation reports need not
be more than a one page letter or template detailing the observed damage, and providing
confirmation that the upper 2m provides sufficient bearing capacity. An example template
for such an investigation report is included in Appendix 6 (to be prepared).

In the case where the rebuilding work is to be managed by EQC or the relevant Insurance
Company, it is envisaged that the NZS 3604-type investigations may be caried out by a
technician under the employment of the managing organisation or a compagxinder the
direct control of the managing organisation. It is proposed that specifig,
provided for technicians undertaking this role, who would in turn be aQhder th
ultimate direction of a Chartered Professional Engineer.

In the case where the rebuilding is to be managed or ca wﬂ-‘*@‘a’? ani
owner, the investigation must be carried out by a ‘- gt
(CPEng-Geotechnical).

ofess';§
For dwellings that are only being repai eé@S new elements, no 3604-type
investigations are required. \

, ' E boits

For areas of land
observational @

rading in the 2010 earthquake have suffered more
es where liquefaction induced settlements alone have

ites where lateral spreading has occurred, a site-specific geotechnical
@ vestigation and report is required which should include machine boreholes and/or
CPTs. This work should be carried out by a specialist geotechnical Engineer
(CPEng-Geotechnical) or specialist geotechnical company.

¢ On sites where liquefaction induced settlement occurred, an NZS 3604-type
geotechnical investigation is required (unless one already exists for the specific
site).

In the case where the rebuilding work is to be managed by EQC or the relevant Insurance
Company, the NZS 3604-type investigations may be carried out by a technician under the
employment of the managing organisation or a company under the direct control of the
managing organisation. .1t is proposed that specific training will be provided for
technicians undertaking this role, who would in turn be operating under the ultimate
direction of a Chartered Professional Engineer.

In the case where the rebuilding is to be managed or carried out by an individual property
owner, the investigation must be carried out by a Chartered Professional Engineer
(CPEng-Geotechnical).
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For repaired dwellings, no NZS 3604-type investigations are required.

The overall process outlined on the previous pages is summarised in Figure 7.2:

Property ,darhage_d
by 2010 earthquake |
| :
[ — 1
Land No fand
dgg}age damage
— 11
Area coverad Area not
DY covered by
stbdivislonal subdivisionat
= rapoit -
—
Lateral
spreading
Iag\o_ce\_grgd \{V
Naw{
Repalrto _ reconstructed
wnlig - dweling
Remedial
works
underlaken
th;ﬂ ! p { 'EJI«I‘mImI investigation | |Geotechnical eole'i(;\mcal Geolechaical
?:v‘;:l‘l:gaﬁca + Inv%:I;:galion required investigation lgnvesliga\lon lnves!ilgallon
requ \ D ; required (‘;«::hf;d::‘aar;l required required raquired
Figure 7(¢: }\1- mary of relationship between individual site investigation and
fand damage

©
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7.2 During Construction Work and Upon Completion

Normal engineering inspections as per Council building consent requirements should be
undertaken. Geotechnical and structural Producer Statement PS3 and PS4 certificates
may be required, subject to building consent conditions.

For further discussion with Council representatives
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8. Other Considerations

‘8.1 Flood Risk

Comments are required from the respective councils as to whether the risk from flooding
has substantially changed following the 2010 Earthquake, and what their current (and any
proposed new) requirements are regarding minimum floor level requirements for dwellings

in the critically affected suburbs.

8.2 Time Frames for Repair and Reconstruction
The land affected by liquefaction from the Darfield Earthqua i Qy

q
d be completed in the next few
igations have been initiated to confirm

e upper soil layer has a higher clay content soil movements from
fg and drying (shrink/swell movements) could be expected to occur. These
ts would generally be < 10 mm in most areas of Christchurch, but could be up

@@3 mm. Based on the above, repaired or re-constructed floor systems should be
designed to accommodate minor ground level fluctuations as have historically occurred.
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Appendix 1:
‘Summary of the Effects of Liquefaction

The following explanation is provided for liquefaction, lateral spreading and bearing capacity
failure associated with the 2010 Darfield earthquake:

Loose granular soil deposits try to densify when subject to strong earthquake shaking. If the soils are
unsaturated then the ground surface will generally just settle as the soil densifies and compacts itself.
Where these soils are saturated, the re-adjustment of particles within the soils leads to a build up of
pressure within the pore water. The soils can only densify once the pore pressug egin dissipate.
The rate at which these pore pressures dissipate; and hence the rate of settle fo
densification, is dependent upon the permeability of the soil. If the spoij very lo
the pore pressure build up can exceed the effective overburden stres e\SpiMnd the @04
liquefies. Dissipation of this groundwater pressure can lead to | ‘o round and
of water and fine soils to the ground surface.

ic shaking has
efhtly denser state
-hdndicates the ejection of

The excess pore water pressures are expected (o ¢
ceased. With time the liquefied ground becorgg
than before. Anecdotal evidence from liqgaie
groundwater, silt and sand material fo

minutes after the primary gro N .
A $laking are expected to take between 2

and 8 weeks to dissipgle gRa-sR3&N . . LS SNayel> existed prior to the earthquake. The
ground surface is PR : \

. . » ’

dissipate. It shoQidA ‘ ? of

somewh e 09 : onditions are particularly unfavourable.

L' uires
\(z" The & %

a0se, non-cohesive material that will densify under seismic shaking (loose
i many loose silt-sand mixtures are particularly susceptible to liquefaction).

c) Sufficient shaking to trigger liquefaction. In this regard it should be noted the level of
seismic shaking fo trigger liquefaction can vary significantly from site to site.

Once liquefaction has occurred it can lead to a number of secondary effects, including:

(a) Lateral spreading and the associated development of “graben’” features (i.e. the gréund
shifts sideways and tension cracks develop where the ground has torn apart),

(b) Bearing capacity failure of foundations,

(c) Rotational slope failure or ground movement and the development of lines of differential
settlement(i.e. a semi-circular rotational failure of the ground occurs and this creates a step
in the ground surface at the head and foe of the failure surface),

(d) Sand boils (i.e. liquefied material is ejected from within the ground to the surface through
defects in the ground such as holes, structural penetrations, graben features and tension
cracks),

(e) Settlement of the ground surface which is additional to that which was caused by the initial
shaking densification (usually from sand boils ejecting liquefied material); and,

(f) The floatation of buried services and “buoyant” structures such as pipelines, manholes,
swimming pools and fanks.
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Preliminary observations indicate lateral spreading, rotational failures and settlement have caused a
large portion of the most severe building damage that is attributable to the 2010 Darfield earthquake.
The other significant cause of building damage has been the collapse of pre-1940 unreinforced
masonry or brick structures due to the shaking that occurred.

Lateral spreading may occur if all or part of a sloping soil mass liquefies. in such instances
liquefaction of deeper material may cause a “crust” to slide towards a fopographically lower area such
as a river bed or pond. Structures on the main slide are frequently moved without suffering significant
damage; however, a graben feature (i.e. tension crack / tear zone) will form at the head of this type of
slide. Buildings which are located across lateral spread graben zones, or a rotational failure surface,
usually suffer considerable damage due to large differential settlement and/or lateral extension across
the building.

%ntechni
conditions, including soil density, strength, stiffness and bearing capacity,
condition close to, and perhaps slightly better than, that which existedor to

rrencef th
Darfield earthquake. @
In general, all soils which experienced liquefaction durin rfield eaf} @ expected
to be at risk of liquefaction due to a future severe se@ «"’&
There are a number of publications tha n@- detafiedidic Qsion on liquefaction and its

effects. For further information and.g q;: { §0 the recent draft NZ

During the post liquefaction period the ground surface ma y setfle and/or creep a
consolidate to a denser state. Once the excess pore pressures have fully digsi
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Appendix 2:
Provisions of the Building Code Relating to Houses (paraphrased)

The bullet points below are a summary only of some of the key building code clauses that need to
be considered when repairing or rebuilding an earthquake damaged building. This Appendix is for
the purposes of discussion only, and is not a substitute for the full building code clauses, set out in
the Building Regulations 1992. It is important that the full building code is considered in light of the

particular circumstances of each repair or rebuild.

B1 Structure.

o Buildings shall withstand the combination of loads they are likely to & @e through
their lives.
e Low probability of rupture, becoming unstable, collapsin & @
el mation @
X2

e Low probability of causing loss of amenity through grié
« Account shall be taken of all physical condit’ Yohffect ; StoN
live loads, earth pressure, water and oti deearthquakee u,

3
Benchmark: NZS 3604 %

§d construction methods shall be sufficiently durable to
zonstruction of major renovation, satisfies other building

ing dead and
51 movement, etc

c@
E rface Wéter

« Buildings and sitework shall be constructed in a way that protects people and other,
property from the adverse effects of surface water

o Surface water having a 10% probability of occurring annually and collected or
concentrated by sitework shall be disposed of to avoid damage or nuisance to other

propetties
« Surface water from an event having 2% annual probability shall not enter building

E2 External Moisture
e Buildings must be constructed to provide adequate resistance to penetration by moisture
from the outside

e Roofs to shed water

Roofs and external walls must prevent penetration of water that could cause undue
dampness, or damage to building elements

The contents of this draft document do not represent government policy
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*  Walls, floors and structural elements must not absorb or transmit moisture from the ground
that could cause undue dampness, or damage to building elements

* Building elements susceptible to damage protected from adverse effects of moisture
entering space below suspended floors

» Concealed spaces and cavities constructed to prevent condensation, fungal growth or
degradation of building elements

Benchmark: E2/AS1

E3 Internal Moisture

* Adequate combination of thermal resistance, ventilation and space temperatyse must be
provided to all habitable spaces, bathrooms, etc to prevent fungai growth gs, etc or
damage to building elements. @ .

F4 Safety from falling « . ‘%
e Buildings constructed to reduce likelihood of accidentz @
* Barriers provided where people could fall 1 m @ @

F7 Warning systems

¢ Provide appropriate means of

- G1 Personal Hygiene

e Provide approQEia o, X
G2 Launder@@ v
e Provid equa acilities for laundering

G3 Food pre

prevention of contamination

Spetce and facilities for hygienic storage, preparation and cooking of food

G4 Ventilation

» Means of ventilation with outdoor air providing adequate number of air changes to
maintain air purity

» Removal of cooking fumes, moisture from laundering, showering, etc,

G5 Interior Environment

» Heating appliances installed in a way that reduces likelihood of injury

G6 Airborne and impact sound

* Building elements common between occupancies shall be constructed to prevent undue
noise transmission
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G7 Natural Light
Habitable spaces shall provide adequate openings for natural light and visual awareness
of the outside environment

G8 Artificial Light
e Adequate lighting to enable safe movement (> 20 lux)

G9 Electricity, G11 Gas,

¢ Where provided, electrical installations/gas systems shall be safe for their intended use.

G12 Water Supplies @@
« Potable water for human consumption ﬂ
o Hot water for washing/showering . @

G12 Foul Water

« Adequate plumbing and drainage sy arry fogw%@priate disposal

H1 Energy Efficiency @@
¢ Buildings cons eve a @ Sigy efficiency when heated or ventilated
(note: levels requj 2wed from October 2007)
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Appendix 3:

Typical Repair and Rebuild Work and Need for Building Consent

54

To be prepared
Type of work Need for building | Comments
consent
Rebuild house Yes 2
Rebuild foundations | Yes AN\
NN
AN {
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Appendix 4:
Outline Method Statements for Repairing Foundations and Floors

The tables on the following pages provide outline method statements for re-levelling foundations
and floor slabs of existing houses as summarised in Section 5.1.

The steps outlined are broadly in the sequence recommended.

It is emphasised that these approaches will not suit all houses that are considered repairable, and
that each house will require careful consideration. @

Furthermore, these approaches address only the structural aspects, Wi to fi isv@

only where they relate to re-levelling works.

All aspects associated with weathertightriess and
separately specified by appropriately qualified paf

The contents of this draft document do not represent government policy
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Outline Foundation and Floor Repair Method Statement

Type A: Pile Foundation and Light Clad Exterior Walls
Refer Section 5.1.1

PN Comments/
Step _ Activity _ _ Iy ~References
1. Remove the cladding attached to the exterior piles to expose the piles and
retain if possible
2. Locate services entry points to the house and allow for disconnection or e.g. dig away soil at water,
relief of these during the floor lifting operation waste, power and telephone
connections to allow these to lift
with the houss”*
3. | Check the vertical alignment of the piles. IF existing piles are leaning at an W
angle of more than 15mm per 1m height then new piles wili be required
(see point 7 below). 4
4. | Detach the piles from the bearers. A \\vY  *
5. | Install jacking equipment and sequentially lift the affected areas, ensys g |59

that in this process there is no differential displacement created thaf

mean that the maximum vertical displacement of a point on a 4") : @

between two other points on the floor 6m apart is more tha

During the jacking process make allowance for lateralsf hil}¥

detached structure. N

6. | For floor lifts of up to 50mm at any pile, fit LDl piles are fixed in this

(preferably as a single thickness piece) a¢i manner then the lateral load
resisting capacity ought to
match what it was prior to the

earthquake. However, this may

and the underside of the bearer as p
piles without a bracing function; -’3&

- be less than the requirements of
NZS 3604:1999.

be require and 300mm above the existing ground, a
i led between the pile top and the floor framing (V25
erit which is greater what might be existing pre-earthquake).

extend more than 300mm above the surrounding ground then it

that there will be no need for additional bracing (his is less than
for a new NZS 3604 building but would reinstate the house to its pre-
earthquake condition). For piles with greater than 300mm exposed height,
consideration should be given to the installation of appropriate bracing in
the two main orthogonal directions. This could include the addition of
cantilever piles, anchor piles or braced piles (the latter case for pile heights
greater than 600mm).

9, Re-attach the cladding to the outside of the piles.

10. | Re-compact soil around the services. If the lifting process has reduced the
cover to the services to a value less than allowed by the Building Code for
safety reasons, then appropriate remediation will be required to satisfy the

Building Code.

11. | Superstructure deformations associated with this damage and repair are Ancillary attachments to the
not considered to be sufficient to cause lateral stability issues in future house such as heavy chimney
earthquake events. There will likely be a need to re-stop some joints foundations and breastworks,
between the internal lining sheets and re-decorate parts of the interior of concrete steps, concrete terrace
the house. External sheet cladding connections and joints must be and timber deck areas will need
checked and re-fixed in order to maintain weathertightness. to be remediated if their levels

no longer align with the new
floor level
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Outline Foundation and Floor Repair Method Statement
Type B: Perimeter Concrete Foundation Wall .
Refer Section 5.1.2 Light or Medium-weight claddings, and Section 5.1.3 for Heavy veneer

claddings.

Preparatory Work

A R e R A e T Comments/

Ste| ctiv Bl Lo

. p S e T e A |ty e R O LU S R _References .. - ~
Bi Establish whether there is adequate bearing capacity for remedial works

(e.g. using hand held scala penetrometer). Itis recognised that there will
be liquefiable soils at some depth beneath the house because this is the
reason why it is in its current condition.

w

B2 Locate services entry points to the house and allow for disconnection or \"9
relief of these (e.g. dig away soil at water, waste, power and telephone
connections to allow these to lift with the house) during the floor lifting CK
operation, A \ A (B\
B3 | Check the vertical alignment of the internal piles. If existing pil \% " \’(V
leaning at an angle of more than 50mm per 1m height the S\
be required (see point 7 below). Leans of less than th} %@
considered to be unacceptable if there is a perimg present
54 | Disconnect the internal piles from the bearerss, \{\} AN 2
BS

PN
Demolish ancillary structures such as steps angXeyrjces. Chim ORA
foundations and breastworks mgg n tl ocess degex
if they are not being demolishegd?¢za Y

& SO
oun«j\a&@@c’g Using Portable J

Lifting Option 1: ' acks
et A L ey RO : -~ Comments/
Ste %v i s o S e
: b @ i A(\ A A I S 3 s References
Bl.1 | Cka ] i Adtion and at a spacing of about 2m around
the e foundation, excavate a 500mm square hole

©

beneath thefffundasidgi¥fo a suitable bearing layer. Install dunnage and
Norefadle to have a series of jacks available to allow the

; &-\ be lifted sequentially by maximum 3mm increments, Start

X \g process by creating a planar floor plate, even if this is sloping,
then sequentially lift the foundation until a horizontal floor plate is ,
achieved.

The jacks may alternatively be placed adjacent to the outside face of the
foundation and an “L" shaped shoe used to lift on the edge of the
foundation, reacting on timber or steel dunnage. Ensure that the services
are able to accommodate the lift heights or otherwise detach these before

the lift begins.

B1.2

Concurrently with the beam jacking, jack the underside of the bearers
beneath the house to create and maintain the planar floor.

B1.3

Seal each side of the space between the foundation and the dunnage, fit
grout injection ports and pump non-shrink flowable grout under the
elevated foundation. Leave to cure for 12-24 hours and remove the

jacking equipment.

B1.4

Fill the space between the underside of the foundation and the ground with
concrete and re-instate the adjacent ground.

B1.5

Seal the inside and outside faces of the foundation beam at each crack in
the foundation beam and epoxy grout the crack.

BL.6 | Re-connect any services that had been disconnected prior to the lift.
B1.7 | Re-instate the adjacent ground.
B1.8 | Superstructure deformations associated with this damage and repair are

not considered to be sufficient to cause lateral stability issues in future
earthquake events. There will likely be a need to re-stop some joints

between the internal lining sheets and re-decorate parts of the interior of
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the house. External sheet cladding connections and joints must be
checked and re-fixed. Cracks in EIFS claddings can be repaired and re-
painted. It may be necessary to apply a new texture coating if the texture

match cannot be made during the crack repair.

Lifting Option 2: Perimeter Foundation Jacking Using Piles (Screw or similar)

e

v = to be sufficient to cause lateral stability issues in future
rthguke events, There will likely be a need to re-stop some joints
Detween the internal lining sheets and re-decorate parts of the interior of
the house. External sheet cladding connections and joints must be
checked and re-fixed. Cracks in EIFS claddings can be repaired and re-
painted. It may be necessary to apply a new texture coating If the texture

match cannot be made during the crack repair.

e A s R e - Comments/-
Stepy- Lt o Acvily. " 5 - References :: .
B2.1 | Clear the perimeter of the foundation and at a spacing of about 2m around
the perimeter and install proprietary screw piles to the required depth to
obtain sufficient bearing capacity. A
B2.2 | Ensure that the services are able to accommodate the lift heights or §%)
otherwise detach these before the lift begins. A (\
B2.3 | Fit the lifting components to the tops of the screw piles and the under the A\ L
edge of the foundation. Lift the foundation sequentially by a small amount
(3mm maximum increments). Start the lifting process by creating a plan .
floor plate, even if this is sloping, and then sequentially lift the foun % @
until a horizontal floor plate is achieved. o, \ £\
B2.4 | Install grout Injection ports and fill the space between the use @\)
foundation and the existing ground with grout. Wait fo& ore
removal of the screw piles (if they are to be removedf\\ L.
B2.5 | The screw piles may be left in place or removed. Y\ \ Y\> .~ o~ NN W
B2.6 | Concurrently with the foundation beam jam&ﬁﬁﬁndersi i
bearers beneath the house to create gagkiinin the pIanart‘%q
B2.7 | For floor lifts of up to 50mm at apyyXl&% H;’&(eated b Yack
(preferably as a single thic es AN pile top
and the underside of the bé 1.33 C IERTes\aP NZ5S 3604 (for
piles without a braci .: pedosd#d T00mm skewed
nails for timber Rites adedmb? wire angd-Qepks Yok kdncrete piles).
B2.8 | For lifts greg Gk at any pile, Bes will be required to be
fitted thatn ‘j oafhected diSély tot isting bearers either by
scatfi R or by fifigt ¢ dogs and skewed nails as above. °
B2.9 | Seal th an% e foundation at each crack and
epoxy grout the crieic
B2.10 | Re-connect agy{ ¢ had been disconnected prior to the lift.
B2.11 | Re-in NN ground.
B2.12 : d¥formations associated with this damage and repair are

Lifting Option 3: Perimeter Foundation Jacking Using Urethane Foam

Step

Activity

Comments/
.References .

B3.1

Ensdre that the services are able to -'accom-mod-éte the Ilfthelghts or ‘
otherwise detach these beforé the lift begins.

B3.2 | Set out laser for monitoring floor movement.

B3.3 | Commence injection below the perimeter foundation beam to improve the
soils. .

B3.4 | Carry out injection in a controlled manner, monitored by a laser and staff,
to gradually raise the foundation to the required level.

B3.5 | Concurrently with the foundation beam lifting, jack the underside of the
bearers beneath the house to create and maintain a planar floor.

B3.6 | For floor lifts of up to 50mm at any pile, fit H5 treated timber packing
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and the underside of

(preferably as a single thickness piece) and connect to the existing pile top

piles without a bracing function: pairs of wire dogs and 100mm skewed
nails for timber piles and 4mm wire and staples for concrete piles).

the bearer as per the requirements of NZS 3604 (for

B3.7 | For lifts greater than

fitted that may be connected directly to the existing bearers either by
scarfing and bolting or by fixing with wire dogs and skewed nails as above.

50mm at any pile, new piles will be required to be

B3.8 | Seal the Inside and outside faces of the foundation at each crack and
epoxy grout the crack.

B3.9 | Re-connect any servi

ces that had been disconnected prior to the lift.

B3.10 | Re-instate the adjacent ground.

B3.11 | Superstructure deformations associated with this damage and repair are

not considered to be

earthquake events. There will likely be a need to re-stop some joints

between the internal lining sheets and re-decorate parts of the interior of
the house. External sheet cladding connections and joints must be
checked and re-fixed. Cracks in EIFS claddings can be repaired and re-
painted. It may be necessary to apply a hew texture coating if the texture CK (\
|\

sufficient to cause lateral stability issues in future

L

D ot be made during the crack repaif-® @ ®§:§ V@@ ¥
@@?9@ @@

@%@

>
@©%y

¥
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Outline Foundation and Floor Repair Method Statement
Type C: Slab on Grade Floors

Refer Section 5.1.4 for Light or Medium-weight claddings, and Section 5.1.5 for Heavy veneer

claddings

Preparatory Work
S : - Comments/

Ste Ageheblacild,
g = e A‘-_’t“"_tV ._References
C1 | Establish whether there is adequate bearing capacity for remedial works

(e.g. using hand held scala penetrometer). It is recognised that there will
be liquefiable soils at some depth beneath the house because this is the
reason why it is in its current condition.

Cc2

Locate services entry points to the house and allow for disconnection or
relief of these (e.g. dig away soil at water, waste, power and telephone
connections to allow these to lift with the house) during the floor liftiea@

C3

Demolish ancillary structures such as steps and terraces. Chirerfe

operation. 1
\?‘

foundations and breastworks may be lifted in the process.d SN .1@
if they are not being demolished. N\

Lifting Option 1: Perimeter Edge . king Usj e Jacks

' v ~ Comments/
Step A @W References
Cl.1 {g ‘of about 2m around

a 500mm square hole

AN aiaximum 3mm increments. Start
aYiar floor plate, even if this is sloping,

getindation until a horizontal floor plate Is

the perimeter edge beam jacking, drill and

€ floor slab on a suitable grid pattern, monitoring

specialist process requiring skilled operators. The

laced adjacent to the outside face of the foundation and an
gpati shoe used to lift on the edge of the foundation, reacting on

af or steel dunnage. Ensure that the services are able to

accommodate the lift heights by exposing and allowing them to lift with the
beam or otherwise detach these before the lift begins

C1.2 | Seal each side of the space between the foundation and the concrete pad,
fit grout injection ports and pump non-shrink flowable grout under the
elevated foundation. Leave to cure for 12-24 hours and remove the
jacking equipment.

C1.3 | Fill the space between the underside of the foundation and the ground
between the jacks with grout.

C1.4 | Take up all floor coverings in the areas where the floor has been lifted,

C1.5 | Seal the outside face of the edge beam at each crack and epoxy grout the
crack.

C1.6 | Re-connect any services that had been disconnected prior to the lift.

CL.7 | Re-instate the adjacent ground.

C1.8 | Re-lay the floor coverings.

C1.9 | Superstructure deformations associated with this damage and repair are

not considered to be sufficient to cause lateral stability issues in future
earthquake events. There will likely be a need to re-stop some joints
between the internal lining sheets and re-decorate parts of the interior of
the house. External sheet cladding connections and joints must be
checked and re-fixed. Cracks in EIFS claddings can be repaired and re-
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painted. It may be necessary to apply a new texture coating if the texturé
match cannot be made during the crack repair.

Lifting Option 2: Perimeter Edge Beam Jacking Using Piles (Screw or similar)

Becked and re-fixed. Cracks in EIFS claddings can be repaired and re- .

of

} painted. It may be necessary to apply a new texture coating if the texture
match cannot be made during the crack repair.

. Comments/
Step Activity = g , References
C2.1 | Clear the perimeter of the foundation and at a spacing of about 2m around
the perimeter and install proprietary screw piles to the required depth to
obtain sufficient bearing capacity.
C2.2 | Ensure that the services are able to accommodate the lift heights or
otherwise detach these before the lift begins.
C2.3 | Fit the lifting components to the tops of the screw piles and the under the
edge beam. Lift the edge beam sequentially by a smalil amount (3mm
maximum increments). Start the lifting process by creating a planar floor
plate, even if this is sloping, and then sequentially lift the edge beams until X
a horizontal floor plate is achieved. Concurrently, with the perimeter edge <
beam jacking, drill and inject grout through the floor siab on a suit id .
pattern, monitoring the slab lift. This is a specialist process re (&
skilled operators. P\ WA PN
C2.4 | Install grout injection ports and fill the space betweg Y yjeof the @\)
foundation and the existing ground with grout. rs beforK{\
removal of the screw piles (if they are to beg® At
C2.5 | The screw piles may be left in place Wobg%gﬁ’ A ID NN
C2.6 | Take up all floor coverings in the.as8a§ Whgre Brefloor hasGeablinedl
C2.7 | Fit injection ports in the fig of 1.5m d Yhject
grout beneath the slab.w the s pecialist
process requiring ‘skilﬁ?tsp ! f&
C2.8 | Seal the outsid undati CrC nd epoxy grout the
crack. A P AN
C2.9 | Re-cofres Riv-girvices that had RienSconnected prior to the lift.
S PSP g
C2.11 | Reoyre floor gagertesn\
C2.12 | SuMerstruct @‘é A associated with this damage and repair are
not copefdetdd topRedlfficient to cause Jateral stability issues in future
2% Y 5. There will likely be a need to re-stop some joints
< heinternal lining sheets and re-decorate parts of the interlor of
se. External sheet cladding connections and joints must be

Lifting Option 3: Slab and Edge Beam Jacking Using Urethane Foam

e Comments/
Step _ h Agt!V|ty References
C3.1 | Ensure that the services are able to accommodate the lift heights or
otherwise detach these before the lift begins.
3.2 | Take up all floor coverings In the areas where the floor is to be lifted
3.3 | Set out laser for monitoring floor movement.
C3.4 | Commence injection below the edge beam to improve the soils.
C3.5 | Carry out injection in a controlled manner, moriitored by a laser and staff,
to gradually raise the edge beam to the required level.
C3.6 | Once the edge beams have been raised to the final level commence
’ injection via the ports in the fioor stab to fill the space created between the
raised stab and the basecourse. Further controlled injection via these ports
will raise the slab to the same level as the edge beams. This may be done
L concurrently with the edge beam lifting.
| C3.7 Seal the outside face of the foundation at each crack and epoxy grout the
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crack.

C3.8 | Re-connect any services that had been disconnected prior to the lift.

C3.9 | Re-instate the adjacent ground.

C3.10 | Re-lay the floor coverings.

C3,11 | Superstructure deformations associated with this damage and repair are
not considered to be sufficient to cause lateral stability issues in future
earthquake events. There will likely be a need to re-stop some joints
between the internal lining sheets and re-decorate parts of the interior of
the house. External sheet cladding connections and joints must be
checked and re-fixed. Cracks in EIFS claddings can be repaired and re-
painted. It may be necessary to apply a new texture coating if the texture
match cannot be made during the crack repair.
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Appendix 5:
Outline Method Statements for Replacing Foundations and Slab on
Grade Floors

The tables on the following pages provide outline method statements for replacing foundations
and floor slabs in existing houses, as summarised in Section 5.2.

The steps outlined are broadly in the sequence recommended.

It is emphasised that these approaches will not suit all houses that are cQpgi pairabl

that each house will require careful consideration.
Furthermore, these approaches address only-the structura @yith refer f‘h s
only where they relate to foundation replacement worx8 @ i

@%y@@i@@

All aspects associated with weathertig
be separately specified by appropriate

A T A A et PR R B T =
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Outline Foundation and Floor Replacement Method Statement
Type A: Pile Foundation and Light Clad Exterior Walls
Refer Section 5.2.1

‘Gtan i Dl Commerits/
%tgp _ - R Activity _ - References
Al | Remove the cladding attached to the exterior piles to expose the piles.
A2 | Locate services entry points to the house and disconnect to allow the
house to be lifted without damaging the services.
A3 | Demolish or disconnect from the foundation of the house any chimney
foundations, steps or terraces that may prevent the house from being
lifted.
A4 | Disconnect all existing piles from the bearers. PN N
A5 | Fit a multiple lifting system (e.g. house mover’s jacking system) around the N T D) N\
perimeter of the house and within the footprint if the sagging between the C& .
perimeter lift points is going to be excessive. Incrementally jack the ; .
to a common horizontal floor plane sufficiently high above the grough
allow the construction of a new pile system. The maximum g«
above the ground required by the house mover is 1.6m se ‘ ‘
equipment can be used to best advantage beneath the g re th
house against possible instability of the tempora
piling operation. ~ i
A6 | Pull together any gaps that had open opr plate dur i
earthquake and splice joints betwe [ Y@éts and ve
parted. Repair any tension failu i late
joints rather than in an indiwa @ al of either
linings or claddings in .
A7 | Remove all piles that Lbeyond the expected
new common, Meater than 15mm per 1m
height. = <\
A8 | Ifthe SCoEbEAEFiles reqiM ement exceeds 50%, install a new | Refer to Section 2.2.1 B) 10 of
system & &m e ccordance with the requirements of | this document - this may well
NZS 3604} be to a higher standard than the
pile system employed prior to
the earthquake but is
@ considered beneficial at only a
L~ small additional cost
A9 ﬁ superstructure on to the completed pile array and connect all
i bearers in accordance with the requirements of NZS 3604.
A10 | Re=Connect all services previously disconnected.
All | Fit new base boards to the perimeter piles.
Al12 | Re-instate the adjacent ground.
Al13 | Re-lay the floor coverings.
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Outline Foundation and Floor Replacement Method Statement
Type B: Perimeter Concrete Foundation Wall '
Refer Section 5.2.2 Light or Medium-weight claddings, and Section 5.2.3 for Heavy veneer

claddings. ;
et : % ERER : ' ‘Comments/ -
Step A e : ACt“"ty S : g . References
Bi Establish whether there is adequate bearing capacity for remedial works
(e.g. using a hand held scala penetrometer). Itis recognized that there
will be liquefiable soils at some depth beneath the house because this is
the reason why it is in its current condition.
B2 | Locate services entry points to the house and disconnect to allow the
house to be lifted without damaging the services. é\
B3| Check the vertical alignment of the internal piles. If existing piles are \"9 §
leaning at an angle of more than 50mm per 1m height then new piles will
be required. Leans of less than this value are not considered to be ¢ Y\
unacceptable if there is a perimeter foundation present. N A b
B4 | Disconnect the internal piles from the bearers-and the outer b \Q{gb \ Vv
plates from the existing perimeter foundation. P\ A P\ A

B5 | Demolish andillary structures such as chimney foundatg R §<\ \S
terraces. AN . /; \)

B6 Fit a multiple lifting system (e.g. house mov
perimeter of the house and within the footpriRINE
perimeter lift points is going to be ;

to a common horizontal floor,

the side of the site to¢ER

ri&so new pegricte

&removal grd Tepidgent of the damaged piles
Xrimeter FEYNAANMbRAMS with mechanical
% w the ndedtiemolish parts of the foundation
iaCe | y Yacks, Wiiich could lead to collapse of the
2 supp IR =rmace on the site prevents the superstructure

froM being -d"HEm the foundation, it will be necessary to shift
ire X

it first hto undertake a part re-build of the foundation and
the irection to complete the re-build.

B7 ¢ tRewany gaps that had opened in the floor plate during the

Leringdake and splice joints between ends of joists and bearers that have
@) ed. Repair any tension failures of bottom plates (likely to be at plate

joints rather than in an individual piece). This will require removal of either
linings or claddings in the area of the failure, for access.

B8 Demolish the existing damaged perimeter foundation and construct a new
foundation, reinforced with a minimum of 4 D12 bars

B9 | After 7 days, slide the superstructure over the new foundation, lower it
onto the piles and foundation and re-attach the plates to the foundation
with the equivalent of 1 M12 bolt at 1.4m centres. Re-attach the piles to
the bearers with stapled wire (concrete piles) or wire dogs and skew nails
(timber piles).

B10 | Re-connect all services previously disconnected.

B11 | Re-instate the adjacent ground and landscape any areas affected by the
lateral shifting of the superstructure.

B12 | Re-lay the floor coverings.
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Outline Foundation and Floor Replacement Method Statement
Type C: Slab on Grade Floors
Refer Section 5.2.4 Light or Medium-weight claddings, and Section 5.2.5 for Heavy veneer

claddings.
T e Comments/
Ste Activi : Pl e,
.___p S g S tlvty o 2, iUl ‘References
Cl | Establish whether there is adequate bearing capacity for a new floor slab

(e.g. using a hand held scala penetrometer). It is recognized that there
will be liquefiable soils at some depth beneath the house because this is
the reason why it is in its current condition.

c2

Locate services entry points to the house and disconnect these remote
from the foundation pad.

R
LSNP

C3

Remove any fixtures such as toilet pans and cabinets such as kitchen
cabinets and benches that will hinder the lateral shift of the structure. A

SN

DY
e

C4

Remove plasterboard Iinings from the internal walls and the inside f%%ﬁ\
the exterior walls to a height of about 600 mm above the floor. P \

C5

superstructure to lift above the floor slab. AN

SO
)

c6

Disconnect all hold down fixings (i.e. bolts or bent bars) to {W)\V AU\)

In both orthogonal directions, Install 200mm x 50 Ay ¥ 50mm
timber members through the space created in the crew to L
wall framing. This is an operation best ungdertak i

moving company that has the correct eenfipR

the floor slab.

c7

N

Install a multiple [ifting Systé it Ra)es : aty-brachg members

Reinstall the Jifffny Syst eyirderside of the bottom
plates, -y ) LAY

C8

Pull togeD ps that KRl oRdoes :
earthqu repair afiy t4 aflures of bottom plates (likely to be at
plate joins rather E™ I\ doiddvidual piece).

)

@m to complete the re-build.

Install steel s ,4&« Beaptnarid slide the superstructure to the side of the
site to aligwlrep %-; rt of a new slab and edge thickening. If lack of

y *" vents the superstructure from being fully removed
ation, it will be necessary to shift it first in one direction to
a part re-build of the foundation slab and then in the other

C10

After 7 days, slide the superstructure over the new foundation, and lower
to its final position. Re-attach the bottom plates to the new floor at the
same locations as the removed bolts. Approved proprietary hold down
bolts are the best for this purpose.

Cl1

Re-connect all services previously disconnected.

C12

The earlier removal of the wall linings will expose the bracing elements in
the structure. For houses built prior to the 1970s the bracing is more likely
to be let in 6” x 1” diagonal timber members or fitted 4” x 2" diagonal
frames. In this case, no special hold down requirements will be needed.
Newer houses will be utilizing sheet bracing (primarily plasterboard) and
the bracing elements will need to be identified. Council records should
show the positions. In these areas, it will be necessary to replace the
bracing sheets with new sheets extending between the top and bottom
plates and fixed in accordance with the bracing product manufacturer’s
specification. In other areas, the lower section of removed plasterboard
may be replaced with a new section of plasterboard with nogs fitted
between the studs to support the otherwise free edges of the sheets.

C13

Re-stop the wall linings and refit any trims that were removed and
redecorate.

Ci4

External sheet cladding connections and joints must also be checked and

re-fixed. If the cladding has a bracing function then the sheet fixings must: -
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be checked and if damaged, fixings must be installed in the intervening
gaps. Cracks in EIFS claddings can be repaired and re-painted but it may
be necessary to apply a new texture coating if the texture match cannot be
made during the crack repair. If there is severe cracking in the EIFS
cladding, the polystyrene backing will need to be re-nailed to the framing

in the affected area.

C15

Re-lay the floor coverings.

Ci6

Re-instate the adjacent ground and landscape any areas affected by the
lateral shifting of the superstructure.
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Appendix 6:

Sample Template for a Scala Penetrometer Investigation for the Static
Bearing Capacity of Residential Foundations

To be prepared
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