RESILIENCE

TO NATURE’S
CHALLENGES

Kia manawaroa —
Nga Akina o
Te Ao Tiuroa

Srowing a stronger, more resilient Aotearoa.
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Infrastructure resilience

The resilience of infrastructure underpins societal wellbeing and economic
prosperity. Infrastructure resilience not only minimises the disruption of critical
services but also ensures the rapid recovery of communities post a natural hazard
event. What new design and engineering innovations are contributing to the
essential goal of reducing the vulnerability of our buildings and infrastructure

networks to natural hazard risk?

Speakers:

Roger Fairclough, Climate Adaptation Platform | Neo Leaf Global (Chair)
Tim Sullivan, University of Canterbury

Liam Wotherspoon, University of Auckland

Kaley Crawford-Flett, University of Auckland

Amelia Lin, University of Auckland

Charlotte Toma, University of Auckland

Caleb Dunne, EQC Toka Tu Ake

Kakati Royal, AECOM
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Programme Aims

* Improve our understanding of the performance of infrastructure under various natural
hazards

* Improve our approaches for design, assessment and repair

 Develop new approaches to inform decision-making and investment

* Work alongside range of stakeholder partners to provide real-world context to the
research
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Team

e Qver 25 academics

e Over 30 postgraduate students

* Strong collaborations with stakeholders and industry groups

* Regional focus
* Network focus

* Discipline focus
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Programme Structure

Horizontal Infrastructure Vertical Infrastructure

Infrastructure Building

Components

City/Regional Built
Dependent Networks > S e
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Natural Hazard Intensity

Horizontal Infrastructure

. Network Types

Transport Infrastructure Components
* Energy and Hubs
* Communications

* 3 Waters Damage
* Flood Defence Level of service

 Components and Hubs

* Damage and level of service under different hazard intensities Damage

Level of service

e Networks

e Capture connectivity and flow of network (Inter)dependent Networks

 Dependant Networks
* Influence of outage in one network on another network
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Xu et al.

Till et al.

Stephens et al.
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Hazards & Components

100 200 400 km
e T
-43.43°
Estimated probability of water out:\:ge Pump station operational status
O - 5% p 2@ Operational ©
5 - 20% o Power outage ©
20 - 40% Critical failure ® | W earthquake
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Lew et al.

Bellagamba et al.

National
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Hazards & Hubs

Active Faults

Date: 16/04/2024
Drawn by: Haukapuanui Vercoe

Vercoe et al.

Legend
O Marae
[ Flood Extent (100-year)

) i3 [T Building Outlines
B apiou [ parcel Boundary

/
Drinking Water Mainline

)
—— Stormwater Mainline —IT
=== Wastewater Mainline ”
®  Wastewater Manhole ‘ones

= WSBackflowPreventer
WSHydrant
Toby
Valve
Stormwater Manhole
Stormwater Cesspit

Para Te Hoata Marae — Flooding
Note: The national flood mask data is an amalgamation of outputs from various councils in New Zealand, therefore
represent a broad spectrum of underlying assumptions. The dataset generally represents events with a 100-year
flood, or a 1% annual exceeded probability (AEP). It must be noted that the model is indicative only.

National

SCieNCE

Challenges
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Networks

Aghababaei et al.
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Networks

Transitionto
Islanded mode

Islanded grid
Stability

Black-start

Resilience
Framework

Loss of Transmission
network

Nair et al.
National
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Stormwater Management System

Networks

v v
Hydrology Primary Hydraulic Secondary Hydraulic Network Structure
Dimension Dimension Dimension Dimension

M

2-year ARI-No Mitigation 2-year ART —10mm Retention (Tnpervious)

-
S
E\.
£
o Resilicnce (%) Resilience %)
—].58 yr ART 2yrARI
SyrARI == e= == 10 yr ART
o= e o 20 v ART . 30 yr ARI
sssses40yr ARL - + S0yrARI
1 21 41 61 81 101 121 141

Time Steps (min)

Valizadeh et al.
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Direct impact o
Indirect impact @)
Indirect pumpstations %

45.900°S

Number of Population
services disrupted | density

High High
0 1 2km

Low Low

170.5:00°E 170.5:50°E
Lan et al.

National
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Network Dependencies

Property
exposure
® <0.25m
o ® 0.25-05m
. ® 05-1m
®>1m

Direct impacts &
Directly exposed property + 7 ~
Indirect impacts 2
# Property with no utilities .
s Property without electricity ‘2

and water }
¢ Property without electricity
and wastewater
e Property without water and
wastew ater

® Property without electricity A
® Property without water
= Property without 0 1 Z_Km_
wastewater — Brunner et al.
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Visualise spatially . : "
P E LO S explicit results Select the amenity/service, region,
View impacts over time and socio-demographic group

Time since disruption: Oa . F § ® Level of Service ©

O Before ® 0-7days ® 814 @ 1520 ® 2190 ® %0+ R
Amenity/Service:

z _ Supermarkets
Expected Level of Service: No change - business as usual
Region: Al

Sociodemographic: Population

Address Search
N\ Understand property level
Distribution of Residents i i
(All Populations) fmpacts

400,000 -

Destinations:

® open 96 250,000 <
Open* O 2 200,000
@® Closed O s -
] 2 250, -
*Priority customers & Wellington o 3
und slock depzndent o . Horbour B ; 200,000 -
B\°° "8 5 150,000
Walking Distance: 5 g
B G = 100,000 —
0 0-2km
@ zs4m 0,000 —
4-6km 0
@ ¢&xm
@ s «m
. Isolated Walking Distance (km)

View the distribution of impacts
Convey the expected level of service

Mowll et al.
National
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Summary

* Understanding natural hazard-induced demands on horizontal infrastructure

* Quantification of infrastructure component performance from case history observations
and modelling

* Developing methods to quantify system-level performance of infrastructure networks
and dependencies

* National and regional collaborations

e Across institutions
* Across programmes
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Dams, stopbanks, and flood

defence systems
The confluence of research and practice

Dr Kaley Crawford-Flett + others

University of Auckland + others

RNC Symposium 2024



Dam safety regulations commence today - 13 May 2024

@
L

@ If there are problems with how this message is displayed, dlick here to view it in a web browser.
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BUILDING
PERFORMANCE

Dam safety regulations commence today

Tena koe,

The Building (Dam Safety) Regulations 2022 commence today — 13 May 2024.

The regulations have been made to increase the resilience and safety of Aotearoa/New Zealand’s

dams by protecting people, property and the environment from the potentialimpacts of dam failures.

Owners of classifiable dams have until 13 August 2024 to submit their dam’s classification certificate
to the relevant regional authority.
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Image Landsat ! Copernicus
Data SIO, NOAA, U.S. Navy, NGA, GEBCO

Imagery Date: 12/14/2015 37°34'00.58" S 170°47'49.88" E elev

0m

Google Earth

eye alt 1745.78 km

Palmerston North

> 5,000 km
stopbanks

Southland

———— Stopbank
Maijor rivers (shown on insets only)

N TN 0002 <
0 60 120 240 360 480
NZGD2000 New Zealand Transverse Mercator 2000
Projection: Transverse Mercator

Datum: NZGD 2000




Dams, stopbanks, canals... same, same, but different...
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Dams, stopbanks, canals... same, same, but different...

Impoundment

Retains water continuously Retains water occasionally

Structure

Boint Dam Detention Dam
(“conventional™)

type

Linear Stopbank/levee

Consider similarities and differences in terms of: * Spatial va

* Function: attenuation vs. routing

riation in:

* Engineering properties

* Seepage loading: transient vs. steady state (geotech/hydrotech/structural)
e Hazard exposure

Dam Safety Guidelines & Building (Dam Safety) Regulations

: National
RESILIENCE LK :
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* Monitoring and surveillance/performance
indicators (State-of-Practice)

Built Environments Programme



Dams, stopbanks, canals... same, same, but different...

Performance criteria | hazard

84th percentile level for the CME
(deterministic), and need not
exceed 1 in 10,000 AEP
(probabilistic)

Dam, detention dam, canal

High PIC/urban area, i.e. life risk L ) YUY AEAE A7

Stopbank/levee 1in 100 AEP

?
Urban area (? Sometimes?) '

 Dam Safety Guidelines & Building (Dam Safety) Regulations
e But: no standardised flood performance criteria for populated catchments in NZ: “local risks are a local
responsibility”
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How to understand and address infrastructure vulnerabilities?
(and disconnect between hazard/risk for dams and stopbanks?)

Foundational research:
* Created inventories (“best available” data™)
* Dams
e Stopbanks
* National hazard exposure studies (seismic & co-seismic)
e Stopbanks (Crawford-Flett et al. 2022 — thanks to Daniel Blake)
 Dams (underway)
e Systems engineering and operational sensitivities in combined dam-
stopbank catchments
* Thomas Wallace PhD research
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New Zealand's stopbank (levee) network and its application for natural hazard exposure
assessments. Journal of Flood Risk Management, 15(2), e12777.
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Council defends flood
dams, investigating
whether stream channels
properly maintained

Sharpe

Dam, ponds
burst, cause
flooding in city

23Jun 2023,12:16 pm ¢ News

Cyclone G
over Gene
Wairoa flo

Gisborne Herald

Heavy rain has cause d

oo GENesis Energy
Toaduaers donn iy on Wairoa flood

The ponds and dam ari
managed by Waipa Dis

-

| Jamie Lray
wat - By Jamie Gray
fror

A Share

used to hold storm
downstream areas

[] save

Flood-damaged Huntly

property owner unhapp

extra water released fr
dam

Wednesday, 1 February 2023 + By Tamati Tiananga

man Matahma Dam

responsmle for flooding,

@ say residents

Apr 07, 2017, - 08:41pm (3 0 ~ Share

Edgecumbe flood wall rebuild commences

Work on rebuilding Edgecumbe’s flood wall began ...

b A g s
-~ B -—

Work on rebuilding Edgecumbe’s flood wall began last

week.

g Littlewood

May 31, 2021, - 04:07pm

for

7831 million Cashmere
Dam to ease Heathcote
river flooding

Jul 28, 2022, - 05:00am (3 16 ~ Share

Matahina Dam
responsible for flooding,
say residents

Apr 07,2017, - 08:41pm (3 0 ~ Share

Council denies dam to
blame for flooding

8:28 amon 7 April 2017
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Dams [ Built/Parks

Dam — stopbank systems (wallaceetal) T =i,
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N Dams Eandcover @ Water Supply | Rock/Gravel
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......
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Dam — stopbank systems
(Wallace et al.)

* Understanding sensitivity of
dam operations on
downstream stopbank loading

* Breach and no-breach
scenarios for stopbanks

* Loss modelling to identify
critical breach locations
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DAM OPERATION SIMULATIONS

Dam Operation
Simulations

Maximum, Median,
and Minimum
Simulations

LEVEE BREACHING SIMULATIONS

Levee Lev.ree
GE“"'EtW Th resholds

WSEL along
I puee

HEC-RAS Breach

Simulations

1
]

RISK ANALYSIS

Land mluﬂ J --
Vulnerability 90" Percentile
Sl Damage Ratio




National

SCieNCE

A foundation for future research: team effort

THE DEEP
SOUTH

River Managers’ SIG Ma te haumaru 6 nga puna wai 60 Rakaihauti ka ora mo ake tonu:
/ﬂ (Owners/operators) = N Increasing flood resilience across Aotearoa
4 \
/ T \
/ \
l \ QuakeCoRE
I \4 NZ Centre for Earthquake Resikience
Te Hiranga R
I NE}tI'OI‘"Ial RESILIENCE Kia manawaroa
TC- Levees &= = = 5= = - | SCIENCE Rt

|
I <
|
|

NEW ZEALAND

AF8

e ALPINE FAULT MAGNITUDE 8

Society on Large Dams EXTREME WEATHER

Rangzha
RESEARCH PLATFORM

ah |_|..| rang
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A foundation for future research

* A ‘prologue’ for dams and stopbank research

* Projects span research/practice/government interfaces
* Links and relationships to enable future research

* New Zealand focus, international knowledge-sharing

* ‘The missing middle” — whose responsibility?

Analysis:

Spatial scale (national vs local) BOTH/AND
t

Temporal scales (day vs week vs decade) o

EITHER/OR
Data process (manual vs automated)
: ia manawaroa Na.tional
CHALLENGES : [IeAo luroa Cha”enges




National " "
scioner Overview of Vertical Infrastructure

-eendss - Research and Outcomes
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Tim Sullivan

University of Canterbury

RNC Symposium 2023
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l LoS/damage states
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National
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City/Regional Built
Environment

Integrated built environment models,

~alternate realisations, direct losses - '
~

By -
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Built Environments Programme




Overview of vertical infrastructure aims

Two main research areas:

1. Quantifying and mitigating the risk (in terms of monetary losses)
associated with different design solutions and building technologies.

2. Supporting the development of desigh and assessment standards for
NZ buildings to enable enhanced performance objectives to be
achieved in practice.
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Highlights related to quantification and
mitigation of seismic risk

RESILIENCE National
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Challenges
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Improved insight into the seismic risk for buildings in NZ

New tools and information developed:

* By identifying a simplified loss-intensity relationship, a new approach to
enable rapid assessment of the

. Monetary Losses A Repairable Damage
expected annual loss (repair (Direct losses as Limit State
cost) has been developed. s N |
- useful for trialling different | ;
possible design criteria. Zero Loss
] (Serviceability) ! Damag'e Control
* Has been adopted in support . Limit State Vd
of the Engineering New Zealand R i ;
. . . . 00 1 >
Low-Damage Seismic Design project. M M. M., Seismic Intensity
Measure (im)
Case study building 4-Storey (EAL) 12-Storey (EAL)
RESILIENCE . National Wellington Christchurch We(:)lllig%/ton
1 wiCRieIn e o Two-d tate | del 0.20% 0.12% 19%
Molall Gt S SCIENCE Thrge-;:rl:aggeess?afe(l)s:snrll?o;el 0.17% 0.07% 0.15%

CHALLENGES : TeAoTuroa

Challenges Rigorous method (FEMA p58) 0.17% 0.07% 0.15%




New data on the fragility of building elements

Experimental Setup Precast Panel

Lateral Lateral
displacement displacement

¥ Conc. Slab : Steel-embed
' “Top Floor” e -
I§ //
Water Box 1 7
h
¢ he 2
L B8 Glazing Unit |
| a
2 :
The face of the weld- _ i
Conc. Slab plate is flush with the ' b, W, b, |
panel face after ¢ LLS 2
<\ . - Slmulatlng casting
- § 1 “Bottom Floor” .

‘ 0.9
- Research work co-funded by QuakeCoRE.
S o5
- Improved confidence in loss-assessment studies §- T
Natlonal 0:1. m E:E:::::t:ID:t:fZ:DSE

RESILIENCE Kia manawaroa *  Experimental Data for DS3
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Improved insight into the seismic risk for buildings in NZ

Benchmarking performance of new code-compliant designs:

0.9%

Case-study buildings designed in line s |

with code. —

Seismic loss assessment conducted = L —

using FEMA P58 methodology with NZ- W G|

specific fragility and loss functions. Wil

Wy = 14000kN T3 (0.4%

Expected annual loss (= the average ! € | AR

repair cost divided by the building oo | Bl

replacement cost) obtained for different LTI L

building typologies designed in different ~f4= ! Gk

regions. el ' RCwall  SMRF  RCwall  SMRF

- useful for assessing impact of new | "o cHel - aha e fwLe)

design criteria. .. informing both NZ s B G structural components

SRWG and Low-Damage Design Project 2 itttk R B el el SO

| National
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Highlights relevant to the design of
New Buildings

RESILIENCE National

TO NATURE’S —Nga Akina o SCieNCE
e AO luroa

Challenges

Built Environments Programme @
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New design actions for parts and components in buildings

Cp( T,
. . P (‘ p) Ci (Tp 4 Design actions
Amplification of part response using : = — .
3 1 shape £ C i reduced by
Spectral shape factor W component reserve
reduced by Optional
component response factor e YN _ I provisions for strength factor
: ﬁ'*"* ~— —long period parts
T Period of the part, T, = -Qp
2 Distribution of peak floor accelerationsas a ===~ ""'-s.,:mm --------
function of peak ground acceleration using e "
floor height amplification factor . A
reduced by Cy; .
structural nonlinearity reduction factor I
Cstr """
y o
Ground motion excitation at base

" considering limit state design
peak ground acceleration PGA

— Research work co-funded by EQC and QuakeCoRE.
— Has lead to draft revisions to NZ seismic loadings standard (TS 1170.5)
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TO NATURE’S ;N:éf_kina 0 SCIENCE Built Environments Programme
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Simplified means of accounting for soil-structure interaction

* New guidance on modelling frame buildings on shallow foundations with
soil springs

* New guidance on design of rocking foundations for mid-rise buildings

* Work supporting the inclusion of a simplified rocking foundation design
approach in draft TS 1170.5

*  Work supporting a SESOC short course for practicing engineers on design,
assessment and simulation of soil structure interaction for practice

* Additional papers in development on quantification of rocking behaviour,
new spring-based modelling methods, and improvements to seismic
assessment considering SSI

RESILIENCE NERUENRENEILE thIOﬂc;:l‘l
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Highlights relevant to the assessment
and rehabilitation of existing buildings

RESILIENCE National

TO NATURE’S —Nga Akina o SCieNCE
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New retroflt and repalr options for RC columns

Y T W T SO N S

N ‘V 4 « p
N U b R
SUSNGNC IR RLS N

Damage after 2023 Turkey EQs

How to retrofit
and/or repair RC
columns in large

building inventories?

Q Increase in Lateral-load
Resistance

Proposed P.T. Clamps @I - Drift Capacit
for retrofit and repair nerease in Lritt Lapacity

>

RESILIENCE :  Kia manawaroa National
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|dentifying post-earthquake repair needs for steel structures

New tools and information developed:

* The Canterbury earthquakes
highlighted uncertainties engineers
face when assessing the residual
capacity of steel structures post-EQ.

 Research is developing a fracture
model to assess steel structures
under under low-cycle fatigue
conditions.

SNEG, (fraction = -1.0)
(Avg: 75%)
—> Will aid engineers (and insurers) | | i

making post-earthquake decisions. | His

' +7.027e+01
RESILIENCE T o waron National té 65001

TO NATURE'’S { - Nga Akina o SC ie NCE

Challenges

Repair the
structure?

CHALLENGES : TeAo Taroa
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Purpose

To provide an overview and summary of my research in the context of New
Zealand history and the future direction of the tribe.

The general purpose of today is to stimulate discussion and offer my thoughts.
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What are we going to focus on?

Historical context — The Current context: My respr?nse through
three dominant themes. Post-settlement situation researc

appraisal.

Future development and
recommendations
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Historical Context

« Science and Maori

« Colonisation History: the Three themes
« Tribal Corporations: Treaty Settlements
and the Maori economy.

Art by
Bianca
Gardiner
Dodd
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A historical perspective on the relationship between the scientific community and

the indigenous Maori world

1

Linear progression

Ptolemy
Galileo
Kepler
Newton
Einstein

Implications.

Meadler was wrong but
they are discussing the
idea

They are writting in Greek
The tribe modernisers
quickly

2

5

19th Century.

Contact is made

Our people are busy

The whole religious
progression happens
European Medieval history
condescend into a century

Conclusion.

We automatically adopt
technology and
knowledge

The idea that we’re stuck
in a medieval static
spiritual world is probably
wrong

3

0

1863 Manuscript tribal
priest discussing:

Tribal traditions creation
of the universe
Eratosthenes equation
Johan Meadlers theory

The point.

The tribe are probably
Popperians

We modernise not
westernise

We have our own
knowledge systems as well
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How to eat the elephant? One bite at a time.

1

Story of New Zealand’s
colonisation often told
describing Maori as
impoverished due to loss
of land by fraudulent sales
and confiscation.

The three dominant themes

(1) A Quest for Social Justice

(2) Cultural Revitilisation and
Restoration

(3) Creativity, Enterprise and
Entreprenuership.

2

With many good stories
there follows a redemptive
arc where Maori finally
regain some of their land
and are compensated by

way of Treaty Settlements.

Expressions of these
themes include:

« Advancing Treaty Claims

 Maori Education

 Maori Television and
Radio

« Tribal Corporations

* Tribal Government

0

The catalyst for this
redemption led by three
pivotal themes emerging in
the disquiet part of the
19th/20t century which |
group under the following.

It is the latter theme |
allocate the majority of my
focus.
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Demystifying Treaty Settlements: History of Tribal Corporations

Political Context of 1984

* In 1984, New Zealand underwent significant political changes.

* Robert Muldoon called for a snap election and lost to the fourth Labour government. Forced us into
Financial Crisis.

* The economic landscape was largely Keynesian, with a closed economy and conservative policies. Big think
projects fall over.

* Inthe UK, Margaret Thatcher's government was advancing privatisation led by thought leaders such as
Milton Friedman in the 60’s and 70'’s.

* This period is largely known as Rogernomics after Roger Douglas, Minister of Finance. Advances
neoliberalism, reducing government intervention and establishing implementing market-oriented policies.

Legislation and Settlements:

* The Fourth Labour Government initiated the process of neoliberalism in New Zealand.
* Two crucial legislations were passed:
1. State-owned Enterprise Act 1986 established Corporations and
2. Waitangi Tribunal Amendments Act 1986, extended the powers of the Waitangi Tribunal
to investigate historical Treaty grievances and make recommendations to the government .
* The settlement process began, with Waikato and Ngai Tahu being the first to address their claims.
* The traditional formula for seeking redress predominantly focused on Ngai Tahu, Waikato, and Fisheries
claims, citing grievances against the Crown's actions or inactions contrary to the Treaty of Waitangi.
* Since 1995, 86 Treaty settlements have been signed into law, totalling approximately $2.6 billion (excluding
relativity payments).
* Three tribes have surpassed the $1 billion mark in settlements.
* However, several iwi, including Ngapubhi, the largest iwi by population, are yet to settle, but they are poised
to receive significant redress packages.

Treaty Settlements

Cash and Commercial Assets.
Cultural Redress.
Apology from the Crown.
Rights:
* Right of First Refusal (RFR)
* Relativity Mechanism
* Tino Rangatiratanga
* Note, Water Rights outside scope and
still not settled.

PwnN e

Implications

1. Government doesn’t deal with informal village
structures: what’s an iwi?

2. Tribes must have a commercial vehicle to vest
treaty settlement assets in.

3. Government forces us to adopt: Corporations
and Charitable Trusts.

4. Maori were the neoliberal experiment of the
80’s.

5. Water was not negotiated.
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775,800 $178 | $68.78

Maori Population Working Age GDP Production Asset Valuation Annual Growth




The Maori Economy.

Production GDP Income GDP Expenditure GDP Approximate Definition.

@

* The concept of the Maori economy defies
conventional definition due to its unique nature.

* Atits core, the Maori economy encompasses the
quantification of assets owned and the monetary
activity generated by Maori.

@ * However, it diverges from the traditional notion of an
economy due to the absence of fiscal authority or a
reserve bank.

= &,

* Conclusion: Maori Economy does not exist, it is an
| R B et of new zealand adjunct of the wider national economy.

Figure 1. Three perspectives of the Maori economy (RBNZ, 2018).
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Iwi Investment Analysis — 30 years since first Treaty Settlement

&

Introduction to Iwi Investments.

* Combined assets of approximately $8.1 billion
are covered, representing around 69% of all
post-settlement iwi assets.

* The challenging financial climate in 2023
resulted in decreased returns and financial
losses for many iwi due to global market
declines.

Table 1. Summary of investment strategies (TBD, 2023).

Total assets Asset Largest asset Capital allocated to ~ Management Gearing
$, million classes class this class approach
Ngai Tahu 2,214 6 Property 39% Largely active 16
Ngapuhi 88 5 Fishing 38% Largely passive 3
Ngati Awa 180 6 Primary industries 44% Mixed 6
Ngati Pahauwera 101 5 Forestry 58% Largely active 19
Ngati Porou 298 6 Financial assets 51% Largely passive 7
Ngati Toa 795 5 Property 78% Largely active 46
Ngati Whatua Orakei 1,573 2 Property 97% Active 12
Raukawa 238 6 Property 32% Mixed 0
Tahoe 406 7 Financial assets 51% Largely passive 0
Waikato-Tainui 2,207 6 Property 66% Largely active 10

Investment Strategies and Approaches:
* Similar corporate structures — commercial holdings group with a cultural purpose.

* Various investment approaches are adopted, with different levels of gearing and
management styles across asset classes.

* Largely invest in property and primary sector.

E)\ aecom.com



Our contribution to New Zealand economy, property and infrastructure

Public Works Act 1956

* Maoriland compulsory taken for public interest and benefit

 Ngati Porou _

* Primary infrastructure on reserves set aside for things like mahinga kai

Town and Country Planning Act, the 1967 Ratings Act and the 1967 Maori Affairs T
Amendment Act N v ]

~ Ngati Pahauwera

* The nasty trifecta that killed Maori land — dead capital
* The actual justification for the urban drift and Maori heading into the cities.

* Maorinot allowed to build on their reserves because they generated cheap
resource for farmers.

Tribal Corporate Property and Infrastructure development

Wigram Skies Development

Tower

$350 Junction
$300
$250
$200 c. 100 lots c. 500 lots c. 900 lots
$150
$100 c. 1500 lots c. 700 lots c. 150 lots
N momom
so =
X N \
NN T NI
6‘ o (\6 é)\o & $(\ .OQ
e IO N o N
& &Y R N b\
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\} & (JOQ QO
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Legal Infrastructure

* Maori are Ngw Zealands economic Case law timeline
externality sink — rates, taxes, land,
pollution etc. Sl

* Inthe last 50 years Maori have won many
cases in the Courts. Ngai Tahu were
confirmed their rangatiratanga in 1998

« There are strong political, economic, fiscal,
demographic and technological reasons to
dissolve the tribal corporations.
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Key Trends and Transitions

From Tino Rangatiratanga to Regulatory and Fiscal Authority
*  From Tribal Corporations to Tribal Government
*  From Business Development to Economic Development

*  From Corporate Policy and Iwi Management Plans to Legislation and
Standards

* Disolving the Corporate Model and adopting a West-minster Parliamentary

System.

Tribal Corporate Structure

Charitable Trust

Holdings Corporation Office of the Tribe
Investment + Strategy Representation and advocacy
Capital Allocation - Governance
Investment Performance - Distribution

Away from Co-governance toward Tribal Government.

West-minster Parliamentary System

Tribal Government

Judiciary Legislative

6‘ aecom.com



How to create a Competitive Investment Climate: The Equation for Tribal Economic
Prosperity
LOCATION ADVANTAGES

Residential E—— m Labo_ur-(Su.ppIy or
Development Specialization)
® Commercial Activity / Emerging
Cluster \J Technology
First Nation Fiscal Powers and Jurisdictions
Secure and Efficient Land m Effective and efficient Governance, Leadership
Tenure (FA) f—| Legal Framework & Administration (Tulo)
(FA-FMA)
. . . Business Grade Environmental
@ Fiscal Relationship (FMA) .%l Infrastructure (FMA) @ Risk Management (FA)

- INVESTMENT IN ADVANTAGES, MORE PUBLIC
" REVENUES, IMPROVED PUBLIC SERVICES

Figure 2. Competitive Investment Climate(Le Dressay, 2018).

CEND
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The role of Property and Infrastructure in The Equation for Tribal Economic
Prosperity

Business Grade
Infrastructure (FMA)

- INVESTMENT IN ADVANTAGES, MORE PUBLIC

REVENUES, IMPROVED PUBLIC SERVICES

Efficiencies: Build Faster and Cheaper

Finance challenge: Access to Cheap Capital,
administration and collection of tax and rates

Better Performing Assets: My Research. 6\ aecom.com



The role of Property and Infrastructure in The Equation for Tribal Economic
Prosperity

Business Grade
Infrastructure (FMA)

- INVESTMENT IN ADVANTAGES, MORE PUBLIC

REVENUES, IMPROVED PUBLIC SERVICES

Better Performing Assets: My Research. 6\ aecom.com



Delivering a better world

My Research

« Why performance based?
* Interviews
Maori Performance Assessment
Procedure

A=COM

Artby
Bianca
Gardiner
Dodd
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Overview of Performance-based Earthquake Engineering (PBEE)

Prescriptive standards Performance-driven design

Early 2000’'s emphasise PB My Research
seismic design and design

philosophies of buildings.

1994 Northridge Earthquake

* The application
and adaption of
FEMA-P58 for the
trioe — MPAP.

« 22,000 people displaced

» $35 billion of losses (50%
insured)

+ Market tailspin

« SEAOC Vision 2000
« FEMA 273
« FEMA 356 guidelines

1997 ATC-40 Report lays ATC-58 Project
the foundation for
earthquake engineering

methodologies

+ FEMA P-58 — a comprehensive
methodology that shifts the focus
from code compliance to
performance objectives.
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Summary of Research

Research concerning the What do we get from this: How did we do it:

1 seismic performance 2 « Adaptation of the FEMA P-58 3 « Conducted interviews
expectations of buildings Framework. for 6 months across
for Ngati Toa and Ngai * New Seismic Performance both the North and

Tahu. objectives. South Island.

« Tribal Seismic Rating System.

* A Framework to integrate Maori
interests into technical

engineering.
Results of those interviews Future Focus: Current fgcus: |
4 include: 5 « Focus on other tribes 6 « Securing fgndmg to

* New seismic » Focus on other tribal progress tnball seismic
performance objective seismic performance rating system into
proposed. objectives something I|ke.

« Consequence functions. « Focus on different GreenStar Rating

engineering disciplines. system.
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1. Interviews — Determine Performance Objectives

Interviews were
conducted.

Tribal performance
objectives determined -
manaakitanga.

Acceptable damage
expectation and
resulting consequences
that a tribal building may
experience in future
earthquakes.

The interview results
show varying levels of
damage to different
damageable
components in a house
and their ensuing
consequences on the
loss of the
manaakitanga

Used as input to the
PACT software.

Table 2. Consequence functions relating loss of manaakitanga
to damage states for different damageable components in
light-timber frame residential buildings (Royal, 2023).

Damageable
Component

Damage State

Loss of Maanakitanga (LOM)

Average LOM for
lower quantity

Average LOM for
upper quantity

Plaster Board Light-cracking 2 4.5
Cracking of plaster 6 7
board
Buckling and Fallout 9 10

Cladding Cracking 6 s
Fallout 8 10

Roof Loss of water ) 10
tightness
General damage 8.5 10

Floor Micro-cracking 35 6.5
Cracking 6.5 8.5
Complete Failure 9 10

Windows Visible damage 8 10

Kitchen and Kitchen damage -+ 10

Bathroom
Toilet damage 5 10

E)\ aecom.com



2. Adapt FEMA P - 58:1 Performance-based Earthquake Engineering

Maori Performance Assessment Procedure

Tribal Seismic Performance Assessment Procedure

for different tribal building typologies.

Enhanced FEMA-PS8 Performance-based Earthquake Engineering

r

Select Performance Objective. e g., Manaakitanga

|

Define trial design criteria and
undertake design

|

Build Model— Assemble Building
Performance Maodel

Hazard Analysis—Define Earthquake
Hazards

!

Structural Analysls- Analyse
Building Response

Damage Analysls- Develop Fragility
Functions

!

Consequence Analysis- Calculate tribal Performance of building in terms of
cultural values and metrics of interest to the shareholders of tribes.

Assess Performance Capability using Tribal
Seismic Performance Assessment Procedure

Does Performance
Meet Objectives?

Revise Design
and/or Objectives

Output finalised design criteria

Tribal design briefs with engineering design criteria required fo
achieve selected tribal seismic performance objective for different
building typologies.
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3. Design, Modelling and Analysis <o
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Quantification of Seismic Performance: Consequence Analysis

FEMA-P-58-1 It introduces a new measure, Despite intentionally
1 methodology to compare 2 quantifying the expected annual favouring fixed-base
seismic loss assessments loss of manaakitanga. buildings, the analysis
between fixed-base and demonstrates significantly
base-isolated light-frame lower seismic losses and
wood buildings. manaakitanga loss for
base-isolated buildings,
with a slight cost increase
The Net Present Cost for framework and PACT
4 base-isolated buildings 5 Process to incorporate the
remains stable, suggesting quantification of
recoverable costs within 10 manaakitanga loss.
years.
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Next Steps: Maori Seismic Rating System

* Apply the framework to real projects
around the country across all
engineering disciplines.

« Continue to refine and adapt the rating
system until commercially viable.

« Take to market as a commercial rating
system.

& .ﬁ‘\% £ & §ﬂ¥ & 8
N g & & <&
s '\

& & & Manaakitanga & o &

'Dk "5\ - AL o) ¥+

& ¢ | N
Rangatira S A People Taonga and Assets  Businesses  Shareholder wealth
Tohunga Tohunga Kahui-Ariki Kahui-Ariki Kahui-Ariki
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Thank you.
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Challenges
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TO NATURE’S
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Charlotte Toma

Waipapa Taumata Rau - University of Auckland

Work contributed by Dr Max Stephens and Rosa Gonzalez
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Net Zero Carbon by 2050

\

Climate Change
Response Act Reduction
and Zero Targets for GHG

Carbon Net Zero by
Amendment 2050

2019

Limit global warming

Built
Environment
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Designing for Resilience
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Carbon in our Built Environment

C4& Disposal
" S\ . A1 Raw materialf) Qperatlonal carbon

. extraction and
bing for Recovery ?%friifl
; supply . I OGSy actuér‘sg

ecavery, =0 : 1 !(1 \ RECVE"“Q .
ling ; f's Potential si$nii¢ carbon risk
g
#

A3 Manufacturing
knd fabrication

. Operating carbon

. Embodied carbon

and demaolition

adle t¢ Crad
ding bpnefit I
ds beyond {
Etermn Houndd

perational water

perationfPB@rational
emissigns

B5 Rq i F . >
g .I m h ~

. L B2 Mamtenaﬂce

B3 Repair

Carbon emissions (kgCO;-€)

Product and Construction

End of life

A&gg@sport to
project site

LN
7

pa
<

B& Replacement

Benefits and loads

u Conetruction
& and installation
process

N2

N

Life cycle stages of a building and their associated modules — MBIE Whole-of-life Embodied
R ion Framework 2020

RESILIENCE NERUEREIEIE Natlon?‘l ) ]
TO NATURE’S :  —Nga Akina o SC IeNLE BUIIt Environments Programme

Challenges

CHALLENGES : TeAoTdroa



Where does the perception of a trade-off come from?

RESILIENCE National

TO NATURE'’S - Nga Akina o SCieNCE
e AO luroa

Challenges

Built Environments Programme

CHALLENGES



Where does the perception of a trade-off come from?

Design for Resilience -

Design for a higher performance objective/demand
Adopt Low Damage Design principles...

Seek redundancy in load paths

Design for repairability

Use of protection system i.e base isolation, dampers

RESILIENCE NERUEREWEIE Na.t|0n?.' . .
e . ~hdaflnzo SCICNCE Built Environments Programme
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Does Resilience come with a carbon cost?
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Does Resilience come with a carbon cost?

130% -

Higher Lower
Confidence
Repairable scenarios

120% -

10% — %

100% -

GWP)] ODP AP EP POCP ADPeim ADPg TPE TPE, TPE,

m CM [ Initial Construction
m AC w# Non-repairable scenarios
m PS “" Repairable scenarios
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Does Resilience come with a carbon cost?

* Probability of total loss drives carbon risk
* Repairability important

* Non-structural element damage

e Drift key parameter

mm (Cladding MEP mmmm= Structural
Fit-out Elevator
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Upfront versus whole-of-life?

Yearly
emissions

100% 1

Same end result, twice
as much carbon emitted

Future emissions are uncertain

The future is likely to be decarbonised

.

\

'Target' emissions
reaching net zero

We cannot control future emissions

Area under graph =
TOTAL emissions

AR W N R

Future emissions are less damaging

Year

0% : ; . |
2020 2025 2030 2035 2040 2045 2050

“Global modelled pathways that limit warming to 1.5 or 2 degrees
involve rapid and deep and immediate greenhouse gas emissions
reductions in all sectors this decade.”

- IPCC
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TO NATURE’S . —Nga Akina o SCICNCE Built Environments Programme

CHALLENGES : TeAo Turoa

Challenges



Would this have been the outcome if Carbon had
been on the table from the beginning?

N ; N ¥ ‘
Photo from: https://blog.realestate.cornell.edu/2016/03/07/redeveloping-the-cbd-christchurch-5-

years-after-the-earthquake/
_govt.nz/page/christchurch-earthquake-kills-185
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scieNcE  Thank you!

Challenges

Fret FREE

RESILIENCE
TO NATURE’S
CHALLENGES

Charlotte Toma FREE
Waipapa Taumata Rau - University of Auckland VN N/ INL I\

Work contributed by Dr Max Stephens and Rosa Gonzalez v/ \/ v \/ \7
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Whatungarongaro te tangata,
toitu te whenua

As people disappear fro
sight, the land remains




What is the impact
of our current design _
thinking?

May 2022




Friend or Foe?

* How should we be predicting loss? — this is difficult
* What will be the carbon intensity in future buildings?
* What is the actual life of our buildings (new build)?

* When should we strengthen/reuse vs demolish/rebuild?

* How do incorporate seismic carbon risk into BfCC Carbon Assessment
Methodology
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What if Carbon Drove our design?

Influence the Key Systems ! Influence the Detail i Influence the Build :
= CONCEPT PRELINI!INARY DEVELOPED DETAILED !
_g DESIGN DESIGN DESIGN DEsiGn ~ CONSTRUCTION
8 ------------- |L ___________________ ! ___________________ L _____________________________ E kg Co; -e = m? X kg material/ m? X kg Co: e / kg material
’ - interventions R Q
E arbon metric over-time W"Iﬁ::er:::g I = _ §
] = acy | P o
-8 ! and level of detail & e [ ! i Whole-of-life New building ; )
_g ,I | = i : andiodied carbon efficiercy Material efficiency Carbon intensity
w l : I
< : : : : .
B : : : : PN R @ o
. . . , ! \ ‘
2 | | | . @7 = A % == S
@ Client/Funding Influence | : // i \ﬁ\_g/ nnn i ) E S|
I I [ 1 v I
| : Designers Influence | \ ! . ' .
. MBIE (2022) Technical Methodology: Whole of Life Embodied Carbon 2022
Contractor/Supplier Influence
*® _ -
I i ] .
Don't Build / Design Less ' Design Efficiently | Procure Carefully |
Project Timeline
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What if Carbon Drove our design?

Structural Design

Sustainable
Design

Seismic Design and
Resilience

; National
RESILIENCE : i °
TO NATURE’S fl;;agsiv;:rga Sc leNCE

Challenges

CHALLENGES : TeAo Turoa
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Risk Perception

The Risk-o-Meter!

Approx. average of primary indu stries
MZ Road toll

Construction

Drowning in NZ

MNZwork fatalities [Average)

Homicide in NZ

General office

33%NBS

B7:MNES

Earthquake deaths in NZ over the last 100 years
airtravel

New buillding [estimate)

4] Qo000z 000004 000006 000003

Climate change - 2030

Climate change - Now

00001 000012 000014

Risk AIFR

National

SCieNCE

Challenges
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“Increased frequency-and severit extreme weather events.”

hazard consequence - IPCC

Adaptation versus Mitigation

Earthquake

Cyclone

Flood event




After the Research

Caleb Dunne

EQC Toka Tu Ake

RNC Symposium 2024



Research

MRLOVENSTEIN.COM
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Research

A successful Toka Ta Ake EQC funded project

PROBLEM FUNDING

Researcher-led Future resilient New
T sI:‘apF'oArtI?gEbé{: Toka Ta Ake EQC Zealand communities and
ORAL Y or stakeholders-led cities

\ll
@‘

IDEATION:

Supported by researchers

(4

APPROACH:

Research Investment Priorities Statement 2023 (EQC Toka T Ake)

National
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Research

A successful Toka Ta Ake EQC funded project

—____________-\\

PROBLEM FUNDING

Researcher-led Future resilient New
T sll(‘ap-l?-oArtngbéc Toka Tu Ake EQC Zealand communities and
L DAL e I or stakeholders-led cities
'@; Supported by researchers

IDEATION: = I

APPROACH:

Research Investment Priorities Statement 2023 (EQC Toka T Ake)

_————————————/

“The Research”

National
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Research

“Science is expected to make contributions to the attainment of
explicit societal goals and advance development. An inability to
demonstrate impact can jeopardise support for public investments

in science over the long term.”
The Impact of Science Discussion Paper (MBIE, 2017)

“MBIE [defines] research impact as A change to the economy,
society, or environment, beyond contribution to knowledge and

skills in research organisations.””
The Impact of Research Position Paper (MBIE, 2018)
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Research

National

TO NATURE'S - Nga Ainao SCICNCE Built Environments Programme
| Challenges
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Research

A successful Toka Ta Ake EQC funded project

____________ —_— — — —1 —J L3
PROBLEM FUNDING (\ \
iR R R,
Nt Hokailn Ake ECIC I or stakeholders-led cities
-@\'— Supported by researchers

IDEATION:

Research Investment Prior?s Statement 2023 (EQC Toka Ta Ake)

— e e T —— E—— —— — e — = o, e —— — —
“The Research” “Science to Practice/Policy”
. National
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Case Study — ReCast Floors

e 2010/2011 — damage observed to precast floors in the g&%%l&léfs?lrs!&?
Canterbury Earthquake Sequence

¢ Recast Floors Project: Overview and Key Recommendations

[ J 20 1 6 — d a m a ge/co I I a pse O bse rve d to p re Ca St fI OO rS i n e Qverview of retrofit requirements and techniques for precast concrete floors

T = ¢ Design recommendations for seating angles
Ka I kO U ra e a rt h q U a ke ¢ Design recommendations for strongback retrofits
¢ Seismic performance of precast hollow-core floors with modern detailing — A case study

¢ Real world experience of seismic performance and retrofits used in buildings with

* 2018 — ReCAST Floors Project begins oo 1o

* Torsional capacity assessment of precast hollow-core floors

e Seismic damage observations of precast hollow-core floors from two full-scale super-
assembly tests

Load-path and stiffness degradation of floor diaphragms in reinforced concrete buildings

d Ap riI 2022 - Summary Of RECAST FIOOrS PrOjECt resea rCh ) subjected to lateral loading - Part |, Experimental Observations

¢ Load-path and stiffness degradation of floor diaphragms in reinforced concrete buildings

findings published via SESOC Journal Special Edition subjected o atra loding - Part 1, Data Anaiysi

* Strategies for finite element modelling of precast pre-stressed hollow-core floors

* November 2022 — MBIE removes the deemed to comply
method for the design of hollow-core floors from B1/VM1
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Case Study — Residential Portal Frames

e 2010/2011 - observed high levels of damage to “newly
designed” homes in the Canterbury Earthquake Sequence

e 2014 — Research begins
e 2015 -SR337 Design Guidance of Specifically Designed
Bracing Systems in Light Timber-framed Residential

T RESIDENTIAL PORTAL FRAMES
Buildings AN ENGINEER'S PERSPECTIVE

October 2020

2020 - Engineering New Zealand published design
guidance for Residential Portal Frames
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Takeaways

* Research should be about improving society.
 Know what type of benefit the research will deliver.

 |dentify your line-of-sight to implementation.

* Engage early.
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Takeaways

* Research should be about improving society.
 Know what type of benefit the research will deliver.
 |dentify your line-of-sight to implementation.

* Engage early.

* (End users need to be willing and interested in picking it up).@
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After the Research

Implementation
Ca|Eb Dunne cdunne@eqc.qovt.nz
Research Team Research@eqc.govt.nz

RNC Symposium 2024
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